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used in the world is referred to as reactive and acid
dyes and contains azo and anthraquinone groups.
More than one million tons of dyes annually produced in the world are azo dyes representing 70% by
weight. Azo dyes, due to their poor exhaustion properties as much as 30% of initial dye applied remain
unfixed and end up in effluents [1].
By blocking the sunlight, dyes reduce photosynthesis in water ecosystems and dissolved oxygen
concentration [2, 3]. Many dyes or their metabolites
are carcinogenic, teratogenic or mutagenic to humans and other living organisms [4]. Therefore,
there is no doubts they should be removed from
wastewater before disposal.
Dyes are stable and resistant to biodegradation
because of their synthetic origin and complex aromatic structure [5, 6]. Therefore the physical removal, such as the sorption onto activated carbon or
organogenic adsorbents rich in humic substances is
the most effective method of treatment of colored
water and wastewater.
The biosorbents include carbonaceous substances (peat, lignite, oxihumolite, coal), water organism (algae, seaweed), wastes from agro-industry
(peanut hull, orange peel, rice husk, sawdust, and
chitosan from seafood processing) [7-11]. Despite
the natural sorbents also are performed their modification which increases the sorption capacity but
treatment process generates sewage and increases
sorbent costs [2, 12-14]. Another group of organogenic low-cost sorbent is activated carbon derive
from lignocellulosic wastes of different origins (such
as fruit peel and stones, wood sawdust, or low-rank
coal [15-17].
Peat is young Quaternary, mainly Holocene,
organogenic sedimentary rock at the first stage of
coalification, formed through decomposition of
plant material in the presence of weakly acidic humic
substances. It is a complex mixture of, mainly, lignin, cellulose, humic substances (fulvic and humic
acids), and mineral substances such as Fe(III) oxidehydroxides and silica [18, 19]. The peat main functional groups are the carboxylic and hydroxyl phenolic groups of humic and fulvic acids, where alkaline and alkaline earth cations may be substituted for
H+ and the -OH groups in Fe(III) oxide-hydroxides.
Because of the polar character, high specific surface,
porosity, and cation exchange capacity of the peats

Two low-moor peats from an overburden lignite deposit (Central Poland) were studied for their
capability of removal of six anionic dyes (Reactive
Blue 81, Reactive Red 198, Reactive Black 5, Reactive Blue 19, Acid Black 1 and Acid Red 18) from
aqueous solutions. The peats exhibit high sorption
capacity for the Reactive Blue 81, Reactive Red 198,
Reactive Blue 19, Acid Black 1.
Three isotherm equations have been tested in
the present study, namely Freundlich, Langmuir and
Dubinin-Radushkevich and the characteristic parameters for each isotherm have been determined. The
Freundlich and Dubinin-Radushkevich equations
provided the best description of the sorption for all
dye-peat systems in low initial concentration of dyes
in solution. The Langmuir isotherm well described
sorption process in higher concentrations range. The
values of the constants indicated the favourable sorption.
The dyes were bound through chemisorption
by forming hydrogen bonds between the -NH2, -NHand -OH groups in the dyes and the surface functional -COOH and -OH groups in the peats. The
structure of dyes (mainly the ratio of donor to acceptor locations) proved to be essential for the peat sorption capacity.

,+$&'
Peat, biosorbents, anionic dyes, isotherms, purification


#(&$)($#
Various industries (textile, leather, pulp and paper, food and plastics) discharge wastewater polluted
with dyes and pigments into environment. Dyes are
classified into anionic (direct, acid and reactive
dyes), cationic (basic dyes), and nonionic (disperse
dyes). Anionic dyes play an important role in the textile industry and they are mainly used for dyeing nitrogen containing fabrics like wool, polyamine and
silk. They are water-soluble anionic compounds and
differ by the number of aromatic rings and the type,
number and position of the main functional groups
in their molecules. The largest class of anionic dyes
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- Acid Black 1 (ABk-1), C.I. 20470, CAS
1064-48-8, C22-H14-N6-O9-S2.2Na, 616.49 g mol1
,
- Acid Red 18 (AR-18), C.I. 16255, CAS 261182-7, C20-H11-N2-O10-S3.3Na, 604.47 g mol-1
were examined. They are produced by Boruta
Zachem-Kolor, Ltd. (Poland), the leading Polish
producer of synthetic organic dyes. The chemical
structure of the dyes is presented in Fig. 1.
Main functional groups of these dyes are the
azo, nitro, amino, hydroxyl, aryl, sulfo and chloride
groups. The group can be a donor or acceptor to the
hydrogen atom.

their sorption capacity for dissolved transition metals and polar organic molecules is high [20-25].
With 1,255,000 ha of peatlands [26], Poland is
17th among the European countries ranked by percentage of peat bogs in the national area [27]. Besides peatlands, peat occurs also in the overburden
of lignite deposit in Central Poland (Belchatow,
Konin, Adamow Lignite Mines). During excavation,
the overburden is dumped and then used to reclaim
terrains devastated by mining.
The paper presents a new approach to the removal of water-soluble anionic dyes from water by
using low-moor peat. The dyes used in the experiment were Reactive Blue 81 (RB-81), Reactive Red
198 (RR-198), Reactive Black 5 (RBk-5), Reactive
Blue 19 (RB-19), Acid Black 1 (ABk-1) and Acid
Red 18 (AR-18), the peat came from the overburden
of the lignite deposits in Central Poland. The sorption from single-dye solutions was investigated by
using the batch method. The results were interpreted
with the use of two-parameter non-linear isotherms,
the constants to characterize the adsorption mechanisms were estimated from the isotherm equations.
The work was aimed at assessing the influence
of the chemical structure of selected anionic dyes
(number of donors and acceptors of protons in functional groups) on the capacity of peats from the overburden of the Polish lignite deposits for retaining
these dyes. Mostly, the dye sorption literature concentrates on the effects of pH, dose of sorbents, initial dye concentration, temperature of the solution,
etc. on the sorption onto available and low-cost materials [11, 28-31]. The works on the effects of the
dye structure on the sorption capacity of sorbents,
such as Wong and Yu [32] on the dependence of
sorption of dyes on their structure or Reife and Freeman [33] suggesting that the presence of hydroxyl
and nitro groups in the dye molecule increases and
of sulfonic acid groups decreases adsorption rate, are
rather rare.

';>.1:@?Two low-moor peats from overburden of lignite deposits (Central Poland) were used in
the experiment as sorbents:
- Alder peat, Belchatow Lignite Mine,
- Sedge peat, Konin Lignite Mine.
The air-dried and homogenized peat samples
were sieved through a 0.5 mm sieve. The physicochemical properties of the peats are shown in Table
1. The methods for determination of the peat properties are described in Kyziol-Komosinska et al. [34].
';><@5;: The sorption capacity of the peats
was determined using batch contact mode at room
temperature (298±2 K). The initial concentrations
(C0) of the dye solutions were within the range 1–
1,000 mg L-1, the ratio solid phase (m)/solution (V)
was 1:20, 1:50 and 1:100 (50 g of adsorbent + 1 L of
dye solution, 20 g + 1 L, or 10 g + 1 L, respectively).
The dyes were not pre-treated (no purification). The
stock solutions were prepared by dissolving 1 g of
dyes in 1000 mL of distilled water. The working solutions (from 1 to 1000 mg L-1) were prepared, if it
was necessary, by diluting the stock solution with
distilled water. The pH of stock solution was 4.97 for
RB-81, 4.99 for RR-198, 4.53 for RBk-5, 4.29 for
RB-19, 7.95 for ABk-1 and 7.65 for AR-18 and pH
of the working solutions was natural, no pH adjustments were done. Control experiments without peat
were carried out for all dye solutions to ascertain that
the sorption of dyes did not occur on the wall of the
containers.
The peat suspensions were centrifuged at 4000
rpm for 20 min. The initial (C0) and equilibrium dye
concentrations (Ceq) in solutions were determined by
means of UV/VIS spectrometry (Varian Cary 50 Scan
spectrophotometer, 1 cm long cell) at the wave lengths
(λmax) 497 nm for RB-81, 508 nm for RR-198, 584 nm
for RBk-5 and RB-19, 619 nm for ABk-1 and 506 nm
for AR-18, which were the maximum wave length
for the dyes. By referring to the calibration curves of
the dyes the corresponding concentration of the dyes
in the equilibrium solution were obtained. Dilutions
were carried out when measurement exceeded the
linearity of the calibration curve.

"(&!'#"($'

E1?;8A@5;:?Four reactive dyes:
- Reactive Blue 81 (RB-81), C.I. 18245, CAS
75030-18-1, C25-H14-Cl2-N7-O10-S3.3Na, 808.42
g mol-1,
- Reactive Red 198 (RR-198), C.I. 18221, CAS
145017-98-7, C27-H18-Cl-N7-O16-S5.4Na, 984.21
g mol-1,
- Reactive Black 5 (RBk-5), C.I. 20505, CAS
17095-24-8, C26-H21-N5-O19-S6.4Na, 991.82 g
mol-1,
- Reactive Blue 19 (RB-19), C.I. 61200, CAS
2580-78-1, C22-H16-N2-O11-S3.2Na, 626.54 g
mol-1
and two acid dyes:
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Samples

Porosity

Alder peat
Sedge peat

0.5211
0.5934

Alder peat
Sedge peat

Ash
content
(%)

Feox
(mg g-1)

20.88
11.43

9.795
9.092

Physicochemical properties
Specific surface area (m2 g-1)
pHPZC
pH H2O
External
Total
11.38
218.98
5.62
5.77
14.10
215.26
6.33
7.46
Chemical properties
-COOH
-OH
Exchangeable ions (mmol+ g-1)
group
group
CEC
content
content
Ca2+
Mg2+
Na+
K+
H+
(mmol+ g-1)
0.90
1.153
1.245
0.952 0.0714 0.002 0.0009 0.218
0.40
1.698
1.173
1.042 0.0891 0.008 0.0023 0.0304

pH in the equilibrium solutions was measured using a pH-meter glass electrode.

0?;><@5;:5?;@41>9?Adsorption isotherm is
important to describe how adsorbate interacts with
adsorbents. The relationship between the amount of
adsorbate uptake on the adsorbent and the concentration of dissolved adsorbate in the solution at the
equilibrium can be given by the adsorption isotherms. The Freundlich, Langmuir and Dubinin-Radushkevich isotherm models were used to examine

The amounts of adsorbed dyes (q) and percentage efficiency of the dyes removal (RE) were calculated by the following Eqs. (1) and (2):

q = (C0 - Ceq ).

V (mg g-1)
m

(1)

C0 - Ceq

(2)
100%
C0
where: C0 and Ceq are the initial and equilibrium concentrations of dye in solution, mg L-1; respectively;
V is the volume of the solution, L; m is the weight of
adsorbent, g.

RE =

8
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The Dubinin-Radushkevich (D-R) empirical
model applies generally to adsorption systems with
Gaussian energy distribution over a heterogeneous
surface [39]. The approach is usually used to distinguish between the physical and chemical adsorptions.
The D-R equation is given by Eq. (8):

the significance of various parameters to the sorption
of the dye ions onto the peats. The shape of an isotherm indicates whether a sorption system is “favourable” or “unfavourable” [35].
The sorption parameters were estimated by using linear regression. For each system peat-dye, R2
expresses the goodness of fit of a theoretical curve to
experiment results.
The Freundlich isotherm is an empirical model.
It can be applied to multilayer sorption with nonuniform distribution of adsorption heat and affinities
over a heterogeneous surface [36]. This model is
widely applied to heterogeneous systems, especially
involving organic compounds [37]. The Freundlich
equation is generally expressed as follows (Eq. 3):

q = K F Ceq
.

1/ n

q = q D exp(-βε 2 )
.

(8)
when linearized form becomes as follows (Eq. 9):

ln q = ln q D − βε2

(9)
where: q is experimental sorption of dye, mol g ; Ceq
is equilibrium concentration of dye in solution, mg
L-1; qD is theoretical saturation capacity, mol g-1; β is
constant depending on free energy of sorption per
mole of sorbate, mol2 kJ-2; ε = RT ln(1 + 1 / Ceq ) is Po-1

(3)

lanyi potential, where R is gas constant, J mol-1 K-1
and T is absolute temperature, K.
The constant β (Eq. 8) informs about the mean
free energy E (kJ mol-1) of sorption per molecule of
sorbate and can be computed using the following Eq.
(10):

and the linear expression takes the following Eq. (4):

log q =

1
log Ceq + log K F
n

(4).

where, q is experimental sorption of dye, mg g-1; Ceq
is concentration of dye in equilibrium solution, mg
L-1, KF is the Freundlich equilibrium constant, mg g1
(L mg-1)1/n; 1/n is expresses favorability of adsorption (dimensionless).
Value of 1/n < 1 in the Freundlich isotherm implies favorable nature of adsorption, 1/n > 1 – cooperative adsorption. To determine the constant KF and
1/n, may be used to plot log(q) against log(Ceq).
The Langmuir isotherm model assumes the
monolayer sorption onto a surface containing a finite
number of adsorption sites of uniform sorption energies and the lack of sorbate transmigration within the
plane of the surface [38].
The Langmuir equation may be written as follows (Eq. 5):

q=

q L K L C eq
1 + K L C eq

E=

q

=

Ceq
qL

+

1
K Lq L

SE =

1
1 + K L C0

Σ(q exp − q c ) 2
n−2

(11)

where qexp and qc represent the measured and calculated amounts of dyes sorbed, respectively, and n is
the number of data point evaluated.

(5)

0?;><@5;: 75:1@5/? In order to analyze the
sorption kinetics of studied dyes onto Alder peat, the
pseudo-first-order and pseudo-second-order kinetic
models were applied to the experimental data.
The pseudo-first order of Lagergren [40] model
considers that the rate of adsorption sites occupation
is proportional to the number of unoccupied sites.
The differential equation of the model is the following:

(6)

where, q is experimental sorption of dye, mg g-1; Ceq
is concentration of dye in equilibrium solution, mg
L-1; qL is maximum adsorption capacity, mg g-1; KL
is adsorption equilibrium (Langmuir) constant, L
mg-1. Values of KL and qL were calculated from the
intercept and slope of the plots of Ceq /q vs. Ceq.
The parameter KL (Eq. 6) enables determination of the dimensionless constant called equilibrium
parameter, RL, which is defined by Eq. (7):

RL =

(10).

Value of E < 8 kJ mol-1 indicates physical adsorption, 8 ≤ E ≤ 16 kJ mol-1 – ion exchange process.
The adsorption isotherm constant qD and β, can
be determined experimentally by plotting of ln(q)
versus ε2.
In order to determine the goodness of fit of isotherm models to data, coefficient of determination
(R2) were obtained through linear regression and
standard error (SE) were calculated using Eq. (11):

when linearized by Eq. (6):

Ceq

1
2β

dq t
= k1 (q e1 − q t )
dt

(12)

Integrating this for the boundary conditions t=0
to t=t and qt=0 to qt=qt, gives:
(13)
ln(qe1-qt)=lnqe1-k1t
where:
k1 is the rate constant, 1 min-1; qe1 is the amount
of dye sorbed at any time, mg g-1; qt is the amount of
dye sorbed on the surface at equilibrium, mg g-1.

(7)

where C0 is initial dye concentration, mg L-1.
The value of RL indicates the type of the isotherm to be either favorable (0 < RL < 1), unfavorable
RL > 1, linear (RL = 1) or irreversible (RL = 0).

9

"!

 # 







    


functional groups are responsible for dye sorption on
peat surface.
The quantitative analysis according to Stevenson [41] showed that there were 0.90 mmol+ g-1 and
0.40 mmol+ g-1 of -COOH groups, and 1.153 mmol+
g-1 and 1.698 mmol+ g-1 of -OH groups in Alder and
Sedge peats, respectively (Table 1).
The ash content was 20.88% and 11.43%. The
mineral substance contained 2.31 and 1.84% of iron
oxides. They were mainly amorphous free oxides
(Feox) in amount 9.795 and 9.092 mg g-1, respectively. The pH of Alder peat in water solution was
5.62, of Sedge peat – 6.33. The points of zero charge
(pHPZC) were 5.77 and 7.46, respectively. At the solution pH below 5.77 and 7.46, the surface of the
peat particles was positively charged and adhered
negatively charged pollutants, at the solution pH
above 5.77 and 7.46 the surface was negatively
charged and bound positively charged pollutants.
Negative surface charge is produced by dissociation
of surface oxygen complexes of acidic character, e.g.
carboxylic acid and phenolic groups, according to reaction –COOH→ –COO-+H+ or –OH → –O-+H+
[31]. It indicates that peats are materials with amphoteric character depending on the pH of the solution.

The pseudo-second order model [24] that is
based on the assumption that adsorption follows a
second order chemisorption. The differential equation of this model is the following:

dq t
= k 2 (q e 2 − q t ) 2
dt

(14)

t
1
1
=
+
t
2
q t k 2q e 2 q e 2

(15)

Integrating Eq. (14) for the boundary condition
t=0 to t=t and qt=0 to qt=qt, gives:

where:
qe2 is the amount of dye sorbed at any time, mg g-1;
qt is the amount of dyes sorbed at equilibrium, mg g1
; k2 is the equilibrium rate constant of pseudo-second-order for sorption, g mg-1 min-1.
The initial sorption rate h (mg g-1 min-1) was
calculated using the following equation:

h = k 2q e22

(16)

Kinetics studies were carried out at an initial dye
concentration in the solution i.e. 50 and 250 mg L-1 and
for dose of sorbent 20 g L-1 and 50 g L-1. Measurements of the dye concentration in the solution were
made after 2.5, 5, 15, 30, 60, 120, 300, 720, 1080 and
1440 minutes. The values of qe1 and k1 and qe2 and k2
were estimated from the slopes and intercepts of the
plots log(qe−qt) against t and t/qt against t, respectively.

';><@5;: /-<-/5@E ;2 <1-@? 221/@ ;2 5:5@5-8
/;:/1:@>-@5;: ;: @41 ?;><@5;: /-<-/5@E ;2 <1-@?
The adsorption capacity of the peats was investigated as a function of the equilibrium concentration
of the dyes. The isotherms (q vs. Ceq) of the sorption
of the dyes onto the peats are presented in Fig. 2A
and 2B and removal efficiency of dyes using the
peats as sorbents – in Fig. 2C and 2D. The results
indicated that ABk-1, RB-19, RR-198 and RB-81
dyes have a considerable higher affinity than AR-18
and RBk-5 for both peats.
At the sorbent dose 50 g L-1 and the initial concentrations from between 1 and 100 mg L-1, ABk-1
and RB-19 were bound by Alder peat entirely, what
means 100% their removal. RB-81 and RR-198 were
uptaken in similar amount from 0.019 to 1.534 mg g1
and from 0.019 to 1.584 mg g-1, respectively. Removal efficiency of these dyes from solution was
96.98–74.76%. RBk-5 and AR-18 were bound in
amounts significantly lower: 0.018–1.035 mg g-1 and
0.014–0.716 mg g-1, respectively. Removal of the
dyes from solution was 83.64–52.00% and 63.00–
35.55% (Fig. 2A and 2C).
At the maximum initial concentration (1000
mg L-1), 17.67 mg g-1 of ABk-1, 14.15 mg g-1 of RB19, 11.60 mg g-1 of RB-81, 10.99 mg g-1 of RR-198,
5.00 mg g-1 of RBk-5 and 4.64 mg g-1 of AR-18 were
bound onto Alder peat (Fig. 2A). The removal efficiency of dyes at maximum initial concentration in
solution was 90.34%, 69.45%, 57.18%, 55.64%,
35.81% and 22.68% (Fig. 2C).
The removal of dyes was higher at lower initial
concentration of dyes (up to 100 mg L-1) due to large
surface area available of adsorbent.

221/@;2-:5;:5/0E1??@>A/@A>1;:0E1?;><
@5;:;:@;8;C9;;><1-@?Relation between maximum sorption capacity (in mg g-1 or mmol g-1) and
the numbers (also the ratio) of the donor and acceptor locations in the functional groups of the dyes was
determined by computing Pearson’s linear correlation coefficients.
&')!('#')''$#

%>;<1>@51?;2<1-@?The two low-moor peats
came from a depression cone area related with dewatering of mines. Their higher degree of mineralization and changed physicochemical properties relative to peat from natural, not affected by mining, areas were due to low level of ground water [25].
Alder peat was decomposed in 70%, Sedge
peat in 35%. The total specific area of the peats was
218.9 and 215.3 m2 g-1, total porosity – approximately 0.52 and 0.59, respectively and macro pores
of diameter > 30 micrometer and meso pores 0.2 μm
< d < 30 μm were dominated.
Cation exchange capacities (CEC) were, respectively, 1.245 mmol+ g-1 and 1.173 mmol+ g-1,
Ca2+, Mg2+ and H+ being main exchangeable cations.
The FTIR spectra of the peats (omitted from the paper) revealed the presence of groups: carboxylic
(3300-2500 cm-1, 1573 cm-1), hydroxyl (3427 cm-1,
1381 cm-1, 1020 cm-1), carbonyl (1680 cm-1). These
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mg g-1, for RR-198 16.90 mg g-1, for RB-81 14.600
mg g-1, for RBk-5 8.34 mg g-1 and for AR-18 6.10 mg
g-1. The percentage removal of these dyes from solution was 93.65%, 88.22%, 85.58%, 71.97%, 42.66%
and 29.81%, respectively (Fig. 2D). The sorption ca-

The sorption capacities of Alder peat for these
dyes follow the order: ABk-1 > RB-19 > RB-81 >
RR-198 > RBk-5 > AR-18.
The sorption capacity of Sedge peat, was
higher than that of Alder peat at all initial concentrations of the dyes (Fig. 2B). The maximum dye uptake was for ABk-1 18.32 mg g-1, for RB-19 17.97
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peats have high adsorption capacity for cationic
(basic) dyes. Anionic dyes were bonded at the largest
amounts onto organic sorbents in acid conditions
(for example dye RR-198 onto      
 was bonded at pH=2) due to positive charge
onto organic matter surface, resulting from the protonation of functional groups pH [43]. On the other
hand we must remember that modification of pH of
effluents containing dyes for acidification causes to
create sewage.
The investigated dyes were anionic and could
not be bound by the peats through coulombic attraction. Instead, the -OH and -COOH functional groups
in peats and various functional groups in dyes enable
hydrogen bonds.

pacities of Sedge peat for these dyes follow the order: ABk-1 > RB-19 > RB-198 > RR-81 > RBk-5 >
AR-18.
Porosity, external surface are important for the
sorption capacity, were higher in Sedge peat than in
Alder peat (Table 1). Moreover, this peat was characterized by higher content of -OH groups than Alder peat and as showed Gong et al. [12] the hydroxyl
groups were important functional groups in the adsorption of cationic and anionic dyes.
The molecular weights of the dyes were between 604.5 and 991.8 g mol-1. There is a significant
difference in the shape between the isotherms (Fig.
2A and 2B) and rearrangement in the above sorption
capacity orderings if the adsorption capacities are
expressed in molar units (mmol g-1) instead of mass
units (mg g-1) (Fig. 3). The adsorption capacities of
the peats for studied dyes are lower than their CEC
values, which were determined as 1.245 mmol+ g-1
and 1.173 mmol+ g-1 respectively. This suggests that
dyes are adsorbed through physical interactions rather than ion exchange.
According to Giles’ classification [42] the
sorption isotherms for the dye-peat systems were of
the L-type, except of sorption isotherm of dyes RBk5 and AR-18 onto studied peats, which included in S
type. L type of isotherm indicates on stronger interaction dye particle than solvent with surface. S type
of isotherm indicates that in low initial concentration
to 100 mg L-1 interactions with dye particles surface
were substantially weaker than interaction with water particles surface. With increase of concentration
in solution, the affinity of dye particles to surface
was also increased. It suggests that the RBk-5 and
AR-18 dyes were bounded by peats in smaller
amounts and weaker than other dyes.
The dye sorption proceeded at pH close or
higher than pHPZC (Fig. 4). The polar functional
groups cause negative charge on peat surface, hence
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221/@;2<1-@0;?1;:@41?;><@5;:/-<-/5@E
;2<1-@?Table 2 presents the results for the sorption
(q) and efficiency removal (RE) of the dyes at the
100 mg L-1 and 1000 mg L-1 concentrations and for
three peat doses (50 g L-1, 20 g L-1 and 10 g L-1).
When the sorbents dose was lowered in the same solution volume, the sorption capacity of the peats increased for all studied initial concentrations in accordance with Eq. (1). For Alder peat, when the
sorbent dose was 5 time lower, the sorption capacity
increased by 86.45%–360% (100 mg L-1 concentration) and by 83.19%–120.68% (1000 mg L-1 concentration) and for the Sedge peat increased by
166.42%–292.52% or 34.91–112.88%, respectively.
In contrast when the sorbent dose was lowered, the
removal percentage decreased. When transforming
Eq. (1) and substituting it in Eq. (2), the dependence
of

% RE =

q .m
100 is obtained. It indicates that
.
C0 V

the removal percentage is proportional to the sorbent
mass.
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Solution

Dose of
sorbent,
g L-1
50

RB-81

20
10
50

RR-198

20
10
50

RBk-5

20
10
50

RB-19

20
10
50

ABk-1

20
10
50

AR-18

20
10

C0, mg L
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000
100
1000

-1

Sorption
(q), mg g-1
1.534
11.60
3.645
19.70
7.07
25.60
1.584
10.99
3.500
14.26
6.98
18.90
1.038
5.00
2.050
6.98
3.067
9.80
2.012
14.15
4.13
16.93
7.33
29.90
1.910
17.67
4.475
21.90
8.58
36.40
0.716
4.64
0.900
6.69
1.335
8.50

Alder peat
Removal
efficiency
(RE), %
74.76
57.18
72.64
38.81
70.38
25.04
79.92
55.64
70.49
28.75
70.36
19.05
52.00
25.58
41.37
14.14
30.95
9.35
98.92
68.45
79.35
38.13
72.21
29.25
99.60
90.33
87.06
44.97
82.42
37.37
35.55
24.22
17.95
12.94
13.28
8.22

pH in
equilibrium
solution
5.89
5.92
6.34
6.26
6.38
6.35
7.18
7.02
6.90
6.57
6.78
6.39
6.95
6.45
6.97
6.23
6.93
6.19
5.90
5.45
6.93
6.62
6.76
6.89
7.03
6.96
7.03
7.11
6.91
6.85
6.08
6.08
6.91
7.16
6.98
7.28

Sorption
(q), mg g-1
1.906
14.60
3.645
21.40
7.21
30.10
1.924
16.90
3.500
19.85
7.02
22.80
1.450
8.34
2.705
8.85
3.99
12.80
2.020
17.97
4.205
22.10
7.48
34.80
1.926
18.32
4.640
23.40
8.89
39.0
0.822
6.10
1.360
7.20
2.19
10.90

Sedge peat
Removal
efficiency
(RE), %
92.88
71.97
72.54
42.67
70.11
29.45
97.07
85.58
70.49
40.02
70.11
22.88
72.65
42.66
54.59
17.93
40.35
12.46
99.68
88.22
80.79
43.23
74.23
34.05
99.69
93.65
90.27
48.05
84.11
40.1
40.81
29.81
27.22
13.93
21.91
10.54

pH in
equilibrium
solution
7.44
7.69
6.35
6.26
6.30
6.23
8.35
8.26
6.80
6.57
6.69
6.42
7.94
7.76
6.97
6.23
6.85
6.18
7.77
7.65
6.93
6.62
6.81
6.67
7.94
7.96
7.03
7.11
6.83
6.54
7.72
7.75
6.91
7.16
6.85
7.02

The linear plots of log(q) vs. log(Ceq) (Freundlich isotherm by Eq. (4)), Ceq/q vs. Ceq (Langmuir
isotherm by Eq. (6)) and ln(q) vs. ε2 (Dubinin-Radushkevich isotherm by Eq. (9)) enabled calculation
of KF and 1/n, qL and KL, qD and β, respectively, from
the intercepts and slopes of these plots. They are presented in Table 3 and together with the values of determination coefficients (R2) and standard of error
(SE). Higher values of R2 and lower values of SE indicate the high ability of the model to describe the
equilibrium data. The results show that adsorption is
very good for the Dubinin-Radushkevich isotherm
(0.9469 < R2 < 0.9977) for all studied dyes, good for
Langmuir isotherm (0.9264 < R2 < 0.9749) except
AR-18, and for the Freundlich isotherm (0.8999 < R2
< 0.9935) except ABk-1 (Table 3).

The changes in sorption capacity and in removal efficiency for studied peats vs. dose of
sorbents depended on kind of dyes as well as on their
initial concentration in solutions. Highest changes in
sorption capacity have been for low initial concentration of dyes at the smaller decline of removal efficiency (Table 2).
The sorption capacity and the effectiveness of
the pollutant removal should be taken into consideration when the sorption process is optimized and the
sorbent dose is determined.
?;@41>9?;2?;><@5;:The isothermal equilibrium data were processed employing Freundlich,
Langmuir and Dubinin-Radushkevich isotherm
equations.
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values. The Langmuir isotherm describes homogeneous monolayer adsorption with all adsorption sites
possessing the same affinity for the adsorbate [44,
45]. In equation (Eq. (5)), qL denotes the maximum
adsorption capacity, corresponding to a monolayer
coverage and indicated the monolayer capacity of
peats for RB-81, RR-198, AR-18 were significantly
higher than their maximum experimental sorption
qmax. The values of separation factor RL for the highest initial concentration (Table 3) were comprised in
range of 0.00604–0.5469 (< 1.0) and show that adsorption of studied dyes onto peats were favorable.
The calculated values (RL) versus the initial concentrations of dyes shown in Fig. 5 and the plots indicated that sorption was more favorable at higher concentrations.

According to these studies, it was concluded
that the best fitting was obtained using by the Dubinin-Radushkevich model. The values of E were below 8 kJ mol-1 for AR-18 dye, indicated the physicosorption due to electrostatic or Van der Waal’s attractions. Whereas the value of E for RB-81, RR198, RBk-5, RB-19 and ABk-1 in ranging between
9.20 and 11.78 kJ mol-1 were above 8 indicated ion
exchange sorption.
A detailed analysis of the correlation coefficients from Table 3 showed that Langmuir isotherm
model explain the good adsorption of studied dyes,
apart from AR-18, onto peats. Equilibrium adsorption data of AR-18 did not fit to the Langmuir isotherm well and the value of R2 is much lower than
the Freundlich and Dubinin-Radushkevich isotherm

(! 
?;@41>9<->-91@1>?;2?;><@5;:;2?@A0510-:5;:5/0E1?;:@;<1-@?-9<81?G85:1->91@4;0
Isotherm

RB-81

1/n (-)
KF (mg g-1 (L mg-1)1/n)
R2 (-)
SE (-)

0.7464
0.1323
0.9917
0.9139

qmax (mg g-1)
qL (mg g-1)
KL (L mg-1)
RL (-)
R2 (-)
SE (-)

11.60
20.83
0.00319
0.2361
0.9343
0.1593

qD (mmol g-1)
β (mol2 kJ-2)
E (kJ mol-1)
R2 (-)
SE (-)

0.1258
0.0059
9.20
0.9469
0.6324

Isotherm

RB-81

1/n (-)
KF (mg g-1 (L mg-1)1/n)
R2 (-)
SE (-)

0.9062
0.1536
0.9857
0.9234

qmax (mg g-1)
qL (mg g-1)
KL (L mg-1)
RL (-)
R2 (-)
SE (-)

14.60
23.26
0.00659
0.1301
0.9360
0.1176

qD (mmol g-1)
β (mol2 kJ-2)
E (kJ mol-1)
R2 (-)
SE (-)

0.4533
0.0051
9.90
0.9485
0.7469

Alder peat
RR-198
RBk-5
RB-19
Freundlich
0.7855
0.7106
0.5802
0.1205
0.0588
0.6676
0.9907
0.9935
0.8999
0.1548
0.2843
31.905
Langmuir
10.99
5.000
14.15
15.38
6.494
16.90
0.00573
0.00469
0.0132
0.1501
0.1792
0.0694
0.9484
0.9454
0.9615
0.0138
0.2477
35.567
Dubinin-Radushkevich
0.0755
0.0245
0.0935
0.0053
0.0048
0.0039
9.72
10.20
11.22
0.9844
0.9810
0.9678
0.4338
0.0922
0.0916
Sedge peat
RR-198
RBk-5
RB-19
Freundlich
0.7289
0.6283
0.5604
0.6328
0.1793
1.334
0.9395
0.9967
0.7871
0.1628
0.2786
26.739
Langmuir
16.90
8.340
17.970
18.87
9.346
19.87
0.0341
0.00934
0.01589
0.0289
0.0987
0.0164
0.9264
0.9309
0.9410
0.0241
0.2623
3.138
Dubinin-Radushkevich
0.1824
0.0307
0.1255
0.0048
0.0043
0.0036
10.21
10.78
11.79
0.9626
0.9916
0.9480
0.3965
0.1342
0.1342
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ABk-1

AR-18

0.7658
0.9500
0.8831
26.865

0.9567
0.0118
0.9866
0.3449

17.67
18.99
0.0868
0.0116
0.9790
12.462

5.160
13.89
0.00081
0.5469
0.5250
0.0352

0.2239
0.0046
10.54
0.9552
15.697

0.0442
0.0068
7.54
0.9971
0.3155

ABk-1

AR-18

0.7230
1.606
0.7119
20.954

0.9496
0.01519
0.9907
0.3187

18.32
19.23
0.1682
0.00604
0.9749
21.165

6.100
14.49
0.0010
0.4943
0.8038
0.0554

0.3194
0.0041
11.04
0.9644
12.624

0.0843
0.0079
7.54
0.9970
0.3155
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isotherm. Obtaining 1/n values below 1 for all dyepeat system indicated the favorable sorption. Moreover the model shows adsorption-complexation reaction taking place during the sorption process
which could be monolayer and the adsorbent surface
may be heterogeneous in nature.

Freundlich's isotherm gave a good fit to the
sorption of RR-198, RBk-5 and AR-18 onto both
peats and much better fit than the Langmuir model
for these dyes, suggesting that the boundary layer
thickness is increased [46]. Whereas the values of R2
0.7119 and 0.8831 indicated that sorption of ABk-1
dyes onto both peats is rather poor for the Freundlich
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dye onto peat. From Table 4 it was observed that the
estimated values for the pseudo-second-order model
(qe2) agree very well with the experimental values
qe(exp) and a determination coefficient values were
ranging from 0.9862 to 0.9999. Similar results were
reported for Acid Blue 25 and Basic Blue 69 adsorption onto pith [47] and onto sphagnum moss peat
[24] and Basic Green 4 onto oxihumolite [9].
The pseudo-second-order rate constant values
(k2) depended on the amount of solute sorbed on the
surface and dose of sorbent. The k2 values decreased
with increased initial concentration of dyes and decreased with decreased dose of sorbent at the same
initial concentration of dyes in solution. The values
of initial sorption rate (h) indicate that the rate of dye
removal is fastest for the RB-19 and ABk-1 followed
by that for the other dyes.

Estimated constants by Eqs. (4), (6) and (9)
were allowed on determining theoretical isotherms
and the course and experimental points were given
on Fig. 6.
Analysis of theoretical isotherms course for locations of experimental data indicates that Freundlich isotherm well describes the sorption in lower
initial concentrations of dyes in solutions (1–100 mg
L-1 for RB-81 and RR-198; 1–250 mg L-1 for RBk-5
and AR-18, and 1–500 mg L-1 for ABk-1 and RB19) because Freundlich isotherm does not reach a
plateau as Ceq increases [45]. Langmuir isotherm
well describes the dyes sorption in higher concentrations range i.e. 25–1000 mg L-1 for RR-198, RBk-5
and ABk-1, 50–1000 mg L-1 for AR-18, 150–1000
mg L-1 for RB-81 and 250–1000 mg L-1 for RB-19.
D-R isotherm well describes sorption of RBk5 and RB-19 dyes in whole of initial concentration
range, sorption of RB-81 and AR-18 in concentration range 1–250 mg L-1, ABk-1 to 500 mg L-1, RR198 to 750 mg L-1.

:@1>-/@5;: .1@C11: @41 0E1 9;81/A81? -:0
@41 <1-@ ?A>2-/1 The differences in the chemical
structure of the dyes result in different dye/sorbent
interactions [46, 48]. Negatively charged peat surface and anionic dye character preclude the surface
sorption through coulombic attraction. Instead, the COOH and -OH functional groups in peats and various functional groups in dyes enable hydrogen
bonds.
The effect of the dye structure (number of donors (D), number of acceptors (A), their ratio (D/A)
on the sorption efficiency of the peats was determined by computing Pearson’s correlation coefficients at p < 0.05 (Table 5). The experimental maximum sorption capacity of the peats (qmax), in mg g-1
and mmol g-1, was used in the computations. The
maximum monolayer sorption capacity qL, derived
from the Langmuir equation, could not be used because the Langmuir isotherm was not a good model
for the sorption of AR-18 dye (Table 5).

0?;><@5;: 75:1@5/? The results of sorption
kinetics show that the sorption of studied dyes onto
low moor peat is a quite rapid process. Most of the
dye was retained within the first hour of contact of
peat-solution (Fig. 7).
The parameters of pseudo-first-order given in
Eq. (12) and pseudo-second-order given in Eq. (14)
with values of determination coefficients are summarized in Table 4. The correlation coefficient values for the pseudo-first-order kinetic model (R2) obtained at all the studied concentrations were low and
the estimated values of qe1 are not equal to experimental qe(exp). The results suggested the sorption of
studied reactive and acid dyes onto peats are not a
pseudo-first-order.
The sorption behavior is found to be second order, based on the assumption of a pseudo-second order mechanism and confirms the chemisorption of
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Dye
RB-19
RB-81
RBk-5
RR-198
AR-18
Abk-1

RB-19
RB 81
RBk 5
RR-198
AR-18
ABk-1

RB-19
RB-81
RBk-5
RR-198
AR-18
ABk-1

Pseudo-first-order of kinetics model
Pseudo-second-order of kinetics model
Condition: C0 50 mg L-1, S:L 1:20
qe1
k1
k2 (g mg-1
qmax
qe2
h (mg gR2 (-)
R2 (-)
1
-1
-1
-1
-1
-1
(mg g )
min )
min-1)
(mg g )
(1 min )
(mg g )
1.030
0.01964
0.0043
0.2624
1.02987
3.51684
0.9999
12.737
0.761
0.10571
0.0029
0.3537
0.75844
0.71313
0.9999
0.3857
0.534
0.06906
0.0061
0.6553
0.53459
0.43719
0.9999
0.1022
0.782
0.10251
0.0051
0.6320
0.78253
0.38757
0.9999
0.1176
0.370
0.16694
0.0022
0.6163
0.36685
0.03863
0.9954
0.00055
0.938
0.02837
0.0046
0.3251
0.93791
2.10795
0.9999
4.1676
Condition: C0 250 mg L-1, S:L 1:20
qe1
k1
k2 (g mg-1
qmax
qe2
h (mg gR2 (-)
R2 (-)
1
-1
-1
-1
-1
-1
(mg g )
min )
min-1)
(mg g )
(1 min )
(mg g )
4.580
0.8998
0.00390
0.5807
4.55581
0.19805
0.9999
0.1787
3.810
0.8568
0.00310
0.5315
4.75964
0.15662
0.9998
0.1167
2.180
1.0537
0.00197
0.4587
3.05904
0.06435
0.9974
0.0126
3.756
1.2692
0.00398
0.7781
3.76789
0.09269
0.9997
0.0324
1.634
0.6685
0.00301
0.6834
1.63719
0.05853
0.9988
0.0056
4.710
1.4412
0.00810
0.8289
4.99002
0.44474
0.9999
0.9869
Condition: C0 250 mg L-1, S:L 1:50
qe1
k1
k2 (g mg-1
qmax
qe2
h (mg gR2 (-)
R2 (-)
1
-1
-1
-1
-1
-1
(mg g )
min )
min-1)
(mg g )
(1 min )
(mg g )
8.600
3.5526
0.00482
0.9053
7.9745
0.06566
0.9996
0.0344
7.190
3.9593
0.00451
0.8893
8.6730
0.06059
0.9995
0.0318
3.875
3.4531
0.00239
0.9363
4.3365
0.01037
0.9862
0.00046
6.560
2.7975
0.00198
0.6332
6.0679
0.03597
0.9943
0.0078
2.140
1.4243
0.00235
0.8448
2.1227
0.01944
0.9916
0.00080
9.915
4.6713
0.00362
0.8490
9.9108
0.05115
0.9990
0.0259

(! 
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Sorption capacity of peats
Smax (mg g-1)
Smax (mmol g-1)

Donor (D)
0.3812
0.4064

Acceptor (A)
-0.1441
-0.4757

D/A
0.8000
0.8483

RBk-5 contains three donor locations (two in
amino (-NH2-), and one in hydroxyl (-OH) groups),
and 22 acceptor locations (six in two of sodium sulfate (-SO3Na) groups, four in two of azo (-N=N-)
groups, ten in two of sodium sulfonylethyl sulfate (SO2(CH2)2OSO3Na) groups, one in amino (-NH2-),
and one in hydroxyl (-OH) groups).
RB-19 contains three donor locations (three in
amino (-NH2; -NH-) groups, and 12 acceptor locations (three in sodium sulfate (-SO3Na) group, two
in two of carbonyl (C=O) groups, five in sodium sulfonylethyl sulfate (-SO2(CH2)2OSO3Na) group, and
two in amino (-NH2; -NH-) groups).
ABk-1 contains three donor locations (two in
amino (-NH2), and one in hydroxyl (-OH) groups),
and 14 acceptor locations (two in nitro (-NO2) group,
six in two of sodium sulfate (-SO3Na) groups, and

The functional groups in the six anionic dyes
can be donors or acceptors to a hydrogen atom.
RB-81 contains three donor locations (two in
amino (-NH) and one in hydroxyl (-OH) groups) and
17 acceptor locations (nine in three of sodium sulfate
groups (-SO3Na), three on nitrogen atoms in heterocyclic ring, two in azo (-N=N-) group, two in amino
(-NH) and one in hydroxyl (-OH) groups).
RR-198 contains three donor locations (two in
amino (-NH-) and one in hydroxyl (-OH) groups),
and 22 acceptor locations (nine in three of sodium
sulfate (-SO3Na) groups, two in azo (-N=N-) group,
five in sodium sulfonylethyl sulfate (SO2(CH2)2OSO3Na) group, three on nitrogen atoms
in heterocyclic ring, two in amino (-NH) and one in
hydroxyl (-OH) groups).
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In the current study, the aim is to investigate
regulation of water balance especially deteriorating
in the heat conditions due to low water uptake and
resistance to drought conditions by decreasing
water deficit through transpiration in sour orange
seedlings under arid or semi-arid conditions. The
current study was conducted under greenhouse
conditions, at three different water deficit cycles
(once per 2 days, four days and eight days). As antitranspirant matters, silicon surfactant (0.01% and
0.02%), Fatty acids (0.2% and 0.4%) and PEG 6000
(polyethylene glycol) (5% and 10%) were applied
through spraying the leaves. The effects of the
water shortage and antitranspirant treatment on the
plant height (cm), stem diameter (mm), leaf and
root dry weight (%), total chlorophyll (chlorophyll
a+b) (mg.g-1), carotenoid (mg.g-1), membrane permeability (%), relative water content (RWC) (%)
and lipid peroxidation (MDA) (nmol.g-1) were
studied. The results obtained revealed that increasing irrigation water interval, the plant height decreased to a great extent, when compared to more
frequent irrigation. While PEG was found to be
more effective in terms of increasing the plant
height, fatty acid was found to be more effective in
terms of increasing the stem diameter. Membrane
permeability increased parallel to increasing
drought. Both the antitranspirants and the drought
conditions decreased RWC more than the control.
While MDA decreased with antitranspirant treatments, it exhibited an important increase in 8-day
water deficit cycle.
While different antitranspirants decreased
transpiration, the plant growth was not negatively
affected from this situation. It was observed that the
use of antitranspirants in drought conditions resulted in positive outcomes in the reducing of leaf
water loss.

#!$#
As known well, the extent to which fruit trees
are affected from environmental conditions particularly from heat and drought conditions depending
on their growth period. Especially when they are
young plants, they are highly sensitive to heat stress
and drought stress compared to fully grown trees.
Therefore, in regions where there is a severe shortage of water, some precautions need to be taken to
improve the resistance of young trees to drought
stress, which enables the plant to make optimum
and efficient use of the water and thus positively
affects the growth of the plant.
As known, transpiration in plants has effects
on the ascending movement of the water, absorption and transport of mineral nutritional elements
and the plant surface temperature. One way of improving plants’ resistance to heat is the reduction of
transpiration [1]. Some measures have been suggested to protect plants from drought stress. This
suggests that to prevent transplant shock by heat
and drought it is desirable to prevent leaf dehydration [2]. Foliar application of antitranspirants is a
promising tool for regulating transpiration to maintain a positive plant water status [3].
Present study reveals that leaf water content,
dry matter content and growth rate of plant were
markedly reduced under low water regime. It is
therefore suggested that the improvement of growth
and plant water status could be done through application of antitranspirants [4]. Antitranspirants have
different modes of action [5, 6]. Antitranspirants
are chemical compounds to reduce transpiration and
maintain high plant water status. The compounds
are generally classified under three groups according to their impact mechanisms; film forming mate-
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rials, reflecting and physiological antiranspirants [7,
8].
Silicon and fatty acid which are reflecting type
and PEG 6000 (polyethylene glycol) are film type
antitranspirants. Kaolin clay and Chitosan are reflective materials and are used as antitranspirants
[9, 10, 11, 12]. Emulsions of wax, latex, or plastics
that dry on the foliage and form thin films can also
minimize escape of water from the plant [8]. Silicon (Si) is one of the potential beneficial elements
for the growth of plants [13, 14]. It has been reported that silicon increases plant resistance or tolerance in drought stress [15, 16]. Fatty acids, once
applied as a liquid foliar spray, form a thin glassy
film-coat, which reflects the excess light, which is
going to heat up the tissues and thereby reduces the
chances of leaf damages. When PEG is used in the
rhizosphere area, it limits water transport and thus
contributes to the formation of drought conditions
[17, 18, 19, 20, 21, 22, 23, 24]. PEG is an acrylic
polymer.
It was thought that the effect of PEG on the
root will be the same for the plant leaf and so it was
used as an antitranspirant in the current study.
The aim of this work was to determine the effects of drought stresses on growth, physiology and
water status of sour orange seedling, and the responses of stress tolerance mediated by foliar application of antitranspirants. For this reason, the applications were performed in the seedling period when
plants are the most sensitive towards drought and in
summer season when the need for water is the
highest.
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the maximum temperatures were measured to be
40.0-49.1 0C, mean temperatures were measured to
be 28.0-35.8 0C and minimum temperatures were
measured to be 20.0-30.2 0C. Furthermore, maximum relativity humidity was found to be 59.192.8%, mean relative humidity was found to be
22.4-67.4% and minimum humidity was found to
be 8.0-35.1%.
The experiment was conducted using a completely randomized design. The experiment was
designed as three replicates and each replicate was
conducted with two different plant pots. The experiment was conducted at three different water deficit
cycles (during transient 2,4 and 8-day water deficit
cycles). Thus, with regular irrigation, it was created
in limited water conditions.
The applied antitranspirants and their concentrations are given below:
1. Control (water)
2. Silicon Surfactant 1 (% 0.01) (Innogard 309®)
(® Dow Corning organic silicon)
3. Silicon Surfactant 2 (% 0.02) (Innogard 309®)
(® Dow Corning organic silicon)
4. Fatty Acids 1 (% 0.2) (® Green Miracle) (Butyric acid, Hexanoic acid (Caproid acid)
5. Fatty Acids 2 (%0.4) (® Green Miracle) (Butyric
acid, Hexanoic acid (Caproid acid)
6. PEG 1 (% 5) (PEG 6000) (polyethylene glycol)
7. PEG 2 (%10) (PEG 6000) (polyethylene glycol)
The treatments were conducted at 25-day intervals and as three-time leaf spraying. As the
possible highest PEG doses were considered to be
implemented, a pretesting was conducted by using
PEG 6000. 0.5, 1, 2, 5 and 10% concentrations
were tried. As no negative effect such as defoliation, paleness, toxic effect etc. was detected, it was
decided to use 5% and 10% concentrations in the
actual application. Only water was sprayed to the
control plants. The first application was conducted
on 13 July 2014.
Until one day before the initiation of the application (12 July), all the pots were received equal
amount of water. During the period when water
need increased as a result of increasing temperature
(since 12 July), restricted water treatments were
initiated by using different irrigation intervals (once
in 2, 4 and 8 days).
Six days after the start of antitranspirant
treatments, plant samples were collected for the
analysis. Sample collection was performed after the
application of water stress. Thus, at the beginning
of the application (7th day), in the middle of it (30th
day) and at the end of it (55th day) (19 July, 12
August and 08 September, respectively), samples
were collected three times. Sample collection was
performed one day before irrigation.
In order to determine the antitranspirants effects on seedling growth features, plant height (cm),
stem diameter (mm), and leaf and root dry weight
(%) were determined. Plant height and stem diame-

Experiments were conducted in a greenhouse
at the Mugla City, during May and September
2014. As the plant materials in the study, 7-month
sour orange seedlings (      L.) were
used. Seedlings were grown in 15-liter plant pots in
a greenhouse. Until the applications were initiated,
fertilizer and water needs of the plants were provided as homogenous. Plant pot medium consists of
soil, peat, pumice and perlite with the ratios of
4:2:1:1 respectively. Each plant was treated with 50
g NPK compound fertilizer (N:18, P2O5:18 K2O:18,
B:0.01, Cu:0.01, Fe: 0.05, Mn:0.02, Mo:0.001,
Zn:0.02). At the end of trial, nutritional element
contents of plant growth media: total N (0.35%),
available P (49.3 mg.kg-1), K (204 mg.kg-1), Ca
(205 mg.kg-1) and Mg (198 mg.kg-1) were found to
be at the sufficient levels.
The greenhouse temperature and humidity
values (Hobo® data logger temperature/relative
humidity (onset)) were measured by half an hour
intervals.
The measurements conducted within the
greenhouse between 07.04.2014 and 09.08.2014,
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3)5:86=:0Though not statistically significant, one of the plant growth features, plant height
increased less with the application of antitranspirant
substances when compared to the control. The
highest change in the plant height was obtained
through PEG 2. treatment (13.17 cm). The effect of
water deficit cycle on plant height was found to be
significant, with decreasing water deficit cycles,
higher increase was obtained in plant height. Shoot
growth (FW) was significantly suppressed by
drought (8 day) stresses compared with wet soil
moisture condition (2 day). The higher plant height
increase was obtained as a result of 2-day interval
watering (13.55 cm) (Table 1).
The interaction between antitranspirant substances and water deficit cycle was found to be
significant in terms of height increase and the highest value was obtained for the control plants treated
with 2-day water deficit cycle (18.5 cm). In 4-day
and 8-day water deficit cycles, greater height increase was obtained with Silicon 2. (silicon’s second concentrations) and PEG treatments compared
to the control (Table 2).
While the effect of applied antitranspirant
substances on the change of stem diameter was
found to be non-significant, water deficit cycles
caused significant effects. Moreover, the interaction
between antitranspirant substances and water deficit
cycles was found to be significant.

ter were measured at the beginning and at the end
of the trial. In order to determine leaf and root dry
weight (%), leaf samples were taken from the middle of the shoot at the end of the trial. From each of
the two plants, an entire leaf was collected and its
fresh weight (FW) was recorded. Then, they were
dried at 65 0C in stove and their dry weights were
determined. For metabolic changes, total chlorophyll (chlorophyll a+b) (mg.g-1), carotenoid (mg.g1
), membrane permeability (%), relative water content (RWC) (mg.g-1) and lipid peroxidation (MDA)
(nmol.g-1) values were determined. Total chlorophyll, carotenoid, membrane permeability and
RWC values were calculated three times, once at
the beginning, once in the middle and once at the
end of the experiment, and lipid peroxidation value
was calculated twice, once at the beginning and
once at the end of trial. In the plants, leaf chlorophyll and carotenoid content was determined according to Strain and Svec [25], membrane permeability was determined according to Lutts et al. [26]
and relative water content (RWC) was determined
according to Yamasaki and Dillenburg [27]. MDA
was analyzed following Cakmak & Horst [28] with
some modifications as suggested by Weisany et al.
[29].
In the analysis of the data, SAS statistical program package was used and comparisons between
the means were made by using LSD test [30].


# 
#0--..-+:6.,1..-8-5:)5:1:8)59718)5:9)5,=):-8,-.1+1:+?+3-96573)5:0-1/0:

#8-):4-5:9

Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2
2 days
4 days
8 days
A
I
AxI

3)5:0-1/0:+4
#14-,)?9

Antitranspirants (A)
63.67 a
59.56 ab
63.94 a
61.00 ab
58.28 b
61.39 ab
57.50 b
Water deficit cycle (I)
62.95 a
62.24 a
57.10 b
Significance
N.S.
**
N.S.

3)5:0-1/0:+0)5/-+4


75.28 a
70.44 ab
74.22 a
70.28 ab
67.11 b
74.56 a
69.11 ab

11.61 ab
10.89 ab
10.28 ab
8.22 b
8.83 ab
13.17 a
11.61 ab

76.98 a
72.33 b
65.41 c

13.55 a
10.07 b
8.36 b

N.S.
***
N.S.

N.S.
**
*

Means within columns followed by different letters are significantly different according to the t- test (LSD test; p
= 0.05). N.S: Not statistically significant. The level of significance shown are *p < 0.05, **p < 0.01 or *** p <
0.001.
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# 
5:-8)+:165*-:=--573)5:0-1/0:+0)5/-)5,=):-8,-.1+1:+?+3-
#8-):4-5:9
Antitranspirants (A)
Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2
Mean water deficit cycle (I)

2
18.50±8.54
18.33±3.69
8.83±6.29
9.83±3.88
15.17±8.08
14.33±2.52
9.83±9.70
13.55 a

3)5:0-1/0:+0)5/-+4
&):-8,-.1+1:+?+3-,)?
4
7.83±4.48
10.66±2.25
12.33±2.52
10.33±0.58
4.67±2.93
11.67±5.11
13.00±3.97
10.07 b

-)573)5:0-1/0:
+0)5/-+4

8
8.50±1.32
3.67±1.89
9.67±2.84
4.50±1.73
6.67±3.75
13.50±6.26
12.00±3.04
8.36 b

11.61 ab
10.89 ab
10.28 ab
8.22 b
8.83 ab
13.17 a
11.61 ab
*

Means values by different letters are significantly different according to the t- test (LSD test; p = 0.05).
The level of significance shown are *p < 0.05.
# 
#0--..-+:6.,1..-8-5:)5:1:8)59718)5:9)5,=):-8,-.1+1:+?+3-9653-).)5,866:,8?=-1/0:9
#8-):4-5:9

-).,8?=-1/0:
Antitranspirants (A)
35.97 ab
35.22 ab
36.03 a
35.72 ab
35.34 ab
35.00 ab
34.10 b
Water deficit cycle (I)
34.52 b
35.82 a
35.68 ab
Significance
N.S.
N.S.
N.S.

Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2
2 days
4 days
8 days
A
I
AxI

!66:,8?=-1/0:
33.70 b
34.44 b
36.58 ab
37.29 ab
40.67 a
35.18 b
36.67 ab
35.44 b
34.17 b
39.47 a
*
**
N.S.

Means within columns followed by different letters are significantly different according to the t- test (LSD test; p
= 0.05). N.S: Not statistically significant. The level of significance shown are *p < 0.05 or **p < 0.01.
# 
#0--..-+:6.,1..-8-5:)5:1:8)59718)5:9)5,=):-8,-.1+1:+?+3-9653-).:6:)3+0368670?33)5,+)86:-561,
<)3;-9
Treatments
7
Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2

3.18 c
3.67 ab
3.55 abc
3.74 ab
3.93 a
3.45 bc
3.46 abc

2 days
4 days
8 days

3.60
3.56
3.56

A
I
AxI

N.S.
N.S.
N.S.

Total chlorophyll (mg.g-1)
Time (days)
30
55
Antitranspirants (A)
2.93
3.60 a
3.22
3.55 ab
3.40
3.30 abc
3.07
3.21 abc
3.10
3.18 bc
3.28
3.11 c
3.29
3.23 abc
Water deficit cycle (I)
3.31
3.35
3.06
3.32
3.18
3.26
Significance
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

7

Carotenoid (mg.g-1)
Time (days)
30

55

0.19 b
0.25 ab
0.24 ab
0.26 ab
0.30 a
0.22 b
0.23 ab

0.18 b
0.20 ab
0.24 a
0.21 ab
0.19 ab
0.21 ab
0.20 ab

0.25 a
0.24 ab
0.20 bc
0.20 bc
0.18 c
0.19 bc
0.20 bc

0.24
0.25
0.23

0.22
0.19
0.20

0.21
0.21
0.20

N.S.
N.S.
N.S.

N.S.
N.S.
N.S.

N.S.
N.S.
N.S.

Means within columns followed by different letters are significantly different according to the t- test (LSD test; p
= 0.05). N.S: Not statistically significant.
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# 
#0--..-+:6.,1..-8-5:)5:1:8)59718)5:9)5,=):-8,-.1+1:+?+3-9654-4*8)5-7-84-)*131:?8-3):1<-=):-8
+65:-5:!&)5,3171,7-86>1,):165
Membrane permeability (%)
Treatments

Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2
2 days
4 days
8 days
A
I
AxI

7

30

26.71
23.38
28.30
28.75
22.66
22.47
27.22

22.24 ab
21.89 ab
23.36 a
19.82 bc
20.14 bc
22.57 ab
18.92 c

21.76 b
27.02 a
28.15 a

19.64 b
22.04 a
22.16 a

N.S.
*
N.S.

*
**
***

MDA
nmol.g-1 FW

RWC (%)

Time (days)
7
30
Antitranspirants (A)
19.88 ab
63.05 a
68.01 a
16.85 b
62.92 a
66.04 ab
21.84 ab
63.77 a
64.03 abc
24.50 a
61.55 ab
57.82 d
18.10 ab
62.61 a
62.23 bcd
20.62 ab
57.94 b
63.57 abc
20.59 ab
57.33 b
60.29 cd
Water deficit cycle (I)
19.85
61.51
65.73 a
19.10
60.53
61.19 b
22.08
61.89
62.93 ab
Significance
N.S.
*
**
N.S.
N.S.
*
N.S.
N.S.
N.S.
55

55

7

55

78.28
80.94
77.11
77.45
78.71
80.63
78.73

2.27 b
2.15 b
2.47 b
2.34 b
2.05 b
2.02 b
2.96 a

3.38 a
3.10 ab
3.08 ab
2.85 ab
2.83 ab
2.79 b
2.78 b

80.37 a
76.11 b
80.03 a

2.11 b
2.16 b
2.70 a

2.91 b
2.72 b
3.29 a

N.S.
**
*

**
***
N.S.

N.S.
**
N.S.

Means within columns followed by different letters are significantly different according to the t- test
(LSD test; p = 0.05).
N.S: Not statistically significant. The level of significance shown are *p < 0.05, **p < 0.01 or ***p < 0.001.
#
5:-8)+:165*-:=--54-4*8)5-7-84-)*131:?)5,=):-8,-.1+1:+?+3- :0,)?
Treatments
Antitranspirants (A)
Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2
Mean water deficit cycle (I)

2
20.66±0.51
22.31±1.49
19.36±0.35
21.73±1.73
19.60±0.62
15.52±1.41
18.29±1.74
19.64 b

Membrane permeability (%)
Water deficit cycle (day)
4
25.21±1.79
22.66±4.21
27.41±8.33
18.63±0.82
14.86±1.54
27.87±4.62
17.64±2.01
22.04 a

8
20.84±3.90
20.70±4.48
23.32±2.41
19.12±0.23
25.96±1.58
24.33±3.67
20.84±2.97
22.16 a

Mean membrane
permeability (%)
22.24 ab
21.89 ab
23.36 a
19.82 bc
20.14 bc
22.57 ab
18.92 c
***

Means values by different letters are significantly different according to the t- test (LSD test; p = 0.05).
The level of significance shown are *p < 0.05.
#
5:-8)+:165*-:=--5!&)5,=):-8,-.1+1:+?+3-
Treatments
Antitranspirants (A)
Control
Silicon Surfactant 1
Silicon Surfactant 2
Fatty Acids 1
Fatty Acids 2
PEG 1
PEG 2
Mean water deficit cycle (I)

:0

,)?

RWC (%)
Water deficit cycle (day)
2
4
8
76.40±2.29
80.17±4.02
78.28±1.84
78.96±0.54
82.24±3.54
81.61±3.69
81.03±5.97
69.15±3.30
81.15±2.75
76.63±7.45
74.80±10.73
80.93±0.55
81.90±3.20
75.50±1.15
78.73±2.08
82.80±4.64
76.66±1.16
82.44±3.60
84.89±4.24
74.23±0.48
77.07±4.63
80.37 a
76.11 b
80.03 a

RWC mean (%)
78.28
80.94
77.11
77.45
78.71
80.63
78.73
*

Means values by different letters are significantly different according to the t- test (LSD test; p = 0.05).
The level of significance shown are *p < 0.05.
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In this interaction, the highest value (84.89%)
was obtained with 2-day water deficit cycle in 10%
PEG treatment. In 2-day water deficit cycle, antitranspirant treatments increased RWC level more
than the control. In four-day water deficit cycles,
while Silicon 0.01% was found to be higher than
the control, the other antitranspirant treatments
showed lower values. In 8-day water deficit cycle,
except PEG 10%, all the other antitranspirants were
found to be higher values compared to the control.

Leaf dry weight (%) was found to be nonsignificant; on the other hand, root dry weight (%)
was found to be considerably higher in antitranspirant treatments compared to the control. In fatty
acid 2. concentrations, the highest value was determined to be (40.67%) and relative to the control, by
nearly 21% more increase was observed. Eight-day
water deficit cycle resulted in higher root dry
weight ratio (39.47%) than the other two water
deficit cycles. Less watering increased root dry
weight (%) to a considerable extent (Table 3).

3)5: 0?91636/? )5, &):-8 ":):;9 Total
chlorophyll and carotenoid were not significantly
affected either from antitranspirant treatments or
from different water deficit cycles. On the other
hand, the values obtained on 19 July and 12 August
(7th and 30th days) as a result antitranspirant treatments were found to be higher compared to the
control. In the 19 July (7th day) treatments, while
fatty acids increased by %24 more than the control,
in the 12 August (30th day) treatment, Silicon Surfactant 2 increased by 16% more than the control.
In general, with increasing water deficit cycle,
though small, a decrease was observed in chlorophyll and carotenoid contents (Table 4).
Though antitranspirant substances affected
membrane permeability in different manners, this
effect was in general found to be statistically nonsignificant. However, increasing drought conditions
led to a significant increase in membrane permeability. RWC; on the other hand, recorded considerably lower values in the face of antitranspirants and
increasing level of drought compared to the control.
In the treatments, 10% PEG 7th day recorded 9%
and 30th day recorded 11% lower value than the
control. As a result of the treatment with antitraspirant substances, lipid peroxidation showed
considerably lower values in general when compared to the control. Drought increase caused a
considerable increase in MDA (Table 5).
The interaction between antitranspirant substances and water deficit cycle was found to be
statistically significant in the middle of the treatment (30th day) in terms of membrane permeability
(Table 6). The highest value was obtained with 4day water deficit cycle in 5% PEG treatment
(27.87%). With 2-day water deficit cycle, Silicon
0.01% and Fatty acid 0.2% showed higher values
than the control but the other treatments showed
lower values. In four-day water deficit cycle, Silicon 0.02% and PEG 5% were found to be higher
compared to the control. In eight-day water deficit
cycle, Silicon 0.02%, Fatty acid 0.4% and PEG 5%
were found to be higher compared to the control.
For RWC level, interaction between antitranspirant substances and water deficit cycle was
found to be statistically significant at the end of the
treatment (55th day) (Table 7).

"$""
The interaction between antitranspirant substances and water deficit cycle was found to be
significant in terms of height increase; the highest
value was obtained in the control plants treated with
2-day water cycle (18.50 cm). With 4 and 8-day
water deficit cycles, larger height increase was
obtained in Silicon 2. concentration and PEG treatments compared to the control. With increasing
water deficit cycles, the plant height decreased to a
great extent when compared to more frequent watering. In terms of plant height, substances used as
antitranspirants did not negatively affect the plant
growth. Similarly, in a study where Transfilm and
Vapor Gard were used as antitranspirants, plant
height was not affected significantly. They act as a
physical barrier to water lost from leaves [3].
While among the antitranspirants, PEG was
found to be more effective than the others in terms
of plant height increase, in terms of stem diameter
development, Fatty acid was found to be more
effective. Root dry weight increased more by Fatty
Acid 2 dose at the antitranspirant treatments and in
drought conditions it has increased according to the
control group. This shows that depending on the
decrease in water deficit cycles, the ratio of water in
the plant decreases. Similar findings were reported
by Wu and Xia [31].
Though the changes in leaf chlorophyll and
carotenoid values are statistically non-significant, in
drought conditions lower values were obtained
compared to the control. On the other hand, at the
beginning and in the middle of the trial, with the
effect of antitranspirants, higher values were obtained compared to the control but at the end of the
treatment lower values were obtained. This shows
that substances used as antitranspirants in drought
conditions did not affect chlorophyll and carotenoid
values negatively. Goreta et al., [3] also found that
film-forming antitranspirants during water deficit
stress did not significantly affect physiological
parameters of pepper seedlings. In another study it
was observed that as irrigation intervals were increased, the leaf chlorophyll content decreased [32].
In another study, it was determined that varieties of
leaf of pomegranate total chlorophyll increased by
the amount of irrigation [33]. The interaction be-
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While the applied different antitranspirant
substances decreased evapotranspiration, plant
growth was not negatively affected. This shows that
these substances can be used as antitranspirants in
the citrus cultivation on the sour orange seedling by
reducing the evapotranspiration in arid regions.
As PEG used to create drought conditions exhibited an effect similar to that of silicon and fatty
acid, this substance can be used as antitranspirant.
As a result, in future research higher concentrations
of PEG should be tested.

tween antitranspirant substances and water deficit
cycle was found to be statistically significant in the
middle of the experiment period (30th day) in terms
of membrane permeability. Membrane permeability
increased depending on drought increase. In a similar study, it was determined that kaolinite applied to
Ruby red grapefruit trees as antitranspirant by foliar
increased photosynthesis and water use efficiency
[10]. In another study the results showed that stomatal conductance and transpiration were reduced,
while AT (antitranspirant) impaired photosynthesis
at standard. Drought had a minor impact on chlorophyll fluorescence. AT minimized the reductions in
leaf water potential. AT could significantly improve
drought tolerance in sweet pepper plants [34].
Plant water relations were determined by
measurements of relative water content (RWC %).
Both the applied antitranspirants and drought conditions decreased RWC more than the control. RWC
level at the end of interaction between antitranspirant substances and water deficit cycle (55th day),
were found to be statistically significant. In 2-day
water deficit cycle, antitranspirant treatments increased RWC level more than the control. In 4-day
water deficit cycle, while Silicon 0.01% was found
to be higher compared to the control, the other
antitranspirant treatments showed lower values. In
8-day water deficit cycle, except PEG 2, all the
antitranspirants were found to be higher than the
control. However, in a study, no improvement in
RWC or reduction of cell membrane injury was
found with the application of film-forming materials [3]. Drought stress caused a decrease in leaf
water potential and stomatal conductance [35]. In
another similar study reported that relative water
content was significantly affected with the irrigation treatment irrespective of antitranspirant treatments. Reportedly in the works, the turgidity of
leaves was much higher in normal irrigation
throughout the growth period over limited water
supply [4]. In the current study, while MDA decreased as a result of antitranspirant treatments, it
exhibited a considerable increase in 8-day water
deficit cycle.
As known well, as an indicator of oxidative
stress, MDA levels are of great importance. Antioxidant enzymes play a role in drought resistance
[16]. Therefore, reduction of MDA level by the
applied antitranstpirants can be evaluated as a positive valuable result.
Davenport et al. [5] reported similar results of
increased water status by antitranspirants which
might be due to reduced transpiration and increased
stomatal resistance affecting membrane system and
influx of water.
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Monoxide (CO), Nitrogen Dioxide (NO2), Ozone
(O3) and Hydrocarbons (HC) [2].
PM10 is the one of the pollutants that elaborated
in this study is emerging as a result of industrial activities, combustion, agriculture, secondary chemical
reactions, forest fires, desert dust and disruption of
animal species in open terrains. The pollutant that is
so-called PM10, PM2.5, PM1.0, etc. according to the its
aerodynamic diameter, consists of extremely small
particles and liquid droplets. Also, it can be found
solid, liquid or gas-particle form in the atmosphere
[2]. Particulate matters (PMs) are a group of air pollutants that should be monitored and controlled because of their significant environmental effects [3].
Another important source of emissions; SO2, occurs
as a result of combustion of fossil fuels (coal, oil and
its derivatives) and thermal power plant activities.
Lastly, CO is the product of incomplete combustion
(vehicle emissions, emissions from heating) and
contaminate the atmosphere [4].
In a study that investigated the relationship between the synoptic-local scale meteorological structures and air quality levels for Italy-Naples, at 850
hPa and 500 hPa heights with maximum temperatures have been found to level that seen high values
of PM10 air pollutant [5].
Tambo and coworkers studied the extreme climatic conditions and air pollution. They found that
climate change depending on the capacity expansion, technology transfer and due to an increase in
the emission sources, causes air pollution within the
framework of the Paris Convention [6].
Li and coworkers in their study for Beijing, related to the cloud and fog formation processes where
the high pollution seen, a very short time interval
such as an hour, they found that aerosols contribute
to a significant amount of water content to cloud and
it affects the FORXG¶s development and distribution
[7].
In their study on pollutant emissions of Zhang
and coworkers observed significant changes in concentrations of the PM1.0 contributes to the formation
of dense fog and haze pollution [8].
Çapraz and coworkers surveyed the relationship between the daily change of air pollutants and
deaths by using Generalized Linear Model (GLM).
They have reached the conclusion that especially
SO2, PM10 and NO2 pollutants have a serious adverse

ABSTRACT
In this study, the relationship between air quality and fog incident was analyzed for Istanbul-Yenibosna region. In this direction, two types of data
which were obtained from Yenibosna Air Quality
Measurement Station and Istanbul Ataturk International AirpRUW¶VZHDWKHUUHSRUWVZHUHH[DPLQHGIRUD
nine-year period (2007-2015). According to the
hourly average values of SO2, PM10 and CO air pollutants for monthly, seasonal and annual bases, the
average concentrations of these pollutants were
higher on foggy days when compared to the average
values of all days. Also within the period covered in
the study, fog incident has not been reported for fivemonths period (May to September). Finally, an inverse relationship between the prevailing visibility
and pressure values was found as the outcome of the
study.

KEYWORDS:
Fog, air pollutants, meteorological factors, Ataturk International Airport, Istanbul.

INTRODUCTION
Air pollution is a significant problem that occured by increasing of pollutant's concentrations in
the atmosphere results in chemical, physical and biological processes. According to the World Health
Organization (WHO) reports, millions of people are
died each year directly or indirectly by the effect of
air pollution [1]. Especially regarding this incident
that shows itself more seriously in urban areas, many
scenarios are produced on a global scale, also there
are many studies are performed to find ways of solution and reduce this problem.
In the literature, the studies on air pollution
have shown a large increase in recent years. In particular, many studies have been carried out about this
subject in Europe and America, especially in China,
also observed a significant increase in works on this
subject in Turkey in recent years. The most important air pollutants that cause air pollution; Particulate Matter (PM10), Sulfur Dioxide (SO2), Carbon
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subjected to various analyzes. First, long-term, seasonal and monthly basis analyzes were conducted,
and then data of foggy days were obtained from Istanbul Ataturk International Airport METAR (Aviation Weather Routine Report) observation. Finally,
the relationship between these two types of data was
analyzed in detail.

effect in terms of health for the province of Istanbul
for between the years 2007-2012 [9].
In a study by Villanueva et al., daily changes in
pollution were examined for urban areas of Spain.
The maximum values of PM10 and CO pollutants
were seen between 0700 UTC and 0900 UTC; on the
otherhand, the minimum values were seen between
0300 UTC and 0500 UTC. Besides, the maximum
values of SO2 were seen at 1300 UTC; conversely,
the minimum values were seen at night and in the
evening hours [10].
The glimpse into other works, meteorological
factors have a significant impact on the concentrations of air pollutants [11]. In the analysis of particulate matters and SO2 for the province of Nigde,
from the early 2000s to 2007, there is a rapid rate of
increase in the maximum values [12]. In a study by
Kelessis, SO2 pollutant mostly come from as a result
of industrial activities, least come from car traffic;
Similarly, CO pollutant mostly come from car traffic, least come from industrial activities, emissions
of both pollutants also come from residential heating
in the medium level [13]. Moreover, there are many
studies on pollutants in national and international
scientific community [14, 15, 16, 17].
At this work, in order to reveal the relationship
of fog and air pollution, firstly it is necessary to analyze the proporties of these variable parameters. Fog
is the name that given to the state to drop of visibility
below 1000 meters. These limit value may change in
the aviation activities, terrestrial transportation and
other types of transport [18]. When considered in
terms of airports, prevailing visibility defined that is
effective in at least half or more of visibility at airports [19]. There is also concluded that fog and air
pollution interact has a great importance for aviation
sector.
The purpose of this article, undertanding the
polluted atmosphere of Istanbul (which is one of the
most problematic mega cities in terms of air quality
in the world) caused by population density, industry,
natural pollution and traffic, and then reveal a detailed analysis considering the different types of data
for selected region. Istanbul has 5350 km2 area and
it is a modern megalopolis where 15 million people
reside. Also it is the most populous industrial city in
Turkey. In this city, motor vehicles close to 3 million
have come to traffic each day; therefore, air pollution
sourced especially transportation and industrial activities has a great importance [20]. Transport and
handling operations of pollutants are related to the
synoptic scale meteorological phenomena directly.
Medium and long distance transport of pollutants to
Turkey, there are many model studies have been
made in a very different cities and regions. In addition, the relationship between synoptic systems and
air pollution have been investigated in detail [21]. In
this respect for Istanbul-Yenibosna region, SO2,
PM10 and CO data within the 9-year period, were

MATERIALS AND METHODS
Study Area and Data. Yenibosna Air Quality
Measurement Station (40° 59' 56" N 28° 49' 36"E;
altitude: 28 m) are operated by Istanbul Metropolitan
Municioality (Figure 1). At this station, SO2, PM10
and CO pollutants values are measured; on the otherhand, other pollutants are not measured. In this
VWXG\WKLVVWDWLRQ¶VSROOXWDQWGDWDIRUWKHSHULRGRI
2007 to 2015 (9-year) were used. Also just hourly
average values of pollutants are used. Meteorological data is not measured at this station; therefore, Istanbul Ataturk International Airport (40°58'34"N
028°48'50"E, altitude: 50 m) meteorological dataset
used in this study due to be closest to Yenibosna Air
Quality Measurement Station (the approximate distance is 2.3 km) (Figure 1). METAR (Aviation
Weather Routine Report) and SPECI (Aviation Selected Special Weather Report) reports were evaluated in this study. METAR observations are held
every half hour. SPECI observations are also made
in case significant changes in meteorological observation occurs in the half-hour interval.

RESULTS AND DISCUSSION
Meteorological Analysis. In this study, METAR and SPECI reports were examined at LTBA for
a nine-year period (2007-2015). For selected period,
foggy days were decided in accordance with the
above definition of fog; in case prevailing visibility
falls below 1 km and the days continue for at least
one hour has been recognized as foggy. According
to tis acceptance, fog occured 33 times during the
period. Ozdemir and coworkers in their study for Istanbul Ataturk International Airport, if the fog has
occured in a calendar day without time limitations,
the day has been recognized as foggy day [22]. This
study has adopted a foggy day in which fog phenomen was ongoing at least an hour in a calendar
day. When we compare the last nine years, fog occured in less than 1 hour for 12 days.
Figure 2 shows that 12 foggy days at LTBA occured in November which is the maximum number
foggy days during this period. January with 7 foggy
days is in second place.
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FIGURE 1
Yenibosna Air Quality Measurement Station and ,VWDQEXO$WDWXUN,QWHUQDWLRQDO$LUSRUW¶V/RFDWLRQ

FIGURE 2
The distribution of foggy days by month at LTBA (2007-2015)

The average number of actual temperature and
dewpoint temperature respectively are 15.9 °C and
9.5 °C (Figure 4). Average relative humidity (RH) is
67.75%. On foggy days depending on the METAR
and SPECI reports, average number of actual temperature and dewpoint temperature respectively are
7.9 °C and 7.7 °C, and RH average is 98.65%.

In autumn and winter, Turkey is going to enter
continental polar (cP) air mass effect; conseuently,
high pressure areas increased the number of foggy
days. Although the average number of wind speed
was 8.4 knots (kn) for nine-year period, it was found
3.7 knots (kn) on foggy days (Figure 3).
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FIGURE 3
The distribution of wind speeds by month at LTBA (2007-2015)

FIGURE 4
The average values of actual temperature and dewpoint temperature by month at LTBA (2007-2015)

FIGURE 5
The average values of pressure and prevailing visibility by month at LTBA (2007-2015).
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FIGURE 6
The average values of the pollutants for whole period and on foggy days by hour at Yenibosna Air
Quality Measurement Station (2007-2015).

FIGURE 7
The average values of the pollutants for whole period and on foggy days by seasonal at Yenibosna Air
Quality Measurement Station (2007-2015).

According to the METAR and SPECI reports,
average pressure value is 1016 hPa and prevailing
visibility is 9296 meters (m) (Figure 5). In the foggy
days, these parameters respectively found 1023 hPa
and 414 m for whole period.

age of contaminants that could be obtained from station are 83.4% for SO2, 90.2% for PM10 and 75.6%
for CO.
Also in this period, the three-days pollutants
data could not be reached when is a foggy day on
January, 2007.
The average hourly values of the pollutants
were found to be 8.29 μgm-³ for SO2, 60.21 μgm-³
for PM10 and 66.87 μgm-³ for CO. In the foggy days,
these values respectively were found 9.84 μgm-³,
93.81 μgm-³ and 101.86 μgm-³.

Pollutants Data Analysis. In this study, SO2,
PM10 and CO pollutant values which obtained from
Yenibosna Air Quality Measurement Station were
used for selected period. The average hourly percent-

34

© by PSP

Volume 27 ± No. 1/2018 pages 30-36

Fresenius Environmental Bulletin

Autumn (103.67 μgm-³ for PM10 and 112.44 μgm-³
for CO), of SO2 was seen in Spring (14.82 μgm-³).
When viewed on a comparison of all pollutants
for all days and foggy days, average hourly value of
SO2 was higher more than 18.6% on foggy days. The
highest difference between the SO2 values was seen
in Spring (45.0%) on a seasonal basis. Likewise, the
lowest difference was seen in Winter (1.3%). For
PM10, average hourly value was higher more than
55.8% on foggy days. The highest difference between the concentration values was seen in Autumn
(73.8%) on a seasonal basis, the lowest difference
was seen in Spring (19.9%). Lastly, average hourly
value of CO was higher more than 52.3% on foggy
days. The highest difference seen in Autumn
(88.3%) and the lowest difference seen in Winter
(6.1%).

When looking at the seasonal changes of air
pollutants for all days and foggy days, the average
concentrations of all pollutants were observed to
have higher values on foggy days. In summer for all
days (not available foggy day), the average values
are much lower than in other seasons. And for all
days and foggy days, the biggest difference between
the average values of pollutants was observed in autumn (e.g., foggy days average for PM10 is 103.67
μgm-³, while the average of all days is 59.65 μgm-³)
(Figure 7).
Chen and coworkers in their study for Nanjing,
China, investigated the relationship between the air
quality and fog incident. The average values of SO2,
PM10 and CO pollutants on foggy days and all days,
there is a difference between them respectively;
21.0%, 74.7% and 84.0%. These differences were indicated that a higher average values on foggy days
[23]. In this study, the same comparison values obtained as a result of SO2, PM10 and CO respectively;
18.6%, 55.8% and 52.3%. When viewed on a seasonal basis, average concentration values ratio between the all days and foggy days for SO2, PM10 and
CO pollutants respectively were found to be 1.3%,
27.2% and 6.1% in Winter; 45.0%, 19.9% and 1.5%
in Spring; 21.5%, 73.8% ve 88.3% in Autumn. For
nine-year period, seasonal assessment could not be
made for Summer season because of that fog was not
observed.
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It has been proven that backfill, reutilization,
and dry stack are ideal tailings disposal methods [3,
4]. Chen [5] used the computational fluid dynamics
software Fluent to simulate the pipe transportation
properties of three-phase foam backfill. Da Silva [6]
analyzed the feasibility and sustainability, from economic and technological standpoints, of the use of
iron ore tailings as additives in the ceramic industry.
Power [7] detailed the technological process and
economic advantages of filtered tailings disposal
over traditional methods in bauxite residues. These
diverse tailings treatment methods provide a reference point for iron tailings treatment. Nevertheless,
the utilization ratio for backfill is only 50%; there is
still more than 35 million tons of tailings slurry that
lack an appropriate storage option. Super-large-scale
filtered tailings disposal has not been implemented
before in China, as a series of time-consuming and
costly processes, such as complex investigation and
perfect corollary equipment supply, must be carried
out first. Therefore, building a coal-gangue-based
tailings dam (CTD) is still the favored solution for
the super-large-scale tailings at Sijiaying.
As coal is the most important fossil fuel in
China, the considerable growth of coal mining in
China over the last decade has resulted in billions of
tons of coal gangue being accumulated in wastelands
and millions of hectares of subsidence land [8]. According to the statistics, coal mining generated 730
Mt of gangue in 2015, forming more than 2600 big
gangue mountains, covering about 10,000 km2 area
of land, and leaving 1500,000 hectares of subsidence
area. This waste, in addition to its land use impact,
causes water and soil pollution, as well as soil erosion and other environmental problems [9]. Despite
these environmental and social problems, coal
gangue is a reliable and low-cost building material,
which will bring a variety of economic and social
benefits if reused for damming [10]. Meanwhile, the
coal-mining subsidence land (CSL) is an ideal place
to discharge tailings slurry and the significance of
dealing with coal mine collapse pits and reclaiming
land are remarkable. Feasibility and stability analysis of the CTD on subsidence land shows that construction of a new CTD on CSL is an economic and
environmental solution for Sijiaying.

The aim of the present study is to evaluate the
feasibility, stability, and economy of the coalgangue-based tailings dam (CTD) on coal-mining
subsidence land. The damming properties of different types of gangues were tested in the laboratory,
the ground surface settlement rule was calculated,
and a series of simulations of the CTD under different conditions was conducted. The results show that
the CTD is safe in normal and flood situations. The
safety factors in continuous rainfall and magnitude8.0 earthquake situations are 1.15 and 0.95, respectively, which are both below the standard level. Under the effect of support actions, such as slow slope
and side-bolting, the stability factor will increase by
approximately 18% and reach a safe state. A disaster
chain model for CTD on CSL belongs to the bursting
and slippage chain. With technical and economic
analysis, passive defense measures are more reasonable and economic for CTD than effective active prevention measures.
)' #$
CTD, coal-mining subsidence land, feasibility analysis,
stability analysis, disaster analysis

%# &% 
As the most important material basis, mining
produces more than 92% primary energy and 80%
industrial raw materials for human existence and development. However, excessive energy consumption
brought on severe environmental pollution and affected environmental quality and economic development [1]. The prominent questions that our society
faces are where and how to store the super-largescale mining waste in a safe and environmentally
friendly manner. As Asia's largest iron mine, the Sijiaying Iron Mine produces more than 70 million
tons of tailings slurry annually, with nowhere to discharge. Furthermore, millions of tons of tailings
slurry and waste rocks in tailings ponds are artificially high debris flow and environment pollution
sources [2].
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Gangue samples
Black gangues
White gangues
Red gangues

SiO2
65.2
68.8
60.2

Al2O3
16.5
18.2
20.5

Fe2O3
4.5
3.6
5.1

CaO
3.6
0.3
3.6

MgO
2.0
0.8
1.9

K 2O
1.6
0.4
2.2

Na2O
0.2
0.4
0.3

MnO2
0.05
0.02
0.03

P 2O 5
0.1
1.1
1.2

Others
6.3
6.3
4.9

*60=. 8:78.:<2.; As typical sedimentary
rock, gangue is associated with coal strata and is
made up of different types of rocks [12]. The test
gangues were taken from Fangezhuang Coal Mine in
Tangshan, China and divided into three groups by
color. The results of chemical composition tests
show that different ages of gangues have the similar
composition and characteristics. Quartz and feldspar
compose 50%-85% of the gangues, and the content
of SiO2, Al2O3, and Fe2O3 is about 65%, 18%, and
4% (see Table 1), respectively. As an alkaline waste
residue, the gangues are rich in oxide content of Fe
and Al, but have little water content, potentially
making it a plentiful, convenient, and cheap building
material [13].
Gangues for damming must possess poor combustibility and good water logging stability. The S
content of test gangues is about 0.5%, which is far
from sufficient to spontaneously combust under normal circumstances. Laboratory leaching experiments
of gangues were conducted, and the results are
shown in Table 2. After 30 days of leaching in distilled water, the gangues lixivium can be regarded as
low mineralized water with a total hardness of 1085
to 1230 mg/L. Gangues lixivium presents weak alkalinity in tests and meets the national discharged
standard of sewage. The uniaxial compression

In this study, the damming properties of various
types of gangues of different ages were analyzed,
and the ground surface settlement and horizontal displacement were calculated. Based on this, the feasibility of construction of a new CTD on CSL was
evaluated, providing a certain reference for the treatment of subsidence areas and tailings waste. By analyzing the influence of different disaster-inducing
factors, a disaster chain model of the CTD was constructed, and a series of disaster mitigation measures
are proposed based on the chain-cutting disaster mitigation strategy.
$%))$$
As the first state-run large-scale modernized
mine in China, Fangezhuang Coal Mine has an incredible 60-year history and has produced more than
100 million tons of coal. It is located 30 km west of
Sijiaying and 14 km south of the Guye Area, Tangshan (see Fig. 1). After 10 years of intensified mining, there are about 10 million tons of gangues
around the mine, forming more than 100 gangue
mountains with an average height of 50 m, and leaving 3.74 km2 of subsidence area with an average
depth of 5 m [11].
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strength of saturated gangue is over 20 MPa and the
softening coefficient is 0.5-0.9. As an unsoftening
rock, gangue shows better slake durability and water
stability than traditonal damming materials. The test
gangues are low in porosity and high in bulk density.
With 97% of the content larger than 75 μm, gangues
are classified as coarse aggregate. Owing to the high
content of quartz and feldspar, gangues are similar to
gravelly soil, and show good performance in the
harshest water conditions.

dynamic discharging process of tailings slurry, the
analysis and computing process can be simplified as
an engineering statics problem. The calculated maximum settlement lies in the center of the coal-mine
goaf and decreases gradually around the center. The
biggest settlement can reach up to 425 mm per year
until the end of the dam service life. The drilling
blast will cause secondary damage to the coal-mine
goaf and accelerate the land subsidence, which is difficult to analyze quantitatively. Then, a series of
long-term and continuous detections were conducted
to predict the settlement. By using the probability integral method, the detection dates show that the largest settlement caused by the drilling blast is less than
600 mm per year throughout the service life of the
dam. Therefore, the calculated maximum settlement
exceeds 1025 mm per year and will form a hole 10
m deep and 100 m across in ten years.
Considering that the service life of the CTD on
CSL is about 10 years, the average tailings discharge
and dam rise rate is about 5 m per year, which is 5
times the maximum settlement rate. In addition, the
tailings disposal process is a gradual compacting
process, and the dam will be safe in the long and
slow land subsidence. Therefore, avoiding building
the dam in the center of the goaf can significantly
reduce the negative influence on land subsidence
caused by the tailings discharge and underground
coal mining.

*6- ;=+;2-.6,. ,*4,=4*<276 According to
the current situation in Fangezhuang, the fully mechanized caving faces have reached 300-m depths. Due
to the stratified structure of the coal seam, the vertical section can be simplified as an average thickness
of 180 m Quaternary alluvium, an average bedrock
thickness of 30 m, and an average depth of 100 m
coal-mine goaf. The lithologies of the coal seam roof
and bottom are mainly made up of siltstone and
sandstone. Because each of the layer structure can be
seen as a uniform material, the theory of key stratum
[14] can be used for settlement calculation. By simplifying the CTD as a uniform distribution load q(X),
the ground surface settlement can be simulated by
software based on the equation of static equilibrium
(see Fig. 2).
The ground surface settlement can be divided
into two parts: the uniform distribution load q(X)
caused by tailings disposal and the drilling blast accompanied by underground coal mining. Despite the
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Gangue samples
Black gangues
White gangues
Red gangues
Reservoir water

SO42(mg/L)
18.10
19.25
18.60
8.00

PO43(mg/L)
0.20
0.22
0.35
0.30

Cl(mg/L)
0.75
0.88
0.90
2.00

Ca2+
(mg/L)
16.50
15.09
15.83
9.50
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Mg2+
(mg/L)
3.20
8.65
6.98
6.50

pH
7.3
8.4
8.1
7.2

Total hardness
(mg/L)
1085
1230
1105
800
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starter dam is 5 m, and the upstream slope ratio, the
downstream slope ratio and axis length are 1:1.75,
1:2, and 1.8 km, respectively. Meanwhile, there are
ten sub dams, each of which is 1 m high and 2 m
wide. The outside slope ratio and inside slope ratio
of the sub dams are 1:3 and 1:1.5, respectively.
In order to improve the simulation accuracy of
the CTD, a series of geological explorations, static
cone penetration tests, and consolidation tests was
conducted on the existing tailings dam nearby. The
geological section of the CTD is shown in Fig. 3.
The hydraulic deposition law under distributed
exhaust for tailings conditions is a complex process
that involves fluid mechanics, dynamics, and suspension rheology [16]. As the discharging throat is
set up on the dry beach, tailings slurry with a certain
velocity will gradually form a flabellate transition
area. The coarser the particles, the earlier they settle,
and the faster the velocity, the further the particles
will be transported. Due to the ultrafine tailings size,
the tailings can be divided into four groups, namely,
fine sand, silty sand, silty soil, and clay-sized tailings.
According to the settlement rules described above,
the fine sand tailings settle first and compose nearly
half of the dry beach, while the clay-sized tailings
settle last and will be transported to the water-accumulated area [17]. Silty sand tailings and silty soil
tailings will be carried in the transition area before
settling down. The soil mechanical parameters of the
tailings and gangues are shown in Table 3.

$*<=:*<276 426. ,*4,=4*<276. The saturation
line monitoring, which is done manually, usually
with a piezometric tube, is called the lifeline of the
tailings dam [18]. A simple method for calculating
seepage lines of underground water in mine slopes is
put forward, and its rationality in accordance with a
practical project is demonstrated. The saturation
lines of the CTD in normal operation and in a flood
situation (with a freeboard of 0.5 m) are calculated
by Slide, and are shown in Fig. 4. With the free water
surface of the dam increasing in a flood situation, the
pore water pressure also grows, leading to a much
higher saturation line than in a normal situation,
which is the direct reason for dam collapse in a flood
situation.

.*;2+242<A *6- +.6./2< *6*4A;2; Significant
environmental, technological, and economic benefits will be realized by building a new CTD on CSL
for tailings disposal. First, as an economic and environmentally friendly building material, gangue can
be used for damming and eliminate significant pollution and hazard problems. Meanwhile, using
gangue for damming can save about 25 million CNY
in the purchase and transportation cost of sand. In
addition, more than 70,000 m2 of land can be reused
for tailings disposal, which will save about 500 million CNY of land expropriation cost. Once the dam
is closed, land reclamation and re-development programs can add 7 hectares of cultivated land. Moreover, the dam will reuse 8 million tons of gangue, restore 90,000 m2 of occupying land, and recover
70,000 m2 of subsidence land, which provides an environmentally friendly method of waste recovery.
$%%))$$
Slide software is a set of software developed by
RocScience Company of Canada based on limit
equilibrium theory to analyze the stability of rock
and soil slopes [15]. Slide software can not only
quickly create and analyze complex models, but can
also analyze slope stability and probability under external loads, groundwater, or supports. Using actual
data from Sijiaying Iron Mine and CSL in
Fangezhuang, Slide was used to simulate the slope
stability of a CTD in different situations.

6<:7-=,<276The CTD on CSL is fourth class,
covers an area of 2.04 km2 and has a height of 23 m,
a total storage capacity of 38.04 million m3, and a
service life of 10.8 years. The average tailings particle size at Sijiaying is only 19 μm, and more than 60%
of the content is smaller than 20 μm, classed as ultrafine tailings, and is not suitable as damming material. With an average particle size of 2 mm,
gangues are similar to gravelly soil and alkaline residue. The starter dam is designed to be 12 m high,
which will reuse 4 million tons of gangue. According
to the design specification of CTD, the width of the
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Names
Quaternary
alluvium
Starter dam
Fine sand tailings
Sility sand
tailings
Sility soil tailings
Clay-sized
tailings

Initial
stress
/kPa

In normal
Internal friction
angle
/°

In earthquake
Initial
Internal
stress
friction angle
/kPa
/°

Osmotic coefficient
Horizontal
1 / cm·s-1

Vertical
2 / cm·s-1

4.5

28

230

36.0

7.42E-04

6.38E-04

110.0
0.0

38
27

20
0

26.0
17.1

1.00E-01
8.56E-04

8.38E-02
7.16E-04

3.0

26

0

16.7

5.33E-04

4.25E-04

5.5

25

0

15.6

3.95E-04

1.98E-04

9.0

23

0

15.4

8.80E-05

8.22E-05
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$<*+242<A *6*4A;2; 26 /477- *6- ,76<26=7=;
:*26/*44 ;2<=*<276; According to the difference in
the failure surfaces of different materials, three different methods were used for the calculation of dam
safety factors. The safety factors for CTD using the
Janbu method, in flood and continuous rainfall situations, are shown in Fig. 5. With plenty of water inrush during big floods, the water surface and saturation line of CTD will increase rapidly to a very high
level. The safety factor for the CTD, calculated using
the Janbu method, is 1.30, which is just above the
standard level of 1.20 from the “tailings facilities design standards of beneficiation plant.”
Due to the matched drainage facility, the free
water surface in a continuous rainfall situation will
increase slowly. However, the surface of the dam
will be saturated by long-term rain, and the outside
saturation line will be coincident with the outside
slope. The safety factor of the CTD, calculated using
the Janbu method, in continuous rainfall conditions

is just 1.15, which is lower than the standard level,
and therefore indicates that the dam is prone to failure.

$.2;52,;<*+242<A*6*4A;2;The shorter the dry
beach is, and the higher the free water surface is, the
more dangerous the dam will be. With a dry beach
of 200 m (which is the minimum according to the
standard), the greatest height of the free water surface will reach + 41.5 m in normal operation. The
safety factor for the dam in normal operation, using
the Janbu method, is 1.85 (see Fig. 6), which shows
good stability during the whole of the service life.
Tangshan is situated the Pacific Ring of Fire
and the seismic fortification of the CTD is set at a
magnitude of 8.0 with a seismic acceleration of 0.2
g in the horizontal and 0.1 g in the vertical. The
safety factor in an earthquake is just 0.95 using the
Janbu method, which is below the standard level.
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$<*+242<A*6*4A;2;26;=887:<;2<=*<276;The
destructive effects of an earthquake can bring about
a potential failure situation. Support actions, like reducing the slope and side-bolting, should be taken to
improve the dam stability. Safety factors for CTD
with a low slope and side-bolting are shown in Fig.
7. By stacking coal gangue outside the dam slope,
the upstream slope ratio of the dam drops to 1:3.5
from 1:3. Meanwhile, the safety factor increases
about 18.5 % to 1.12, which is higher than the standard level, in an earthquake. By adding a 15 m long
grouted bolt at intervals of 6 m, with a tensile
strength of 100 kN/m and bonding strength of 15
kN/m, the safety factor of the CTD improves to 1.11
and reaches a safe state.
The calculated safety factors of the CTD in the
above-mentioned situations are shown in Table 4. As
the most conservative method of the three, the Janbu
method is more reliable for slide stability analysis.
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Too much free water, which comes from the
low-concentration tailings slurry, has been seen as
the core effect on the stability of the tailings dam. As
the main disaster-inducing factor, continuous rainfall
and floods will raise the water surface of the CTD,
thus causing a high-saturation line by seepage,
which will effect disasters in the preparation stage.
Under the continuous action of other disaster-inducing factors, such as land subsidence and earthquakes,
disasters develop quickly and enter the latency stage.
The latency stage has proven to be a long and uncertain one, which depends on the risk tolerance ability
of the CTD and the effect of disaster prevention
measures. Small disasters, like tailings liquidation
and dam cracking, are significant precursors for dam
failure. Once the fracture develops well, a circular
failure will run through the sub dams and lead to catastrophic disasters, such as landslides and mud rock
flow. Following this explosion stage, a series of secondary disasters will be induced, which is consistent
with failure types including bursting and slippage
[19].


$$%#)$$

2;*;<.:,1*2657-.4Due to the uncertainty
of the tailings dam interaction and uncontrollability
of natural disasters, the failure type of the tailings
dam is a complex and interactive stress field. In the
case of a typical circular failure, the stability of the
CTD slope are affected by external disaster-inducing
factors, such as land subsidence, rainfall, floods, and
earthquakes. The circular failure process of the CTD
slope is shown in Fig. 8.

2;*;<.:8:.>.6<276Scientific and rational assessments of the tailings dam ability to withstand
disasters and strengthening weak links are some effective ways to reduce dam failure disasters. By cutting off the disaster chain and preventing the development of the disaster, chain-cutting disaster mitigation strategy plays an important role in disaster control and loss reduction.
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Situtations
Normal operation
Flood
Continuous rainfall
Earthquake
Slow slope
Side-bolting

Bishop
2.10
1.47
1.29
0.99
1.22
1.26

Fellenuius
1.87
1.37
1.245
0.94
1.12
1.12

Janbu
1.85
1.30
1.15
0.95
1.12
1.11

Standard
1.30
1.20
1.20
1.10
1.10
1.10
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Due to the special situation of building a new
CTD on CSL, there are several effective active prevention measures. For example, tailings reutilization
and backfill are effective in reducing the tailings
emission and dam construction size [20]. Besides,
the dam stability in flood and earthquake situations
will be greatly improved by reinforcing the dam, reducing the side slope, and perfecting the drainage facilities. Preparing abundant control measures, and
completing emergency evacuation plans for minimum disaster losses, are the core of passive defense
measures. On the basis of strengthening the detection of land subsidence, saturation line height, and
slide slope deformation, a series of passive defense
measures, like water drainage, anchor strengthening,
low-gradient slopes and isolation evacuation will be
taken.
As it has a sub-humid climate, the annual precipitation is only 524 mm in Tangshan, so it is unlikely that a major flood would occur and destroy the
CTD. Considering that the dam storage capacity is
small, and the service life is only 10 years, there is
little possibility of a major earthquake occurring. It
is not reasonable or economic to engage in huge investments for large-scale active prevention measures.
Therefore, passive defense measures, like strengthening the dam detection and completing emergency
evacuation plans, play a leading role in disaster control and loss reduction for the CTD.
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  is a local name given to European plum
variety and it is normally cultivated because of its
better quality characteristics [2]. Significant increase
has been noted in production and marketing of fresh
fruits in recent years. Plums are highly perishable
fruit and require immediate consumption shelf life of
fresh plums decreases due to water loss, respiration
and microbial spoilage, postharvest shelf life of three
weeks is needed for profitable marketing of fresh
plums [3].
Microbial spoilage causes food undesirable for
human consumption fungi, yeast and bacteria are
responsible for 20% postharvest spoilage of fruits
[4]. Fresh plums possess tough waxy coat which acts
as a barrier against microbial attack, this fruit is
mainly composed of starch, cellulose, pectin and
hemicelluloses. Microorganisms spoil fruits
including plum by exploiting their nutrients for
energy by utilizing lytic enzymes. Fungi
    attack and spoil fruits rich in
extracellular pectinases and hemicellulases [5.
Previously Borve and Vangdal [6] noticed the
presence of blue mould    and mucor
rot     on fresh plum fruits during
storage. Similarly, Aspergillus species spoiled fresh
and untreated apricots, apples and peaches during
post-harvest storage [7]. Calcium salts have the
ability to improve structural strength of fruits cell
wall tissues by forming calcium pectate which
results in delaying fruit softening and mold growth
so shelf life of fresh plums can also be increased if
treated with calcium salts and kept at cool condition
[8]. Calcium chloride imparts insignificant bitter
taste and residual off-flavors to fruits but it maintains
good texture and reduces postharvest storage
disorders and decay index [9]. Earlier calcium lactate
and calcium gluconate extended the shelf life of pear
and strawberries significantly by improving its
firmness and texture with no off flavor developments
and fungal growth during storage periods [10].
Further, Paull [11] suggested that low temperature
extends storage life by preserving texture, taste and
nutrition of fresh fruits. Similarly, Carlos et al. [12]
reported that post-harvest ripening of plums was
effectively delayed by refrigeration. Therefore, this

"#!#

The effect of selected calcium salts on postharvest storage life of fresh plum fruits was assessed
under refrigerated storage condition (4±1°C) for 32
days. Three equal lots of fresh plum samples were
dipped in 1% (w/v) T1 (calcium chloride), T2
(calcium lactate) and T3 (calcium gluconate)
solutions for 30 minutes and compared with T0
(untreated plum fruits). Samples were analyzed for
firmness, weight loss, total soluble solids, decay
index, pH, acidity, ascorbic acid, fungal analysis and
sensory characteristics during storage according to
standard methods of AOAC (2000). Mycoflora was
tested by standard microbiological method by direct
plating method. Study revealed that calcium salts
significantly improved physico-chemical and
sensory qualities of calcium salt treated plum fruit.
Presence of
   and   
responsible for decaying untreated apricot fruits but
no growth in the preserved lot. Calcium lactate
treated samples were more acceptable on the basis of
physicochemical and sensory analysis in comparison
with calcium chloride and calcium gluconate treated
samples.


'&!"
Calcium salts, Plum fruits, Post-harvest, Shelf life,
Sensory analysis
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Plum belongs to   family of Kingdom
Planta. Its flesh is juicy and possesses an oval to
round shape. The fruit owns a waxy peel with a
single hard seed at middle. Plums are regarded as
nutritive and therapeutic and considered as a good
source of sugars, organic acids, phenolic
compounds, vitamins and minerals [1]. In Pakistan,
Japanese or European plum varieties are
commercially cultivated while approximately 47%
of plum fruit is mostly produced in Khyber
Pakhtunkhawa (KP) Province of Pakistan,  
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study was carried out to find the effects of selected
calcium salts on postharvest storage life of fresh
plum fruits in refrigerated storage condition (4±1°C)
with an effort to identify genera of spoilage causing
fungi in plum fruits grown in KP province of
Pakistan.

through cellular and colonial morphology at plant
pathology laboratory of Khyber Pakhtunkhwa
Agricultural University, Peshawar and by using
mycological literature [15].
",4958?<(2;(:054Plum fruit samples were
evaluated for sensory characteristics by a panel of 10
judges including the students of Departments of
Food Science and Technology, Horticulture and
apricot farmers (aged 24-50). Flavor, texture, color,
and overall acceptability of samples were
determined by nine-point hedonic scale by a method
reported by Larmond [16].

":(:09:0*(24(2?909The data was analyzed by
using 2- Factorial Complete Randomized Design and
Means were separated by LSD test at 5% level of
significance as reported by Steel and Torrie [17].

#!"#"

"(362,*522,*:054(4+9*8,,404.This research
was carried out at post graduate laboratory in the
Department of Food Science and Technology, The
University of Agriculture Peshawar, Pakistan.
Physiologically mature plum fruits (Fazli Manani
Var.) were bought from fruit market in district
Peshawar. The plums were brought to processing hall
of the Department. Bruised, diseased and damaged
fruits were discarded and sound fruits of appropriate
size and color were selected for experiments. Plum
fruits were rinsed with clean tap water and surface
dried under a fan. These plum samples were divided
into four equal lots, treated with calcium salts
treatments are mentioned as: To Untreated plum
samples, T1 Plum fruits dipped for 30 min in 1% (w/v)
calcium chloride solution, T2 Plum fruits dipped for 30
min in 1% (w/v) calcium lactate solution, T3 Plum
fruits dipped for 30 min in 1% (w/v) calcium gluconate
solution. All the samples were kept for 32 days at
refrigerated condition (4±1°C) for further recording
data on mentioned parameters.

/?90*5*/,30*(2 4(2?909 Plum fruit samples
were analyzed for fruit firmness through pressure
tester or penetrometer while total soluble solids
(TSS) were determined by using Abbe
Refractometer pH with the help of a calibrated digital
pH meter. Weight losses were noted with a calibrated
digital weight balance. Titratable acidity, ascorbic
acid content was determined by titration method. All
the above parameters were determined by the
standard methods of AOAC [13]. Decay index was
calculated by using the following formula: % Decay
index = [(1×N1+2×N2+3×N3) ×100/ (3×N)]. Where
N is the total number of total fruits in a lot and N1,
N2 and N3 signifies number of fruits indicating
different decay rates [14].

;4.(2 (4(2?909 (4+ 0+,4:0-0*(:054
Mycoflora was detected by direct plating method
sterilized Petri dish with approximately 10-15 ml of
melted cooled PDA was poured containing @ 200
mg/liters streptomycin, petri plates were slightly
rotated for proper spreading of media then plum fruit
sample of (1 gm) was placed on agar media in
Laminar Flow Unit. The Petri plates were incubated
at room temperature (28 ± 2◦C). After incubation
period, all fungal colonies were counted and counts
were expressed as colony forming units per gram
(cfu/g) while fungi identification was carried out


!"$#""$""

0834,99Decrease in plum fruit firmness
was recorded from 4.75 to 3.11kg/cm2 in all the
treatments while higher firmness was recorded in T2
(4.36kg/cm2) followed by T1 (4.31kg/cm2) and T3
(4.25kg/cm2) respectively (Fig. 1). Maximum
decrease (34.80%) in firmness was observed in T0
and low decrease was noted in T2 (23.36%). Study
demonstrated highly significant effect of storage and
calcium salts on fruit firmness in refrigerated
condition. Mean storage values for firmness
significantly (P <0.05) decreased from 4.78kg/cm2 to
3.42kg/cm2 (Fig. 1). These results are in conformity
with Jan et al. [18] showed that mean value for
firmness was significantly higher (5.62kg/cm2) for
calcium salt treated apples compared to untreated
samples (4.89kg/cm2) at 5±1°C during storage.
Maximum plum fruit firmness might be due to
strengthening effect of calcium salts which formed
calcium pectate, it increased rigidity of cell wall and
middle lamella and improved turgor pressure and
decreased PG (polygalacturonase) activity [8].

&,0./: 2599 & Maximum mean weight
losses (2.90%) were recorded for untreated samples
whereas significantly lower mean weight losses were
noted in calcium treated samples T2 (1.81%)
followed by T1 (1.95%) and T3 (2.14%) respectively
(Fig. 1). Study showed significant effect of
refrigeration storage and calcium salts on weight loss
of plum samples. Higher rate of respiration might be
responsible for increased weight loss in untreated
sample whereas calcium salts might have decreased
respiration rates in calcium salts treated fruit samples
during storage as reported by Faust [19]. Similarly,
Akhtar et al. [20] showed lower weight losses
(2.70%) in calcium treated apricots compared to
untreated (3.23%) stored at 4°C for ten weeks.
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,*(? 04+,>  Higher decaying was
observed in untreated plum fruit (15.26%) in
comparison with calcium salt treated samples.
Significantly lower decay index was recorded during
refrigeration in calcium treated samples T2
(11.04%), followed by T1 (12.49%) and T3
(13.45%) respectively (Fig. 1). Similarly, Jan et al.
[18] recorded lower decaying (1.41%) in calcium
treated apples in comparison with untreated samples
(9.16) at 5±1°C during storage. Lower decay indices
of calcium treated plum samples might be due to
calcium salts inhibiting microbial effect and reduced
respiration rate. Naradisorn [21] claimed that higher
levels of calcium improve cell wall integrity as well
as decrease chances of microbial attack and growth

in plants and fruits.

;4.(2 4(2?909 (4+ 0+,4:0-0*(:054 
Initially during 8 days of storage no fungal attack
was observed in all the samples except T0. Fungal
count increased from 34-63, 17 to 33 and 23-40
cfu/gm in T0, T1 and T3 during 20 to 32 days of
refrigeration
storage
condition
(Fig.
2).
Comparatively minimum increase in fungal count
was noted in T2 30 cfu/gm in plum fruit treated with
calcium lactate stored at 4±1◦C within 32 days (Fig.
2). Through cellular and colonial morphology,
Mucor sp. and    were isolated and
identified. Severity of infection was moderate
because of low temperature.
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Calcium lactate treated samples comparatively
showed more resistance against fungal decay
compared to other calcium salts treated plum fruits.
These findings are in conformity to those of Borve
and Vangdal, [6] (2007) who showed presence of
blue mould (  .), and mucor rot
(   ) on plum fruits during storage.
Hernandez-munoz, et al. [22] stated that calcium
salts can delay fungal decay in comparison with
untreated strawberries. The exact role of calcium
salts on inhibiting the growth of fungus in plum and
other fruits has not yet been identified, but its role in
inhibiting the intrusion of different fungus species
may be attributed to the activity of proteolytic
enzyme, lower intracellular pH and structural
integrity of fruit peels cell wall due to the formation
of calcium pectate [23, 24].Therefore calcium salts
specifically calcium lactate can be utilized in
increasing the post-harvest storage life of plum fruit
at refrigerated condition.

/ This study showed lowest pH increase in
sample T2 (3.15), followed by T1 (3.17), T3 (3.19)
and T0 (3.27) respectively (Fig. 3). Mean storage
values for pH significantly (P <0.05) increased from
2.85to 3.85 during refrigeration (Fig. 3). Decrease in
pH of calcium treated plum samples might be due the
effect of calcium salt in maintaining the integrity of
cell wall and cell membrane as mentioned by

Poovaiah [25]. Similarly, Mohamed et al. [26]
recorded significantly lower pH increases (4.70) in
calcium treated papaya samples compared to control
(5.70) at 13±1°C during 21 days of storage.

*0+0:? Study showed significantly lower
decrease in acidity of calcium treated plum samples
T2 (32.75%) followed by T1 (35.08%) and T3
(38.26%) in refrigerated condition (Fig. 3). Higher
acidity retention might be due to inhibitory effect of
calcium salts on fermentation or respiration in
calcium treated samples as reported by Jiang and Li
[27].

#5:(2 952;)2, 9520+9 #"" Increase was
observed in total soluble solids from 11.50 to 13.7
°Brix calcium salts and storage had significant (P
<0.05) effect on all the samples. Mean values
clarified that less increase in TSS was noted in T2
12.20, followed by T1 12.30 and T3 12.35 and T0
12.58°Brix respectively (Fig. 3). Results are in
conformity with studies of Akhtar et al. [20], (2010)
who noted significant differences in TSS of calcium
treated loquats (13.10%) and untreated sample
(11.41%) during 10 weeks of storage at 4°C. Higher
retentions of TSS in untreated plum samples might
be due to faster ripening process, ethylene
production and respiration during storage [28].
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9*58)0* (*0+  Maximum ascorbic acid
content significantly retained in calcium treated
samples T2 (5.08mg/100g) followed by T1
(4.91mg/100g) T3 (4.81mg/100g) and T0
(4.46mg/100g) respectively in refrigerated condition
(Fig. 3). Higher retention of ascorbic acid content in
calcium treated samples might be due to reduction in
oxidation of ascorbic acid due to calcium coating
[29]. Same results were expressed by Akhtar et al.
[20] showed higher amount of ascorbic acid content
(2.93mg/100g) in calcium treated than untreated
(2.59mg/100g) loquat fruit at 4°C during 10 weeks
of storage.

#,>:;8, Calcium salts treated samples T2
(7.36), T1 (7.27) and T3 (7.18) were significantly
highly acceptable in comparison with untreated
sample within refrigeration storage condition (Fig.
4). Initial hard and smooth texture of plum fruit
showed gradual degradation towards shriveled soft
texture during storage. Untreated samples started
internal degradation may be due to gelatin upon the
commencement of 8th and 9th interval. Better texture

of treated samples might be due to the action of
calcium which stabilizes cell walls and cell
membranes. These results are in agreement with
studies of Saira et al. [28] showed significantly
higher mean value (6.23) for calcium treated apricots
during 10 days of storage. Similarly, Bangerth [30]
showed that texture maintenance was dependent
upon calcium cross linkages with pectic compounds
of middle lamella and cell walls.

5258 Minimum mean decrease in color
acceptability was recorded in calcium treated
samples T2 (7.32), T1 (7.24) and T3 (7.14)
respectively (Fig. 4). This study showed that fruit
skin color changed from red to reddish brown during
storage period. Whereas brown pits were observed in
several untreated and few calcium gluconates treated
plum samples and also some of the samples showed
internal browning. Mayer and Harel [31] reported
that fruits color darkening start during ripening as a
result of polyphenol oxidase activation. Retention in
fruit color might be due to the stabilization of
membranes by calcium against free radicals induced
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lipid oxidation Piccioni et al. [32]. Similarly, Lysiak
et al. [33] showed that application of 2% CaCl2
solution imparted higher color acceptability scores
(1.6 to 3.4) in peaches stored at 4°C for 14 days.

Results concluded that 1 % (w/v) calcium salts
imparted a significantly positive effect in enhancing
the postharvest storage life of plum fruits in
refrigerated (4±1°C) condition compared to
untreated sample. A total of ten physico-chemical
and sensory parameters were studied which included
TSS, firmness, acidity, ascorbic acid content, pH,
weight loss, decay index, texture, color and flavor.
Study confirmed the role of calcium chloride as plum
postharvest storage life enhancer along with calcium
lactate and calcium gluconate as equivalent
competitors in this regard. It was clarified that
application of 1% (w/v) calcium salts imparted
significantly better results compared to untreated at
refrigerated (4±1°C) temperature during thirty-two
(32) days of storage. Calcium lactate treated samples
were found partially more acceptable as compared to
calcium chloride and calcium gluconate treated
samples. Most damaging spoilage fungi were
identified as belonging to
   and
  . While significantly better than
control, calcium gluconate was noted less resistant to
microbial decay compared to calcium lactate and
calcium chloride.

2(<58Significantly higher mean values were
recorded for flavor acceptability in T2 (7.85)
followed by T1 (7.76) and T3 (7.74) in comparison
with T0 during refrigerated storage condition (Fig.
4). Flavor acceptability initially increased and then
decreased during storage period. Sensory panel of
judges noticed slight bitterness in calcium chloride
treated samples upon commencement of 8th and 9th
interval of storage period. These results are in
compliance with studies of Sartaj et al. [34] who
showed that flavor acceptability scores for calcium
treated apricots initially increased from 6.9 to 7.7
and then decreased to 6.5 during 12 days of storage.
Desirable flavor consistency of calcium treated plum
samples might be due to firmness retention and
reduction in respiration rate as reported by Faust
[19]. Similarly, Luna-Guzaman and Barrett [35] also
found that calcium chloride imparted bitter taste to
fresh cut cantaloupes during storage while calcium
lactate did not.
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WRVLV

ABSTRACT
7KH LQIOXHQFH RI IHUXOLF DQG YDQLOOLF DFLG DV
ZHOO DV TXHUFHWLQ OXWHROLQ WKHRSK\OOLQH DQG WKHR
EURPLQHRQVHHGJHUPLQDWLRQVHHGOLQJJURZWKDQG
URRW WLS FHOO PLWRVLV LQ 0LNDQLD PLFUDQWKD +%.
ZHUHHYDOXDWHGLQWKLVVWXG\5HVXOWVVKRZWKDW  
6HHGJHUPLQDWLRQZDVLQKLELWHGLQWKLVVSHFLHVXQGHU
VL[ DOOHORFKHPLFDOV WUHDWPHQWV DSDUW IURP IRU 
PROā/íRITXHUFHWLQEXWWKHPRVWHIIHFWLYHLQKLEL
WLRQZDVFDXVHGE\WKHRSK\OOLQHDWKLJKFRQFHQWUD
WLRQV  PROā/±  ZKLOH ERWK JHUPLQDWLRQ HQ
HUJ\ DQG ILQDO UDWH ZHUH VLJQLILFDQWO\ UHGXFHG E\
DQGUHVSHFWLYHO\  7KHUDGLFOHDQG
VKRRWOHQJWKRI0PLFUDQWKDZHUHSURPRWHGZKHQ
VXEMHFWWRWUHDWPHQWZLWKORZFRQFHQWUDWLRQVRIDOOH
ORFKHPLFDOV EXW WKHVH YDULDEOHV GHFUHDVHG ZKHQ
VXEMHFWWRKLJKFRQFHQWUDWLRQWUHDWPHQWVZLWKWKHH[
FHSWLRQRIWKHRSK\OOLQHDQGWKHREURPLQH Changes in
the fresh weightof single M. micrantha plants was
also FRQVLVWHQW ZLWK UDGLFOH OHQJWK ZKHQ 
PROā/± RI YDQLOOLF DFLG ZDV DGGHG UDGLFOH DQG
VKRRWOHQJWKDVZHOODVWKHIUHVKZHLJKWRIVLQJOH0
PLFUDQWKDSODQWVDOOIHOOWRWKHLUORZHVWH[SHULPHQWDO
YDOXHVUHGXFWLRQVRIDQGUH
VSHFWLYHO\  0LWRWLFLQGH[LQFUHDVHGZKHQVXEMHFW
WRWUHDWPHQWZLWKIHUXOLFDQGYDQLOOLFDFLGVDVZHOO
DVTXHUFHWLQDQGOXWHROLQDWORZFRQFHQWUDWLRQVZKLOH
WKLV YDULDEOH GHFUHDVHG ZLWK FRQFRPLWDQW LQFUHDVHV
LQ DOOHORFKHPLFDOV 7KH UHVXOWV RI WKLV VWXG\ DOVR
KLJKOLJKW WKH IDFW WKDW PHWDSKDVH UDWLRV DPRQJ PL
WRWLFFHOOVZHUHUHODWLYHO\LQFUHDVHGZKLOHDQDSKDVH
WHORSKDVHFHOOVUDWLRVGHFUHDVHGZLWKLQFUHDVLQJFRQ
FHQWUDWLRQV&HOOVIURPPHWDSKDVHWRDQDSKDVHWHOR
SKDVHZHUHLQKLELWHGE\WUHDWPHQWZLWKWKHVL[DOOH
ORFKHPLFDOV FRQVLGHUHG LQ WKLV VWXG\ DOO RI ZKLFK
PDUNHGO\DIIHFWHGWKHJURZWKRI 0PLFUDQWKD:H
FRQFOXGHWKDWERWKWKHRSK\OOLQHDQGYDQLOOLFDFLGH[
HUWVWURQJDOOHORSDWKLFHIIHFWV RQWKH VHHGJHUPLQD
WLRQDQGHDUO\VHHGOLQJJURZWKRI0PLFUDQWKDDQG
VRDUHXVHIXOUHVRXUFHVIRUWKHGHYHORSPHQWRIERWDQ
LFDOKHUELFLGHVWRFXUEWKHHDUO\VWDJHSUROLIHUDWLRQRI
WKLVSODQW

INTRODUCTION
([RWLF SODQWV KDYH LQYDGHG QXPHURXV HFRV\V
WHPV DQG KDYH OHG WR PDUNHG QHJDWLYH HIIHFWV RQ
FRPPXQLW\VWUXFWXUHDQGWKHIXQFWLRQRIQDWLYHVSH
FLHVJOREDOO\>@,QYDVLYHSODQWVDUHPDMRUWKUHDWVWR
QDWLYH ELRGLYHUVLW\ DQG DOVR VHULRXVO\ LPSDLU WKH
HFRV\VWHPVHUYLFHVSURYLGHGE\LQGLJHQRXVHFRV\V
WHPV >±@ 7KH ZHHG 0LNDQLD PLFUDQWKD +%.
$VWHUDFHDH LVRQHRIWKHPRVWLQYDVLYHLQWKHZRUOG
GDPDJHGXHWRWKLVVSHFLHVKDVDWWUDFWHGVLJQLILFDQW
DWWHQWLRQIURPVFLHQWLVWVDWERWKWKHQDWLRQDODQGOR
FDO JRYHUQPHQW DJHQF\ OHYHOV >@ 7KLV VSHFLHV LV
SUREOHPDWLFEHFDXVHLWLVDQH[WUHPHO\IDVWJURZLQJ
VSUDZOLQJSHUHQQLDOYLQHWKDWZDVRULJLQDOO\GLVWULE
XWHGDFURVVWURSLFDO&HQWUDODQG6RXWK$PHULFD7KLV
SODQWZDVFXOWLYDWHGLQ+RQJ.RQJLQHDUO\DQG
KDV EHHQ VSUHDGLQJ DURXQG WKH ZRUOG HYHU VLQFH
VLQFHWKHQ0PLFUDQWKDZDVLQWURGXFHGLQWR&KLQD
DURXQG  DQG KDV VXEVHTXHQWO\ LQYDGHG DQG
VSUHDGZLGHO\VLQFHWKHODWH¶VDQGHDUO\¶V
>@This plant quickly developed into a notable weed,
particularly problematic in disturbed forests, farmland, and orchard plantations, including tea, pineapple, banana, teak and oil palm>@This weed has unfortunately recently been discovered in China and
has clear potential to become a major pest to the wet
tropics and other humid southern regions of this
country [7]. MLNDQLD micrantha also produces a large
volume of seeds (170,000 m2) which are very small
and light (8.92 × 10-5 g) [8], and their dispersal by
wind is the main way that this plant invades disturbed environments, although a considerable proportion of local spread is also the result of vegetative
propagation [9]. This species smothers other nearby
plants because of its rampant growth once it has successfully invaded a native environment, and then
kills those it has subsumed by cutting out light [5].
Thus, due to its vigorous, fast, and rampant growth
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SDUWLFXODUO\SURPLVLQJDVDODUJHUQXPEHURIDOOHOR
FKHPLFDOVKDYHEHHQIRXQGLQGLIIHUHQWSODQWV>@
,QFRQWUDVWKRZHYHUWKHXVHRIDOOHORSDWKLFSR
WHQWLDO FRPSRXQGV LQ ZHHG PDQDJHPHQW KDV DOVR
FDXVHG FRQFHUQ >@$OWKRXJK D JRRG GHDO RI UH
VHDUFK KDVEHHQFDUULHGRXWRQWKH QHJDWLYHHIIHFWV
DQGPHFKDQLVPVRI0PLFUDQWKDLQYDVLRQDQGPRVW
UHSRUWVKDYHIRFXVHGRQWKHDOOHORSDWKLFHIIHFWVRI0
PLFUDQWKD OLWWHU H[WUDFWV RQ WKH FRQWURO RI RWKHU
SODQWVMXVWDKDQGIXORIVWXGLHVKDYHDGGUHVVHGWKH
HIIHFWVRIDOOHORSDWKLFVXEVWDQFHVRQWKLVVSHFLHVLQ
SDUWLFXODU7KHREMHFWLYHRIWKLVVWXG\ZDVWKHUHIRUH
WRH[DPLQHWKHSRWHQWLDODOOHORSDWKLFHIIHFWVRIIHUX
OLFDQGYDQLOOLFDFLGVDVZHOODVTXHUFHWLQOXWHROLQ
WKHRSK\OOLQH DQG WKHREURPLQH ZKLFK FRPSULVHV
WZRSKHQROLFDFLGVDVZHOODVIODYRQRLGVDQGDOND
ORLGV RQVHHGJHUPLQDWLRQVHHGOLQJJURZWKDQGPL
WRVLVLQ0PLFUDQWKDURRWWLSFHOOV7KHUHVXOWVRIWKLV
VWXG\ZLOODLGLQWKHFKRLFHRIPRUHHIIHFWLYHDOOHOR
FKHPLFDOVWRFRQWURO0PLFUDQWKDDQGDOVRSURYLGH
DIXQGDPHQWDONQRZOHGJHEDVHIRUWKHGHYHORSPHQW
DQG XWLOL]DWLRQ RI ERWDQLFDO KHUELFLGHV WR FXUE WKH
HDUO\VWDJHSUROLIHUDWLRQRIWKLVNH\LQYDVLYHVSHFLHV

as well as the capacity of this plant to smother other
species, M. micrantha WRKDVEHHQGXEEHGWKHµPLOHa-minute-ZHHG¶DQGDµSODQW-NLOOHU¶>@7KHDWWHQ
tion of numerous researchers has been focused on the
invasive mechanisms used by weeds; much of this
research has suggested that allelopathy may contribute to successful weed invasion and the fact that alien species often become dominant in invaded native
plant communities [11±14]. The presence of this
characteristic has also been considered to be important in explaining successful invasions through
non-resource interactions between plants [15]. Allelochemicals are therefore thought to play an important role in M. micrantha because they inhibit the
growth and regeneration of other native plant species
and enable successful ecosystem invasions [16]. A
number of key allelochemicals have been identified
in M. micrantha, including phenolics, flavonoids, alkaloids, and terpenes [17±20]. It is therefore welldocumented that this invasive species is successful
and exerts profound effects on local environments
because of allelopathy.
A number of different approaches are currently
utilized to control and extract weed species, including mechanical removal [22] as well as chemical, [21,
22], biological [8, 22], and ecological control [8, 21].
However, no single method is currently known to be
highly effective at controlling M. micrantha [10],
and so the prevention of spread in the early stages of
infestation is thought to provide the most efficient
approach. At the same time, chemical control has
proved relatively effective in the management of this
vine over recent decades [22]; a number of researchers have noted that some herbicides [23-25] prevent
the germination of seeds and the growth of seedlings,
for example. The use of WUDGLWLRQDO KHUELFLGHV LQ
YROYHVVDIHW\ULVNVDQGKDVUHVXOWHGLQVHULRXVHFR
ORJLFDODQGHQYLURQPHQWDOSUREOHPV>@LQFOXGLQJ
ZHHGUHVLVWDQFH WRKHUELFLGHV ZHHGVKLIWSUREOHPV
>@JUHDWHUHQYLURQPHQWDOSROOXWLRQDQGRWKHUDV
VRFLDWHG KHDOWK KD]DUGV >@ 5HVHDUFK HIIRUW KDV
WKHUHIRUHIRFXVHGRQWKHVHDUFKIRUDOWHUQDWLYHPHWK
RGVRIZHHGPDQDJHPHQW>@,QWKLVFRQWH[WDO
OHORSDWK\KDVVKRZQWREHSUHVHQWLQQDWXUHDQGKDV
DWWUDFWHG UHVHDUFK DWWHQWLRQ EHFDXVH RI LWV SRWHQWLDO
YDOXH DV D ZHHG FRQWURO VWUDWHJ\ > @$OOHOR
FKHPLFDOVFOHDUO\KDYHDJUHDWGHDORISRWHQWLDOYDOXH
DVVXEVWLWXWHVIRUV\QWKHWLFFKHPLFDOKHUELFLGHVDQG
DUHDOVRNQRZQWREHPRUHHQYLURQPHQWDOO\VDIHDQG
WKXV KDYH WKH DGYDQWDJH WKDW WKH\ DUH DEOH WR FRQ
VHUYHDYDLODEOHUHVRXUFHVDQGDOOHYLDWHWKHSUREOHPV
FDXVHG E\ WKH GLVWULEXWLRQ RI V\QWKHWLF FKHPLFDOV
>@7KHXVHRIERWDQLFDOKHUELFLGHVWRPLWLJDWHWKH
LQYDVLRQ RI 0 PLFUDQWKD LV WKRXJKW WR EH DQ LP
SRUWDQWDQGSURPLVLQJDSSURDFKWRSURYLGHVXVWDLQD
EOHDQGHQYLURQPHQWDOO\ IULHQGO\FRQWUROFRPSDUHG
ZLWK V\QWKHWLF FKHPLFDOV > @ 7KLV PHWKRG LV

MATERIALS AND METHODS
3ODQW 0DWHULDOV DQG $OOHORFKHPLFDOV 7KLV
H[SHULPHQW ZDV FRQGXFWHG LQ WKH 3ODQW 3K\VLRORJ\
/DERUDWRU\LQWKH'HSDUWPHQWRI%LRORJ\+DQVKDQ
1RUPDO 8QLYHUVLW\ &KDR]KRX &LW\ *XDQJGRQJ
3URYLQFH &KLQD 6HHGV RI 0 PLFUDQWKD ZHUH FRO
OHFWHG LQ 2FWREHU  IURP VXEXUEDQ QHLJKERU
KRRGVZLWKLQ&KDR]KRX&LW\&KLQD ƍƍ
1ƍ±ƍ( 
:H WHVWHG WKH SRWHQWLDO DOOHORSDWKLF HIIHFWV RI
VL[ FRPPRQ FKHPLFDOV ZLWKLQ WKLV IDPLO\ VRXUFHG
IURPWKH1DQMLQJ=HODQJ0HGLFDO7HFKQRORJ\&RP
SDQ\ 1DQMLQJ &KLQD 7KH PDLQ FKDUDFWHULVWLFV RI
WKHVHDOOHORFKHPLFDOVDUHOLVWHGLQ)LJXUHDQG7DEOH
DPRWKHUOLTXLGRIHDFKZDVSUHSDUHGDWDFRQFHQ
WUDWLRQRI[ μmol·L±1 ZLWKGLVWLOOHGZDWHUDQG
ZDVGLOXWHGWRVXEFRQFHQWUDWLRQVRIμmol·L±1 FRQ
WURO μmol·L±1[μmol·L±1μmol·L±
1
  [  μmol·L±1  [  μmol·L±1 DQG 
μmol·L±1UHVSHFWLYHO\
6HHG*HUPLQDWLRQ$P/VDPSOHRIHDFKVR
OXWLRQ LH VL[ DOOHORFKHPLFDOV HDFK SUHSDUHG DW
VHYHQGLIIHUHQWFRQFHQWUDWLRQV ZDVSODFHGRQILOWHU
SDSHU LQ D 3HWUL GLVK DORQJVLGH  0 PLFUDQWKD
VHHGV7KHVHSODWHVZHUHWKHQVHDOHGZLWKSDUDILOPWR
UHGXFH HYDSRUDWLRQ DQG SODFHG LQWR DQ LOOXPLQDWHG
LQFXEDWRU +RIIPDQ0DQXIDFWXULQJ$OEDQ\2UHJRQ
86$ DWDQDOWHUQDWLQJWHPSHUDWXUHF\FOHVRIR&
DQGR&IRUKHYHU\K(DFKWUHDWPHQW ZDV
UHSOLFDWHGDWOHDVWWKUHHWLPHVDQGDILQDOJHUPLQDWLRQ
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SUHSDUHGDWVHYHQGLIIHUHQWFRQFHQWUDWLRQV DQG+RD
JODQG VQXWULHQWVROXWLRQDVDFRQWURO7HQVHHGOLQJV
ZHUH SODFHG LQ HDFK GLVK DQG HDFK WHVW ZDV SHU
IRUPHGWKUHHWLPHVVHHGOLQJVZHUHKHOGLQWKHLOOX
PLQDWHGLQFXEDWRUDQGVXEMHFWWRDQDOWHUQDWLQJWHP
SHUDWXUHF\FOHRIR&DQGR&IRUKRXUVHYHU\
KRXUVDQGZHUHIXUWKHUPRLVWHQHGZLWKHDFKVR
OXWLRQDVQHFHVVDU\7KHVHWUHDWPHQWVHHGOLQJVZHUH
WKHQFDUHIXOO\UHPRYHGIURPWKHFXOWXUHPHGLXPDI
WHU WHQ GD\V WR DYRLG GDPDJH WR DQ\ URRW RU VWHP
VWUXFWXUHVDQGVKRRWDQGUDGLFOHOHQJWKVDVZHOODV
VLQJOHSODQWIUHVKZHLJKWVZHUHPHDVXUHG

UDWH   ZDVGHWHUPLQHG WHQ GD\VDIWHUFXOWLYDWLRQ
*HUPLQDWLRQ HQHUJ\ ZDV UHFRUGHG RQ WKH WKLUG GD\
DIWHUSODQWLQJDQGH[SUHVVHVWKHSHUFHQWDJHRIVHHGV
WKDWKDYHVWDUWHGWRGHYHORSYHUVXVWKHWRWDOQXPEHU
RIVHHGVWHVWHG>@
(DUO\6HHGOLQJ*URZWK$VGLVFXVVHGZHH[
DPLQHGWKHHIIHFWVRIDOOHORFKHPLFDOVRQHDUO\VHHG
OLQJJURZWKLQ0PLFUDQWKD7KXVJHUPLQDWHGVHHGV
RIWKLVSODQWZHUHWUDQVSODQWHGIURPWKHLQFXEDWRUWR
QHZ3HWULGLVKHVFRQWDLQLQJILOWHUSDSHUVPRLVWHQHG
ZLWK HDFK VROXWLRQ LH VL[ DOOHORFKHPLFDOV HDFK
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FIGURE 1
Chemical structures of the six allelochemicals used in this study
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*HUPLQDWLRQHQHUJLHVDQGILQDOJHUPLQDWLRQUDWHVRI0PLFUDQWKDZKHQWUHDWHGZLWKGLIIHUHQW
FRQFHQWUDWLRQVRIWKHVL[DOOHORFKHPLFDOVXVHGLQWKLVVWXG\
)HUXOLFDFLG

9DQLOOLFDFLG

7UHDWPHQW
μmol·L±1
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7KHYDOXHVLQWKLVWDEOHDUHPHDQV6' Q  WKRVHIROORZHGE\GLIIHUHQWOHWWHUV D±J DUHVLJQLILFDQWO\GLIIHUHQW
DWWKHDWSOHYHORQWKHEDVLVRI7XNH\¶VVWXGHQWL]HGUDQJHWHVW

RIWKUHHUHSOLFDWHVDOOVWDWLVWLFDODQDO\VHVZHUHSHU
IRUPHGXVLQJWKHVWDWLVWLFDOVRIWZDUHSDFNDJH6366
 6366 &KLFDJR ,/ 86$  DQG WKH VWDWLVWLFDO
VLJQLILFDQFHRIGLIIHUHQFHVEHWZHHQWKHPHDQVRIDO
OHORFKHPLFDOV WUHDWPHQWV ZHUH GHWHUPLQHG YLD RQH
ZD\ DQDO\VLV RI YDULDQFH $129$  IROORZHG E\
7XNH\¶VVWXGHQWL]HGUDQJHWHVW

0LWRWLF ,QGH[ 9DOXHV IRU WKH PLWRWLF LQGH[
ZHUH GHWHUPLQHG ZLWK WKH FDUERO IXFKVLQ VWDLQLQJ
PHWKRGYLDWKHVDPHVHHGOLQJFXOWLYDWLRQWUHDWPHQWV
DVXVHGLQWKHHDUO\JURZWKH[SHULPHQW7KXVDIWHU
WHQ WUHDWPHQW GD\V URRW GLVWDO IUDJPHQWV  FP
ORQJ ZHUHUHPRYHGDQGHPEHGGHGLQ&DUQR\¶VIL[
DWLYH JODFLDO DFHWLF DFLG HWKDQRO  ZY  IRU 
KRXUVEHIRUH EHLQJ ZHUH ZDVKHGIRXUWLPHVIRUWHQ
PLQXWHV HDFK LQ   HWKDQRO K\GURO\]HG LQ  0
+&ODWR&VWDLQHGZLWKFDUEROIXFKVLQ EDVLF
IXFKVLQ  SKHQRO LQ GLVWLOOHG ZDWHU ZY  DQG
WUDQVIHUUHGRQWRDVOLGH5RRWWLSV PPORQJ ZHUH
WKHQ FXW DQG LPPHUVHG LQ D GURS RI ZDWHU DQG WKH
PLWRWLF LQGH[ DQG IUHTXHQFLHV RI HDFK SKDVH ZHUH
FDOFXODWHG DV WKH SHUFHQWDJH LQ UHODWLRQ WR GLYLGLQJ
FHOOVDWWKLVVWDJHH[SUHVVHGDVDSHUFHQWDJH$WOHDVW
 FHOOV ZHUH H[DPLQHG IRU WKLV FDOFXODWLRQ DQG
WKHPLWRWLFLQGH[ZDVREVHUYHGXQGHUDOLJKWPLFUR
VFRSH 2O\PSXV$;3529,6 XVLQJWKHVRIWZDUH
SDFNDJHV9LHZ)LQGHUDQG6WXGLR/LWH 2O\PSXV 

RESULTS
6HHG *HUPLQDWLRQ7KH VHHG JHUPLQDWLRQ UH
VXOWVJHQHUDWHGE\WKLVUHVHDUFKDUHSUHVHQWHGLQ7D
EOH7KHVHGDWDVKRZWKDWERWKWKHgerminationenergy DQGfinal germinationUDWHRI0PLFUDQWKDZHUH
VLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRFRQWUROVDPSOHV
S ZLWKWKHH[FHSWLRQRIWUHDWPHQWZLWKTXHU
FHWLQDWμmol·L±1 DQGμmol·L±1FRQFHQWUD
WLRQV7KHVHUHVXOWVWKHUHIRUHLQGLFDWHWKDWGRVHVXS
SUHVVLRQVHIIHFWVDUHHYLGHQWLQERWKgerminationenergyDQGILQDOJHUPLQDWLRQUDWHERWKRIWKHVHYDULD
EOHV GHFOLQHG ZLWK LQFUHDVHG WUHDWPHQW FRQFHQWUD
WLRQV 7DEOH   ,QGHHG RI WKH VL[ DOOHORFKHPLFDO

6WDWLVWLFDO$QDO\VHV $OO H[SHULPHQWDO UHVXOWV
DUHSUHVHQWHGDVWKHPHDQVVWDQGDUGGHYLDWLRQ 6' 
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WUHDWPHQWV WHVWHG LQ WKLV VWXG\ VWURQJHVW LQKLELWLRQ
ZDV FDXVHG E\ WKHRSK\OOLQH DW D FRQFHQWUDWLRQ RI
μmol·L±1 D reduction in germinationenergyDQGDUHGXFWLRQLQfinal germination rate 
FRPSDUHG WR FRQWUROV ZKLOH HQKDQFHPHQWV ZHUH
RQO\VHHQIROORZLQJWUHDWPHQWZLWKTXHUFHWLQDWFRQ
FHQWUDWLRQVRIμmol·L±1 DQGμmol·L±1DQG
WKHUHZHUHno GLIIHUHQFHVLQWKHWZRFRQFHQWUDWLRQV
FRPSDUHG WR FRQWUROV 'DWD VKRZ WKDW  PRO·/±
WUHDWPHQW FRQFHQWUDWLRQV RI WKH VL[ DOOHORFKHPLFDOV
VLJQLILFDQWO\ UHGXFWHG JHUPLQDWLRQ HQHUJLHV E\
DQGUH
VSHFWLYHO\ S7DEOH DQGWKDWILQDOJHUPL
QDWLRQ UDWHV PDUNHGO\ GHFUHDVHG E\  
DQGUHVSHFWLYHO\ S
7DEOH  Comparative results show that GLIIHU
HQW FRQFHQWUDWLRQV RI WKH VDPH DOOHORFKHPLFDOV all
exhibited the strongest inhibitory effects at 
PRO·/±WUHDWPHQWV

radicle length and single plant fresh weight decreased by 53.4% and 46.3%, respectively). No differences in shoot length were seen following any of
the treatments, apart from vanillic acid at a 1
μmol·L±1 concentration (Figure 2B).
A significant increase (p < 0.05) in radicle
length was seen following quercetin and luteolin
treatments at 0.01-0.5 μmol·L±1 (Figure 1C, D and 2
C, D). At the same time, however, no significant differences in shoot length or singleplant fresh weight
were seen following any treatments, compared to the
control, with the exception of 1.0 μmol·L±1 quercetin.
The most significant acceleration in radicle length
was seen in the case of quercetin and luteolin treatments at 0.05 μmol·L±1 and 0. 1 μmol·L±1 (increases
of 26.2% and 38.8%), respectively (Figure 1C and
Figure 1D), while the strongest inhibition of single
plant fresh weight was seen after quercetin treatment
at 1.0 μmol·L±1 (by 14.9 %) compared to the control
(Figure 2 C).
Shoot and radicle lengths as well as single plant
fresh weights were not affected by theophylline
treatments (Figure 1E and 2E), while a 1.0 μmol·L±
1
concentration of theobromine significantly decreased the radicle length of this plant, a 10.7% decline compared to the control (Figure 1F and 2F).
The fresh weight of single M. micrantha plants were
also significantly reduced following 0.5 μmol·L±1
and 1.0 μmol·L±1 treatments (p < 0.05) of theobromine (Figure 2F).

(DUO\6HHGOLQJ*URZWK5HVXOWVVKRZWKDWWKH
UDGLFOH DQGVKRRWOHQJWKDV ZHOODVWKH VLQJOHSODQW
IUHVKZHLJKWRI0PLFUDQWKDZHUHDOOLQIOXHQFHGE\
GLIIHUHQWDOOHORFKHPLFDOWUHDWPHQWVDWGLIIHUHQWFRQ
FHQWUDWLRQV )LJXUH  DQG Figure   6SHFLILFDOO\
WUHDWPHQWZLWKIHUXOLFDFLGVLJQLILFDQWO\DFFHOHUDWHG
UDGLFOHOHQJWKDQGVLQJOHSODQWIUHVKZHLJKWDW±
μmol·L±1EXWVLJQLILFDQWO\LQKLELWHGWKHVHYDU
LDEOHV(p < 0.05)ZKHQDSSOLHGDWDFRQFHQWUDWLRQRI
±μmol·L±1The greatest stimulus seen in these
experiments followed 0.01 μmol·L±1 ferulic acid
treatment (i.e., radicle length and single plant fresh
weight increased by 38.8% and 16.0%, respectively),
while the strongest inhibitory effect was seen following treatment at 1 μmol·L±1 (i.e., radicle length and
single plant fresh weight were reduced by 40.8% and
32.4%). No differences in VKRRW OHQJWK, however,
were seen under any treatments (p > 0.05, Figure 1A
and Figure 2A), with the exception of ferulic acid
applied at concentrations of 0.5 μmol·L±1 and 1
μmol·L±1.
The radicle length in M. micrantha significantly increased following vanillic acid treatments
of 0.01 μmol·L±1 and 0.05 μmol·L±1 (p < 0.05), respectively, while single plant fresh weight was only
significantly increased following 0.05 μmol·L±1 (p <
0.05) treatment compared to the control (Figure 1B
and Figure 2B). In contrast, both radicle length and
single plant fresh weight significantly decreased
compared to the control (p < 0.05) when subject to
0.5 μmol·L±1and 1.0 μmol·L±1 vanillic acid treatments. The largest stimulus observed occurred following treatment with 0.05 μmol·L±1 vanillic acid
(i.e., radicle length and single plant fresh weight increased by 76.7 % and 86.2 %), while the strongest
inhibition was seen after 1 μmol·L±1 treatment (i.e.,

0LWRWLF ,QGH[ The effects of the six DOOHOR
FKHPLFDOV tested in this study on the root tip cell mitotic index of M. micrantha are shown in Table 3.
Results show that after ten days treatment with solutions of ferulic acid, the mitotic index significantly
increased (p < 0.05) compared to the control at concentrations between 0.01 μmol·L±1 and 0.1 μmol·L±
1
, while no significant reduction was seen (p < 0.05)
at concentrations between 0.2 μmol·L±1 and 1.0
μmol·L±1. The percentage of dividing cells in prophase decreased markedly following ferulic acid
treatment while the proportion of metaphase cells
significantly increased (p < 0.05), and no significant
differences during anaphase-telophase were seen
across all of these acid treatments. Indeed, treatment
with ferulic acid increased the percentage of cells in
metaphase but decreased the percentage in prophase;
data show that the percentage of cells in metaphase
increased by 143.7% following a 0.2 μmol·L±1 treatment, while the percentage of cells in prophase decreased by 41.9% following 1.0 μmol·L±1 treatment.
An increasing number of metaphase cells derived
from those dividing was inhibited as the anaphasetelophase stage was initiated but was stimulated at
the start of metaphase.
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7KHmitotic index significantly increased compared to the control DW vanillic acid FRQFHQWUDWLRQV
EHWZHHQμmol·L±1 DQGμmol·L±1, apart from
at 0.05 μmol·L±1. This index significantly decreased
by 25.7% and 54.4% (p < 0.05) following treatments
of 0.5 μmol·L±1 and 1.0 μmol·L±1, while the prophase percentage of dividing cells was also significantly different following all vanillic acid treatments
compared to the control, but there were no significantly differences. The proportions of dividing cells
in metaphase also increased markedly; although the
same result was seen for ferulic acid treatments, significant differences in anaphase-telophaseZHUHRE
VHUYHG IRU DOO YDQLOOLF DFLG treatments 7KLV DFLG
DFWHGWRLQFUHDVHWKHSHUFHQWDJHRIFHOOVLQPHWDSKDVH
DQG GHFUHDVH WKH SHUFHQWDJH LQ SURSKDVH FRPSDUHG
WRWKHFRQWUROWKXVWKHSHUFHQWDJHRIFHOOVLQPHWD
SKDVHLQFUHDVHGE\ZKLOHWKHSURSRUWLRQLQ
SURSKDVHGHFUHDVHGE\IROORZLQJμmol·L±
1
treatment with vanillic acid (Table 3).
Quercetin concentrations between 0.01
μmol·L±1 and 0.5 μmol·L±1 significantly increased
the mitotic index of M. micrantha (p < 0.05) compared to the control, most markedly after 1.0
μmol·L±1 (p < 0.05) treatment. In contrast, the percentage of dividing cells in prophase and anaphasetelophase decreased while those in metaphase markedly increased following quercetin treatment compared to the control (p < 0.05). The percentage of
cells in metaphase increased by 211.2 % following
treatment with 1.0 μmol·L±1 quercetin, while the percentage in prophase and anaphase-telophase decreased by 56.7% and 70.1% following 1.0 μmol·L±
1
and 0.5 μmol·L±1 treatments, respectively (Table 3).
Treatment with luteolin also significantly enhanced the mitotic index of M. micrantha, apart from
when a 1.0 μmol·L±1 concentration treatment was
applied. This treatment led to a significant decline in
the percentage of dividing cells in prophase, while
the proportion in metaphase increased markedly (p <
0.05). The percentage of cells in the anaphase-telophase stage significantly increased following 0.01
μmol·L±1, 0.05 μmol·L±1, and 0.20 μmol·L±1 luteolin
treatments but decreased significantly following
treatment with a 0.5 μmol·L±1 concentration. The
percentage of cells in metaphase and anaphase-telophase increased by 216.6% and 47.6% following 1.0
μmol·L±1 and 0.05 μmol·L±1 concentration treatments, while the percentage of cells in prophase and
anaphase-telophase decreased by 63.2% and 22.3%,
respectively, following 1.0 μmol·L±1 and 0.5
μmol·L±1 treatments (Table 3).
No significant differences in the mitotic index
were seen in these experiments as a result of theophylline treatments at varied concentrations, apart
from those at 0.10 μmol·L±1 and 1.0 μmol·L±1. However, the percentage of dividing cells in prophase
was significantly decreased while the percentage in

anaphase-telophase was significantly increased following all theophylline treatments (p < 0.05); the
percentage in anaphase-telophase was significantly
decreased by 0.05 μmol·L±1 and 1.0 μmol·L±1 treatments of theophylline, while no significant differences were seen following all other treatments compared to the control. The percentage of cells in metaphase increased by 90.2% following 1.0 μmol·L±1
theophylline treatment, while the percentage in prophase and anaphase-telophase decreased by 18.2%
and 47.6%, respectively, following 1.0 μmol·L±1
treatment (Table 3).
Results show that theobromine treatment VLJ
QLILFDQWO\GHFUHDVHGWKHSHUFHQWDJHRIGLYLGLQJFHOOV
LQ SURSKDVH FRPSDUHG ZLWK WKH FRQWURO DQG PDUN
HGO\LQFUHDVHGWKRVHLQPHWDSKDVH. $WWKHVDPHWLPH
WKHSURSRUWLRQRIFHOOVLQanaphase-telophaseGLGQRW
GLIIHU VLJQLILFDQWO\ ZKHQ FRPSDUHG WR WKH FRQWURO
WKHSHUFHQWDJHLQPHWDSKDVHLQFUHDVHGE\IRO
ORZLQJ  μmol·L±1 theobromine WUHDWPHQW ZKLOH
WKHSURSRUWLRQLQSURSKDVHGHFUHDVHGE\ (Table 3).

DISCUSSION
It is well-known that the weed M. micrantha
can sexually reproduce easily and generate a large
number of seeds [39], its main invasion route into
new ecosystems [23]. A range of compounds (including phenolics, flavonoids, and terpenoids) have
been implicated as key allelochemicals involved in
aspects of plant seed germination and growth suppression, including crops and weed species [40, 41,
42]. The phenomenon of plant growth inhibition by
these compounds is considered to be biotic and is
WHUPHGµDOOHORFKHPLFDO VWUHVV¶>@7KH UHVXOWV
of this paper show that both the seed germination energy and final rate in M. micrantha were suppressed
by almost all the allelochemical treatments considered when compared to the control, and that both
variables declined with increased concentration.
These results indicate that dose-suppressed allelochemical stress exists in the germination stage for M.
micrantha; indeed, the most effective inhibition was
caused by theophylline treatment at 1.00 μmol·L±1
(germination energy decreased by 92.2% and final
germination rate declined by 75.6%), a similar pattern of changes to those previously reported by Hu
and But [23] who applied three herbicide concentrations of glyphosate (i.e., 1.54%, 0.154%, and
0.0154%), bentazone (i.e., 0.4%, 0.04%, and
0.004%), picloram (i.e., 0.2%, 0.02%, and 0.002%),
and oxadiazon (i.e., 1.0 %, 0.1%, and 0.001%) to M.
micrantha. These results demonstrated that all four
herbicides had inhibitory effects on seed germination, and that a 0.4% concentration of bentazone and
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high concentrations. Similarly, the mitotic index of
root tip cells decreased with increased exposure to
concentrations of theophylline and theobromine.
The result of our experiments show that both the root
growth and mitotic index of M. micrantha increased
when plants were treated with low concentrations of
the four allelochemicals, ferulic and vanillic acid, as
well as quercetin and luteolin, but that these parameters decreased at high concentrations, and were both
inhibited by theophylline and theobromine treatments. The percentage of metaphase cells was also
increased, while the percentage of anaphase-telophase stage cells decreased, and those from metaphase to anaphase-telophase stages were suppressed
at all treatment concentrations of the six allelochemicals. A similar set of results were reported for $O
OLXPcepa when this plant was treated with a number
of allelochemicals and herbicides, including L-3, 4dihydroxyphenylalanini [59], xanthoxyline [60], cyanamide [61], pentachlorophenol, 2, 4-D, butachlor
[35], and maleic hydrazide [62]. In another similar
study, Teerarak et al. [58] demonstrated that root tip
cell mitosis was inhibited and micronucleus methanolic production enhanced in onion when treated
with extracts from the dried leaves of -DVPLQXP officinale as this influenced both growth and hereditary stability. Indeed, a reduction in mitotic index
might be the result of a reduction in the splinter cell
ratio as well as an increase in the percentage of metaphase cells in plant root tips as cell mitotic processes were delayed and the entire cycle was prolonged. Such delays in the cell cycle can include the
DNA synthesis S, G1, and G2 phases as well as cell
division processes, and are one of the main reasons
that allelochemicals inhibit receptor plant seedling
root growth [63, 64]. Zachariadis et al. [65] noted out
that mitosis in Triticum turgidurn was affected by
ethidium bromide, a key RNA synthesis inhibitor,
and they also considered that this chemical acts to
block and inhibit tubulin synthesis which can interfere with the formation of spindle fibers in plant cells;
the traction effect of spindle fibers has been regarded
as important during cell division between metaphase
and anaphase-telophase [12]. We hypothesize that M.
micrantha division at metaphase ceased and that the
entry of cells into anaphase-telophase was reduced
as the inhibitory effects of the six allelochemicals
studied in this paper increased in concentration. This
may be due to the fact that tubulin synthesis is also
suppressed by allelochemicals, which also affect the
formation of spindle fibers. However, as this remains
speculative, further research will be required to corroborate these effects.
In summation, the results of this study indicate
that seed germination in M. micrantha was suppressed by treatment with allelochemicals, and the
most effective inhibition was due to theophylline ap-

a 0.2% concentration of picloram were the most effective.
In similar work, Inderjit and Duke [45] measured the commonly used parameters shoot and radicle lengths as well as single plant fresh weight in order to evaluate allelopathic effects on plant growth
and development. This activity generally depends on
compound concentration, the target species, and
chemical type; the results of this study verified the
fact that that shoot length and the single plant fresh
weight of M. micrantha were significantly promoted
at low concentrations of ferulic and vanillic acids (p
< 0.05), while high concentrations significantly inhibited these variables. The results of this study
therefore corroborate the fact that either simulatory
or inhibitory effects depend on concentration, similar to previous findings [46, 47]. Pelegrini et al. [48]
and Suzuki et al. [49] have pointed out, for example,
that a reduction in root growth is one key effect of
allelochemical exposure, and that the inhibitory effects of these chemicals on root growth are similar to
the damage caused by natural detergents. Although
these substances can inhibit germination and plant
growth [50], our results show that both quercetin and
luteolin treatments at concentrations between 0.01
μmol·L±1 and 0.5 μmol·L±1 significantly increased M.
micrantha radicle lengths (p < 0.05), while both
shoot lengths and single plant fresh weights remained unaffected. As all three of these variables
also remained unaffected following treatment with
various concentrations of theophylline and theobromine, we speculate that this result may be indicative
of the powerful invasive ability and allelochemicals
resistance of this weed which itself contains some of
these compounds (i.e., phenolics, flavonoids, alkaloids, and terpenes) and so exerts strong allelopathic
effects on other plants [51-53]. Early studies have
shown that roots are more sensitive than shoots to
different treatment concentrations of these six allelochemicals, and these chemicals have more marked
effects on roots than on shoots [54, 55]. The major
cause underlying this difference might be the fact
that roots are first part of the plant to absorb allelochemicals from the environment [56].
The growth of plant root cells depends on normal mitotic processes in root tips. Cell division is a
continuous process which includes DNA synthesis,
mitosis, and cytokinesis, all of which take place in
the meristematic regions of plants [57]. This means
that the mitotic index as well as alterations in mitotic
phases are key parameters that can be used to measure actively dividing cells and evaluate plant growth
[58]. The results of this study show that the six allelochemicals evaluated all have different effects on
root tip cell division of M. micrantha; values of the
mitotic index were enhanced by ferulic and vanillic
acid treatments as well as quercetin and luteolin at
low concentrations, while the opposite was true at
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plication at a concentration of 1.00 μmol·L±1. Similarly, the strongest inhibition on M. micrantha early
seedling growth was via treatment with 1μmol·L±1
vanillic acid. Results also show that the mitotic index
of this weed plant was increased via ferulic and vanillic acid treatments, as well as by quercetin and luteolin treatments at low concentrations, while this index decreased with further increases in allelochemical concentrations. In addition, cells from metaphase
to anaphase-telophase were also inhibited by the six
allelochemical treatments we applied, which all influenced the growth of M. micrantha. We therefore
conclude that both theophylline and vanillic acid exert stronger allelopathic effects on this weed plant in
seed germination and early seedling stages, respectively. These two chemicals are therefore key resources for the development of botanical herbicides
to curb the early stage proliferation of M. micrantha.

[7] &KHQ%03HQJ6/DQG1L*<  (I
IHFWV RI WKH LQYDVLYH SODQW 0LNDQLD PLFUDQWKD
+%.RQVRLOQLWURJHQDYDLODELOLW\WKURXJKDOOH
ORSDWK\LQ6RXWK&KLQD%LRORJLFDO,QYDVLRQV

[8] =KDQJ/<<H:+&DR+/DQG)HQJ+/
  0LNDQLD PLFUDQWKD +%. LQ &KLQD DQ
RYHUYLHZ:HHG5HVHDUFK
[9] 6ZDP\ 36 DQG 5DPDNULVKQDQ 36  
:HHG SRWHQWLDO RI 0LNDQLD PLFUDQWKD +%.
DQGLWVFRQWUROLQIDOORZVDIWHUVKLIWLQJDJULFXO
WXUH -KXP  LQ 1RUWK(DVW ,QGLD $JULFXOWXUH
(FRV\VWHPV (QYLURQPHQW±
[10] 6XQGDUDSDQGLDQ 60 0XWKXPSHUXPDO &
DQG6XEDVKUHH.  %LRORJLFDO,QYDVLRQRI
9LQHV7KHLU,PSDFWVDQG0DQDJHPHQW,Q%LR
GLYHUVLW\RI/LDQDV6SULQJHU,QWHUQDWLRQDO3XE
OLVKLQJ±
[11] &DOODZD\50DQG$VFKHKRXJ(7  ,Q
YDVLYHSODQWVYHUVXVWKHLUQHZDQGROGQHLJKERUV
DPHFKDQLVPIRUH[RWLFLQYDVLRQ6FLHQFH
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CALCULATING AND MODELLING CANOPY STOMATAL
CONDUCTANCE OF PINUS SYLVESIRIS VAR. MONGOLICA
FROM SAP FLOW AND ENVRIROMENTAL DATA IN
HORQIN SANDY LAND, CHINA
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model offers a solution to the above-specified problems and this study could put forward the intentionality reference views and conservation management
advice.

ABSTRACT
Mongolian pine plantations bear ecological
significance meanings to desertification control and
degraded land restoration in arid and semiarid regions. To date knowledge about the water consumption characteristics and physiological response to environmental factors of Pinus sylvesiris var. mongolica (P. sylvesiris) in Horqin Sandy Land, China is
quite limited. Thus to better understanding its responses to environmental factors and developing
mechanism-based models of forest transpiration can
offer a theoretical basis for reasonable afforestation
in this region. In this study, the primary objective of
this study was to employ a Jarvis-type model of canopy stomatal conductance (gs) in P. sylvesiris and
use the model to simulate long-term trend variations.
During the research, the sap flow rates of six tree
samples were monitored under natural conditions
from May to October 2015. The volumetric soil
moisture content and meteorological factors were obtained at an ecological monitoring tower on site. Results indicated that the obtained sap flow data were
applied to the Penman-Monteith equation, which did
accurately estimate the seasonal patterns of gs. No
time lag occurred during the measurement period. The
meteorological variables like vapor pressure deficit
(VPD), wind speed (Ws), solar radiation (Rn) and relatively humidity (RH) were significantly correlated
with estimated gs. And Ws factor had the greatest impact on gs values with R2 were higher than 0.970.
Therefore gs values could be directly simulated from
Ws data. The Jarvis model was set up to express the
variation observed in gs, and better performance was
obtained by the model that employs a function of Rn,
followed by the model that employs functions of
VPD and RH. The results of sequence affecting the
accuracy of the model was Rn > VPD > RH. And the
results also indicate that models based on different
combinations of these three functions generally performed better than those based on Rn, VPD and RH
independently. Overall, the proposed Jarvis-type

KEYWORDS:
Canopy stomatal conductance, Pinus sylvesiris var. mongolica, Jarvis-type model, Environmental factors, Horqin
sandy land

INTRODUCTION
A combination of human abuses of the land
such as over-cultivation, urbanization and adverse
climate variations like droughts and rainstorm has
resulted in the degradation of arid and semi-arid
lands worldwide [1±3]. China has been more challenged by desertification in large areas (about 2.64
billion ha), because of the large human population
and the insufficient natural resources. Among the
vast of sand lands area, Horqin Sandy Land (HSL) is
one of the four largest sandy lands in China. It is also
one of the major sources of sand storms in Northern
China. It is located in the east of Inner Mongolia of
China with a geo-location of ƍ±ƍ(,
ƍ±ƍ1. There are 18 counties in the HSL
region, and is an important component of the farming and pastoral zones in China [4]. The main form
of sandy desertification in the desert is the evolution
of anchored dunes into semi-anchored and mobile
dunes. Land degradation due to vegetation cover loss
and the subsequent desertification has been attributed to limitation of water resources [5]. For soil
restoration and sand-transformation, methods like
mechanical sand barrier [6], biological soil crust [7]
and afforestation have been carried out in severe
sandy lands in China. Among these means, afforestation is determined to be the effective way to prevent
wind prevention and increase biodiversity incensement. For more than 50 years environmental man-
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largely water-consumption for transpiration by tree
species and limitations of natural rainfall conditions
[2, 7, 10±13].
Currently, the characteristics of transpiration
rates of P. sylvesiris have been commonly investigated [4, 14]. While, we are not aware of any studies
focusing on canopy transpiration of P. sylvesiris
throughout an entire growing season in HSL, China.
To date, the sap flow measurement like thermal dissipation (TDP) method approach provides wholetree transpiration on a daily and seasonal basis [15,
16]. Thus, accurate measurements of transpiration
and the use of Penman-Monteith (PM) equation to
estimate the diurnal and seasonal change of canopy
stomatal conductance (gs) are feasible [17, 18].
Moreover, in the gs modelling studies, transpiration
eco-hydrological research indicates that plants regulate gs in response to variations in environmental variables such as air temperature (Ta), relative humidity
(RH), solar radiation (Rn), wind speed (Ws) and rhizospheric environments [19, 20]. With several empirical models of gs responses to above factors have
been established [21]. The Jarvis-type model has
been the most commonly used due to its accountability, utility and manipuility [22]. And the model
can incorporate atmosphere and rhizospheric environment variables separately [22, 23]. Though the
effect of individual environment factor has been well
studied, but there is an incomplete knowledge of interactions among environmental variables, which
leads to a failure to represent plant physiological parameters accurately [19]. Thus a significant convergence in the structure of multilayer models and the
algorithms are needed [24].

agement, these artificial plantations have been established in the interest of desertification control and
timber production in sandy areas [2, 8].
As a main tree species on sandy land, Mongolian pine, a geographical variety of Scots pine (P.
sylvestris), is naturally distributed in the Daxinganling mountains, Haila'er, Wangong, Cuogang,
He'erhongde, Hunhe and Ha'erhahe areas in Inner
Mongolian Autonomous Region and Hulunbeier
VDQG\ SODLQ RI &KLQD ƍ±ƍ( ƍ±
ƍ1  SDUWV RI 5XVVLDQ DQG 0RQJRO ƍ±
ƍ(ƍ±ƍ1LWVYHUWLFDOGLVWULEXWLRQLV
in the range of 600±2000 m above sea level) [9]. On
account of the wind-sheltering, cold and drought-resistance and broad adaptation, the P. sylvestris has
been broadly introduced from the origin of Hulunbei'er sandy land to many parts of China, especially
in "Three North" Protective Forest System Project
[9]. The aim of planting P. sylvestris is to fix the
sandy lands, reduce soil desertification and supply
timber [10]. Revegetation projects were initiated in
HSL in the mid-1950s. The artificial plantations
adapted well to the area compared with this species
in its original native regions of northern China.
Although it had been successful in establishing
P. sylvestris by planting seedlings on sandy land, degenerating phenomena such as unexpectedly slow
growth, top withered and abnormal development
have occurred in the earliest Mongolian pine plantations since later of 1980s. These problems have
raised serious concerns about the artificial plantations management and in the extensive studies, researchers have pointed out that the main reason for
causing massively degeneration of P. sylvestris is the

FIGURE 1
The geographical position of the study site.
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TABLE 1
Characteristics of Mongolian pine tree samples a
Tree number/
(n)
1
2
3
4
5
6

H/
(m)
14.5
14.0
14.2
14.3
14.4
14.1

DBH/
(cm)
38.0
37.5
38.1
32.5
32.5
32.8

H/DBH
0.382
0.373
0.373
0.440
0.443
0.430

Height under branch/
(m)
6.5
6.4
6.5
6.6
6.3
6.2

Canopy area/
(m2)
50.05
48.65
49.66
48.28
38.19
40.26

Sapwood depth/
(m)
0.155
0.154
0.150
0.125
0.115
0.116

Sapwood area/
(m2)
0.0754
0.0750
0.0753
0.0491
0.0415
0.0414

a

H represents height, DBH represents diameter at breast height, H/DBH represents ratio of height to diameter at
breast height.

of year: DOY 120±288). Six tree samples were chosen in a plot of 100 m×100 m with stand density of
500 trees ha. Initial planting time was in year of 1970
(mature timber), and theses plots were under the natural state, which were intact and not affected by human disturbance. Within these plots, the domination
vegetation species is P. sylvesiris and understory
species compose a sparse grass-shrub layer. The general information of the sample trees can be seen in
Table 1. The TDP method (Dynagauge, Dynamax
Inc., Houston, USA) was applied to the trunks of P.
sylvesiris during the study period. The theory and
methodology of using sap-flow gauges are described
in details [25]. The whole tree leaf area was measured
by using LAI-2000 apparatus (LI-Cor Co., Lincoln,
Nebraska., USA).

Apparently, more information is needed regarding details of calculating and modelling gs of P.
sylvesiris based on sap flow data in HSL, China. So
we carried out filed experiment in Liaohe-River
Plain Forest Ecosystem, Chinese Forest Ecosystem
Research Network Station, which locates in southern
HSL, and also known as the only ecological monitoring statioQLQ³7KUHH1RUWK´UHJLRQV&KLQDWith
its semi-arid environmental conditions, the study site
is quite a representative.
Therefore, our specific goals were to study: (1)
to estimate the gs from sap flow measurements by
inverting the PM equation and test its accuracy and
coherency and (2) to explore how the environmental
factors affect the gs under natural conditions and (iii)
to apply Jarvis-type model to simulate gs on a scale
of daily basis, and test its accuracy and utility.

Meteorological and soil volumetric moisture
content measurements. Meteorological data were
obtained using an on-site ecological monitoring
tower (Campbell Scientific Inc., Logan, UT, USA).
Ta, RH, VPD, Rn, photosynthetic active radiation
(PAR), Ws and P were continuously measured at
every 30 min. This work was conducted based on
)RUHVWU\ 6WDQGDUGV ³2EVHUYDWLRQ 0HWKRGRORJ\ IRU
Long-WHUP)RUHVW(FRV\VWHP5HVHDUFK´RI3HRSOH¶V
Republic of China (LY/T 1952±2011).
Soil volumetric moisture content (SVWC) was
obtained using a soil volumetric moisture detector
(HH2 Soil Moisture Probe type ML2x and Meter
type HH2) at soil depths of 5 cm, 10 cm, 20 cm, 40
cm and 100 cm respectively. And the reference evapotranspiration (ET0) was calculated using the PM
equation [19]:

MATERIALS AND METHODS
Study site descriptions. The experimental area
was located in Liaohe-River Plain Forest Ecosystem,
Chinese Forest Ecosystem Research Network Station (see Fig. 1) (between 42°33´E and 43°29´E, and
between 123°32´N and124°26´N), with altitude 457
m above sea level). The site area is dominated by a
continental, monsoon-influenced semi-arid climate,
with cold, long winters, and hot and humid summers
with precipitation (P) around 400 mm (year of 1950±
2015). Most of the precipitation occurred from June
to September. Mean annual potential evaporation is
1078 mm. Mean annual temperature of around
7.9°C. The frost-free period is about 136 d. The prevailing wind is mainly from the northeast, and wind
speed averages 2.6 m s±1. The landscape is characterized by fixed sand dunes, which is identified as
dark brown forest soil, eolian sandy soil and meadow
soil. The natural vegetation in the study area consists
largely of P. sylvestris, Pinus tabuliformis Carrière
and Populus L.

900
P (es  ea )
Ta  273
(1)
'  b(1  0.34) P

0.408'( Rn  G )  b
ET 0

where ET0 is reference evapotranspiration (mm.d±1);
G is soil heat flux density (W.m±2); es is saturated
vapour pressure (KPa); ea is actual vapour pressure
(KPa);  ڹis vapour pressure slope of curves
(KPa.Υ±1  Ȗ LV SV\FKRPHWULF FRQVWDQW 
KPa.Υ±1).

Field set up of sap flow system. The study was
conducted from 1st May to 15th October, 2015 (Day
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Canopy stomatal conductance calculation
based on sap flow data. gs was calculated using reversed PM equation as follows [19]:

f ( RH )

(2)

1 1

gc g a

RMSE

MAE

(3)

1 {ln > ( zh  zd ) / z 0 @}
(4)
ga
uk 2
where zh is reference height above canopy (m); zd is
shift height (m); hc is average height of canopy (m);
z0 is roughness (m); k is Karman constant number.
2
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(8)
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Statistical analysis. The data processes and
plotting were completed with version 21.0 of the
6366VRIWZDUH ,%0,QF1&86$ $QG.HQGDOO¶V
tau correlation coefficient were used to distinguish
the correlation and significant differences. By using
OriginLab. OriginPro 9.0 software (OriginLab Inc.,
Northampton, MA, USA) simple linear regression
and correlation analysis were performed to identify
the relationships between estimated and simulated
gs. Software Canoco for Window 5.0 was used for
redundancy analysis (RDA) to analysis the relations
between estimated gs and environment factors, and
the plot were finished by using CanoDraw (Canoco
5.0; University of South Bohemia, Ceske Budejovice, Czech Republic).

Modelling canopy stomatal conductance and
Error analysis. The model is described by a nonlinear function and it is assumed that each variable acts
independently, the model form as follows:
LAI
(5)
gs gs max
f 1( A), f 2( B), f 3(C ),...etc...
1  0.5LAI
where gs max is maximum of gs; LAI is leaf area index.
In this research, we adopted RH, VPD and Rn
factors, the specific model forms are defined as:

f (VPD) k 1VPD exp ( k2VPDVPD )

RH  k 4 RH
RH

Root mean square error (RMSE), mean absolute error (MAE) and mean relative error (MRE)
were used as follows:

where Rs is shortwave radiation (W.m±2); ȜLVODWHQW
heat of moisture evaporation; ra is the leaf boundary
layer resistance (s.m±1). ga is the aerodynamics conduction degree (m.s-1); gc is canopy conductance
(m.s-1); Ec is transpiration rate was calculated by sap
flow rate and canopy size (L.m±2).

1
gs

(7)

Precipitation (mm)

gc

JO Ecga
'Rn  U CpVPDga  O ('  J ) / Ec

Rn  k 3 Rn
Rn

f ( Rn)

0
5-1 5-10 5-20 6-2 6-12 6-22 7-4 7-14 7-24 8-6 8-16 8-26 9-8 9-18 9-28 10-10 10-20
Date

FIGURE 2
The seasonal variation of ET0 rate (line) and P (column) in the study period of 2015
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FIGURE 3
The seasonal variation of Ec where P. sylvestris trees (hollow circular dot) and whole tree leaf area
(solid circular dot) naturally habitat in the study period of 2015, vertical bars indicate standard errors
of means (n=6)
SVWC averages 0.194 m±3.m±3 (depth in 5 cm), 0.278
m±3.m±3 (10 cm), 0.259 m±3.m±3 (20 cm), 0.141 m±3.m±
3
(40 cm) and 0.240 m±3.m±3 (100 cm) respectively.
In general, with sparsely precipitation events (P
totaled 162.400 mm) and abundant sunshine (Rn averaged 201.812 W. m±2.d±1) during the growing season, the weather in study site of Horqin Sandy Land
is same to other three semi-arid land regions like Mu
Us, Hunshandake and Hulunbeier Sandy Land,
which characterized by summers with long water
deficit periods [26]. However, as seen in Fig. 5,
though the total rainfall was few, but forest soil could
absorb more water during rainfall event, and hold
water for longer periods because of the Mongolian
pine plantations. P. sylvestris had positive effects on
soil physical properties. Moreover, in Fig. 3, for
amount of water supply, great ET0 occurred from
June to August, and after that additional water complemented into the forest soil. Together with relatively low ET0 values, so the soil moisture continuously maintained high level during the study period.
Thus, during our study, no water deficit happened in
the surveyed period.

RESULTS AND DISCUSSION
Environmental characteristics description
during the study period. During the study period
(DOY120±288), 2015, the frost-free period was about
100 days. Total ET0 during the experiment period was
862.905 mm, total P of 162.400 mm (see Fig. 2).
In Fig. 3, among the sample trees, the variation
trends of Ec and whole tree leaf area were similar, and
the average evapotranspiration rate was 0.581±0.137
mm d±1.
Fig. 4 showed the variations change trend in the
meteorological variables at the experiment site. During the period, The Ws averaged 0.738 m.s±1, with
range from 0.156 m.s±1 to 2.124 m.s±1 (Fig. 4b). Ta,
VPD, RH, Rn and PAR showed the same change
trend. Throughout the study, the average of these values are 19.903Υ, 1.601 KPa, 68.86%, 201.812 W.m±
2 ±1
.d and 401.876 u.mol.s±2.m±2, respectively (see Fig.
4a, Fig. 4c, Fig. 4d, Fig. 4e and Fig. 4f).
SVWC differed in months. As seen in Fig. 5,
SVWC increased during the rainy days, and declined
after the rainfall event. In the whole growing season,
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FIGURE 4
The patterns of variation in the meteorological variables like Ta (a), Ws (b), VPD (c), RH (d), PAR (e),
Rn (f) over the experimental period of 2015

The response of estimated canopy stomatal
conductance to meteorological parameters. The
purpose of this section is to (1) test the accuracy and
coherency of gs estimation from sap flow measurements by using reversed PM function and (2) to extract important meteorological parameters, which
have great impact on gs under natural conditions,
then establish them into the Jarvis-type model to
simulate gs during the study period.
From the analysis of the results given above,
the SVWC factor was excluded for no water deficit
occurred during the whole growing season time. And
in Fig. 7, results of RDA showed that the first canonical axes can explain most of the variation
(R2=0.905), and the total cumulative variance (TCA)
accounting for axes totaled 90%, which suggests estimated gs values were strongly correlated with this
axe. The RDA graph indicated a strong correlation
between estimated gs and VPD, Ws, ET0, Rn and RH.
,Q7DEOHWKH.HQGDOO¶VWDXYDOXHVLQGLFDWHGWKDWWs
and ET0 had the strongest influence on gs values with
R2 average 0.743 and 0.980 respectively. While, Ta
and PAR had the least effect on gs values and the results agree with RDA analysis. Therefore, we obtained accurate gs estimation from sap flow measurements by using reversed PM equation (gs values
were significantly correlated with ET0).

Time lags effect determination. Transpiration
is influenced indirectly by leaf water potential
through its effect on the stomatal aperture of plants
[19]. Because of a high radial hydraulic resistance
between the water storage compartments in the stem
and the conducting xylem tissue [27], water uptake
and loss may cause transient changes in internal water deficits and that are strongly correlate to the dynamics of the leaf water potential [19]. Thus, time
lag may occur between hourly sap flow (Js) and canopy transpiration. Such an imbalance phenomenon
are often reported, and mostly observed in arbor
trees [28]. In the previous studies, time lag effect is
directly measured or estimated by a model, and time
lag values were found to be about 90 min in the coniferous species [29]. During our research, time lag
was estimated from a formal time series analysis of
environmental variable (Ws) and Js.
The results showed that there were no lags in
the study period (with the highest correlation coefficients) (see Fig. 6). The reason could be the evenly
distribution of P during the study period. The plant
cells are provided with water and nutrients after a
rainfall period, which increases ability of the plant to
respond to changes in light intensity and the time lag
effect was becoming less obvious [19].
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FIGURE 5
The Seasonal variation of SVWC (lines) measured in soil layers of 5, 20, 40 and 100 cm and P (column)
over the experimental period of 2015
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FIGURE 7
RDA for the relationship between estimated gs values of P. sylvestris and selected environment
variables like Ta, Ws, VPD, Rn, PAR, RH, ET0
TABLE 2
.HQGDOO¶VWDXFRUUHODWLRQPDWUL[EHWZHHQestimated gs and the selected meteorological variables a
Traits
Tree no.1
Tree no.2
Tree no.3
Tree no.4
Tree no.5
Tree no.6
a

ET0
0.742**
0.740**
0.741**
0.736**
0.754**
0.744**

Ta
0.203
0.202
0.196
0.201
0.194
0.200

Ws
0.985**
0.978**
0.984**
0.974**
0.982**
0.980**

RH
-0.402*
-0.412*
-0.436*
-0.452*
-0.432*
-0.452*

VPD
0.410*
0.421*
0.463*
0.451*
0.447*
0.413*

Rn
0.436*
0.448*
0.475*
0.463*
0.496*
0.452*

PAR
0.266
0.248
0.278
0.302
0.296
0.274

The values marked*and**mean they are significant at p < 0.05 and p < 0.01, respectively
0<Rn<200W.m±2 and Rn >200W.m±2, because gs values within this range have a great variability in general. Then we divided the whole measurement time
into two periods according to the plant growth rate:
Period A (n=76, DOY 120±196) (early growth rate)
and Period B (n=92, DOY 197±288) (mid and late
growth rate). By to Models were built to estimate its
uncertainty values (By using nonlinear least squares
method to determine the value of k1VPD, k2VPD, k3Rn
and k4RH) by using data of A, B period separately,
and by comparing simulated gs and calculated gs to
testify models accuracy.
Tables 3 summarizes the obtained parameter
values and simulated results. The standard deviation
of kRH was relatively high and kRn was relatively low
in both of period A and period B. This proves that Rn
had great impact on gs while the kRH had relatively lit-

Modeling and verification of canopy stomatal conductance. The merit of Jarvis-type model
is it has the clearest effect of environmental factors
on optimized gs max values [19]. And according to
Jarvis description, the relationship between gs and
environmental variables are described in a nonlinear
way, where the gs max is reduced by stress functions,
which are assumed to act independently [30].
In this paper, we adopted this form of model to
construct gs model, and consider all these factors like
VPD, Rn and RH as mentioned above (Ws factor was
excluded for it had the greatest impact on gs, thus gs
values can be directly estimated from Ws data), and
take LAI into consideration, the model was established in the form of Eq. 5. Moreover, data from the
specified time range (20:00±04:00) were excluded
for the transpiration rate is nearly stop at that time.
Also, data were discarded under the conditions of
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as a result of relatively unstable values of evapotranspiration and strong Rn [19]. So unlike period B, sap
flow rates in period A were more stable, and gs values
obtained were very close to the simulated values.
Also, for better illustrate how did these meteorological variables affect the models accuracy, we introduced these three variables independently and
make different combinations to see the changes of
determination coefficients. The results showed that
though R2 of f(RH), f(Rn) and f(VPD) were relatively
low (R2<0.600), but combined these three factors
into the Jarvis-type model, the determination coefficient could be significantly increased (R2>0.740).
Overall, the order of determination coefficient in Jarvis-type model from single variable was: Rn> VPD>
RH. And the results were in agreement with the findLQJVRI5'$DQG.HQGDOO¶VWDXFRUUHODWLRQ

tle influence on gs. The order of dominant environmental variables were Rn> VDP>RH, with the lowest RMSE, MAE and MRE were 0.256, 0.232 and
0.135 separately, which was in agreement with the
results showed in Table 2.
We carried out a regression analysis between the
estimated gs values and the simulated gs values. As
shown in Fig. 8, the simulated values were significantly linearly correlated with the estimated values
(R2=0.764, p<0.01, period A and R2=0.745, p<0.01,
period B). The simulate data and the calculated data
distribute well beside the 1:1 line. The Jarvis-type
model obtains good results.
It is noted that in period A, the simulation results
were more preferable (R2=0.840). While, during the
period B, due to the unevenly P distribution and intensive ET0, a wide range of sap flow rates were observed

TABLE 3
The model parameters determination and error analysis for P. sylvestris tree samples a
Parameter
Period A (n=76)
Period B (n=92)
All data (n=168)

k1VPD
4.030±0.186
4.434±0.188
4.265±0.187

k2VPD
0.141±0.018
0.191±0.022
0.167±0.020

k3Rn
-0.009±0.004
-0.002±0.001
-0.005±0.003

k4RH
-3.940±0.905
-5.293±2.429
-4.598±1.269

R2
0.740
0.840
0.752

RMSE
0.310
0.256
0.274

MAE
0.232
0.234
0.233

MRE
0.185
0.135
0.176

a

± followed by standard deviation, Period A (DOY 120±196, defined as a relatively steady growth rate time period)
and Period B (DOY 197±288, defined as a rapid growth rate time period)
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FIGURE 8
Comparison of the estimated and simulated gs values of P. sylvestris in period A (a) and B (b)
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TABLE 4
Determination coefficients in Jarvis-type models from different variables combination in
experiment period

Model types
f(VPD) f(Rn) f(RH)
f(Rn) f(RH)
f(VPD) f(RH)
f(VPD) f(Rn)
f(RH)
f(Rn)
f(VPD)

1
0.756
0.526
0.477
0.567
0.464
0.596
0.496

2
0.763
0.546
0.486
0.556
0.463
0.584
0.503

Determination coefficients (R2)
3
4
0.754
0.742
0.477
0.497
0.476
0.466
0.490
0.506
0.456
0.432
0.569
0.574
0.499
0.513

5
0.743
0.503
0.496
0.533
0.476
0.576
0.524

6
0.756
0.507
0.486
0.524
0.486
0.574
0.496

Stomata generally close as VPD increases, and the
response is often depicted as a nonlinear function.
The magnitude of the reduction or the slope of the
stomatal conductance to VPD relationship reflects
the response sensitivities [19]. Furthermore, VPD
and its interaction with Rn are critical factors that influence stomatal conductance [33-36]. Plants commonly experience partial or complete stomatal closure during the middle of the day. When Rn is abundant, stomatal closure is mediated by humidity in the
atmosphere at the leaf surface. However, the exact
mechanisms of these responses are still under debate
[19, 26, 30, 37], and it should bear further research.
In general, many factors affect gs simultaneously; thus, a single factor can hardly reflect its relationship. While, during our study, we found gs were
greatly affected by Ws factor, and R2 were higher
than 0.970. So gs could be perfectly simulated by Ws
factor, the reason is during the study period, Ws was
in the range of 0.156 m.s±1 to 2.124 m.s±1, no strong
wind happened and stomatal conductance was increased with wind velocity increasing. In conclusion, the Jarvis-type model performs well in simulating gs while considering Rn, VPD and RH. The same
method can be applied in modeling the gs of Camellia sinensis [32], Caragana korshinskii [37], Caragana microphylla [38], Eucalyptus globulus [39] and
Betula pendula [40].

Understanding environmental controls on gs
has been a central focus of plant interacts with environment variables in recent years [19]. gs determines
the transpiration efficiency of forests and is necessary to understand further the underlying mechanism
that controls canopy transpiration by considering the
coordination of gs with whole-tree hydraulic conductance. The most feasible approach, which aims to
clarify the underlying mechanism, is to integrate the
measurements of JS and the simultaneous records of
meteorological factors. In decades of calculating gs,
the Jarvis-type model showed that the most significant effect of different physical driving variables
could be distinguished clearly from the effect of leaf
water stress [31]. For this reason, we adopted the Jarvis-type model in the present study.
Given the hydraulic properties of a tree, the relationship between measured JS and actual transpiration is complex. The time lag in JS is estimated, as
many reports state that JS and meteorological factors
are asynchronous. One reason for this phenomenon
is the effect of light on the JS patterns on different
sides of the branches of a tree, in which the upper,
distal, or exposed branches within contiguous forests
are illuminated by early morning sun, whereas their
counterparts in the canopy remain shaded [30]. The
other reason is that water flow in the tree encounters
different resistances along the conductive pathway.
The ongoing transpiration causes a decrease in leaf
water potential, which is the driving force for the
movement of water through the soil-plant-atmosphere continuum. Together with actual tissue water
content, this decrease results in deviations between
diurnal courses of JS and transpiration. Calculating
gs from JS requires corrections for the lag between
water uptake and transpiration [25]. Commonly, the
lag is estimated from a formal time series analysis of
environmental variables and JS. During our research,
no time lag occurred, which was considered negligible. We assumed that no time lag occurred in the water transfer from the root to the stem of P. sylvestris.
In this study, Ws, Rn and VPD had the strongest
influence on gs of P. sylvestris. Many scientists determined that VPD is one of the most important environmental variables that influence stomata [32].

CONCLUSION
Our study aimed to set up a Jarvis-type model
of gs in the P. sylvestris and applied the model to
simulate long-term trend variations. The main findings are listed as follows:
1. By using reversed PM function, gs could be
well estimated and Ws and ET0 had the greatest impact on estimated gs.
2. The Jarvis model was set up to express the
variation observed in gs, and the sequence affecting
the accuracy of the model was Rn > VPD > RH. And
the best performance was obtained by the model that
employs a multiple of functions than those based on
single factor.
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ABBREVIATIONS
HSL: Horqin Sandy Land
P. sylvesiris: Pinus sylvesiris var. mongolica
TDP: Thermal Dissipation Probe
PM: Penman-Monteith
ET0: Daily reference evapotranspiration
P: Precipitation
gs: Canopy stomatal conductance
Js: Hourly sap flow rate
Ec: Daily evapotranspiration per unit canopy area
SVWC: Soil volumetric moisture content
Ta: Mean air temperature
Ws: Wind speed
Rn: Solar radiation
PAR: Photosynthetic active radiation
RH: Relatively Humidity
VPD: Vapour pressure deficit
LAI: Leaf area index
Redundancy analysis: RDA
RMSE: Root mean square error
MAE: Mean absolute error
MRE: Mean relative error
DOY: Day of year
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DESALINATION AND WATER PRICE MANAGEMENT AS
WATER SHORTAGE STRATEGIES: SOUTH AFRICA IN 20
YEARS
Zi-Yi Chen, Ya-Jie Dou*, Dan-Ling Zhao
College of Information Systems and Management, National University of Defense Technology, 410073 Changsha, China

South Africa, located in the southernmost region of African continent, is suffering great threat of
the water scarcity. The annual precipitation decreases from more than 1,000 mm/year in the coastal
provinces of the east to less than 60 mm/year in the
west. However, the annual precipitation of the country is only 464 mm/year, far less than the annual precipitation of the world According to the water scarcity map from UN, the water in most regions of
South Africa are heavily exploited and some areas
are even over exploited, meaning that the people will
not have access to potable water.
Over the past few decades, numerous studies
have discussed the water scarcity problem, such as
building dams, recharging groundwater, cloud seeding, purification, desalination, water transfer, and so
on.
Although there are numerous measures to resolve water shortages, few studies have estimated the
effect of the measures. Thus, predicting the future
situation of water and building a water provision
ability measure model is important to estimate the
effect.
This study conducts a water provision ability
measure model, and examines South Africa recent
years as a case study. The grey forecasting
model[1,2], which is used to predict the indexes in
the model in 20 years, is constructed first. Then, the
model used to measure future water situation in
South Africa. Next, the two strategies are analyzed
as possible solutions to the water shortage problem.
Finally, a case of future Water Situation is illustrated. The whole article structure is shown as Figure
2.

ABSTRACT
This study proposes a water provision ability
measure model as the standard to measure the water
provision ability. To measure the water provision
ability, we construct a supply-need function FSN, according to which we clarify the water provision ability into five levels for the latter analysis of the relationship between the water supply and demand .Grey
Prediction Model is used to predict the data of indexes in water provision ability measure model in 20
years as the basis for water strategy analyses. Two
water strategies are introduced: desalination technology and water price management. South Africa is examined as a case study on its water scarcity, we study
the current water scarcity, the future water situation
without and with intervention of South Africa. The
results show that After intervention, the FSN will stay
at level V and the supply and water demands will be
balanced for a long term. The water scarcity of South
Africa can be well mitigated, and the water pressure
will be less susceptible in the future.
KEYWORDS:
water provision ability, grey forecasting model, water
strategy

INTRODUCTION
With the rapid industrial and economic development of the modern society, the demand for clean
water of human being is becoming more and more
urgent as is shown in Figure 1. According to the
United Nations, 1.6 billion people (one quarter of the
world's population) experience water scarcity. Water
use has been growing at twice the rate of population
over the last century. Humans require water resources for industrial, agricultural, and residential
purposes. There are two primary causes for water
scarcity: physical scarcity and economic scarcity.
Physical scarcity is where there is inadequate water
in a region to meet demand. Economic scarcity is
where water exists but poor management and lack of
infrastructure limits the availability of clean water.
Many scientists see this water scarcity problem becoming exacerbated with climate change and population increase.

MATERIALS AND METHODS
Data. The data in the water provision ability
measure model and the grey forecasting model are
taken from the Food and Agriculture Organization of
the United Nations.[3] Here, we use data from 1998
to 2015.
Water provision ability measure model. Index System. Evidently, the ability of a region to
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FIGURE 1
The world water scarcity situation

FIGURE 2
Casestudy framework for water shortage problem in South Africa


and the unexploited potential water source) and the
technological advance including the desalination
plants ability and the sewage treatment capacity.
Apart from that, the environmental and social constrains such as the annual rainfall, the temperature
and the population of the region also have great effects on the water supply.
So far, we have attained all indices we need and
it follows the establishment of the evaluation index
system, as is shown in Table 1.

provide clean water to meet the needs of its population depends on the water supply and the water use,
so we clarify the relevant factors which may influence the ability into two aspects: the water supply
and the water use.
According to the introduction in the problem,
the industrial, agricultural and the domestic water
consumption are the main three factors of the water
demand. The supply of water, however, must take
the water availability into consideration, including
the nature water source (mainly the amount of surface water, the amount of groundwater of a region
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TABLE 1
The index system
The ability measure target

The ability of a region to provide clean water to meet the
needs of its population

The water supply and demand

Impact aspects

Water demand

Main water usage

Specific Index
Industrial usage
Agricultural usage
Domestic usage
Surface water
Under groundwater
Unexploited potential water
Desalination plants ability
Sewage treatment capacity
Rainfall
Temperature
Population

Natural source
Water supply

Technological advance
Environmental constrains
Social factor

TABLE 2
The water provision ability levels
$ELOLW\
GHJUHH

7KHYDOXHRI)61

)61

Ϩ

 d )61

ϩ

 d )61

Ϫ

)61 

ϫ

)61!

9

'HVFULSWLRQDQGLQWHUSUHWDWLRQ
7KHVXSSO\RIWKHFOHDQZDWHULVIDUOHVVWKDQWKHSRSXODWLRQZDWHUXVDJH
DQG FDQ¶W PHHW WKH SRSXODWLRQQHHGV ZKLFKLQGLFDWHV WKH DELOLW\ LV H[
WUHPHO\ORZDQGWKHQRUPDOSURGXFWLRQDQGGDLO\OLIHRISHRSOHPD\EH
KHDYLO\LQIOXHQFHG
7KHVXSSO\RIWKHFOHDQZDWHULVOHVVWKDQWKHSRSXODWLRQZDWHUXVDJHDQG
WKHZDWHUVFDUFLW\VLWXDWLRQLVVWLOOVHULRXV
$OWKRXJKWKHVXSSO\RIWKHFOHDQZDWHULVOHVVWKDQWKHSRSXODWLRQZDWHU
XVDJHEXW LWLV QHDU WR WKH QHHGV$V ORQJ DV WKHSURYLGHU PDNH JUHDWHU
HIIRUWVLWLVSRVVLEOHWRPHHWWKHSRSXODWLRQQHHGV
7KHZDWHUSURYLVLRQFDQPDNHDEDODQFHRIWKHZDWHUV\VWHPDQGWKHSHR
SOHFDQKDYHDEXQGDQWZDWHUWRXVH
7KHZDWHUVXSSO\DELOLW\RIWKHUHJLRQLVKLJKHQRXJKDQGLQDSHULRGRI
WLPHWKHSHRSOHZRQ¶WQHHGWRZRUU\DERXWWKHZDWHUXVDJHSUREOHP

It¶s known that different factors have different
contributions to the water provision ability, and traditional methods such as Analytic Hierarchy Process(AHP) and Delphi are all greatly influenced by
subjectivity. Here we invoke the Factor Analysis(FA) to get the weight (importance) of these factors and rank the indexes, which is relatively objective. The analysis steps are as follows:

n

Fj

x ( j 1, 2,3,......., k )

ij i

i 1

Where, Fj is the principle factor and k is the
number of it,
xi is the index and n is the number of it.

E ij is the score coefficient of each index in
principle factor Fj .

z 7KHWUHDWPHQWRIVWDQGDUGL]DWLRQ
Generally, the different kinds of data are not
comparable because of their different dimension. To
solve this problem, these different data need to be
standardized. The treatment is as follows:

index : x*

¦E

The eventual weight through normalization:
k

¦E e

ij j

x  xmin
xmax  xmin

Wi

j 1
n k

¦¦ E e

( w1 , w2 , , wn )

ij j

i 1 j 1

Using the treatment, different kinds of data x
can be standardized to x* .

The Ability Measurement and Level Classification. The measurement of the ability of a region
to provide clean water to meet the needs of its population can be represented by the relationship of the
water supply and the water demand. For a water system, if the supply can afford the water usage of the
population in the region, we can make the conclusion
that the region has the ability to meet the water needs
and the water scarcity is solved.
Accounting to the obstacle to give a quantitative clarification of the ability, we use the following

z 7KH SURFHVV RI FDOFXODWLQJ WKH ZHLJKW
LPSRUWDQFH RIWKHIDFWRUV
1) *HWWKHVWDQGDUGL]HGGDWD
2) 8VHWKH)DFWRU$QDO\VLVWRJHWWKHVWDQGDUG
L]HGGDWDDQGXVHWKHPD[LPXPYDULDQFHVSLUDO
3) *HWWKHVFRUHFRHIILFLHQWRISULQFLSDOIDFWRUV
DQGWKHLUYDULDQFHFRQWULEXWLRQUDWHV e j

83

Volume 27 ± No. 1/2018 pages 81-90

© by PSP

Fresenius Environmental Bulletin

X (0) (k )  aZ (1) (k )

method to display the different ability levels of the
region.
Construct a function FSN to reflect the relationship of the water supply and the water demand.

FSN

Applying the IAGO, the solution of X (0) (t) at
time k:
aX (0) (1)(a  bX (0) (1))
X p (0) (k)
(bX (0) (1)  (a  bX (0) (1)) ea ( k 1) )

RSI
RNI
m

RSI

¦ wi sij

u

i 1

¦

i m 1

(1  ea ) ea ( k  2)
(1)  (a  bX (0) (1))ea ( k  2) )

dX
 aX (1)
dt

wi nij

X p (1) (k  1)

Where: m is the number of factors which influence water supply and n-m is the number of factors
which influence the water demand. nij and sij represent the standardized value of the ith factor in j year.
RSI is the water supply situation and RNI is water
needs situation.
The ability measurement is clarified in Table 2.

b
a

(1)
When k is sufficiently large, X p (k  1) and

X p (1) (k ) will be very close.
Water strategies. Desalination. The current
desalination ability of South Africa is less than our
original goal. Therefore, we have to increase relevant investment to develop the technology of desalination ability to reach the goal. In the following calculation we invoke the Cobb-Douglas production
function[6,7]to help us get the specific investments.
$VVXPHWKDW<LVWKHDQQXDORXWSXWRIFOHDQZD
WHUE\GHVDOLQDWLRQ
Y AK D LE
:KHUH$UHSUHVHQWVWKHWHFKQRORJ\OHYHORID
QDWLRQ.LVWKHSURGXFWLRQLQYHVWPHQWKHUHZHXVH
WKHHOHFWULFLW\LQYHVWPHQWDVDPHDVXUH /LVWKHOD
ERULQYHVWPHQWLQFOXGLQJWKHKXPDQIRUFHDQG PD
FKLQH IRUFH  D , E DUH WKH HODVWLFLW\ RI . DQG /
ZKLFKLVFORVHO\UHODWHGWRWKHQDWLRQ¶VHFRQRPLFDO
DQGLQGXVWU\GHYHORSPHQW
7RPDNHRXWWKHSODQQLQJLQYHVWPHQWVZHKDYH
WRPDNHVXUHWKHSDUDPHWHURI D , E $FFRUGLQJWRWKH
FXUUHQW QDWLRQDO FDSDFLW\ ILUVW 7KH YDOXH RI D , E 
FDQEHJRWE\WKHIROORZLQJFDOFXODWLRQ
logY

D

Where:
k

(0)

b
b
(X (0) (1)  )e ak 
a
a

lim X p (1) (k  1) o

k of

Where: X (0) is a non-negative sequence and n
is the sample size of the data.
When this sequence is subjected to the Accumulating Generation Operation (AGO), the following sequence X (1) is obtained. It is obvious that X (1)
is monotonically increasing.
X (1)
X (1) (1), X (1) (2),..., X (1) (n) , n t 4

¦X

b

If a < 0, then

The Prediction of Indices based on Grey
Prediction Model. GM(1,1) type of grey model is a
time series forecasting model. In order to smooth the
randomness, the primitive data obtained from the
system to form the GM(1,1) is subjected to an operator, named Accumulating Generation Operator
(AGO). The differential equation (i.e. GM(1,1)) is
solved to obtain then-step ahead predicted value of
the system. Finally, using the predicted value, the Inverse Accumulating Generation Operator(IAGO) is
applied to find the predicted values of original data.
For the indexes, we only get the data from 1988
to 2015 so we choose GM(1,1) to predict the data of
the indexes to 2030 and in the calculation process we
reference the literature [4,5,19].
Consider a time sequence X (0)
X (0)
X (0) (1), X (0) (2),..., X (0) (n) , n t 4

X (1) (k )

(bX

(0)

(1)

n

RNI

b

(i )

E

i 1

The generated mean sequence Z (1) of X (1) is
defined as:
Z (1)
Z (1) (1), Z(1) (2),..., Z(1) (n)

logA  D log K  E log L

w logY
w log K
w logY
w logL

wY K
u
wK Y
wY L
u
wL Y

7KHREMHFWLYHIXQFWLRQRIWKHGHVDOLQDWLRQSODQ
LV

Y
AK D
Where˖W is the total cost of the project, Pk is
Wmin

Where: Z (1) (k) is the mean value of adjacent
data, i.e.

Z (1) (k ) 0.5 X (1) (k )  0.5 X (1) (k  1),k 2,3,..., n.

Pk  K  PL  L

Pk  K  PL  E

the cost of electricity, PL is the cost of the labor
force. The primary target is to be cost-effective.
Ensure the total cost minimum and we can get

The least square estimate sequence of the grey
difference equation of GM(1,1) is defined as follows
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TABLE 3
The data of the indexes from 1988 to 2015
Indexes
Underground Water˄Km3/Yr˅
Surface Water˄Km3/Yr˅
Desalination ( Km3/Yr )
Sewage treatment( Km3/Yr)
Unexploited water(%)
Rainfall(mm)
Temperature(Ԩ)
Population (million)
Domestic use˄Km3/Yr˅
Industrial use˄Km3/Yr˅
Agricultural use˄Km3/Yr˅

1988-1992
4.8
49.55
0.018
0
0.7551
375.468
21.7655
38.647
2.281
1.448
9.58

1993-1997
4.8
49.55
0.018
0
0.7626
371.383
21.7465
42.922
3.092
1.102
8.708

1998-2002
4.8
49.55
0.018
1.036
0.7646
367.342
21.7276
46.272
3.904
1.052
7.836

2003-2007
4.8
49.55
0.02
1.4775
0.7138
363.346
21.7087
49.694
4.69
0.948
9.92

2008-2012
4.8
49.55
0.02
1.919
0.6864
359.393
21.6898
52.837
4.436
1.286
11.32

2013-2015
4.9
49.38
0.02
2.3605
0.7144
357.432
21.6804
54.49
4.185
1.625
9.69



FIGURE 3
The water provision ability of South Africa from 1988 to 2015
the investment.

RESULTS AND DISCUSSION


How the water is scarce in South Africa.
Based on the water provision ability measure model,
we get data of those specific factors of South Africa.
Accounting for the dynamic nature of the factors, we
find the data with time varies (from 1988 to 2015) to
show the dynamic variation process of the water
scarcity situation as Table 3 shows, and the data is
just as shown in the following graphs. Here we assume that these data can representative South African recent water situation.
What has to be noted of the above data is that
the information we obtained is limited and some
missing data during 1988 to 2015 are completed by
linear interpolation. Here we just simply assume that
WKLV NLQG RI GDWD WUHDWPHQW ZRQ¶W KDYH JUHDW LQIOX
ence on the process of our analysis. Besides, the data
we got is a situation of every five years.
By factor analysis we got the weight (importance) of all the factors which may influence the
water supply and demand in South Africa.
In the water provision ability measure model,
the function FSN was used to study the relationship

The Management of the Water Price. In our
intervention, we will control the water use by raising
the water price considering the relatively well-off
economic of South Africa. By raising the price of domestic usage in a certain degree, the demand is expected to decrease the capacity to afford the population needs.
American economists L Douglas James and
Robert R Lee summarized an empirical usage-price
formula though lots of researches.[8]
Ed

ª1º
K« »
¬ p¼
Where: p is the domestic water price, Q is the
domestic water usage when the water price is p, K is
a constant and Ed represents the modulus of the price
elasticity. According to the data pronounced by the
World Bank, Ed in South Africa is -0.25.
Q
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TABLE 4
The importance (weight) of the index
Tche importance (weight) of the indexes
Factors
Industrial
Domestic
(Demand) use
use
Weight
17.45%
15.93%
Factors
Rainfall
Temperature
(Supply)
Weight
8.22%
8.14%

Agricultural
use
12.15%
Sewage
treatment
7.88%

Population
8.88%
Underground
Water
6.56%

Surface
Water
6.56%

Desalination
4.97%

Unexploited
water
3.26%

TABLE 5
The prediction data by GM(1,1)
Factors
Underground Water˄Km3/Yr˅
Surface Water˄Km3/Yr˅
Desalination (m3/day)
Sewage treatment(%)
Unexploited water(%)
Rainfall(mm)
Temperature(Ԩ)
Population(million)
Domestic use˄Km3/Yr˅
Industrial use˄Km3/Yr˅
Agricultural use˄Km3/Yr˅

2018-2022
4.9009
49.3803
0.021
2.965
0.6769
353.1324
21.6596
58.6916
4.8736
1.6792
11.1921

2023-2027
4.9214
49.3464
0.0217
3.7282
0.6607
349.6655
21.6427
62.3076
5.1848
1.8885
11.8355

2028-2032
4.9419
49.3125
0.0224
4.6879
0.6449
346.2326
21.6257
66.1465
5.5159
2.124
12.5158

2033-2037
4.9626
49.2787
0.0231
5.8946
0.6295
342.8334
21.6088
70.2218
5.8681
2.3888
13.2353

FIGURE 4
The water provision ability in 20 years
indicating that the supply of the clean water is more
than the population water usage before 2002.
But from the graph above we can also see that
after 2002, all the value of FSN is less than 1, which
VXJJHVWVWKDWWKHZDWHUSURYLVLRQFRXOGQ¶WDIIRUGWKH
population needs during the past decade and the water scarcity situation in South Africa was serious.

of the water supply and demand and to measure the
ability of a region to provide clean water to meet the
population water needs. It can also reflect the water
scarcity situation of the region in a way.
Using the above weights of the factors we got
the value of FSN from 1988 to 2015 in Figure 3.
From the graph above we note that from 1988
to 1997, the water provision ability of South Africa
experienced an ascending process while after that the
value had decreased. In 1993 to 1997, the ability
reached to its peak during the thirty years and from
1988 to 2002, the provision ability stayed in level V,

The Future Water Situation with no intervention. To find out how the water situation and its
effect will be in the following 20 years, we apply the
future 20 years¶data of the indexes to the model in
task one. Then we recalculate the effects of those indexes and studied the new water provision ability
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FIGURE 5
The relation between domestic use with water provision ability
+RZHYHULWLVGLIILFXOWWRFRQWUROWKHUDLQIDOODQGWKH
SRSXODWLRQ
Furthermore, to find out the relationship between the total water usage and the water scarcity,
we constructed the Figure 5. By the comparison we
can find that when the total water use increases, the
water scarcity will be more serious and when the total water use is stabilized, the situation will be relieved. This also reflects the importance of water usage in the water situation.

and water scarcity situation of South Africa in the
future. (If no intervention plan was implemented)
The Prediction of Indexes Data in the 20
Years. To study the water situation in 20 years, the
first issue we have to deal with is to predict the future
data of those factors which may have significant impact on water supply and demand. We have introduced GM(1,1) model before, and we have already
got the data from 1988 to 2015,here we use the them
to predict the data in 20 years, as is shown in Table
5.

The Future Water Situation with intervention. From the prediction we can see that the water
provision ability of South Africa will experience a
sustained decline trend and the situation where the
supply can meet the citizen needs won¶WDSSHDUZLWK
out intervention. Considering all the drivers of the
water situation we mentioned, we find that the physical scarcity is hard to overcome because it is nearly
impossible to raise the rainfall every year, and we
have to seek the solution from economical availability (the technology and management) to make up the
scarcity. To deal with the urgency of water scarcity
and make it faster to reach the balance between supply and demand, we finally put forward the following two methods: desalination and water price management[16,17,18,20].

The Situation Prediction Result. Using the
predicted data and the model we built to measure water provision ability, and got the following result.
Figure 4. shows the water provision ability of
South Africa from 1988 to 2037. In the future 20
years, the water provision ability will experience a
sustained decline. It will always be less than 0.4ͧ
the ability level is in Ⱥ in all circumstances ͨ ͫ
which means without intervention, the water supply
can¶t afford the demand in the future and the water
scarcity will be still serious and in the following 20
years. By future prediction, we get from the trend
line, the water provision ability will continue to decline, which means without intervention, the scarcity
won¶WEHLPSURYHG.

Desalination Plants. South Africa is a coastal
country and there is abundant seawater to be exploited through desalination plants. However, desalination in modern South Africa hasn¶t been the major
role in the water supply system, which plays on
4.97% weights in the water provision ability according to Table 4. Besides, South Africa is approaching
physical water scarcity and there will be inadequate
clean water to be used, available water should be
found from other places like the ocean. It¶s believed

 7KH UHDVRQV EHKLQG WKH IOXFWXDWLRQ 7R
DQDO\]HWKHUHDVRQVFDXVLQJWKHIOXFWXDWLRQRIWKHVLW
XDWLRQZHFDQJHWLQIRUPDWLRQIURPWKH7DEOHDQG
IRXQGWKDWWKHZHLJKWRIZDWHUXVDJHLQWKUHHDVSHFWV
WKH SRSXODWLRQ DQG WKH VHZDJH UDLQIDOO DUH WKH WRS
ILYHLQDOOWKHIDFWRUV,W¶VFOHDUWKDWWKHPRUHUDLQIDOO
DQGWKH OHVVSRSXODWLRQLVWKH KLJKHUWKH SURYLVLRQ
DELOLW\LV$QGWKHVHWZRIDFWRUVPD\EHWKHWZRLP
SRUWDQWUHDVRQVIRUWKHLQFUHDVLQJWUHQGRIWKHDELOLW\
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FIGURE 6
The desalination investment in our plan
JHQHUDWLQJLQGXVWU\DQGWKHOLPLWRIWKHKXPDQIRUFH
QHHGVWKHKHOSRIWKHPDFKLQHSRZHUWRHQKDQFHWKH
HIILFLHQF\RIZRUN>@

that by desalination the situation will be well
eased[10,11,12].
Assume that the plan is carried out from 2018
and the desalination is used mainly to ease the pressure of Domestic, Industrial and agriculture usage.
From the data we predicted using GM(1,1), the average amount of water usage of South Africa during
2018-2022 is 17.745 u 109 m3 ,and the current desalination ability of South Africa in 2016 is
2 u 107 m3 / yr ,which is far less than the demand.
We suppose the goal is to improve the desalination
ability as the speed of 1 u 107 m3 / 5 yr , thus the

The Management of Water Price. By analysis of the foregoing data we find that when the water
use increased or the decreasing rate of all the water
use is less than approximately 3%, the water provision ability FSN will start to rapidly decrease. Therefore, we have to make the following guarantee when
the water price is adjusted.

Q2 d (1-3%)Q1
Where: Q2 is all the water usage after the price
adjustment and Q1 is all the water usage before the
adjustment.

clean water output Y is expected to be 1 u 107 m3 .
Therefore, we have to increase relevant investment to develop the technology of desalination ability to reach the goal. In the following calculation we
invoke the Cobb-Douglas production function introduced in 2.4.1 to get the result.
$FFRUGLQJWROLWHUDWXUH>@ZHJHWWKDWLQ
6RXWK$IULFD


D

0.4, E

Q2

ªP º
Q1 « 1 »
¬ P2 ¼

Ed

ªP º
(1-3%)Q1 t Q1 « 1 »
¬ P2 ¼

0.6, A 1

Ed

Finally, we come to the conclusion that the adjusted price P2
Such that

Pk =0.21dollars / m3

PL =0.46dollars / unit

P2 t 1.1296 P1

7KHQZHJHWWKHLQYHVWPHQW
K 2.5101 u 107 kwh / yr
L 1.7189 u 107 units / yr
W 15.585 million dollars/ 5 yr
7KDW LV WR VD\ LI 6RXWK $IULFD LQYHVWV WKDW
DPRXQWRIHOHFWULFLW\ODERUIRUFHDQGILQDQFLDOFRVW
WR GHYHORS WKH WHFKQRORJ\ RI GHVDOLQDWLRQ DV LV
VKRZQ LQ )LJXUH  WKH SURMHFW PD\ KHOS VROYH WKH
SUREOHPRIZDWHUVFDUFLW\DQGUHGXFHWKHSUHVVXUHRI
6RXWK$IULFDQZDWHUVXSSO\+RZHYHUWKHHOHFWULFLW\
DQGWKHODERUIRUFHQHHGWKHVXSSRUWRIKLJKGHYHO
RSHG WHFKQLTXH )RU H[DPSOH WKH ODUJH DPRXQW RI
HOHFWULFLW\LQYHVWPHQWSRVHVDFKDOOHQJHWRWKHSRZHU

That is to say, the adjusted price of water must
increase at least 12.96% to meet the water demand
of South Africa.
However, the raise of the water price has to take
various factors into consideration. The eventual goal
of the adjustment is to promote the quality of citizens
to make them save water, and if the water price exceeds the affordability of the residents and influHQFHV WKH TXDOLW\ RI SHRSOH¶V GDLO\ OLIH WKH DGMXVW
ment is meaningless. The 12.96% increasing rate is
just an ideal situation and the implement in reality
must take all the factors into consideration and it
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FIGURE 7
The future water scarcity after the intervention
From the overall plans, as the red trend line
shows, if it is implemented from 2018, the FSN will
be large than 1 (level V)as the red line in the graph
shows and the supply and water demands will keep
increase for a long term. The water scarcity of South
Africa can be well mitigated, and the water pressure
will be less susceptible in the future. Maybe it will
no longer be the critical obstacle to the national development.

needs to be adjusted comprehensively according to
the specific situation of the country.
For South Africa, despite of its relatively welloff situation compared with other countries in Africa, 12.96% adjustment on water price may be still
high. Therefore, in reality the intervention must take
the different types and distribution into consideration
and let somewhere to share the pressure of price improvement of someplace in difficulty. For example,
the raise of industrial water price can be higher than
others because it will pose more pollution and require for more economical investment.
Apart from that, the government can also give
some subsidy to the citizens with the improvement
of the domestic water use to make up the effect of
the price adjustment.

CONCLUSION
South Africa is a country approaching physical
water scarcity, in the past years, the water provision
FRXOGQ¶W DIIRUG WKH SRSXODWLRQ QHHGV DQG WKH ZDWHU
scarcity situation was serious.
Without intervention, we made prediction
about the future situation and found that In the future
20 years, the water provision ability will experience
a sustained decline, and the water provision ability
level will always be I in most circumstances, which
PHDQV ZLWKRXWLQWHUYHQWLRQWKH ZDWHU VXSSO\FDQ¶W
afford the demand in 20 years and the water scarcity
won¶WEHLPSURYHG.
To accelerate the process of reaching the balance of the water supply and demands and relieve the
pressure of water scarcity, we make our intervention.
The inadequate supply of water (the physical scarcity) is hard to be made up by exploiting the natural
water source. Therefore, we put our eyes to the economic availability and consider the desalination
technology and water price management. South Africa is a costal country and the desalination will release the water pressure greatly as long as it is well
developed. By relevant calculation and analysis, we
find
that
the
investments
will
be
2.5101 u 107 kwh / 5 yr
electricity,
1.7189 u 107 units / 5 yr
labor
force
and
15.585million dollars / 5 yr financial cost. The water
price raise will be at least 12.96%. However, the
UDQJHRIWKHDGMXVWPHQWFDQ¶WEHWRRKLJKIRUWKHVDNH

The impact to future Water Situation. As is
indicated in the blue line of the Figure 7, we have
predicted that in the following 20 years the FSN is less
than 1 and water provision ability is lower than level
I in most circumstances without interventions, which
means that the water scarcity will be still serious and
stay for a long time without efficient plans. As a result, our intervention is meaningful.
After using our plans (desalination and water
price adjustment) we recalculate the water provision
ability. For desalination, assuming that the required
technology and investment can be satisfied in short
term, the water provision ability will increase evidently to afford the demand and in about 7 years the
supply can exceed the needs because the dark green
line will be upon the supply-needs balanced line.
However, in fact the progress of technique is a gradual process and it may take years to reach the goal.
To make up the weakness of the time cost, we added
the water price adjustment to the intervention. The
result (light blue line) shows that after raising the water price, the water provision ability will improve
gradually but increase slowly, maybe after a long
time it will stabilize at 1 (level ę), which means the
water scarcity will be well solved.
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RIWKHFLWL]HQV¶OLIHTXDOLW\VRZHFonsider using the
improvement in industrial and agricultural water
price to share the pressure. After intervention, the
FSN will be reach to level V and the water scarcity of
South Africa can be well mitigated, and the water
pressure will be less susceptible in the future, which
indicates the power of desalination and water price
management in African water problem solving.

[12] *XSWD 9. $OL , 6DOHK 7$ 1D\DN $
$JDUZDO 6   &KHPLFDO WUHDWPHQW WHFK
QRORJLHV IRU ZDVWHZDWHU UHF\FOLQJ²DQ RYHU
YLHZ5VF$GYDQFHV  
[13] 2IILFLDO <HDUERRN RI 6RXWK $IULFD
KWWSVZZZJFLVJRY]DFRQWHQWUHVRXUFHFHQ
WUHVDLQIR\HDUERRN
[14] :RUOG'HYHORSPHQW,QGLDWRUV:RUOG'DWDEDQN
KWWSZZZZRUOGEDQNRUJ
[15] <DOH&HQWHUIRU(QYLURQPHQWDO/DZDQG3ROLF\
<&(/3 KWWSHQYLURFHQWHU\DOHHGX
[16] .DVSDU)/HKQHU%  $ JOREDO K\GUR
ORJLFDOPRGHOIRUGHULYLQJZDWHUDYDLODELOLW\LQ
GLFDWRUV 0RGHO WXQLQJ DQG YDOLGDWLRQ -RXUQDO
RI+\GURORJ\
[17] /LDQJ/LDQJ%,:DQJ<  7KH3ROLF\
3URFHVVIRU7UDQVMXULVGLFWLRQDO:DWHU3ROOXWLRQ
0DQDJHPHQW DQG &RRSHUDWLRQ LQ &KLQD 5LYHU
%DVLQV $ &DVH 6WXG\ RI &RQWURO 2YHU :DWHU
3ROOXWLRQ LQ WKH %RUGHUODQGV %HWZHHQ -LDQJVX
DQG =KHMLDQJ 3URYLQFHV  ,QWHUQDWLRQDO
&RQIHUHQFHRQ3XEOLF$GPLQLVWUDWLRQ UG 
[18] /LX </ /XR ./ /LQ ;; *DR ; 1L
5;:DQJ6%7LDQ;/  5HJLRQDO
GLVWULEXWLRQRIORQJHYLW\SRSXODWLRQDQGFKHPL
FDOFKDUDFWHULVWLFVRIQDWXUDOZDWHULQ;LQMLDQJ
&KLQD6FLHQFHRIWKH7RWDO(QYLURQPHQW

[19] <DQJ<1=KDQJ4;X0  1XPHUL
FDO 6LPXODWLRQ 0HWKRG 8WLOL]DWLRQ LQ :DWHU
*XVKLQJ<LHOG)RUHFDVWLQJRI3DR]LOLQJ7XQQHO
LQ+XQDQ3URYLQFH&KLQD,Q$SSOLHG0HFKDQ
LFVDQG0DWHULDOV
[20] :DQ74'X3/LX0  7KHVWXG\RI
VHD ZDWHU GHVDOLQL]DWLRQ SULFH -RXUQDO RI 6DOW
DQG&KHPLFDO,QGXVWU\  
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and transported to meristems in roots and shoots,
and it inhibits the growth of plants [3, 4]. The role
of glyphosate in the metabolism of phenolic compounds has been known since the 70s. The herbicide inhibits production of essential aromatic amino
acids, phenylalanine, tyrosine and tryptophan. The
inhibition of the biosynthesis of these amino acids
means that the formation of phenolic compounds,
flavonoids and many others, is also limited [1, 5, 6].
The widespread use of glyphosate may affect the
ecosystems that surround cropped fields, and reductions in seedling growth were observed for several
species, indicating that glyphosate drift may have
an effect on non-target plants [7, 8] and other organisms [9, 10].
Glyphosate inhibited the light-induced biosynthesis of phenylpropanoids in etiolated hypocotyls
of common buckwheat [8]. This inhibition was accompanied by the accumulation of shikimic acid [1,
11]. In three days old soybean seedlings glyphosate
caused decreases in growth rate and in the accumulation of hydroxyphenolics, anthocyanin and chlorophyll [12]. However, glyphosate does not equally
affect all the phenolic compounds [1]. Glyphosate
treatment decreases levels of cinnamate derivatives,
but increases contents of gallic acid and 4hydroxybenzoic acid in most of plant species examined [13]. Donnini et al. [14] recently noted that
grapes from plants grown under glyphosate applications exhibited lower concentration of acylated anthocyanins, while the concentration of other anthocyanins, flavonoids and phenolic acids did not
change. Glyphosate can also affect the content of
other plant metabolites. In duckweed (  
) an over-accumulation of polyamines, related to
the oxidative burst induced by the glyphosate, was
observed [15]. Examining the effect of glyphosate
on germination and growth of several plant species,
a stimulation biosynthesis of !-inositol has been
demonstrated [16].
Aryloxyphenoxypropionates and cyclohexanediones are herbicides which inhibit acetylcoenzyme A carboxylase (ACCase) in monoctos
and are used worldwide to control grass weeds. The
ACCase is required for the biosynthesis of fatty

The effects of glyphosate and fluazifop-Pbutyl (Fl) herbicides on the growth of seedlings and
content of flavones, flavonols, procyanidins and
anthocyanins in the cotyledons of common buckwheat ( !  Moench) were investigated. The herbicides were applied to four-day
seedlings of three common buckwheat cultivars by
immersing their shoots in for a short period of time
in water solution of the herbicides. Five-day exposure to sub-lethal dose of glyphosate led to a large
reduction of seedling growth, while Fl had a tendency to slightly stimulate the growth. The obtained
results indicate that glyphosate does not affect the
different flavonoids to the same extent. The synthesis of -glycosides of luteolin and apigenin was
less reduced by glyphosate than the -glycosides of
quercetin. Generally, Fl had a tendency to increase
the accumulation of flavonoids in the cotyledons of
common buckwheat. This increase may indicate
that the seedlings of common buckwheat are not
fully resistant to the herbicide. To our knowledge,
this is the first report evaluating the effects of
glyphosate and fluazifop-P-butyl application on the
flavonoids content in common buckwheat as nontarget plants. 


&% !
Common buckwheat, seedlings, herbicides, flavonoids,
flavones, flavonols
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The synthesis of flavonoids can be induced by
various external stimuli, such as abiotic or chemical
stress. Due to global use of herbicides, they may be
the cause of chemical stress able to modulate
growth and accumulation of secondary compounds
in cultivated plants [1].
Glyphosate is widely used as a nonselective,
broad-spectrum, post-emergence herbicide in plant
cultivation [2]. It is absorbed by all plant tissues
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acids and the production of phospholipids used in
building new membranes required for cell growth
[17, 18]. The herbicide Fusilade (active ingredient
fluazifop-P-butyl;
butyl
( )-2-[4-[[5(trifluoromethyl)-2-pyridinyl] oxy] phenoxy] propanate) is commonly used for weed control in the
buckwheat cultivation against monocot weeds [19,
20]. The majority of dicotyledonous plants is resistant to aryloxyphenoxypropionates and cyclohexanediones. However, there are several exceptions, such as rape, soybean and peanut [21 - 23].
Recently it was found that the sethoxydim, one of
the cyclohexanediones, stimulated the flavonoid
metabolism, with the subsequent accumulation of
cinnamic acid, naringenin and anthocyanins in
    L. leaves [22].
Studies on the effects of aryloxyphenoxypropionate herbicides on non-target crop plants are
relatively rare. These herbicides induce the accumulation of reactive oxygen species which are
highly reactive and can seriously disrupt plant metabolism by causing oxidative stress [24]. In order
to confer protection against oxidative stress by
ACCase inhibitors, plants employ enzymatic and
nonenzymatic antioxidant defense systems [25].
Fluazifop-P-butyl is characterized by phytotoxicity
towards, non-target, maize seedlings [26].
Due to infiltration into the soil, in addition to
target weeds, glyphosate interactions may extend to
non-target plants [27]. In the present study, we investigated the effects of glyphosate on seedling
growth and particular flavonoid content in cotyledons of three common buckwheat cultivars. The
content of flavonoids and seedling growth was also
examined under the impact of fluazifop-P-butyl,
which is used in the buckwheat cultivation.
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mersing their shoots (hypocotyls and cotyledons) in
water solution of glyphosate (0.1 mM; 23 µg·cm-3)
or fluazifop-P-butyl (0.065 mM; 25 µg·cm-3) for 30
sec. The plant batches were rotated every day in
their position on benches to assure environmental
uniformity.
After 5 days of treatment length of taproot and
aerial part of each seedling was measured. Afterwards, cotyledons were sampled from all seedlings
and analyzed to determine the concentrations of
flavones, flavonols, anthocyanins and procyanidins.
,:,8405(:0656-3(<6560+9Total anthocyanins were determined using the method described
by Mancinelli [29]. For one replicate, a randomly
selected and precisely weighed (200–400 mg) fresh
tissue of cotyledons was taken. 
Before performing the analyses of flavones,
flavonols and procyanidins, the plant samples were
freeze-dried in a laboratory freeze dryer (Alpha 1-2
LD plus; Christ, Germany) and ground in a Tube
Mill (IKA, Germany). The concentration of flavones and flavonols were analyzed according to a
previously described procedure [30]. Briefly,
ground samples of buckwheat cotyledons were extracted by sonication with a mixture of 60% methanol and 0.4% trifluoroacetic acid. A HPLC analysis
was carried out in an apparatus equipped with a
Cadenza CD-C18 3 μm column, 250×2.0 mm ID,
and a UV detector set to 350 nm. The gradient elution system comprised solvent A (water/acetonitrile/formic acid, 89 : 6 : 5) and solvent B
(water/acetonitrile/formic acid, 15 : 80 : 5). Flavonoid concentrations were calculated with commercial standards supplied by Polyphenols (Norway)
and Extrasynthese (France), excluding quercetin 3-galactosyl-rhamnoside (Quer 3-gal-rha) which
content was calculated based on the standards for
rutin. The Quer 3-gal-rha was identified based on
previously published data [31]. The content of flavones and flavonols was expressed on a dry weight
basis obtained by freeze-drying.
For determination of procyanidins a method
based on their hydrolysis to cyanidin with mixture
1-butanol-conc. HCl (95 : 5, v/v) and 2% (w/v)
NH4Fe(SO4)2×12 H2O in 2 M HCl was used. The
hydrolysis was carried out in heating block at 95 °C
within 60 min. After centrifugation the absorbance
at 550 nm was measured. Values of absorbance of
reaction mixtures were measured before hydrolyzes, and subtracted from final absorbance of procyanidins. Absorbance values were converted in procyanidin equivalents using molar absorption coefficient of cyanidin [32].

3(5:>7,804,5:9The study was performed
on seedlings of three common buckwheat ( !
  Moench) cultivars: Hruszowska,
Panda and Luba. Seeds were germinated in the
darkness within four days at 25°C [28]. The obtained seedlings were transferred to controlledenvironment conditions with a 16/8 h day/night
photoperiod and temperature of 24±2/18±2°C. They
were exposed to photosynthetically active radiation
with the intensity of 180±20 μmol·m–2·s–1, which
was provided by 400 W high-pressure sodium
lamps (Plantaster 400W E40, Osram, Germany).
The seedlings were grown in one-fifth Hoagland
solution [28]. After two days of incubation in the
above conditions, buckwheat seedlings were divided into three batches. One batch was exposed to
glyphosate (isopropylamine salt), second to fluazifop-P-butyl and third was the control. Every batch
comprised of three replicates contained each 35 to
40 seedlings. The seedlings were treated by im-

!:(:09:0*(3 5(3?909 All data were presented
as the means of three replicates ± standard deviation. One-way analysis of variance with Tukey’s
post-hoc test were used to assess the significance of
differences between the flavonoid contents in the
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cotyledons of seedlings exposed to herbicides. The
analysis of variance was calculated for each cultivar
and flavonoid separately. Data were regarded as
statistically significant at P≤0.05. 
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mustard [4]. This decline of growth resulted primarily from the inhibition of biosynthesis of aromatic
amino acids, which is the main effect of glyphosate
use [5, 8, 11]. The inhibition of growth may be additionally facilitated by the fact that glyphosate
reduces transport of auxin, as was observed in hypocotyls of cotton seedlings and corn coleoptiles
[33].
Main polyphenols in common buckwheat cotyledons appear to be the -glycosides of luteolin
(orientin and -orientin) and apigenin (vitexin,
-vitexin) (Table 2). The content of -glucosides
of quercetin (rutin and quercetin 3-rhamnosylgalactoside) accounted for ca. 1/5 of the total content of flavonoids in the cotyledons of Hruszowska
and Luba and 1/3 in the case of Panda. The treatment with glyphosate substantially influenced the
flavonoids accumulation in the cotyledons of Luba
cultivar (Table 2). In these cotyledons the concentration of all flavones and flavonols decreased,
while in Hruszowska vitexin and -vitexin contents did not changed significantly under the influence of glyphosate.
The fluazifop-P-butyl exposure resulted in
non-significant changes of the C-glycosides of luteolin and apigenin in the cotyledons of Luba and
Hruszowska cultivars. In the case of the cultivar
Panda, a 38-43% increase in the content of these
flavonoids was observed. Fluazifop caused also a
small (13-14%), but significant, decline in the rutin
level occurring in cotyledons of Luba and Panda
cultivars. However, in Hruszowska there occurred a
clear, 20% increase in the content of the flavonoid
(Table 2).

For express the physiological influence of
glyphosate and fluazifop-P-butyl on growth of
buckwheat seedlings a length of primary root and
aerial part was used. Buckwheat plants that were
exposed to sub-lethal glyphosate demonstrated statistically significant at P≤0.01 reduction the growth
of taproots and aerial parts. Such an effect was observed in all the examined buckwheat cultivars. In
contrast to glyphosate, fluazifop treatments did not
affect the seedlings growth. In two cultivars
(Hruszowska, Luba) even a tendency to stimulate of
the primary root growth was noted (Table 1).
During the preliminary experiments sub-lethal
concentration of glyphosate applied to aerial parts
has established (0.1 mM), which was inhibitory but
not lethal for young seedlings of common buckwheat. The use of higher concentrations kills the
buckwheat plants within 3 -5 days after application
of the herbicide. Despite being the sub-lethal, the
applied dose of the glyphosate inhibited to a large
degree the seedling growth of all tested common
buckwheat cultivars (Table 1). There has been considerably higher growth inhibition of primary root
(primary root length of control seedlings/primary
root length of treated = 2.7 to 3.7 fold), than the
aerial parts (1.8 to 2.3). Similar growth inhibition
by glyphosate has been shown in seedlings of white

" 
"/,,--,*:96-.3?7/69(:,(5+-3;(@0-67);:?365:/,.86=:/6-(,80(37(8:(5+7804(8?866:44A!
059,,+305.96-*64465);*2=/,(:*;3:0<(89

)1,*:

,5.:/6-(,80(37(8:
,5.:/6-7804(8?866:
Luba
65:863
50.9±15.3a
63.7±17.1a
b
3?7/69(:,
27.9±10.6
23.4±22.9b
a
71.1±30.2a
3;(@0-67);:?3
50.6±17.3
Hruszowska
65:863
45.2±9.2a
61.5±23.1a
b
3?7/69(:,
25.8±9.8
16.8±12.0b
a
75.6±24.2a
3;(@0-67);:?3
38.8±11.9
Panda
65:863
55.3±15.1a
59.3±27.9a
b
3?7/69(:,
24.1±11.7
16.9±12.6b
a
44.9±26.7a
3;(@0-67);:?3
54.1±22.2
One-way analysis of variance with Tukey’s post-hoc test was used to assess the significance of differences. The
analysis of variance was calculated for each cultivar and examined part separately. Data were regarded as statistically significant at P≤0.05.
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"/,,--,*:96-.3?7/69(:,(5+-3;(@0-67);:?365*65:,5:6--3(<6560+94.B. A!+8?=,0./:
05*6:?3,+6596-*64465);*2=/,(:*;3:0<(89

5(3?9,+-3(<6560+

65:863

3?7/69(:,

3;(@0-67);:?3

Luba
4.58±0.13b (-24)
6.41±0.09a (+6)
b
14.27±0.28 (-26)
20.85±0.46a (+9)
b
4.17±0.34 (-28)
5.75±0.10a (-1)
b
9.13±0.02 (-29)
12.02±0.26a (-7)
b
1.59±0.05 (-21)
1.82±0.06a (-10)
c
5.86±0.46 (-39)
8.30±0.21b (-13)
b
39.61±0.97 (-29)
55.15±0.05a (-1)
Hruszowska
80,5:05
5.28±0.07a
4.63±0.15b (-12)
5.50±0.31ab (+4)
a
b
80,5:05
16.38±0.44
14.86±0.02 (-9)
17.27±0.38a (+5)
a
a
5.19±0.10 (+6)
5.31±0.46a (+8)
$0:,>05
4.90±0.02
a
a
10.99±0.13 (+3)
11.48±0.08a (+7)
$0:,>05
10.71±0.31
b
c
1.18±0.02 (-25)
2.04±0.10a (+30)
;,8 8/(.(3
1.57±0.10
b
c
5.95±0.23 (-37)
11.38±0.36a (+20)
;:05
9.46±0.27
"6:(3
48.29±0.44a
42.82±0.46b (-11)
52.98±0.92a (+10)
Panda
80,5:05
3.22±0.02b
NA
4.43±0.02a (+38)
b
80,5:05
10.31±0.02
NA
14.55±0.36a (+41)
b
NA
4.63±0.26a (+39)
$0:,>05
3.32±0.21
b
NA
10.08±0.21a (+43)
$0:,>05
7.06±0.51
a
NA
1.55±0.25a (+7)
;,8 8/(.(3
1.45±0.21
a
NA
7.96±0.08b (-14)
;:05
9.24±0.21
b
NA
43.20±0.64a (+25)
"6:(3
34.62±0.51
One-way analysis of variance with Tukey’s post-hoc test was used to assess the significance of differences. The
analysis of variance was calculated for each cultivar and flavonoid separately. Data were regarded as statistically
significant at P≤0.05. In parentheses are shown percentage changes compared to control plants; NA – not analysed.
80,5:05
80,5:05
$0:,>05
$0:,>05
;,8 8/(.(3
;:05
"6:(3

6.06±0.09a
19.16±0.44a
5.79±0.09a
12.90±0.18a
2.02±0.06a
9.58±0.20a
55.60±0.85a

" 
"/,,--,*:96-.3?7/69(:,(5+-3;(@0-67);:?365:6:(3*65:,5:6-(5:/6*?(5059(5+786*?(50+059
05*6:?3,+6596-*64465);*2=/,(:*;3:0<(89

5(3?9,+*;3:0<(8

65:863
3?7/69(:,
3;(@0-67);:?3
Anthocyanins (µg·g-1±SD fresh weight)
;)(
431.7±50.9a
420.0±14.9a (-3)
445.0±57.2a (+3)
b
c
8;9@6=92(
531.3±20.1
451.0±3.0 (-15)
653.7±20.3a (+23)
a
a
222.0±9.6 (-13)
179.0±29.6a (-30)
(5+(
254.3±11.6
-1
Procyanidins (mg·g ASD dry weight)
;)(
14.07±0.60a
11.71±0.68b (-17)
NA
a
8;9@6=92(
12.17±0.43
12.82±0.90a (+5)
12.73±0.29a (+5)
11.42±0.30b (-10)
NA
(5+(
12.68±0.37a
One-way analysis of variance with Tukey’s post-hoc test was used to assess the significance of differences. The
analysis of variance was calculated for each cultivar separately. Data were regarded as statistically significant at
P≤0.05. In parentheses are shown percentage changes compared to control plants; NA – not analysed.

various phenolic compounds to the same extent [1,
13]. During this study, glyphosate significantly
reduced the levels of -glycosides of quercetin
(rutin and quercetin 3-rhamnosyl-galactoside) and
-glycosides of luteolin (orientin and -orientin),
but did not affect the content of -glycosides of

Already in the '70s it was discovered that
glyphosate inhibits the synthesis of phenylalanine
and tyrosine [5, 6]. This inhibition also reduces the
biosynthesis of metabolites that are produced from
these amino acids, such as phenylpropanoids [8, 11,
12]. However, glyphosate may not always affect
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apigenin (vitexin and vitexin) in the cotyledons
of Hruszowska cultivar (Table 2). However, in Luba cv., the contents of all the analyzed glycosides of
quercetin, apigenin and luteolin decreased in the
presence of glyphosate. The average losses of glycosides of flavones due to glyphosate ranged
from 16 to 18%. In the case of flavonols, the mean
decline was over 30%. Considering the results, it
appears that glyphosate has a less inhibitory effect
on the biosynthesis of -glycosides of flavones
than O-glycosides of quercetin. It seems that in the
case of a deficit of L-phenylalanine, which is a substrate for the biosynthesis of flavonoids, the production of flavone -glycosides is preferred. These are
only preliminary conclusions that require further
verification, by use various doses of the glyphosate
and time of treatment.
The used herbicides caused some changes in
anthocyanin content in the cotyledons of buckwheat
seedling, but the obtained results were poorly reproducible. Their significance was confirmed in
Hruszowska where glyphosate decreased the anthocyanin level, and increased the fluazifop (Table 3).
The earlier obtained data shown that application of
glyphosate resulted in a decrease in anthocyanin
content in buckwheat hypocotyls [8, 12]. Our results are partly in agreement with those mentioned
above. Cotyledons of common buckwheat seedlings
exposed to glyphosate contained lower level of anthocyanins and procyanidins, than non-treated
plants.
However, the decline of anthocyanins was not
significant in the case of Luba and Panda, as in
buckwheat hypocotyls [8]. This indicates that in the
cotyledons of buckwheat seedlings, the synthesis of
anthocyanins is probably less inhibited by glyphosate than in the hypocotyl. In the case of Luba and
Panda, the applied glyphosate also declined also the
content of procyanidins in cotyledons, but this effect was not observed in Hruszowska. Our results
also partly confirm the data on the influence of
glyphosate on the anthocyanin content in grapes
and wine [14].
The herbicide Fusilade (active ingredient fluazifop-P-butyl; Fl) is commonly used for weed control in the common buckwheat cultivation [19, 20].
Field experiments have demonstrated that common
buckwheat has acceptable tolerance to many herbicides, including sethoxydim, an ACCase inhibitor
[34]. Our results show that the dose of Fl used, did
not suppress the growth of seedling of examined
buckwheat cultivars (Table 1). These results also
show that Fl stimulates general accumulation of
flavonoids in cotyledons of the tested cultivars of
common buckwheat. However, only 1/3 flavones
and flavonols content were significantly higher in
Fl treated than in control samples (Table 2 and 3).
The average increases of -glycosides of flavones
due to application of Fl ranged from 10 to 14%. In
the case of flavonols, the mean increase was negli-

gible and equaled to 2% only. These results partly
confirm the finding, in which the use of sethoxydim
stimulated the flavonoid metabolism and accumulation of cinnamic acid, naringenin and anthocyanins
in     leaves [22].
Increasing the content of flavonoids under the
influence of Fl may indicate that this herbicide
causes an oxidative stress in the cotyledons of
buckwheat seedlings. Such stress, in turn, may indicate that the common buckwheat is not fully resistant to Fl. A low resistance against the herbicide
was earlier found in few dicotyledonous species
[21-23].
#!!
The obtained results indicate that glyphosate
does not affect all flavonoids in the cotyledons of
common buckwheat seedling to the same extent.
The level of -glycosides of luteolin and apigenin
was reduced to a lesser extent by glyphosate than
the level of -glycosides of quercetin. Fluazifop-Pbutyl generally had a tendency to increase the
growth of seedlings and the accumulation of the
flavonoids in the cotyledons of examined buckwheat cultivars. This increase may indicate that
common buckwheat is not fully resistant to fluazifop-P-butyl. Various response of examined cultivars to both herbicides demonstrated that a genetic
factor is also important. To our knowledge, this is
the first report evaluating the effects of glyphosate
and fluazifop-P-butyl application on the flavonoids
content in common buckwheat as non-target plants.
The conclusions are preliminary and require further
investigation regarding the time of application of
examined herbicides and their doses.
%"!
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to their progeny and other recipients by vertical and
horizontal gene transfer [3]. Hence, the use of antibiotics may predispose individuals to acquire resistant elements. Consequently, treating infected individuals may become increasingly difficult, especially patients who have previously received antibiotic treatment. The ability to acquire resistance has
been noted particularly in   . Antibiotic treatment of individuals infected with MRSA has been
shown to be associated with skin infection, colonization, and treatment failure [4, 5, 6, 7, 8]. In fact, a
clear association between antibiotic exposure and
MRSA isolation has been observed [6]. Several studies have reported the resistance to the newer antimicrobial agents like linezolid, vancomycin,
teicoplanin, and daptomycin [9, 10, 11]. The fear of
pandrug-resistance (resistance to all antibiotics and
drugs in present use), as cautioned in Gram-negative
pathogens [12] cannot be ruled out in    and
our return to a post-antibiotic era. The true extent of
antimicrobial resistance in MRSA in our area is unknown.
We aimed in the present study to determine the
status of antimicrobial resistance, underlying conditions, and determination of methicillin resistance 
 isolates from hospital in Denizli, Turkey.




&(6*4-&/ )*16-+-(&6-21 &1) 16-0-(42'-&/
75(*36-'-/-6:*56-1,The clinical specimens were
inoculated on 5% sheep blood agar and MacConkey's agar (HiMedia, New Delhi, India), incubated at 37°C for 24-48 h, and examined for bacterial
growth.    was identified using standard
methods based on colony morphology, Gram's stain,
catalase test, mannitol fermentation, and coagulase
test [13]. A total of 51 isolates were confirmed as 
 . They were tested for methicillin resistance
based on modified Kirby-Bauer disk diffusion
method [14] using oxacillin disks (1μg) on MuellerHinton agar in accordance with the Clinical and Laboratory Standards Institute (CLSI) guidelines using


To assignation the grade of resistance to the
widely used antibiotics in clinical isolates of Methicillin Resistant        51 isolates
were collected from special hospital in Denizli and
recorded at specimens. Antibiotic resistance was determined by agar disc diffusion method using
Mueller-Hinton agar according to Clinical and Laboratory Standards Institute recommendations. All
isolates were defined as Teicoplanin, Vancomycin
and Daptomycin sensitive. The sensitivity rates for
Trimetroprim/sulfametaxol and Ciprofloxacin were
90% and 67% respectively. Out of 51 isolates, 100%
isolates showed Multiple Antibiotic Resistance two
to seven antibiotics. The prevalence of MRSA was
high and should necessitate caution in prescription
of antibiotics without proper indication. The isolates were also multidrug resistant to several combinations of the tested antibiotics.


$" 
Methicillin Resistant        antibiotic resistance, clinical samples

 
Methicillin-resistant       
(MRSA) is a serious threat to hospitalized patients
globally and it now represents a challenge for public
health; as community associated infections appear to
be on the increase in both adults and children in various regions and countries [1]. The overall incidence
of MRSA isolation has gradually increased to reach
levels of around 30% or more in some countries [2].
Antibiotics are widely prescribed to inhibit bacterial
infections. They help to kill bacteria or prevent them
from reproducing. However, because bacteria are capable of multiplying rapidly and transferring plasmids, the use of antibiotics may act as an environmental pressure on bacteria to select for resistance
mutations, and the resistance trait can be transmitted
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the criteria of standard zone sizes of inhibition to define sensitivity or resistance [15].
Antibiotic resistance was determined by an
agar disc diffusion test [14] using Mueller-Hinton
agar (Difco) according to Clinical and Laboratory
Standards Institute (CLSI) recommendations [15].
Ten different antibiotics were used. For antibiotic resistance determination, the isolates were grown in
Luria- Bertani (LB) broth until the turbidity equal to
the 0.5 Mc Farland standart (approximately
108cfu/ml). Cultures were swabbed on to the
Mueller–Hinton agar and all isolates were tested
against TEC; Teicoplanin(30µg/ml), VAN; Vancomycin(30µg/ml), CIP; Ciprofloxacin (5µg/ml), TET;
Tetracycline(30µg/ml), CLI; Clindamycin (2µg/ml),
DAP; Daptomycin (2µg/ml), SXT; Trimetroprim/Sulphamethazol(1,25/23,75µg/ml), ERY; Erithhromycin(15µg/ml), OXA; Oxacillin (1µg/ml),
PEN; Penicillin(10U).
Similar treatment was given to   
ATCC25923 which was used as a positive control.
The diameter of zones of inhibition produced by
each antibiotic disc was measured and the isolates
were classified as resistant, intermediate, and sensitive based on the standard interpretative chart of the
NCCLS and Fluka zone interpretative chart in accordance with WHO requirement. The isolates those
grown in inoculation were evaluated as resistant, and
the others were evaluated as susceptible. The antibiotic discs were dispensed sufficiently separated from
each other so as to avoid overlapping of inhibition
zones. The plates were incubated at 37°C, and the
diameters of the inhibition zones were measured after 18 h. All susceptibility tests were carried out in
duplicate and were repeated twice if discordant results had been obtained.

7/6-3/*16-'-26-(*5-56&1(*1)*9For all
isolates, we calculated the MAR index values (a/b,
where a represents the number of antibiotics the isolate was resistant to, b represents the total number of
antibiotics the isolate tested against). A MAR index
value ≥ 0.2 is observed when isolates are exposed to
high risk sources of human or animal contamination,
where antibiotics use is common; in contrast a MAR
index value <or = 0.2 observed when antibiotics are
seldom or never used [16, 17].

Our results were similiar to Bhatt et al. [22] and Shah
et al. [23] who also reported sensitive to Teicoplanin
was 100%.


16-'-26-(5753*(6-'-/-6:3&66*412+ 
-52/&6*)+420(/-1-(&/5&03/*5
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*15-6-8*
51 (100 %)
51 (100 %)
51(100%)
46(90%)
34(67%)
22 (43%)
18 (35%)
8 (16%)
0(0%)
0(0%)

16*40*)-&6*
0(0%)
0(0%)
0(0%)
5(10%)
15 (29%)
29(57%)
33 (%65)
33(65%)
0 (0%)
0 (0%)

*5-56&1(*
0(%0)
0(%0)
0(0%)
0 (0%)
2(4%)
0 (0%)
0 (0%)
10 (19%)
51(100%)
51(100%)

Abreviations: TEC; Teicoplanin, VAN; Vancomycin, DAP; Daptomycin, SXT; Trimethoprim-sulfamethoxasole, CIP; Ciprofloxacin, TET; Tetracyclin,
CLI; Clindamycin, ERY; Erithhromycin, OXA;
Oxacillin, PEN; Penicillin
Vancomycin sensitivity was seen in 100% isolates in our study. Some researchers have reported
Vancomycin sensitivity rate to Methicillin Resistant
   in clinical samples [24, 25, 26, 27, 28, 29,
21, 20, 30, 31, 32, 19]. However, vancomycin-resistant    (VRSA) strains were discovered in
the USA [33, 34, 35]. Our results were similiar to
Pastuović et al. [18] who also reported sensitive to
Vancomycin was 100%.
Daptomycin sensitivity was seen in 100% isolates in our study. Some researchers have reported
Daptomycin sensitivity rate to Methicillin Resistant
   in clinical samples.
In the present study, the prevalence of trimethoprim-sulfamethoxasole sensitivity in Methicillin
Resistant    was 90%. Some researchers have
reported trimethoprim-sulfamethoxasole sensitivity
rate to Methicillin Resistant    in clinical
samples [36, 37, 21]. Our results were similiar to 
Wakatake et al. [37] who also reported sensitive to
trimethoprim-sulfamethoxasole was 95,4%.
We found that 67% isolates were sensitivity to
Ciprofloxacin in our study. Some researchers have
reported Ciprofloxacin sensitivity rate to Methicillin
Resistant    in clinical samples [20, 30, 32,
38]. Our results were similiar to Dilnessa and Bitew
[38] who also reported sensitive to Ciprofloxacin
was 67,6%.
Tetracycline sensitivity was seen 43% in our
study. Some researchers have reported tetracycline
sensitivity rate to Methicillin Resistant    in
clinical samples [20, 35, 30, 19]. Our results were
similiar to Japoni et al. [20] who also reported sensitive to tetracycline was 47%.
Clindamycin sensitivity was seen in 35% isolates in our study. Some researchers have reported
Clindamycin sensitivity rate to Methicillin Resistant


  
All isolates were defined as Teicoplanin, Vancomycin and Daptomycin sensitive. The sensitivity
rates for Trimetroprim/sülfametaxol and Ciprofloxacin were 90% and 67% respectively as shown Table
1.
Teicoplanin sensitivity was seen in 100% isolates in our study. Some researchers have reported
Teicoplanin sensitivity rate to Methicillin Resistant
   in clinical samples [18, 19, 20, 21, 22, 23].
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   in clinical samples [35, 32, 39]. Our results
were similiar to Chadha et al. [39] who also reported
sensitive to Clindamycin was 31,7%.
We found that 16% isolates were sensitivity to
Erithromycin in our study. Some researchers have
reported Erithromycin sensitivity rate to Methicillin
Resistant    in clinical samples [35, 30, 19,
40]. Our results were similiar to Goyal et al. [40]
who also reported sensitive to Erithromycin was
12% in the result of 2012.
Oxacillin and Penicillin sensitivity was seen
0% in our study. Tahnkiwole et al. [41] found that
maximum strains were resistant to penicillin (100%).
Some researchers found that penicillin resistance
rate was the highest in clinical samples like ours [42,
43, 30, 31]. Our results were similiar to Rahimi et al.
[35] who also reported resistance to Oxacillin was
100%.


70'*42+(/-1-(&/5&03/*5&1)7/6-3/*
16-'-26-(*5-56&1(*1)*9 
 

Source of
isolates

Number of
isolates

Blood

17(33%)

Wound

15(29%)

Tracheal
aspirate
Urine

9(18%)

Mucus
Cathater
Total

6(12%)
2(4%)
1(2%)
1(2%)
51

the world [48, 49, 50]. Many factors contribute to the
emergence of MAR in    among which over
prescribing of antibiotics by clinicians, over usage
and incomplete course of antibiotics by patients,
availability of the antibiotics could not be ignored in
regions like ours.
 
Despite intensive efforts to control resistant organisms by aggressive infection control methods,
antibiotic-resistant staphylococci, especially MRSA
have become the most common cause of hospital acquired infections worldwide [51]. The present study
highlights the problem of MRSA in this hospital as
well as in Denizli. These   were also exhibited very high degree of resistance to different antibiotics. The prevalence of MRSA was high and
should necessitate caution in prescription of antibiotics without proper indication. The isolates
were also multidrug resistant to several combinations of the tested antibiotics. Antimicrobials such
as Teicoplanin, Vancomycin, Daptomycin and Trimethoprim-sulfamethoxasole are recommended for
empirical treatment for   infection in areas
with low or no antimicrobial susceptibility testing
facilities.




Multiple Antibiotic
Resistance Index
(MAR)
0,2(3isl),0,3(2isl),0,4
(3isl),0,5(7isl),0,6(1is
l), 0,7(1isl)
0.2(4isl), 0,3(4isl),
0,4(1isl),
0,5(5isl),0,7(1isl)
0,4(3isl),
0,5(2isl),0,6(4isl)
0.2(3isl), 0,4(1isl),
0,5(1isl),0,7(1isl)
0,4(1isl), 0,6(1isl)
0.5(1 isl)
0.5(1 isl)
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EMERGENCE CHARACTERISTICS AND GERMINATION
PHYSIOLOGY OF SMOOTHSEED ALFALFA DODDER
(CUSCUTA APPROXIMATA BAB.)
ReyyanYergin-Ozkan*, IsikTepe
Van YuzuncuYil University, Agriculture Faculty, Plant Protection Department, 65080, Van, Turkey

treatments. Thus, an integrated approach to managing dodder will be needed [5]. Chemical control was difficult, because of the lack of selective
herbicides [6]. Seeds of many species of Cuscuta
have a water impermeable seed coat surrounding
fully developed coiled embryos [7,8]; consequently, scarification promotes germination of
seeds of many Cuscuta species, including C.
approximata[9, 10, 11]. Dormancy influences
germination dynamics, permitting late-emerging
plants to escape control practices, including cultivation and herbicide application [8]. Unlike the
hemi-parasitic weeds in the genera Orobanche or
Striga, Cuscuta spp. do not require host-root
exudates to stimulate germination [12, 13]. Dormancy was due to the presence of a hard seed
coat [14]. This physical dormancy remains until
soil microorganism activity or tillage cause scarification of the seed coat.
In spite of this knowledge, the germination
and early growth of C. approximata is still unclear. The aim of this study was to investigate the
primary and secondary dormancy, emergence
from different burial depths and germination
characteristics of C. approximata seeds. Thus the
aim was to contribute to parasitic weed control
with the obtained information.

ABSTRACT
This study was aimed to determine the germination physiology and some emergence characteristics of smoothseed alfalfa dodder (Cuscuta
approximata Bab.). The study was carried out
between 2010 and 2013. The viability of the
dodder was detected 98%. The seeds can be germinated at 30ºC as the highest and 10ºC as the
lowest temperatures in this study. The germination ratio of smoothseed alfalfa dodder seeds
increased in parallel with longer holding periods
in cold at 2±1ºC by using stratification method.
The highest germination rate was found as 50.3%
for the seeds, which were left in cold throughout
133 days. The highest germination ratio was obtained from the level of 150 ppm gibberellic acid
application dose in dormancy breaking study.
Moreover, it was determined that the best emergence was obtained in 0.5 cm soil depth. The
seeds on the soil surface died due to inadequate
moisture and the seeds on the so depth (4-6 cm) did
not emergence.

KEYWORDS:
Dodder,Cuscuta approximata, Seed, Germination,
Dormancy.

MATERIALS AND METHODS

INTRODUCTION

Smoothseed alfalfa dodder (Cuscuta approximata Bab.) seeds were collected at the end
of August 2010 from plants parasitizing alfalfa
(Medicago sativa L.) in Ercis (Van, Turkey).
Seeds were stored dry at room temperature after
collection until the start of the experiments.

Smoothseed alfalfa dodder (SAD)(Cuscuta
approximata Bab.) a parasitic weed belonging to
the Cuscutaceae family [1], is anative plant of
Mediterranean Area and Central Asia but it was
also found in North America, where it was an
introduced species and uncommon noxious weed
[2, 3]. It parasitizes several crop sand weeds especiallyalfalfa [4]. Cuscuta spp. prevention can
be achieved by avoidance, and control by mechanical means or hand removal, resistant varieties, and herbicides. None of these methods work
satisfactory, but all offer some tools for managing
this parasitic weed. Another complicating factor
that several dodder species were often involved.
Dodder populations have also been observed to
vary in virulence and susceptibility to herbicide

Seed viability.To determine the maximum
germination potential of fresh seeds, seed viability of seeds collected in 2010 was assessed with
tetrazolium tests [15]. Twenty seeds were placed
on damp filter paper (Schleicher & Schuell
No.2282) at 23 ºC for 18 h, and then cut in half
with a scalpel. Seed sections were incubated in a
1% aqueous solution of triphenyl tetrazolium
chloride (TTC) for 6 h at 30 ºC in darkness [16].
Only seeds showing a stronger-stained embryo
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order to avoid any interference in the determination of emergence. Fifty seeds (cold stored in 2±1
ºC for nine months) were sown in each pot at
depths of 0, 0.5, 1, 2, 4, and 6 cm (only one depth
for each pot). Pots were filled with an equal
amount (by weight) of soil and compacted uniformly. After sowing, pots were sub-irrigated and
soil maintained at approximately half of the water field capacity (WFC). Pots were incubated in
a growth chamber at 22 ºC with a 12 h photoperiod. Emergence was determined every day for
four weeks, removing seedlings after emergence.
After 30 days waiting period was completed,
seeds in the soil were checked with forceps by
sieving soil. Seeds that were still hard withoutany
deformation in embryo and formation of seed
were accepted as healthy.

were considered viable [17].
Germination and dormancy experiments.Various experiments were carried out to
study germination and to break dormancy. In
experiments 50 seeds were placed in 9-cm Petri
dishes with filter paper moistened with distilled
water to permit seed imbibition. In the first experiment seeds were divided into two groups, either
treated with sulfuric acid (30 min) or free of sulfuric acid. Each group of seeds was left at 2 ºC for
133 days with the cold stratification method.
Several periods of cold stratification were
used to determine how much cold stratification
was required to break physiological dormancy.
During an extensive experiment in this
studydetermined if SAD seeds had both physical
and physiological dormancy. On 7, 14, 21, 28,
35, 49, 63, 77, 91, 105, 119,and 133rd days these
seeds were taken out and left in incubators to
observe their germination in darkness and at 22
ºC constant temperature after being planted in
Petri dishes [10]. Also, the seeds had sulfuric acid
applied for 5 minutes and were left at2±1 ºC via
cold stratification for 28 days with the aim of
determiningminimum and maximum germination
temperatures. These seeds were placed in incubators with constant temperatures of 5, 10, 15, 20,
25,and 30 ºC in darkness to observe germination
[18].

Analysis.All experiments had six replicates.
A completely randomized experimental design
was adopted for germination and emergence
tests. In the analysis of data that were not normally distributed the non-SDUDPHWULF³.UXVNDO-Wallis
7HVW´ ZDV LPSOHPHQWHG DQG WKH %RQIHUURQLFRUUHFWHG'XQQ¶VWHVWZDVDSSOLHGin the determination of the differences between obtained averages. SAS9.2 [20] was employed for each statistical analysis.

Effect of gibberellic acid.Seeds to be used
in tests were divided into two groups; the first
group comprised seeds that were left for two
months at 2 ºC and the second group comprised
seeds with concentrated sulfuric acid applied for
5 min and then left for two months at 2 ºC with
the cold stratification method. Concentrations of
0, 50, 100, 150, 200, 250, and 300 ppm gibberellic acid (GA3) were used in this study. Each petri
was moistened with 5 ml of these prepared solutions. Seeds were taken for germination in darkness in 22 ºC incubators [10]. GA3, indole acetic
acid (IAA), and abscisic acid (ABA) density of
germinated and ungerminated seeds were analyzed with the highperformance liquid chromatography (HPCL) method [19].

FIGURE 1
Germination ratios of SAD seeds in
different times of cold stratification

RESULTS AND DISCUSSION
Seed viability.In TTC test performed after
seeds were collected from the infected alfalfa
fields, 98% viability was determined. Although
viability rate was high in seeds of several weeds,
the quantity of germinated seed was quite low.
The reason for this is due to powerful dormancy
in seeds [7]. Even seedling development has vital
importance after germination for successful host
parasitism, so germination power of seed was
relatively significant.

Germination rate.The mean germination
time (MGT) in petri dishes was calculated according to the following formula [8]:
0*7  Q[J 1
[1]
where n was number of germinated seeds on day
g and N was the total number of germinated seeds.
Emergence.Tests were performed in plastic
pots (12x12x10 cm) perforated at the base to
ensure optimal substrate humidity and to permit
sub-irrigation. Pots were filled with soil. The soil
was collected in an area not infested by SAD, in

Germination tests.Seeds were divided into
two groups in the first study carried out:(1) treat-
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nation were between 20 ºC and 25 ºC, then the
germination rate reduced with temperature (Figure
3). It was considered that the highest germination
rate at 10 ºC was due to vernalizationof the
seeds. Furthermore, it can be said that it was normal for SAD to have low germination ratios at
high temperatures, as it is a plant that mostly
spreads in cold climates.
The effect of different temperatures on average germination speed of SAD seeds is shown in
Figure 4. Increase in temperature positively affected germination speed and shortened the period. Germination speed was slow at 10 ºC although
the germination rate was high. At 20 ºC the germination speed reached a much higher level. The only
study done with SAD seeds was carried out by
[10]. According to the findings obtained in the
study, it was specified that 10% germination ratio
was obtained in SAD seeds kept waiting for 28
days under humid and cold conditions, while
meaningful results could not be obtained for
seeds exposed to sulfuric acid for 30 minutes. It
was understood that sulfuric acid implementation
alone was not adequate to break thedormancy.
Also, SADdid not germinate seeds treated with
sulfuric acid for 20 minutes, the lowest germination temperature was defined as 10 ºC and 1%
germination was obtained. Highest germination
temperature was determined as 21 ºC with 2%
germination obtained.

ed with sulfuric acid for 30 minutes and (2) free
of sulfuric acid. Distortions occurred in seeds
constituting the first group and no germination
occurred. When cooling period increased, the
germination ratio increased in the second group
seeds and best results of 50.3% were obtained in
samples that were left for 133 days in humid
conditions. As a result of statistical analysis performed, it was found that the differences between
cooling periods were significant and the longer
waiting periods increased, the distinction decreased generally (Figure 1).
The seeds stored at room temperature were
left for different times in cold stratification and
then followed for 14 days at 22 degrees to observe germination. Germination speed average on
14th day of cooling was 11.4 days, while it was
8.7 on the 21st day. Accordingly, it was observed
that seeds germinated in shorter periods of time
when the cooling period increased and on the
133rd day, this period decreased by up to three
days (Figure 2).

Effect of gibberellic acid. This study observed that sulfuric acid application was effective
on the dormancy of the seeds. Germination of 5%
cannot be obtained in seeds with only cold applied
(Figure 5). But the difference between the concentrations of applications conducted in the study
was not significant (P  
Counting was performed in the study to determine the effect of gibberellic acid on germination speed and it was found that that the difference between the applications was accepted as
significant (P  ,Wwas determined that the
seeds on which only cold was applied had 13.2
days average germination speed, while sulfuric
acid application had an essential effect on seeds
and accordingly decreased average germination
speed to 4.3 days. In addition to this, scarified
seed coats did not affect germination speed, but
only cold application caused fluctuations in germination time (Figure 6). Hormone levels (GA 3,
IAA, and ABA) of germinated and ungerminated
seeds of SAD, treated with sulfuric acid after
GA3 application are given in Table 1. These
analyses were not applied to cold applied seeds,
as the germination rate was low. In a study carried out on Pheliphancheramosa, which is another parasite plant, 20, 25, and 30 ppm agar doses
of gibberellic acid were used and it was observed
that there was no germination in control group

FIGURE 2
The effect of cold stratification period on
germination period in SAD seeds

FIGURE 3
Germination rates of SAD seeds at different
temperatures
Seeds were taken for germination at six different temperatures with the purpose of determiningmaximum and minimum germination temperatures. The seeds dormancy was broken in five
minutes exposure by sulfuric acid and then the
stratification method at 2 ºC was used in the
study for 28 days. Optimal temperatures for germi-
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FIGURE 4
The effect of different temperatures on
germination speed of SAD seeds

FIGURE 5
Effect of GA3 applied to SAD seeds on
germination rate

FIGURE 6
The effect of GA3applied to SAD seeds on germination period
TABLE 1
Some hormone levels of SAD seeds treated with sulfuric acid (μgr ± 1)
Dose of GA3(ppm)
Control
50
100
150
200
250
300

GA3
15.37
12.34
10.81
16.43
13.35
9.65
12.51

Germinated seeds
IAA
9.48
5.23
28.90
17.31
15.78
17.41
9.48

ABA
1.39
3.12
2.90
2.63
2.35
1.89
2.19

GA3
16.72
19.38
21.38
11.45
31.15
26.20
12.58

Non germinated seeds
IAA
6.18
2.50
2.75
5.68
4.13
6.97
5.67

ABA
3.82
4.98
5.79
0.81
1.06
2.72
3.17

germinated seeds was high. The lack ofgermination of seeds here originated from the germination-suppressing effect of ABA [22].

whereas the germination rate was found 91% at
20 and 25 ppm; 42% at 30 ppm doses, respectively [21].
When hormone analysis results were examined, hormone levels obtained from germinated
seeds showed similarity with germination rates
obtained (See Figure 5). GA3 externally applied
to seeds did not cause any significant change in
hormone levels in seeds. Besides, IAA level was
found to be high as a natural result in germinated
seeds. In ungerminated seeds, GA 3 level was
higher than controls in general. This case could
be explained as GA3 was absorbed by seeds but in
spite of accumulation the seeds did not use it.
Moreover, it was found that the ABA rate in un-

Emergence.A difference was determined
between the depths and viabilities of seeds with
broken dormancy planted at six different soil
depths after being left at low temperature
(P $FFRUGLQJWRWKHVHUHVXOWV6$'VHHGV
emerged best from0.5 cm, and this was followed
by 1 and 2 cm depths (Table 2). A large decrease
was observed in the emergence power with the
increase in depth; SAD seeds could not emerge
from 4 and 6 cm soil depths. Similarly, the SAD
seeds on the surface could notgerminate.
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TABLE 2
Emergence and viability ratios of SAD seeds that
were kept waiting at low temperatures in
different soil depths
Seeding depth Emergence
(cm)
(%)
0
0.5
1
2
4
6

0
20
13.6
9.6
0
0
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Emergence
Viability
Viability
mean
mean

(%)
(SEM)
(SEM)
0c
0
0c
20.0 (3.7) a
8.3
6.6 (2.1) bc
13.6 (2.0) b
18.5 16.0 (4.5) a
10.0 (2.3) b
9.5
8.6 (1.6) b
0c
6.3
6.3 (0.6) bc
0c
5
5.0 (0.8) bc

 Not emergence but germinated seeds

Difference between the means having different
letters in the same column was important (P<0.05)
Looking at the viability ratios of the seeds
that could not emerge after the test, the depths
above 0.5 cm took place in the same group. It
was found that the viability of seeds close to the
soil surface was low and the highest viability rate
was found at 1 cm (See Table 2). In the observations conducted while determining viability ratios, shoots that germinated from 1 and 2 cm
depths but could not reach the soil surface were
encountered. The reason is considered to be due
to seeds not finding adequate moisture in the
surface of the soil [23]. These results were similar to other studies carried out on other dodder
types [8, 24]. It was thought that seed size played
a role in SAD seeds not emerging from depth.
The relationship between emergence capability
and size of seed was also a factor forother weeds
with small seeds [13].
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virulence characteristics [2,3]. Virulence factors of
E. coli is associated with the pathogenicity such as;
Stx1 gene encoded Shiga toxin1, Stx2 gene encoded
Shiga toxin 2, eaeA gene encoded intimin
[4,5,6,7,8].
Diarrheagenic E.coli (DEC) comprises enterotoxigenic E. coli (ETEC), enteropathogenic E. coli
(EPEC), enteroinvasive E. coli (EIEC), Shiga toxinproducing E.coli (STEC), enteroaggregativeE. coli
(EAEC) and diffusely adherent E. coli (DAEC) [9,
10,11,12,13]. STEC consists of two main groups of
Shiga toxins, whereas Stx1 is 98% homologous
toStx produced by Shigella dysenteriae type 1, Stx2
is about 60% homologous with Stx1 and different
antigenically [10,14].
E. coli O157:H7 for human infections are associated with cattle as the main reservoir, while
sheep and goats may also be significant sources
[15,16,17,18]. Identification of ETEC is mainly
conducted by the detection of heat-labile (LT)
and/or heat- stabile (ST) enterotoxins [19].
Multi Drug Resistance (MDR) genes are
commonly recognized in E.coli [20]. Genetic basis
of the resistance can be divided into some mechanisms such as mutation of cellular genes, acquisition of resistance genes, and mutation of acquired
genes. Gram negative rods, primarily E.coli proPRWHG D SODVPLG PHGLDWHG ȕ-lactamase designed
TEM by the clinical introduction of ampicillin. This
issue addressed by the researchers for many years
[20, 21, 22, 23].
The aim of this study was to determine the
prevalence of the virulence genes and the resistance
for antimicrobials of E.coliisolates from ruminants,
in Marmara region of Turkey.

ABSTRACT
Clinical Escherichia coli (E.coli) isolates
(n:181) recovered from feces of cattle (n:111),
sheep (n:25) and goats (n:45) between 2012-2015
in Turkey were screened for the presence of the
virulence genes encoding Shiga toxins (Stx1 and
Stx2), intimin (eae), heat-stabile enterotoxin a
(STa), fimbria-related antigens F41 and K99 with
multiplex PCR. The presence of E.coli O157:H7
was also investigated using Cefxime-Tellurite Sorbitol MacConkey Agar (CT-SMAC) and WellcollexE.coli (Remel®). Kirby Bauer Disc Diffusion
testcarried out todetect resistance pattern of the
isolates for enrofloxacin, ampicillin, trimethoprim/
sulfamethoxazole, ceftiofur, tetracycline and amoxycillin/clavulanic acid. The results showed that the
virulence genes were detected in 9 (8.1%), 13
(52%), and 15 (33.3%) of the isolates recovered
from cattle, sheep and goats, respectively. Verotoxin- producing E.coli (VTEC) represents 7.2%, 40%
and 33.3% while Enterotoxigenic E.coli (ETEC)
represent 0.9%, 8% and 0% of the isolates recovered from cattle, sheep and goats respectively. Enteropathogenic E.coli (EPEC) was detected only in
cattle (0.9%) and none of isolate was serotyped as
E.coli O157:H7. Among all E.coli isolates which
carried virulence genes (at least one), 7 (18.9%)
were multi-resistant, 6 (16.2%) were resistant for at
least one antimicrobial agent and 24 (64.8%) were
susceptible to all anti-microbial agents.

KEYWORDS:
Antimicrobial susceptibility, E.coli, ruminants, virulence
genes.

MATERIALS AND METHODS
INTRODUCTION
Samples and the study area. The study was
carried out onlivestock of the Marmara region and
on animals brought to Uludag University animal
hospitalin the period between 2012 and 2015.A
total of 181E.coliisolates were recoveredfrom fecal
samples of healty and diarhageniccattle (n:111),
sheep (n:25) and goats (n:45).All samples were
collected directly from the rectum of the animals,
placed in sterile containers, transferred in cool box

E. coli consists of many serotypes, some of
which are associated with certain infections in man
and animals, while as some are mainly associated
with diarrheal diseases, others cause a variety of
extra intestinal infections [1]. Diagnostic methods
currently used, allow for the identification of the
corresponding pathotype by using specific target
genes with the detection of specific toxins and
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Tellurite(Oxoid®
SR0172)Sorbitol
MacConkeyagar (CT-SMAC)(Oxoid® - CM0813)
followed by incubation at 37ºC for 18- 24 h. thereafter, prescence of sorbitol negative (colorless)
colonies was checked. Non sorbitol fermenting
colonies from the CT-SMAC agar plates were also
examined by the latex agglutination test WellcollexE.coli (Remel® Europe Ltd. UK) to determine
the serotype of the bacteria using specific antisera
to E.coli O157 and H7 as described by the manufacturer.

4ºC and transferred to the lab for further examinations.
Detection of virulence genes by multiplex
PCR. E.coli isolates were screened for the virulence genes encoding eae, STa, Stx1, Stx2, F41 and
K99 with mPCRaccording to the methoddescribed
by Franck et al. [24]with certain modifications.All
primers¶sequences used in this study are shown in
Table 1. Briefly, the assaywas performed in a final
volume of 20μlreactionmixture consists of0.5 mM
concentrations of each primer,0.2 mM concentrations of each dNTP (dideoxynucleotides), 5x Thermo Scientific® Phire Reaction Buffer, 2.5 U Phire
Hot Start II DNA Polymerase and 2 μlof DNA
template.BacterialDNA for amplification was obtained by suspension of bacterial colonies grown
overnight onTryptic soy agar (TSA) in 200 μlof
sterile double-distilled water. After boilingat 99ºC
for 5 min the tubes were immediately placed on ice
for 1 min followed by centrifugation at12.7500 rpm
for 45 second.The supernatant was used as template
DNA which was collected and stored at -20°C until
further use. The amplification was carried out in
aTechne® TC-3000G Gradient Thermal Cycler
(Bibby Scientific, UK) with the following conditions:Initial denaturation at 98°C for 5 min;25 cycles of 98°C for 30s, annealing at55°C for30s and
extension at 70°C for 1 min; followed byfinal extension at 70°C for 10 min. The PCR productswere
electrophoresed in 1.4% agarose gel(BIO-ROC,
UPL Diagnostic Mainz - Germany)for 100 min at
80V and visualizedunder UV light (VilberLoumat®- Quantum ST4- France).Eachexperiment
contained negative controls with all reagents excepttemplate DNA. The negative controls
wereE.coli (ATCC25922) and sterile distilled water. The positivecontrolO157: H7 (ATCC 35150)
was used for Stx1, Stx2 andeae and two strainsfrom
Veterinary Microbiology Laboratory containing all
3 genes of interest.

Kirby Bauer Disc Diffusion Test. E. coli isolates were detected by Kirby Bauer Disc Diffusion
Test according to EUCAST Disk Diffusion Method
for Antimicrobial Susceptibility Testing Ǧ Version 5
(Jan 2015) directions.ENR (Oxoid®, 5μg), AMP
(Oxoid®, 10μg), TE (Oxoid®, 30μg), SXT (Oxoid®, 25μg), CTF (Oxoid®, 30μg) and AMC (Oxoid®, 30μg) disc zone diameters were evaluated by
EUCAST Version 6.0 (2016-01-01) (36).

RESULTS
Multiplex PCR results. Results showed that
virulence genes indicating presence of diarrheagenicE.coli were detected in 9 (8.1%) of the cattle,
13 (52%) of the sheep and 15 (33.3%) of the goats.
Among 111 cattle strains, 6 (5.4%) carried Stx1,
eae and Stx2, 1(0.9%) Stx1 and eae, 1 (0.9%) Stx2
and STa, and 1 (0.9%) carried only eaegene. Out of
25 sheep strains, 4 (16%) carried Stx1, 3 (12%)
Stx2, 3 (12%) Stx1 and Stx2, 2 (8%) STaand only
one strain (4%) carried Stx1 and STa.Out of 45 goat
strains, 10 (22.2%) carried Stx1, 3 (6.7%) Stx2 and
2 (4.4%) Stx1 and Stx2. None of the tested samples
were positive for genes F41 or K99. Virulence
genes indicating presence of DEE.coli were detected in this study in following percentages of the
cattle, sheep and goat respectively; VTEC in 7.2%,
44% and 33.3%; ETEC in 0.9%, 8% and 0% and
EPEC detected 0.9% in cattle and not detected in

Isolation and identification of sorbitol negative E.coli O157:H7. The Stx1, Stx2, or eae positive isolates were inoculated onto Cefxime-

TABLE 1
Primers used in this study for the multiplex PCR (Franck et al.)
Virulence factor
Stx1
Stx2
Intimin
F41
K99
STa

Size of
product (bp)

3ULPHUVHTXHQFHތ-ތ
(F) TTCGCTCTGCAATAGGTA
(R) TTCCCCAGTTCAATGTAAGAT
(F) GTGCCTGTTACTGGGTTTTTCTTC
(R) AGGGGTCGATATCTCTGTCC
(F) ATATCCGTTTTAATGGCTATCT
(R) AATCTTCTGCGTACTGTGTTCA
(F) GCATCAGCGGCAGTATCT
(R) GTCCCTAGCTCAGTATTATCACCT
(F) TATTATCTTAGGTGGTATGG
(R) GGTATCCTTTAGCAGCAGTATTTC
(F) GCTAATGTTGGCAATTTTTATTTCTGTA
(R) AGGATTACAACAAAGTTCACAGCAGTAA

111

555
118
425
380
314
190
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TABLE 2
E.coli virulence genes distribution in cattle, sheep and goats
Virulence gens
Stx1
Stx2
Eae
Sta
Stx1 + Stx2
Stx1 + eae
Stx1+ Sta
Stx2 + STa
Stx1 + eae + Stx2
Total

Cattle (n:111)
0
0
1(0.9%)
0
0
1(0.9%)
0
1(0.9%)
6(5.4%)
9(8.1%)

Sheep (n:25)
4(16%)
3(12%)
0
2(8%)
3(12%)
0
1(4%)
0
0
13(52%)

Goats (45)
10(22.2%)
3(6.6%)
0
0
2(4.4%)
0
0
0
0
15(33.3%)

Total (n:181)
14(7.7%)
6(3.3%)
1(0.5%)
2(1.1%)
5(2.7%)
1(0.5%)
1(0.5%)
1(0.5%)
6(3.3%)
37(20.4%)

TABLE 3
Antimicrobial susceptibility profiles of E.coli isolates with Disc Diffusion Testing
Cattle (111)
ENR1
AMP2
SXT3
EFT 4
TE5
AMC6
S
73 (65.8%)
35 (31.5%)
50 (45%)
77 (69.4%)
26 (23.4%)
55 (49.5%)
R
38 (34.2%)
76 (68.5%)
61 (55%)
34 (30.6%)
85 (76.6%)
56 (50.5%)
Sheep (25)
ENR
AMP
SXT
EFT
TE
AMC
S
21 (84%)
18 (72%)
20 (80%)
25 (100%)
17 (68%)
18 (72%)
R
4 (16%)
7 (28%)
5 (20%)
(0%)
8 (32%)
7 (28%)
Goat (45)
ENR
AMP
SXT
EFT
TE
AMC
S
41 (91.1%)
38 (84%)
38 (84%)
42 (93.3%)
35 (77.8%)
40 (88.9%)
R
4 (8.9%)
7 (15.6%)
7 (15.6%)
3 (6.7%)
10 (22.2%)
5 (11.1%)
TOTAL
S
135 (74.6%)
91 (50.3%)
108 (59.7%) 144 (79.6%)
78 (43%)
113 (62.4%)
R
46 (25.4%)
90 (49.7)
73 (40.3%)
37 (20.4%)
103 (57%)
68 (37.6%)
(1Enrofloxacin, 2Ampicillin, 3Trimethoprim/Sulfamethoxazole, 4Ceftiofur, 5Tetracyclines, 6Amoxycillin/ Clavulanic Acid)

TABLE 4
Multi drug resistance pattern of virulence gene carrying E.coli isolates from ruminants
Antimicrobialresistance profile
ENR - AMP - SXT- EFT - TE ± AMC
ENR - AMP - SXT - TE ±AMC
ENR - AMP - SXT - EFT ±TE
AMP - SXT - TE ± AMC
AMP - TE ± AMC
AMP ± SXT
AMP ± TE
AMC

Number of isolates
1
1
1
1
1
1
1
5

TE

A: Cattle

1

B: Sheep

Source of E.coli isolates carried virulence genes
(A) Stx1, eae, Stx2
(A) Sta, Stx2
(A) Stx1, eae, Stx2
(A) Stx1, eae, Stx2
(A) Stx1, eae, Stx2
(A) Stx1, eae, Stx2
(A) Stx1, eae, Stx2
(B) Stx1
(B) Stx2
(C) Stx2
(B) Stx1, Stx2
(B) Stx1, Stx2
(A) Stx1, eae

C: Goat
TE (76.6%) followed by AMP 68.5%, SXT 55%,
AMC 50, 5%, ENR 34.2% and EFT 30.6% in cattle
E.coli isolates. The sheep isolates had shown the
highest resistance for TE 32%,followed by AMP
28%, AMC 28%, SXT 20% and ENR 16%. The
goat isolates showedalmost the same resistance
pattern; TE 22.2%,AMP 15.6%, SXT 15.6%, AMC
11.1%, ENR 8.9% and EFT 6.7%. Summary of the
results is shown in Table 3.
Among all E.coli isolates which carried virulence genes (at least one), 7 (18.9%) isolates were
multidrug- resistant, 6 (16.2%) were resistant for 1
antimicrobial agent and 24 (64.8%) were susceptible for all anti-microbial agents. Out of 14 Stx1
carried isolates, 1 (7.1%) was resistant for AMC,

sheep and goats. Summary of the results is shown
in Table 2.
Detection of E.coli O157:H7. Out of 8 cattle
and 15 goat isolates carried Stx1, Stx2 and eae
genes alone or in combination were examined, 4
(50%) and 1(6.66%) were non sorbitol fermenting
colonies, respectively. All of the sheep isolates
were sorbitol fermenting. To confirm the presence
of E.coli O157:H7
non sorbitol fermenting isolates were tested by
Wellcollex E.coli, and the results were negative for
all isolates.
The antimicrobial susceptibility profile
showed thatthe highest resistance recorded against
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12 (16%), all of whichcarriedSTa, F41 and K99 in
combination. In the present study none of the samples tested positive for F41 or K99 (F5)genes.
Epidemiological and experimental data have
shown that Stx2 may be more relevant for the progress of HUS than Stx1 [10].The present studyreports that; the gene harboring Stx1 27 (14.9%) was
detected more frequently than Stx2 18 (9.9%). In
direct similarity to a study by Leomil et al.
[29],Stx1 was the predominant Stx type carried by
cattle isolated STEC, withsome studies revealing
that only Stx2 possessing strains exhibited potentially more virulence than Stx1 or even (Stx1
+Stx2)harboringstrains [10]. Accordinglythis study
confirms that the more virulent Stx2 gene (of 181, 6
(3.3%) isolates harboring Stx2)was detected in
sheep and goats. Sheep and goats as an important
source of proteinin Turkey could be therefore a
potential source of human infectionsand HUS.
The results of the study showed that diarhagenicE.coliwas detected in the following percentages of cattle, sheep and goat respectively;
STEC in 7.2%, 44% and 33.3%; ETEC in 0.9%,
8% and 0% and EPEC detected 0.9% in cattle but
absent in sheep and goats.Cattle and sheep have
been reported as main sources ofSTEC isolates in
many countries [30]. Turkyilmaz et al. [31] reported thatof 107 E.coli isolatesfrom lambs and goat
kids in Turkey, STEC had a prevalence rate of
17.8%, while Aksoyet al. [22]reported a higher
prevalence of shigatoxinproduction in sheep
(61.1%) than in cattle (19.7%). Furthermore, Gülhan [32]found that STEC isolates in sheep was
30% andin cattlewas 8% within Turkey. In a similar
study [31],isolates from lambs and goat kidsshowed
11.2% ETEC while STa gene occurred in a lower
rate (2.6%).
The presence of E.coli O157:H7 non-sorbitol
fermenting isolates weretestedin this study and the
results were negative for all isolates. These findings
agreed with a study by Leomilet al.[29],but in contrast as reported by AVODQWDúet al.[33].
MDRfor five cattle isolates wasobservedin the
present study.Resistant enterobacteriaceae frequently contains multiplelarger plasmids, some of which
can carry resistancegenes to 10 or more antimicrobial agents [23]. In this study, all the six isolates
which carried Stx1, eae and Stx2 in combination,
were multi-resistant.Talukdaret al.[34] reported
that,73% or more of the E.coli isolated showed
variable levels of resistance to at least one of the 10
antibiotics whereas approximately half (49%) were
alsoMDR. In other study Ordenet al. [35], recordedvery minimal levelof MDR in STEC isolated
from diarheic calves, highest degree of MDR was
seen innon-toxigenic, non- fimbriated, eae- negative strains.This might support the assumption that
low prevalence of virulence factors may be, somehow, related to a high MDRagainst antibiotics.
In conclusion, this study demonstrated that

while 4 (66.6%) were susceptible for all antimicrobial agents. Out of 5 isolates carried Stx1 and Stx2
in combination, 2 (40%) were resistant only for
AMC, while 3 (60%) were susceptible for all antimicrobial agents. One isolate carried eae, 2 isolates
carried STa and 1 isolate carried Stx1, STa in combination, and were susceptible for all antimicrobials. Also 1 isolate carried Stx1, eae in combination
was only resistance for TE. Whereas 1 isolate carried Stx2 and STa in combination was showed multi-resistance for 5 antimicrobial agents (ENR,
AMP, SXT, TE and AMC). All the six isolates
which carried Stx1, eae and Stx2 in combination
wereMDR and 1 isolate was resistant for all 6 antimicrobial agents (ENR, AMP, SXT, EFT, TE and
AMC). The isolate carried Stx2 and STa in combination was MDR for 5 antimicrobial agents (ENR,
AMP, SXT, TE and AMC). The resultsare shown in
Table 4.

DISCUSSION AND CONCLUSION
Several reports of E.coli strains carrying different genes including Stx1, Stx2and eae detected
using mPCR method have been published [14].
Thisstudy presents the major virulence genes of
pathogenic fecal E. coliisolates from ruminants in
Marmara region in Turkey. In the present study,
20.4% (37/181) of samples carried at least one
virulence
genes
indicating
presence
of
DEC.Fromthe fecal isolates of healthy calves and
cattle,virulence factors of intimin and Shiga toxins
have been previously detected[11].Sepehrisereshtet
al.[25], reported that out of 400 fecal E. coli samples of calves and cattle, 34 isolates (8.5%) were
Stx positive, whereas in this study Stx detected in
14 (12.6%).The results in this study have a similarity to previous researches, among 111 cattle strains,
6 (5.4%) carried (Stx1+ eae+Stx2) in combination,
1(0.9%) (Stx1 +eae), 1 (0.9%) (Stx2 +STa), and 1
(0.9%) carried only eaegene.
Islam et al. [26]reported that the detection rate
of eaeA gene was 12.50%. While Stx1 or Stx2 harboring strains were classified as STEC with and
without the eaeA genotype; ST and/or LT enterotoxins carrying strains were classified as ETEC
[27]. In another study in Turkey, while sixteen
isolates were carrying eae, eight were Stx1 and five
were Stx2 gene or genes detected out of 120 isolates
from calves, eae or Stx positive strains werenot
identified as O157:H7 [28].Bovine STEC possessing eaeA virulence genes may also have the
ability to induce in humans Attaching Effacing
(A/E) lesions; therefore, demonstrating a potential
risk for zoonotic infections [28].In this study, 8
(7.2%) of the isolates out of 111 tested positiveforeaegene,indicating a potential public health
risk in Turkey. According to study by Güler et al.
[21], of 75 diseased calves,ETEC were detected in
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[8] Schmidt, H., Beutin, L. and Karch, H. (1995)
Molecular analysis of the plasmid-encoded
hemolysin of Escherichia coli O157:H7 strain
EDL933. Infect. Immun.63, 1055-1061.
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Songer, J.G. andThoen, C.O. (Eds.) Pathogenesis of Bacterial Infections in Animals. 4th
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virulence factors Stx1, Stx2, eaeandSTa were the
most common identified genesin fecal E. coli isolates from ruminants. Results suggest that cattle,
sheep and goats are possible reservoir of STEC,
ETEC and EPECfor humans. The multiplex PCR
may be a rapid and useful diagnostic tool in identification and characterization of diarrheagenicE.coli
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E.coli in Turkey is required.
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In developing countries, untreated domestic and hospital wastewater are often discharged into the lakes,
rivers, and the sea. Hence, contamination of fresh or
brackish water that may cause serious environmental
problems is inevitable [5]. Bacteria of the genus Aeromonas are Gram-negative, non-spore forming, rod
shaped, facultative anaerobic, and are widespread in
natural habitats such as fresh and brackish water and
soil [6]. The genus Aeromonas includes 27 species
recovered particularly from aquatic environments.
This genus have been frequently recognized as the
main cause that is responsible for several infectious
diseases in both animals and humans [7]. Aeromonas
hydrophila, Aeromonas caviae, and Aeromonas veronii biotype sobria are the most commonly known
bacteria among Aeromonas spp. in human infections
[8]. Pseudomonas aeruginosa, an opportunistic infectious agent, can be found in various environments
including soil, water, plants, and hospitals owing to
its adaptability to wide temperature ranges. P. aeruginosa is a medically significant bacterial pathogen
noted for its high intrinsic resistance to antibiotics
and for its ability to cause a wide spectrum of infections. This bacterium is also a cause of serious infections among immunocompromised cancer patients,
burn patients, catheterized patients, and other hospitalized individuals [9]. Because of P. aeruginosa can
remain for longer period in aquatic systems, it could
be reservoir of multiple-antibiotic resistant genes.
Aquatic regions, such as lakes and rivers, receive human and animal wastewater discharges, which are
expected to contain antimicrobial agents and commensally resistant bacteria capable of transferring
their resistances to autochthonous bacteria [10]. In
developing regions, inadequate or lack of the municipal wastewater systems lead to environmental pollution. Clinically important microorganisms can easily found in these aquatic environments and cause
several infectious diseases. Ecological researches
have showed that multiple-antibiotic resistance is becoming globally important [11, 12].
This study focused on two aquatic systems,
which are Golbasi Lake and Azapli Lake. The
Golbasi is a district of the Adiyaman Province that

ABSTRACT
The susceptibility patterns to 16 different antibiotics of Aeromonas spp. and Pseudomonas aeruginosa isolated from Azapli and Golbasi Lakes, Adiyaman, Turkey were investigated. Totally 248 bacteria were isolated. Most of these isolates were Aeromonas sobria (35.8%) followed by Aeromonas
salmonicida (28.6%). A high percentage of Aeromonas spp. isolates from all of the sites showed resistance to cefazolin (ranged between 86.6% and
93.6%) and penicillin (ranged between 93.3% and
96.3%). Among Pseudomonas aeruginosa isolates,
there was a high incidence of resistance to cefazolin
(93.9% and 100.0%) and penicillin (96.9% and
100.0%, respectively). Multiple antibiotic resistance
(MAR) index values ranged from 0.2 to 1 for Aeromonas spp. and Pseudomonas aeruginosa isolates.
Results indicated that multiple antibiotic resistant
Aeromonas spp. and Pseudomonas aeruginosa were
widespread and can easily recovered from Golbasi
and Azapli Lake. Contamination of water sources
with pathogens, resistant to antibiotics, can cause serious diseases to humans, who are dependent on water.

KEYWORDS:
Aeromonas spp., Pseudomonas aeruginosa, Antibiotic resistance, Golbasi Lake, Azapli Lake

INTRODUCTION
Unnecessary or misuse of antibiotics for treatment of infectious diseases in hospitals in developing countries increases the number of antibiotic resistant bacteria in the aquatic environments. There
are many bacteria that have resistance to multiple antibiotics that are responsible for various serious diseases. Therefore, many studies have been focused on
the aquatic environments in order to determine the
antibiotic resistance of various bacteria that could
cause serious problems on human health [1, 2, 3, 4].
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was calculated using the method developed by
Krumperman [17].

located in the south-east of Turkey. The population
of the district is increasing rapidly and the water demand has increasing day by day [13]. The Golbasi
Lake is located near the Golbasi district and some of
the sewage discharges into the lake including
Golbasi State Hospital sewage (the hospital is in
about 1.5 km distance from the Golbasi Lake). There
is a slaughterhouse that discharges its wastes into the
channel sites (the slaughterhouse is in about 1.1 km
from the channel sites). Golbasi and Azapli lakes are
connected with each other through these channels.
There has been no information about the presence of
Aeromonas spp. and P. aeruginosa in the Golbasi
and Azapli Lakes. To the best of our knowledge, this
is the first study determining the presence as well as
resistance to antibiotics of Aeromonas spp. and P.
aeruginosa isolated from Golbasi Lake and Azapli
Lake.
The main aims of this study are: (i) isolation
and identification of Aeromonas spp. and P. aeruginosa isolates recovered from Golbasi Lake and
Azapli Lake; (ii) determination the level of antibiotic
resistance rates against most used antibiotics in Turkey.

RESULTS AND DISCUSSION
A total of 248 isolates were obtained, in which
186 isolates belonging to 3 Aeromonas species and
62 of P. aeruginosa isolates (Table 1). Most of the
Aeromonas spp. isolates (26.3%) were obtained from
Azapli channel sites (ACS). There is a slaughterhouse close to the ACS that discharges its untreated
wastes into the ACS. In addition, there are many settlement areas near the GS2, GS3, and ACS. Hospital
and domestic wastes are also discharged in to these
sites. Sewage and effluents from domestic or hospital waste water have been suspected as vehicles for
transmission of pathogenic Aeromonas in a number
of clinical cases [18]. Among the Aeromonas spp.
isolates, Aeromonas sobria was the most prevalent
(47.8%) followed by A. salmonicida (38.1%) and A.
hydrophila (13.9%). Our findings are similar with of
Goñi-Urriza et al. [10], who reported that A. caviae
is the most isolated strain, A. sobria is the second
most isolated strain, and A. hydrophila is the third
most isolated strain from two European rivers. In another investigation, Matyar et al. [19], reported that
Aeromonas spp. prevalence was 34.7% among 268
Gram-negative bacteria isolated from aquatic environments in Turkey. Kueh et al. [20], investigated
the possibility of wound infection with sewage-related organisms following exposure to contaminated
sea water (Table 1).
Authors found that A. hydrophila, Vibrio cholera, V. parahaemolyticus, and V. alginolyticus were
among the bacteria capable of causing different kind
of infections, such as cholera and they further observed that some genera belong to Vibrionaceae
family were present in coastal waters, even at unpolluted sites. Among the Aeromonas species, particularly A. hydrophila and A. sobria, have been recognized as pathogens associated with acute gastroenteretidis in humans due to production of aerolysin
[21]. The aerolysin (A. hydrophila hemolysin), is an
enterotoxic and cytotoxic protein, secreted as a dimeric inactive precursor that can be activated by proteolytic cleavage of a C-terminal peptide [22].
In this study, the most P. aeruginosa (17.7%)
isolates were recorded from GS5 followed by GS1,
GS3, AS1 and AS3 (12.9%); only 3.2% of P. aeruginosa were isolated from GS2 (Table 1). Since
there is a hospital close to GS5, it is possible that
hospital sewages leading to an increase in bacterial
contamination in aquatic environments, particularly
Gram-negative bacteria including Pseudomonas.
Matyar et al. [23], found that P. aeruginosa isolates
were 20.3% among all Pseudomonas isolates of
aquatic environments. P. aeruginosa is the third
most frequent infectious agent that is responsible for

MATERIALS AND METHODS
Our study was conducted at ten different sites
in Golbasi Lake (5 sites) and Azapli Lake (5 sites)
(Figure 1). Water samples were collected 0-20 cm
below the surface using sterile 250 mL bacteriological sample bottles and brought to the laboratory in an
ice chest [14]. The samples were processed within 4
hours of collection. A total of 248 samples (186 and
62 from sites Golbasi and Azapli, respectively) were
examined for the presence of Aeromonas spp. and P.
aeruginosa. A selective medium for Gram-negative
bacteria, McConkey agar (Merck) was used for isolation of Aeromonas spp. and P. aeruginosa. Plates
were incubated at 37°C for 24-48 h. Presumptive
Aeromonas spp. and Pseudomonas colonies were
sub-cultured on Tryptic soy agar (Merck) at 37ºC for
24 h to obtain at least two consecutive pure cultures.
Identity tests were performed using the automated
Vitek-II compact system. Antibacterial susceptibility was determined by an agar diffusion test NCCLS
[15] using Mueller-Hinton agar (Merck). A total of
sixteen different antibiotic discs belonging to nine
classes were used. The antibiotic discs were dispensed using a disc dispenser (Becton and Dickonson BBL Md USA). The plates were incubated at
37°C for 16±18 h. The isolates were determined to
EHVHQVLWLYHDFFRUGLQJWRWKHPDQXIDFWXUHU¶Vinstructions (BBL Md USA). Reference strains of Escherichia coli ATCC 25922 and P. aeruginosa ATCC
27853, as recommended by NCCLS [16], were used
as control organisms for verification of the antibacterial effect of the discs on Mueller-Hinton agar
plates. Multiple antibiotic resistances (MAR) index

117

© by PSP

Volume 27 ± No. 1/2018 pages 116-124

Fresenius Environmental Bulletin

(66.6%) in their research, which was taken a place in
Iskenderun Bay, Mediterranean, Turkey. Aeromonas
spp. from ACS1 and ACS2 showed a high resistance
to seven antibiotics (streptomycin, gentamycin,
ceftizoxime, nitrofurantoin, nalidixic acid, penicillin, and trimethoprim-sulphamethoxazole) among all
sampling sites. On the other hand, a low percentage
of Aeromonas spp. was resistant to tetracycline
12.3% from Azapli Lake (Table 2 and Table 3).
Likewise, Miranda and Castillo [25], found that
14.3% of Aeromonas spp. from the low polluted
Chilean freshwater sources resistant to tetracycline.
There were some distinctive differences in the
percentage of antibiotic resistance among sampling
sites. About 96.0% of Aeromonas spp., collected
from AS2, were resistant to cefazolin. However,
19.0% and 18.7% of Aeromonas spp., were resistant
to tetracycline from the AS1 and AS3 respectively
(Table 3).

hospital-acquired infections. This bacterium is responsible for life-threatening infections such as meningitis in immunocompromised persons. P. aeruginosa is highly virulence, which is mainly depended
on a large number of cell-associated and extracellular factors. These virulence factors play an important
role in the colonization and the invasion of tissues.
P. aeruginosa may be spread via hands of healthy
personals or by environmental sources such as contaminated river or lake water [24].
In Golbasi Lake and Azapli Lake, a high proportion of Aeromonas spp. and P. aeruginosa isolates were resistant to different antibacterial drugs.
Aeromonas spp. showed a high percentage resistance
to cefazolin (93.6% and 86.6%) and penicillin
(96.3.6% and 93.3%) from Azapli Lake and Golbasi
Lake, respectively. Aeromonas spp. (96.1%) from
ACS2 showed resistance to cefazolin. Similarly,
Matyar et al. [23], determined that a high proportion
of Aeromonas spp. were resistant to cefazolin

FIGURE 1
Sample stations
TABLE 1
Bacterial isolates from Golbasi Lake and Azapli Lake
Species
A. hydrophila
A. salmonicida
A. sobria
Total Aeromonas spp.
P. aeruginosa
Total isolates

GS1
3
6
3
12
8
20

GS2
2
4
11
17
2
19

GS3
2
4
8
14
8
22

GS4
8
7
15
4
19
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Sources
GS5 AS1 AS2
1
1
7
11
12
9
5
8
9
17
21
25
11
8
5
28
29
30

AS3
4
6
6
16
8
24

ACS1
2
3
18
23
5
28

ACS2
4
8
14
26
3
29

Total
26
71
89
186
62
248
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TABLE 2
Percentage of resistant isolates of Aeromonas spp. and Pseudomonas aeruginosa from 5 sites in Golbasi
Lake, Turkey (Southeast Anatolian Region) to 16 antibiotics belonging 9 classes. Number of isolates is
shown at the top each column.

Cephalosporins

Chloramphenicol
Nitrofurantoin
Penicillin
Quinolones
Tetracyclines
Trimethoprim-sulphamethoxazole

P. aeruginosa
N= 8

Carbapenems

Aeromonas spp.
N=14

Streptomycin (S, 10μg)
Gentamicin (CN, 10μg)
Kanamycin (K, 30μg)
Imipenem (IPM, 10μg)
Meropenem (MEM, 10μg)
Cephalothin (KF, 30 μg)
Cefazolin (CZ, 30μg)
Ceftizoxime (ZOX, 30μg)
Cefpirome (CPO, 30μg)
Cefuroxime (CXM, 30μg)
Chloramphenicol (C, 30μg)
Nitrofurantoin (F, 300μg)
Penicillin
Nalidixic acid (NA, 30 μg)
Tetracycline (TE, 30μg)
Trimethoprim-sulphamethoxazole
(SXT, 1.25 and 23.75μg)

83.3
66.7
75.0
41.7
50.0
58.3
83.3
66.7
58.3
83.3
33.3
41.7
91.6
58.3
33.3

Percentage of resistant isolates
37.5
58.8
50.0
37.5
47.0
35.7
75.0
35.2
100.0
42.8
62.5
17.6
50.0
42.8
37.5
29.4
50.0
28.5
87.5
88.2
100.0
92.8
87.5
94.1
100.0
85.7
75.0
52.9
100.0
85.7
50.0
41.1
50.0
50.0
62.5
58.8
100.0
78.5
37.5
29.4
50.0
71.4
62.5
35.2
100.0
71.4
100.0 100.0 100.0 100.0
62.5
41.1
100.0
57.1
12.5
52.9
50.0
35.7

62.5
75.0
87.5
62.5
37.5
75.0
87.5
50.0
37.5
62.5
37.5
50.0
100.0
25.0
12.5

41.7

62.5

25.0

29.4

Streptomycin (S, 10μg)
Gentamicin (CN, 10μg)
Kanamycin (K, 30μg)
Imipenem (IPM, 10μg)
Meropenem (MEM, 10μg)
Cephalothin (KF, 30 μg)
Cefazolin (CZ, 30μg)
Ceftizoxime (ZOX, 30μg)
Cefpirome (CPO, 30μg)
Cefuroxime (CXM, 30μg)
Chloramphenicol (C, 30μg)
Nitrofurantoin (F, 300μg)
Penicillin
Nalidixic acid (NA, 30 μg)
Tetracycline (TE, 30μg)
Trimethoprim-sulphamethoxazole
(SXT, 1.25 and 23.75μg)

Carbapenems
Cephalosporins

Chloramphenicol
Nitrofurantoin
Penicillin
Quinolones
Tetracyclines
Trimethoprim-sulphamethoxazole
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Total
P. aeruginosa
N= 33

Aminoglycosides

GS5

28.5

Aeromonas spp.
N=75

Antibiotics

33.3
40.0
60.0
26.6
26.6
66.6
86.6
66.6
26.6
60.0
26.6
33.3
86.6
73.3
20.0

Percentage of resistant isolates
25.0
23.5
54.5
48.0
25.0
23.5
72.7
41.3
25.0
23.5
72.7
45.3
75.0
35.2
72.7
32.0
25.0
35.2
63.6
33.3
100.0
64.7
90.9
74.6
100.0
82.3
100.0
86.6
50.0
58.8
81.8
65.3
25.0
52.9
72.7
45.3
75.0
64.7
81.8
68.0
29.4
63.6
37.3
50.0
70.5
35.2
50.6
100.0
88.2
90.9
93.3
50.0
23.5
36.3
49.3
17.6
72.7
32

45.4
54.5
72.7
66.7
45.4
87.8
93.9
69.6
51.5
72.7
42.4
57.5
96.9
45.4
33.3

40.0

25.0

33.3

P. aeruginosa
N= 4

Classes of antibiotics

100.0

Aeromonas spp.
N=17

Aeromonas spp.
N=15

GS4

P. aeruginosa
N= 2

Aminoglycosides

GS3

29.4

P. aeruginosa
N= 11

Antibiotics

GS2
Aeromonas spp.
N=17

Classes of antibiotics

P. aeruginosa
N= 8

Aeromonas spp.
N=12

GS1

09.0

33.3
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TABLE 3
Percentage of resistant isolates of Aeromonas spp. and Pseudomonas aeruginosa from 5 sites in Azapli
Lake, Turkey (Southeast Anatolian Region) to 16 antibiotics belonging 9 classes. Number of isolates is
shown at the top each column.

P. aeruginosa
N= 8

38.0

75.0

75.0

Classes of antibiotics

Antibiotics

Aminoglycosides

Streptomycin (S, 10μg)
Gentamicin (CN, 10μg)
Kanamycin (K, 30μg)
Imipenem (IPM, 10μg)
Meropenem (MEM, 10μg)
Cephalothin (KF, 30 μg)
Cefazolin (CZ, 30μg)
Ceftizoxime (ZOX, 30μg)
Cefpirome (CPO, 30μg)
Cefuroxime (CXM, 30μg)
Chloramphenicol (C, 30μg)
Nitrofurantoin (F, 300μg)
Penicillin (P,10μg)
Nalidixic acid (NA, 30 μg)
Tetracycline (TE, 30μg)
Trimethoprim-sulphamethoxazole
(SXT, 1.25 and 23.75μg)

Carbapenems
Cephalosporins

Chloramphenicol
Nitrofurantoin
Penicillin
Quinolones
Tetracyclines
Trimethoprimsulphamethoxazole

At the last decade, some studies have showed
that the presence of Aeromonas spp. in drinking water is a potential risk for public health, since some
species of this genus can produce a wide range of
virulence factors such as hemolysin [26, 27]. Another problem is the increasing proportion of multiple-antibiotic resistance amongst Aeromonas spp.

P. aeruginosa
N= 5

Aeromonas spp.
N=23

ACS1

28.0

P. aeruginosa
N= 5

37.5
50.0
37.5
87.5
87.5
100.0
100.0
100.0
87.5
100.0
62.5
100.0
100.0
62.5
50.0

40.0

ACS2

37.5

Total
P. aeruginosa
N=29

Chloramphenicol
Nitrofurantoin
Penicillin
Quinolones
Tetracyclines
Trimethoprim-sulphamethoxazole

Aeromonas spp.
N=16

Cephalosporins

Percentage of resistant isolates
50.0
36.0
20.0
31.2
37.5
32.0
25.0
75.0
32.0
37.5
87.5
48.0
100.0
62.5
87.5
40.0
80.0
50.0
50.0
92.0
60.0
93.7
100.0
96.0
100.0
93.7
37.5
44.0
40.0
62.5
25.0
60.0
20.0
37.5
37.5
40.0
20.0
50.0
25.0
24.0
20.0
43.7
37.5
40.0
20.0
56.2
100.0
96.0
100.0
93.7
37.5
20.0
25
12.0
18.7

Aeromonas spp.
N=111

Carbapenems

57.1
23.5
57.1
57.1
52.3
52.3
90.4
28.5
38.0
28.5
52.3
38.0
90.4
23.5
19.0

P. aeruginosa
N= 3

Streptomycin (S, 10μg)
Gentamicin (CN, 10μg)
Kanamycin (K, 30μg)
Imipenem (IPM, 10μg)
Meropenem (MEM, 10μg)
Cephalothin (KF, 30 μg)
Cefazolin (CZ, 30μg)
Ceftizoxime (ZOX, 30μg)
Cefpirome (CPO, 30μg)
Cefuroxime (CXM, 30μg)
Chloramphenicol (C, 30μg)
Nitrofurantoin (F, 300μg)
Penicillin (P,10μg)
Nalidixic acid (NA, 30 μg)
Tetracycline (TE, 30μg)
Trimethoprim-sulphamethoxazole
(SXT, 1.25 and 23.75μg)

Aeromonas spp.
N=25

Aminoglycosides

Aeromonas spp.
N=26

Antibiotics

AS3

P. aeruginosa
N= 8

Classes of antibiotics

AS2

Aeromonas spp.
N=21

AS1

65.2
52.1
60.8
65.2
60.8
78.2
91.3
78.2
52.1
70.0
47.8
74.0
100.0
82.6
60.8

Percentage of resistant isolates
40.0
65.3
66.7
52.1
60.0
50.0
66.7
37.8
40.0
53.9
100.0
48.6
80.0
53.9
66.7
56.7
40.0
57.6
66.7
52.1
100.0
88.4
100.0
81.0
100.0
96.1
100.0
93.6
80.0
80.7
100.0
59.4
20.0
57.6
66.7
50.4
80.0
80.7
100.0
54.9
80.0
23.0
66.7
36.9
60.0
65.3
66.7
54.9
100.0
100.0
100.0
96.3
40.0
80.7
66.7
48.6
40.0
50.0
66.7
33.3

41.3
41.3
48.2
86.2
75.8
79.3
100.0
68.9
44.8
65.5
48.2
58.6
100.0
41.3
27.5

52.1

40.0

65.5

46.7

100.0

40.5

isolates that has been observed all over the world
[28, 29]. Species of the genus Aeromonas are not
only potential pathogens in humans, but also they are
important pathogens in some animals particularly in
the fish [30].
In this study all strains of P. aeruginosa isolates, which were isolated from Azapli Lake, were
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GS4 and AS1 showed a high MAR index (ranged
from 0.2 to 1). At the same time, P. aeruginosa isolates from the GS5, AS3, and ACS2 showed a high
MAR index (ranged from 0.2 to 1) (Fig. 2, and 3).
About 20.0% of Aeromonas spp. isolated from GS2
showed resistance to five antibiotics, and the same
percentage from GS2 showed resistance to eight antibiotics. From the ACS1, 13.0% of Aeromonas spp.
showed resistance to fifteen antibiotics. Among the
Aeromonas spp. 20.0% and 13.3% of isolates
showed resistance to eight antibiotics from the GS2
and GS4, respectively. A significant proportion of P.
aeruginosa from AS3 were resistant to sixteen antibiotics (37.5%), and a significant proportion of P.
aeruginosa isolated from GS5 were resistant to
eleven antibiotics (27.2%). Jones et al. [32], reported
that a high incidence of antibiotic resistance in Pseudomonas spp. isolated from English lake waters.
There are some other studies that agree with our
findings [33, 29]. Resistance to antibiotic drugs has
become a major public health concern due to the
pathogen organisms, which have been gaining resistance to more and more antibacterial drugs.
Mobile genetic elements including plasmids
and transposons are carrying antibiotic resistance
genes. These elements are widespread in many different environments such as fresh and brackish water, and allow the exchange of antibiotic resistance
genes among microorganisms via conjugation, transformation or transduction [34]. Because of they are
not readily biodegradable, they tend to persist overtime resulting in development and emergence of antibiotic-resistant bacteria in aquatic environments
and often result in resistance to multiple antibiotics
[35].

resistant to cefazolin (100%). Isolates from the
Golbasi Lake, showed 93.9% of resistance to
cefazolin. At the same time, P. aeruginosa from the
AS3, ACS1, and ACS2 showed 100% of resistance
to cephalothin. Although resistance to tetracycline
was relatively infrequent (27.5% and 33.3% from the
Azapli Lake, and Golbasi Lake, respectively), resistance to carbapenems was relatively high among
the P. aeruginosa from the all sampling sites 86.2%
and 66.7% to imipenem, 75.8% and 45.4% to meropenem from the Azapli Lake, and Golbasi Lake, respectively (Table 2, and 3). From AS2, none of the
P. aeruginosa isolates was found to be resistant to
gentamicin, kanamycin, nalidixic acid, and tetracycline. P. aeruginosa shows a remarkable capacity to
resist antibiotics, either intrinsically (because of conVWLWXWLYH H[SUHVVLRQ RI ȕ-lactamases and efflux
pumps, combined with low permeability of the
outer-membrane) or by acquisition of resistance
genes (e.g., genes for E-lactamases, or enzymes inactivating aminoglycosides or modifying their target), over-expression of efflux pumps, decreased expression of porins, or mutations in quinolone targets.
Worryingly, these mechanisms are often present
simultaneously, thereby conferring multi-resistant
phenotypes [31]. Further studies are needed in order
to determine and confirm the actual mechanism(s).
In the present study, the multiple antibiotic resistance (MAR) index values ranged from 0.2 to 1
for both Aeromonas spp. and P. aeruginosa (Fig. 2,
and 3). These results are in disagreement with
Matyar et al. [23], who found that the MAR index
values ranged from 0.2 to 0.60 for Aeromonas strains
and from 0.2 to 0.73 for the Pseudomonas strains in
their study. Aeromonas spp. from all sites except

(MAR index)

6
0(0.00)
6(0.38)
12(0.75)

4

1(0.06)
7(0.44)
13(0.81)

2(0.13)
8(0.50)
14(0.88)

3(0.19)
9(0.56)
15(0.94)

4(0.25)
10(0.63)
16(1.00)

5(0.31)
11(0.69)

3
2
1

GS1

GS2

GS3

GS4

Pseudomonas
aeruginosa

Aeromonas spp.

Pseudomonas
aeruginosa

Aeromonas spp.

Pseudomonas
aeruginosa

Aeromonas spp.

Pseudomonas
aeruginosa

Aeromonas spp.

Pseudomonas
aeruginosa

0

Aeromonas spp.

Number of strains

5

GS5

FIGURE 2
MAR index of Aeromonas spp. and Pseudomonas aeruginosa from Golbasi Lake
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AS1

AS2

AS3

ACS1

Pseudomonas
aeruginosa

5(0.31)
11(0.69)

Aeromonas spp.

Pseudomonas
aeruginosa

4(0.25)
10(0.63)
16(1.00)

Aeromonas spp.

3(0.19)
9(0.56)
15(0.94)

Pseudomonas
aeruginosa

Aeromonas spp.

2(0.13)
8(0.50)
14(0.88)

Pseudomonas
aeruginosa

1(0.06)
7(0.44)
13(0.81)

Aeromonas spp.

Pseudomonas
aeruginosa

6
5
4
3
2
1
0

Aeromonas spp.

Number of strains

(MAR
0(0.00)
6(0.38)
12(0.75)

ACS2

FIGURE 3
MAR index of Aeromonas spp. and Pseudomonas aeruginosa from Azapli Lake

[3] Li, W., Duan, H. and Li, C. (2017) The Occurrence of Antibiotics and Their Ecological Risk
Assessment in Surface Waters of China. Fresen.
Environ. Bull. 26, 607-617.
[4] Dulger, G., Ugras, S. and Dulger, B. (2017) Determination of the Presence and Antibiotic Susceptibility of Francisella tularensis in Spring
Waters in Duzce, Turkey. Fresen. Environ. Bull.
26, 5111-5114.
[5] Sahni, D., Ali, D., Al-Amer, A., Sood, N.,
Chaudhary, D.K., Tiwari, A. and Hussain, S.A.
(2017) Isolation and Identification of Pathogenic Bacteria from Diseased Freshwater Fish
Catla catla (Ham.). Fresen. Environ. Bull. 26,
1108-1115.
[6] Araoju, R.M., Arribas, R.M., Pares, R. (1991)
Distribution of Aeromonas species in waters
with different level of pollution. Journal of Applied Bacteriology. 71, 182±186.
[7] Krovacek, K., Dumontet, S., Eriksson, E. and
Baloda, S.B. (1995) Isolation and virulence profiles of Aeromonas hydrophila implicated in an
outbreak of food poisoning in Sweden. Microbiology and Immunology. 39, 655±661.
[8] Chopra, A.K. and Houston, C.W. (1999) Enterotoxins in Aeromonas associated gastro enteritidis. Microbes and Infection. 1, 1129±1137.
[9] Pollack, M. (2000) Pseudomonas aeruginosa
In: Principles and Practice of Infectious Diseases. Mandell, G.L., Bennet, J.E. and Dolin, R.
(eds.) (Churchill Livingstone, Philadelphia). 2,
2310±2335.

CONCLUSION
Our findings suggest that Golbasi Lake and
Azapli Lake, are source for multiple antibiotic resistant Aeromonas spp. and P. aeruginosa strains. It
is possible that these bacteria can transfer their antibiotic resistance genes to other bacteria. For better
understanding of antibiotic resistance mechanisms,
further studies are needed to be conducted at molecular level, and these studies should include other
parts of Turkey as well as Golbasi and Azapli Lakes.
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The objectives of this study are to evaluate and
compare the sediment capture characteristics in three
T-head groin systems. 31 T-head groins evaluated
are located at Kıyıcık (13), Eskipazar (10), and
İyidere (8) which are on the Eastern Coast of Black
Sea in Turkey. In this study, interactive effects of the
groins, groin fill characteristics, and variations in
sediment depths between the left and right heels of
the groins were evaluated. Since their construction in
2000, there has been a significant sediment accumulation at each groin system. Sediment accretion analyses show that the Kıyıcık and İyidere groin systems
have the most significant sediment accretion characteristics. The comparison of the sediment depth profiles indicates that sediment depth in the groin fields
is still increasing. However, at the Eskipazar groin
system the sediment depth in the groin field has not
showed a significant change since 2009. At the
Eskipazar groin system there are significant variations in the sediment levels amongst the individual
groins due to the frequent and uncontrolled removal
of the sediments. The groin system in İyidere is the
most balanced in terms of sediment depths at the left
and right heels and also has the minimum human interference due to the limited access to the coastline.

beaches by holding the sand directly located on either side of the structures [6, 7, 8, 9]. Length, height,
permeability, type of material, and groin configuration are all factors that affect a terminal groin’s influence on sedimentary process [10].
Although coastal groins are designed for shoreline protection and beach formation, there are cases
where T-head groins have resulted in significant
shoreline erosion. [11]. The numerical studies (i.e.,
modelling) are often limited in predicting the longterm changes depending on the data availability of
wave and sediment characteristics [12]. Long-term
monitoring of sediment levels is needed to ensure the
functional effectiveness of the shoreline protection
structures [13, 14].
To provide shoreline protection for the Black
Sea Coast in northern Turkey, T-head groins were
constructed along the coast line. The objective of this
study is to evaluate the morphological effects on the
groin fields of three T-head groin groups based on
sediment capture. The performances of the T-head
groin systems located at Kıyıcık (13 T-head groins),
Eskipazar (10 T-head groins), and İyidere (8 T-head
groins), located on the Eastern Black Sea coast, were
analyzed. Interactive effects of the groins, sediment
depth profiles, and variations in sediment depths between the left and right heels of the groins were evaluated and compared [15].


'%&! '"&

In the related research, T-head groin locations
and characteristics were described. Wind and wave
characteristics, coastal and sea floor morphology,
coastal ecology and ecological impacts, coastal sediment budget, depth survey and field inspection details were given.

0<.;4:=49891'30,/;9489.,=498<The
three T-groin systems studied are located at the
coastline of the towns of Kıyıcık, Eskipazar and
İyidere in Turkey, extending about 14 km on the
Eastern Black Sea coast. The T-head groins were
constructed in 2000 in a similar manner and dimensions during the construction of the Black Sea Double Motorway to protect the highway. The groin system at Kıyıcık consists of 13 T-head groins with coverage of approximately 2.5 km of coastline. This

+*"%&
Groin, Shoreline, Sediment, Groin characteristics, Black
Sea
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Groins are long and narrow structures generally
constructed perpendicular to the shoreline to prevent
shoreline erosion. They are used to reduce the littoral
drift in the surf zone, and to retain the sand depending on the available sediment budget [1, 2]. A series
of similar groins may be constructed to form a groin
field which can protect a stretch of coast against erosion. The effectiveness of straight groins can be increased by modifying the shape of groins (L and Thead groins or bent groins) to reduce the wave energy into the compartments and to reduce the formation of rip currents near the groin heads [3, 4, 5].
T-head groins are effective in stabilizing
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groin system is located between two small streams
(Solaklı and Baltacı Rivers). A large fishing shelter
and a public beach are located in the west of the groin
system (Figure 1a). 
The groin system in Eskipazar consists of 10 Thead groins covering approximately 1.8 km of coastline. This groin system is also located between two
streams (Baltacı River and İyidere Creek) which
serve as the sediment sources. There is a small fishing shelter located in the west of this groin system,
(Figure 1b). The coastal area in Eskipazar is also
used as a public beach.
The groin system in İyidere consists of 8 Thead groins covering approximately 1 km of coastline. It is separated from Eskipazar by İyidere
Bridge. İyidere Creek serves as the sediment source
for this groin system (Figure 1c).
This area is not used as a beach due to the high
level of pollution. There are frequent water discharges from a gas station at this location during routine cleaning activities and occasional leaks. There is
also a small marble craftwork industry which contributes to the coastal pollution. The water at this location is therefore not suitable for public use. There
are several small streams which discharge into the
area.
There are also several natural large rock formations along the coast line. Among the three locations, this area is the most vulnerable to wave erosion
due to its position to receive direct direction waves.


(% 
;948/4708<498<,8/2;4/><0/19;/0:=3
<>;?0B<;9>8/'<:>;=30<0,/0:=3
70,<>;0708==3,=@,<:0;19;70/><482A7
2;4/19;70/-B<98,;9;0A,7:6041/0:=3
91  74<  =30.99;/48,=0<91=3,=
:948=

'30,/;9483,;,.=0;4<=4.<; The construction of the T-head groins along the Eastern Black Sea
coast in Turkey began in 2000. Prior to the construction of the groins, riprap was placed 6 meters inland
from the shoreline. Each groin was built 10 m wide
at elevations between 1.0 and 1.5 m from the sea
level. Figure 2 presents the typical dimensions of the
T-head groins [16].
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Wind and Wave Characteristics: Figure 3 presents the wave characteristics based on the 15-year
sea state data collected in Rize, Turkey. The prevalent wind directions in the area are west-northwest
(WNW), northwest (NW) and north-northwest
(NNW). The incoming waves are generally in the
same direction as the prevalent wind direction. According to the Turkish Coast Deep Sea Wind and
Wave Atlas [18] the largest waves occur in the NW
direction.
The waves coming from the WNW direction
break before reaching the coast and hence have less
energy in comparison to the waves coming from the
NW and NNW directions. The 5, 10, 50 and 100year return periods correspond to the wave heights
of 4.3, 5.1, 6.3 and 6.9 meters, respectively, for wave
periods between 8.0 and 10.0 seconds [17].

have resulted in significant changes in the coastline
and sediment transport characteristics.
9,<=,6 .9692B ,8/ .96924.,6 7:,.=<
Some areas along the coastline were filled for construction of the motorway. These fill areas and construction of groins have reduced both the variety and
population of fish inhabiting the coastal waters.
However, there has been a noticeable increase in the
variety of sea animals that live in rocky or sandy bottoms and use the groin rocks for shelter [18].

9,<=,6 &0/4708= >/20= The comprehensive assessments of the river basins discharging into
the Black Sea were initiated in 1980 for water resources management. These studies focused on the
transport of sediments, flow conditions and suitability of the rivers for hydroelectric power generation.
In recent years, due to construction of numerous hydroelectric power generation facilities and dams, and
withdrawal of water for industrial purposes (i.e., cement factories), sediment transport characteristics of
the rivers have been altered significantly. It is estimated that over 17 million cubic meters of sediments
are captured each year by the rivers discharging into
the Black Sea. The amount of sediments that are
transported to the Black Sea is estimated as 25 million cubic meters per year. Transport of larger particles (i.e., sand and gravel) by river currents is significantly reduced [19].

9,<=,6 ,8/ &0, 699; 9;:39692B The
groins are located along the 14 km long stretch where
the coastline exhibits very jagged characteristics due
to the mountainous geography and erosion caused by
wind-driven waves. The steep Pontic Mountains
(known locally as Eastern Black Sea Mountains) run
roughly east-west, parallel and close to the Black Sea
coast. The mountain system is about 400 km long
and up to 100 km wide. The mountains consist of
several parallel ranges, which are separated by longitudinal valleys and chains of inter montane basins,
with numerous gorges and water gaps created by rivers and creeks. The elevations of the ranges increase
from west to east from 2,000–2,500 to 3,000–3,500
m.
The steep mountains along the coast result in
significant quantities of sediments being transported
by the rivers and discharged into the Black Sea.
Coastal currents in general are from NW to SE. Construction of the Black Sea Double Motorway along
the coastline, along with the construction of the Thead groins, and new facilities in coastal fill areas

&0/4708= 0:=3 &>;?0B ,8/ 406/ 8<:0.
=498< Sediment depths in each groin field were
measured by sonar using a 5×5 m grid for 60 m x 80
m area around each groin as presented in Figure 2.
The field measurements were conducted in 2000, immediately after the groins were constructed, and during 2009 and 2013. The water depth data sets were
transposed to generate the contour maps using
NetCAD and AutoCAD [20].
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on the coastline.
At the Eskipazar groin system, the comparison
of the sediment depth profiles during the 2000- 2009
and 2000-2013 periods shows that the sediment
depth in the groin field did not change significantly
during the 2009-2013 period. During the 2000-2013
period T10 accreted the most significant characteristics (Figure 4b). On the other hand, at T8 and T9 the
sediment depth appears to have the smallest change
insediment depth. This is primarily due to the uncontrolled frequent removal of the sediments due to the
ease of access to these groins. The İyidere stream
provides the sediments for the system, constantly replenishing the sediments.
At the İyidere groin system the comparison of
the sediment depth profiles during 2000, 2009 and
2000, 2013 show that the sediment depth in the groin
field is still increasing in a relatively uniform manner
across the groin field. The most significant accretion
has been observed at the T4 followed by T3 and T5
since its construction (Figure 4c).
Figure 5 presents the comparison of sediment
accretion characteristics on the left and right heels at
each T-head groin system. By 2013, at the Kıyıcık

Figure 4 presents the comparison of the average
sediment depth change at each groin system from
2000 to 2013. The changes in sediment depthprofiles
in each groin field shows sediment accumulation in
each groin field. However, there were also significant differences in the sediment depths at the individual groins in each groin field. Sediment accretion
analyses showed that the Kıyıcık groin system
showed the most accretion characteristics of sediments (Figure 4a). The comparison of the sediment
depth profiles of 2000-2009 and 2000-2013 periods
shows that the sediment depth in the groin field is
still increasing. The first 9 groins (T1-T9) showed
the most significant changes throughout the groin
zone. However, the last four groins showed decreasing sediment accumulation profiles in relation to the
order of the groins with the smallest accumulation of
sediments at T13. Based on the visual observations,
the least 3 groins (T11-T13) are located next to the
Baltacı Bridge that provides easy access for trucks to
remove the accumulated sediments, which is an uncontrolled practice which creates significant impacts
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T-head groin system, the sediment accretion characteristics had not showed a significant difference between the left and right heels of the groins. At the last
3 groins located on the east part of the groin system
(T11, T12, and T13), the sediment levels on the right
side of the heels are higher in comparison to those on
the left side of the heels. In this groin system occasional sand removal by the public (for construction
use), an uncontrolled practice, disturbs the accumulation balance between the left and right heels (Figure 5a). In general, sediment capture increased from
T1 to T13 due to the proximity of this groin group to
the harbour (City of Of), transport of sediments from
open seas, and proximity of the T13 to the Baltacı
river.
At the Eskipazar groin system; there were significant variations in the sediment levels between individual groins (Figure 5b). However, the accumulation profile showed that the sediment levels between
the left and right groins were similar with the exception of the two groins located in the middle of the
groin system (T5 and T6), which showed higher sediment depths on the right side of the heels. The T4
groin had sediment loss at the heels due to the frequent and uncontrolled removal of the captured sediments by the public for other uses (i.e., construction).
The groins T7 and T10 had the highest amount
of sediments accumulating at the heels. The fisherman shelter prevents the transport of the sediments
to the groins T1-T3, hence these groins had relatively
insignificant sediment accumulation.
The İyidere groin system is the most balanced
in terms of sediment accretion at the left and right
heels (Figure 5c).
This groin system has the minimum human interference in sediment accumulation due to limited
access to the coastline. In general, the right heels
have higher sediment accretion potential, especially
at the first three groins which capture the sediments
carried by the İyidere stream.

The groins T5, T6 and T7 have complex water
mixing patterns due to the effects of discharge from
the İyidere stream on the west and several smaller
streams to the east. The predominant wave direction
is parallel to the groin heads, however, sediments
from the open seas do not reach this groin system.
The sediment transport in the groin systems in
general is from NW to SE. The particle size characteristics of the sediments collected from the three
groins systems are presented in Figure 6. The grain
size distribution of sediments collected in the Kıyıcık
and Eskipazar groin systems show a wide range of
grain size distribution, while the sediments accumulating at the İyidere groin system exhibit well graded
sediments with relatively small variations in grain
size.

"!(&"!
The sediment accretion characteristics in three
T-head groin groups located on the Eastern Black
Sea coast in Turkey were compared. Since their construction in 2000 there has been significant sediment
accumulation at each groin system.
Sediment accretion analyses show that the
Kıyıcık and İyidere groin systems had the most significant accretion characteristics of sediments. The
comparison of the sediment depth profiles between
2000 and 2009 as well as 2000 and 2013 periods
shows that the sediment depth in the groin field is
still increasing. However, at the Eskipazar groin system the sediment depth in the groin field has not
shown a significant change since 2009.
At the Eskipazar groin system, there are significant variations in the sediment levels amongst the
individual groins due to the frequent and uncontrolled removal of the captured sediments.
The groin system at İyidere is the most balanced in terms of sediment accretion at the left and
right heels. This groin system has also the minimum
human interference with the coastline due to limited
access to the area.
Average grain size is between 10-50 mm and
sediment deposition varies seasonally. This grain
size can be regarded normal at the coastal areas and
beaches. The data about the sediment accumulating
are important (Table 1). Especially, the occupancy
rate is very high for the T-head groins at the Eskipazar and Kıyıcık areas in this system because sand and
gravel (sediment) to the T-spur system is carried by
the Baltacı and İyidere streams (Figure 6); [21].
T5, T6, T7, T10 and T13 on the groins accumulated in the sand (0.25-10 mm) reached 1.5-2 m
height. Approximately 1000-4000 m3 sand has been
accumulated in only one T-head groin and this area
is 1787.5 m2. The total accumulated sand volume is
between 40000 and 60000 cubic meters [22].
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Suitable human settlement environment in arid
and semi-arid area refers to an efficient ecological
landscape that has sufficient water supply and abundant vegetation cover with favorable climatic condition. In this study, environmental suitability of human settlement in the Kaidu River Basin in Northwest China is evaluated by using remote sensing images, socio-economic and meteorological data. The
suitability index for human settlement environment
is adopted to quantify the spatial heterogeneity of environmental suitability in this region. Results
showed that the suitability index for human settlement environment in the Kaidu River Basin ranges
between 6.74 and 77.9. High suitable area is mainly
distributed in lower and middle part of the Basin
where the region bordering Bohu, Yanqi, Heshuo
and Hejing County, which makes up about 0.3 % of
the whole research area, with 220/km2 population
density. Middle suitable area is mostly distributed
next to the high suitable area, which accounts for 3.7 %
of the whole study area, with 33/km2 population density. Low suitable area includes middle part of
Hejing County, upper part of Heshuo County and
northwest part of Yanqi County, which accounts for
24 % of the whole study area, with 1.5/km2 population density. Unsuitable area is distributed southeast
of Heshuo and Bohu County and central part of
Hejing County, which covers 59.8 % of the whole
study area, with 0.1/km2 population density. The
most unsuitable area is mainly distributed in southwest and northern part of Hejing County, which accounts for 12.2 % of the whole study area, with
0/km2 population density, which is largely uninhabited. The results of this study can be used by decision
makers to select suitable areas for human settlement
and regional development in order to achieve longterm sustainability of Kaidu River Basin, Northwest
China.



!&$"'&"!

Human settlements are becoming a concerning
topic in the field of environmental science, which is
designed to reveal the relationship between humans
and natural environment [1]. As a basic living space
for human beings, human settlement environment directly influences the development of human society
and civilization [2]. It basically determines the spatial distribution pattern of the population in particular area [3]. At present, in the context of global
change and socio-economic development, the natural environment of human settlement has been continually altered [4-5]. Deterioration of natural environment due to intensive human activities is one of
the major crises that human societies are facing [6].
The natural-environments in the world’s arid regions
have been degraded at an alarming rate during the
past 30 years, as a result of long-term unsustainable
socio-economic development [7]. Consequently, this
produced negative effects on the quality of human
settlement environment and reduced its suitability
[8]. Therefore, the evaluation of human settlements
environment suitability in arid areas has become an
important task for environmental scientists and landscape planners [9]. Recently, many researchers have
made great efforts to quantify the mechanism of human-settlement environment evolution and seek the
best settlement environment for human beings using
different approaches [10]. These research works are
mainly categorized into two groups. First, the urban
settlement research in which most researchers give
priority to the nature, economy, transportation and
other human factors [11]. Second, researchers focus
on most fundamental natural factors of human settlement environment, which aims to quantify the comfortable degree of natural system [12-13].
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The human settlement environment is affected
by many factors including topography, vegetation,
climate, hydrology and economic conditions [14].
People in the northwestern China are suffering from
serious environmental and ecological disasters because of the degradation of natural environment,
which was resulted by intensified human activities
[15]. In this context, the harmonious relationship between human and the natural environment is still the
major factor that determines human survival and sustainable development [16-17]. Unlike major metropolitan areas, environmentally vulnerable mountainous and desert regions with limited resources produce smaller settlements [18].
The Kaidu River Basin is located in transitional
zone between the Tianshan Mountains and the
Taklimakan Desert in Xinjiang Uighur Autonomous
Region, Northwest China, which is very sensitive to
ecological and environmental change [19]. It is one
of the most typical mountain-oasis-desert ecosystems in Northwest China [20]. In this region, high
mountain with low temperature in northwestern part
and desert with low precipitation in southeastern part
is the significant barrier for survival of human beings
and their development [21]. While irrigated agriculture and animal husbandry are the major socio-economic activities in this region [22]. In recent years, a
number of ecological and environmental problems,
including reduction in downstream water supplies,
falling groundwater levels, soil salinization and desertification have occurred in Kaidu River Basin due
to global climate change and increasing human interferences [23]. The landscape changes in the Kaidu
River Basin altered the environmental suitability for
human settlement environment in this region. There-

fore, a comprehensive evaluation on human settlement environment is necessary in order to improve
the sustainable development of the fragile ecosystems.
The aim of this paper is to analyze the spatial
patterns of human settlement environment suitability
in Kaidu River Basin, and to quantify the contribution of each individual factor and determine their
role for further assessment of the environmental suitability in the study area. Our results may provide
useful references for the decision makers in future
landscape planning of human settlements.
&$%! &"%

%3>/= ./=-<3:>398 The Kaidu River Basin
(41°37′–43°31′ N, 82°58′–88°36′ E) with an area of
5.90×104 km2 is located in the southern slope of the
Tianshan Mountains. It contains the Kaidu River,
Bosten Lake and four administrative counties of
Yanqi, Bohu, Heshuo and Hejing (Fig. 1)
In the Kaidu River Basin, the regional landscape is characterized by big mountain ranges in the
northwest, narrow plains where oases are located in
the lower middle part, and vast desert at the southeast.
Bosten Lake is the largest inland freshwater lake in
China, with a surface area of approximately
1.21×104 km2 that contains 9×108 m3 of water volume, with a maximum depth of 16 m and an average
depth of 7 m [24]. During the period of 1985-2015,
the average annual runoff of Kaidu River was about
36.59 × 108 m3. The Kaidu River Basin has a typical
continental climate, with annual average temperatures of 7.5 and annual average precipitation of
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130 mm. The total population of the Kaidu River Basin is 108.83 ×104 in 2015, accounts for about 9 %
of the population of the Tarim River Basin. GDP of
the Kaidu River Basin in 2015 was 5.8×1010 Yuan
(RMB) [25-26].

quantify the individual contribution of each factor to
the quality of human settlement environment. Additionally, correlation analysis is used to characterize
five single factors with population density. Furthermore, based on the individual factors and the Human
environment index (HEI), the suitability of human
settlement environment in Kaidu River Basin is evaluated.

  $/63/0 ./1<// 38./B $% Relief Degree of Land Surface (RDLS) is a reflection of the
regional scale variation of altitude and it is an important factor to analyze the suitable scale of the human settlement environment [4]. In this study, the
normalized RDLS is calculated by the method proposed by Feng and Tang (2008), which has gained
wide applications in the field of human settlement
research in China [1]. The RDLS index equation as
follows: 
RDLS=
{[Max (H)–Min (H)] × [1–P (A)/A]}/500
(1)
Where, Max (H) and Min (H) represent the highest
and lowest altitude area respectively. These variables can be calculated from the DEMdata using the
GIS neighborhood analysis tools. P (A) is the flat
area (km2) defined as the ground slope angles, which
are less than 5º, and  is the total area of the study
region. Spatial pattern of normalized RDLS is presented in Fig. 2-A.

 +8.-9@/<38./BLand cover index
is a comprehensive characterization of land use and
vegetation cover. Vegetation cover is an important
component of terrestrial ecosystems especially in
arid and semi-arid regions [31]. Its calculation formula is as follows: 
(2)
LCI=NDVI×LTi
Where, NDVI is normalized difference vegetation
index of a grid cell; LTi is the coefficient of various
land use types (Table 1).
In this research the NDVI can be calculated using equation 3.
NDVI = (NIR–R)/(NIR+R)
(3)
Where, NIR represents the value of near-infrared
emission of MODIS and R is the value of red emission [32]. The coefficient of land use types is determined according to Feng (2009) [13]. The equation
2-3 are used to obtain normalized land cover index,
all the process is performed in ENVI 5.0 (Esri) and
ArcGIS 10.0 software (Esri). Land cover index spatial pattern presented in Fig. 2-B.

 &/7:/<+>?</?73.3>C8./B (&Climatic conditions are major factors influencing human activity and residential environment [33]. The
commonly used climatic indexes include temperature humidity index (THI), wind effect index, and
human body amenity indicator [13]. In this paper, we
chose the THIas the climate suitability index for human settlement evaluation of Kaidu River Basin. 

+>+ -966/->398 The data sets used in this
study are collected from different sources. It includes
remote sensing data, topographic data, meteorological data and socio-economic data.

 $/79>/=/8=381.+>+The Normalized Difference Vegetation Index (NDVI) data is calculated
from Moderate-resolution Imaging Spectro-radiometer (MODIS) data from the United States Geological Survey (USGS). Land use and land cover data
used in this study were interpreted from Landsat OLI
(Operational Land Imager) data (path/row: 142145/29-31), which is also acquired from USGS, and
the results have been calibrated and validated by detailed filed investigations. In this study, band 2-7 for
Landsat OLI data was used for the land use and land
cover classification.

  &9:91<+:23- .+>+ +8. />/9<96913-+6
.+>+Digital Elevation Model (DEM) data with 90
m resolution was represented for topographic data,
which is obtained from USGS. Meteorological data
(the mean annual temperature and mean annual precipitation), were collected from four different climate stations in Kaidu River Basin. The data acquisition was strictly in accordance with the Ground
Surface Meteorological Observation Protocols [2728].
The spatial distribution maps of the annual average temperature and annual average precipitation
with a spatial resolution of 500 m of the study area
are obtained from the Institute of Geographical Sciences and Natural Resources, Chinese Academy of
Sciences.

  %9-39/-98973- .+>+ Socio-economic
data used in this study include Gross Domestic Product (GDP) and population density. The GDP census
raster data for the year 2010 and the population density census raster data for the year 2010 with a spatial
resolution of 1000 m are obtained from the Institute
of Geographical Sciences and Natural Resources,
Chinese Academy of Sciences. All data sets are reprojected to Universal Transfer Mercator (UTM)
Projection System Zone 45 N with World Geodetic
System (WGS-1984) datum [29-30].

/>29.=In this study, we developed a framework for human settlement evaluation, which combines both the natural and human factors. Firstly, we
set up a database at 1000 m×1000 m grid cell size,
which includes the data of terrain, climate, vegetation cover, land use land cover and GDP. Secondly,
five single evaluation models are established to
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average temperature and humidity obtained from Institute of Geographical Sciences and Natural Resources, Chinese Academy of Sciences. The calculation results are shown in Fig. 2-C.

THI = T-0.55(1-f) (T-58)
(4)
T = 1.8t + 32
Where,  is the average annual temperature; is the
annual average relative humidity. In this study, the
normalized THI is calculated from the spatial data of
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)+>/<$/=9?<-/8./B)$ The hydrological condition has an important effect on the
physio-geographical environment [1, 4]. It also has
profound effects on the regional economy, society,
population and human settlement [2, 34]. Therefore,
the detection of the spatial pattern of water resources
in Kaidu River Basin is crucial for suitability evaluation for the human settlement environment [35-36].
Normalized Water Resource Index (WRI) model is
used to evaluate the water resource condition of the
Kaidu River Basin.
WRI=αP + βWa
(5)
In this model, P is normalized precipitation; Wa
is the normalized water area; α and β represent the
weight of precipitation and water area, respectively.
Where α is 0.8 and β is 0.2 [1], and the normalized
WRI spatial pattern presented in Fig. 2-D.

NWRI, NGDP represent for a normalized relief degree index, normalized land cover index, normalized
temperature humidity index, normalized water resource index and normalized GDP respectively. 
  and  represent weight of each index, respectively. The weight of indexes is obtained from ratio
of correlation coefficient of each single factor to the
sum of the correlation coefficient [1, 11] (Table 2).


$%'&%!%'%%"!

%:+>3+6 .3=><3,?>398 90  38 +3.? $3@/<
+=38 Human settlement environment suitability
map of the Bosten Lake and its corresponding values
in each raster data are obtained from the HEI evaluation model. The HEI evaluation value in Kaidu
River Basin ranges from 6.74 to 77.9, as shown in
Fig. 3 A-B, the greater HEI value indicates favorable
human settlement conditions. 
The distribution pattern of HEI in Kaidu River
Basin was divided into five levels through applying
natural break grading method, expert scoring methods and referencing Yang and Ma (2009)’s human
settlement environment categorization of whole
China [39]. The range of five HEI levels is as follows,
the high suitable area (63.67-77.9), the middle suitable area (49.44-63.67), the low suitable area (35.2149.44), the unsuitable area (20.97-35.21) and the
most unsuitable area (6.74-20.97) respectively (Table 3).
(1)The results of this paper show that the environmental situation from the northwest to the connecting center of the four counties (Yanqi, Bohu,
Heshuo, Hejing), from the Tianshan mountain in the
northwest to plains in lower middle part, from desert
in southeast to the Kaidu River valley is improving
respectively. The high suitable area is mainly distributed in Yanqi, Bohu and Heshuo county, as well as
the lower part of Hejing county which covers only
168 km2 of the whole study area. The average slope
in this region is <2.743 degree. The regional topography of this area is flat which receives the extensive
sunlight, and has plenty of water resource. The land
use types of this area include construction land and
cultivated land. As a critical region of the whole
Kaidu River Basin, the high suitable region is also
home to the main oasis irrigated lands and residential
areas. The population density of this region is 220
persons / km2.

 <9== 97/=>3- #<9.?-> # Gross
Domestic Product (GDP) represents a direct measurement of economic activity in particular region
[37-38]. The socio-economic activities could modify
human settlement landscape and quality of environment [2]. GDP can be used to reflect the intensification of human activities in the Kaidu River Basin. In
this study, normalized GDP raster data layer in 2015
is extrapolated from GDP raster data layer in 2010
by using the growth model, which is obtained from
Resources and Environment Database of Chinese
Academy of Sciences. Growth model is: 

(1 + )  = 

(6)
In formula (6),  is the initial value of GDP at
the beginning;  is the GDP after  year’s development:  is the number of years. From Eq. 6 we can
obtain average annual growth rate of GDP from 2010
to 2015 in Kaidu River Basin. Spatial distribution of
normalized GDP in Kaidu River Basin is calculated
using the spatial analyst model in ArcGIS 10.0 as it
is presented in Fig. 2-E.

 ?7+8 8@3<987/8> 8./B  According to the quantitative analysis of relief degree
index, land cover index, temperature humidity index,
water resource index and the economic condition,
the HEIassessment model was established, and itis
calculated as: 
HEI = α×NRDLS +β×NNDVI +θ× NTHI + χ×
NWRI +ξ× NGDP
(7)
Where, HEI is the human environment index, and its
value ranges from 0 ~ 100; NRDLS, NLCI, NTHI,

136

#"

  $  





  !




'$
&2/=?3>+,363>C/@+6?+>398</=?6>90>2/2?7+8=/>>6/7/8>/8@3<987/8>38+3.?$3@/<+=38

&
@+6?+>398</=?6>90=?3>+,363>C09<2?7+8=/>>6/7/8>=38>2/+3.?$3@/<+=38

+8.
#9:?6+>398./8=3>C
#9:?6+>398
%?3>+,363>C

+8.

:/<=98 57 

@+6?+>398
/@/6
57 
High suitable
63.67 - 77.91
168
0.3
220
27.9
Middle suitable
49.44 - 63.67
1982
3.7
33
48
Low suitable
35.20 - 49.44
12771
24
1.5
14.5
Critical suitable
20.97 - 35.20
31791
59.8
0.1
9.6
Non-suitable
6.74 - 20.97
6479
12.2
0
0




'$
&2/</6+>398=23:,/>A//8:9:?6+>398+8.#38+3.?$3@/<+=38

and abundant precipitation. This region, however, is
located in Tianshan Mountains. Land use types
mainly include grasslands where the animal husbandry is well developed and there is very small human settlement distribution in this region. The topography and low temperature are main restricting
factors for human activities. The population density
of this region is 1.5 persons/ km2.
(4) The unsuitable region is mainly distributed
in southeastern part of Heshuo and Bohu County, as
well as northwestern part of Hejing County, which
covers 31791 km2 of the whole study area. This region is characterized with a complicated topography,
plenty of vegetation in the northwest, few vegetation
and little precipitation with high evaporation in the

(2) The middle suitable region is mainly distributed next to the high suitable region, which covers an area of 1982 km2. The slope elevation of the
region has smaller variation. The region is located in
the inter-oasis basins, where water resource is abundant and land use types mainly include constructed
land and cultivated land. It has potentials for the development of agriculture and animal husbandry. The
population density of this region is 33 persons /km2.
(3) The low suitable region is mainly distributed in middle part of Hejing County, upper part of
Heshuo County and northwestern part of Yanqi
County, which covers an area of 12771 km2. In this
region, natural condition is characterized with high
altitude, low temperature, plenty of vegetation cover
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In this paper, the spatial patterns of the human
settlement condition of the Kaidu River Basin are investigated using GIS and single index evaluation
model. The following conclusions can be drawn:
(1) The HEI increased gradually from the
northwestern region in Tianshan Mountain and
southeastern desert region to the oasis areas in lower
middle part of study area, which is located at intersection of Hejing, Bohu, Heshuo and Yanqi County.
The suitability of the human settlement environment
in the Kaidu River Basin ranges from 6.74-77.9. According to its corresponding value with the population density, it is divided into the five suitable regions, which include high suitable area, middle suitable area, low suitable area, unsuitable area and most
unsuitable area.
(2) In this study, the high suitable region is 168
km2, and accounts for 0.3 % of the total study area,
with the population density of 220 persons /km2. The
area of middle suitable region is 1982 km2, and accounts for 3.7 % of the total study area, with the population density of 33 persons/km2. The area of low
suitable region is 12771 km2, and accounts for 24 %
of the total study area, with the population density of
1.5 persons /km2. The area of unsuitable region is
31791 km2 and accounts for 59.8 % of the total study
area, with the population density of the 0.1 person
/km2. The area of most unsuitable region is 6479 km2,
and accounts for 12.2 % of the total study area, with
the population density of 0 person /km2.
(3) There is a significant positive linear correlation between the suitability of human settlement
environment and population density with the correlation coefficient of 0.931. There is also a positive
linear correlation between human settlement and
GDP, and the correlation coefficient is 0.922. The
high correlation values confirm the accuracy of HEI
in human settlement environmental evaluation and
it`s high applicability in actual regional development.
The result of this study shows the regional differences of human settlement environment in the
study area and provides a rational quantitative visualization. Therefore, it is a useful method for the region to improve the coordinated sustainable development among human, natural resources and socioeconomy. The results of this study can be used by
decision makers to select suitable areas for human
settlement and regional development in order to
achieve long-term sustainability of Kaidu River Basin, Northwest China. However, Because of the
complicated relationship among the human settlement environment, geographic advantage and socioeconomic infrastructure, further research is needed
for future regional development of human settlement
environment in the Kaidu River Basin.

southeast. Only few residents’ settlements can be
found there. Meanwhile, the unsuitable region is distributed next to ecotones between the Taklimakan
Desert and Bosten Lake, lower middle plain and
Tianshan Mountains, which are covered by snow
and desert. In this region, human settlement environment is restricted by complicated terrain and climate
condition. The population density of this region is
0.1 person/ km2.
(5) The most unsuitable region is mainly distributed in southwest and northern part of Hejing
County, which covers an area of 6479 km2. In this
region, the HEI is less than 21. The low temperature
and high altitude generate negative effects on the environmental quality for human settlements in the
Kaidu River Basin, so this region is nether suitable
for humans to engage in production activities, nor
suitable for human settlement. The population density of this region is 0 person per/km2.

&2/-9<</6+>398+8+6C=3=,/>A//82?7+8=/>
>6/7/8>=+8.2?7+8+->3@3>3/=In order to further
study the correlation between the suitability of the
human settlement environment and socio-economic
activities of the Kaidu River Basin, we overplayed
the HEI with population density in Kaidu River Basin. 
As being one of the most important factors,
which directly affects the quality of human life, GDP
is a comprehensive index for measuring the human
settlement environment [40]. Therefore, we select
the GDP as an index for the evaluation of the human
settlement environment to illustrate the correlation
between the human settlement environment and economic situation. Therefore, spatial correlation analysis is conducted to analyze the relationship between
the HEI and GDP.
Grid point attributes are extracted using GIS
technology, and correlation analysis is calculated using statistic software. The result shows that there is
a positive correlation between the HEI and the population density, as well as the HEI and GDP. The
correlation coefficients are 0.931 and 0.922 (Fig. 4)
respectively. Therefore, the higher the GDP is, the
higher the residential suitability is.
Field investigation validated that most of the
HEI values match with the actual situation in the
study area. Nevertheless, we also have found that
some settlements are located in poor human settlement environment areas and a number of towns and
villages are located near the mountain and desert, as
well as oasis - desert ecotone in low suitable area.
These areas are characterized with complicated terrain, changing weather, scarce water resources, and
an underdeveloped economy. Therefore, some villages are needed reallocation in order to improve human settlement environment conditions.
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an air quality evaluation methodology within a real
urban environment over lengthy time periods by
means of steady computational fluid dynamic simulations. Olvera-Garcia [7] proposed an evaluation
model which uses fuzzy inferences combined with
an analytic hierarchy process, providing a new AQI.
Miranda [10] applied an integrated assessment modelling system in scenario and optimization modes, to
guide urban air quality assessment. Eder [11]
demonstrated a statistical approach called PCA with
the intent of motivating its use by the evaluation
community.
Despite these several approaches to air quality
assessment, there is no ideal solution – the process is
rife with fuzziness and randomness as air pollution
is caused by many complex factors. Previous scholars [13, 14] have explored the uncertainty inherent to
air quality evaluation, but did not reach a perfectly
effective solution. The cloud model first proposed by
Li [15-17] represents an interesting new approach to
air quality evaluation, as it converts the uncertainty
from a qualitative concept to a quantitative value
while properly accounting for fuzziness and randomness. To date, the cloud model has been successfully
applied to service selection [18], railway container
station selection [19], water allocation [20], and stability evaluations [21]. In this study, we explored the
use of a cloud model for evaluating air quality in
Shenyang City from December, 2015, to November,
2016.
Previous studies on air pollution indicators
have mainly included O3 and particulate matter (PM)
[22–25], CO [26], volatile organic compounds [27],
PAHs [28], benzo(a)pyrene [29], SO2 [7], aerosol
[30], and NO2 [31], while there has been relatively
little research on the collective impact of such major
pollution indicators on air quality. The AQI represents the entirety of pollutants to the air including
PM2.5, PM10, O3, CO, NO2, and SO2. In this paper,
AQI is used as an expression of the total air pollution.

The air quality index (AQI) reflects the level of
pollution in the air. Ambient AQI evaluations provide to the public a clear, workable understanding of
the health and safety of their environmental surroundings. Air pollution is a complex phenomenon
that is affected by many factors, so evaluating ambient AQI comes with uncertainty, fuzziness, and randomness. The cloud model is well capable of managing these issues. The purpose of this study was to
evaluate the AQI of Shenyang City from December,
2015, through November, 2016, based on introduced
synthetic cloud model technique. First, transform the
air pollution level to a standard cloud model; next,
the AQI cloud model for any single month is established based on its corresponding data according to
a backward cloud generator. Synthetic cloud model
is then achieved across the entire study period according to corresponding formulas based on the
basic cloud model. The synthetic cloud model falls
between Moderate and Lightly polluted standard
cloud models per qualitative analysis; quantitatively,
it is a Moderate standard cloud model. To this effect,
the AQI evaluation results indicate that Shenyang
City was Moderate from December, 2015, to November, 2016. The introduced synthetic cloud model
provides a new approach to air quality evaluation.


&$ 
AQI, ambient air quality evaluation, cloud model, synthetic cloud model, cloud generator

!"!
Throughout its urbanization and industrialization process, China has repeatedly encountered problems related to air pollution [1-3], which now severely affect the health of its citizens [4]. Ambient
air quality evaluation plays an important role in preventing and controlling air pollution, as well as in
providing the public with a clearer understanding of
the health and safety of their environment.
There are many available methods for air quality evaluation, mainly including dynamic model [5,
6], fuzzy synthetic assessment [7, 8], integrated assessment methodologies [9, 10], and principal component analysis (PCA) [11, 12]. Parra [5] developed

! 
149* 24*+1 )43)+58 As mentioned above,
the cloud model is an uncertainty transformation between a qualitative concept and its corresponding
quantitative value. The uncertainty transformation
encompasses both fuzziness and randomness.
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Let  be a universal domain described by accurate numbers and  be a quality concept in  .
If there is a random element  ∈  of the quality

as follows.
Input: The values

( , ,  ) of the quali-

tative concept and number of cloud drops  .
Output: The quantitative value of cloud drops

 , μ (  ) ∈ [0,1] is a random value with
steady tendency for  ∈  , as is shown in For-

concept

and membership degree

a
mula (1):

μ ( ) .

Algorithm:
(1) Generate a normally distributed random

μ :  → [0,1] ∀ ∈ ,  → μ (  ) (1)

number ' with mean  and standard deviation
 ;
(2) Generate a normally distributed random
number  with mean  and standard deviation
 ;
(3) Let  be a specific quantitative value of
qualitative concept (i.e., the cloud drop);

Then the distribution of  on  is called the
“cloud”, and  is called a “cloud drop”.
A given cloud model can be characterized with
three numerical characteristics ( , ,  ) . A
cloud model of medium height is shown in Figure 1,
and the meaning of these numerical characteristics is
described in detail below.

−(  −  )

(4) Calculate

μ ( ) = 

2

( )

2 

(5) Repeat steps 1-4 until
generated.

' 2

 cloud drops are

')0;'6* )149* -+3+6'846 The backward
cloud generator can be used to extract numerical
characteristics ( , ,  ) from a given cloud drop
set. The backward cloud generator algorithm is as
follows.

 (  = 1, 2,,  ) ;
( , ,  ) of cloud drops  .

Input: Cloud drops
Output:

Algorithm:

"
+*/92.+/-.8)149*24*+1

The expected value  is the center value of
the qualitative concept and the most representative
of cloud drop. The expected value representing medium height is 170 cm (Figure 1).
The entropy  reflects the fuzziness and
randomness of the qualitative concept. The larger the
 value, the greater the fuzziness and randomness
of the concept.  can be used to represent the
cloud drop range that is acceptable by the concept in
the number field.
The hyper entropy  is a measure of the
fuzziness and randomness of  , which reflects the
thickness of the cloud.

−

(1) Calculate

1




∑ ;
 =1



−

(2)

 =  ;

(3) Calculate  = π × 1

2



∑  − 

 =1




(4) Calculate  2 = 1
(  −  )
∑
 − 1  =1

(5) Calculate  =

2

 2 −  2


!6'37,462'/6541198/431+:+1848.+78'3*'6*
)149*24*+1 Before evaluating air quality based on
synthetic cloud model, it is necessary to transform
air pollution level to the standard cloud model. To
the indicator with bilateral constraint, the numerical
characteristic of the standard cloud model can be
achieved as follows.

46;'6*)149*-+3+6'846 The cloud model is
an algorithm which can produce as many cloud drops
as necessary according to the three numerical characteristic

=

max + min
2
max − min
 =
6
 =

( , ,  ) . The cloud model is nei-

ther a clearly subordinating degree curve nor a
steady probability density function, but many cloud
drops generated by two normal distribution functions
in series. The forward cloud generator algorithm is

 = 
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where

min

max

 "!  "

is the maximum AQI level range,

is the minimum AQI level range, and



is a

/6 541198/43 1+:+1 Ambient Air Quality
Standards (GB 3095-2012) [32] and Technical Regulation on Ambient Air Quality Index (HJ 633-2012)
[33] were released in China in 2012. The air pollution levels corresponding to these new air quality
standards are shown in Table 1.
The standard cloud model drawn according to
Formulas (2)-(4) is shown in Table 2.

constant that may change according to the randomness and fuzziness of different AQI levels.

<38.+8/))149*24*+1 The AQI indicators to
be evaluated have complicated correlations to which
the synthetic cloud model must adapt. Let the cloud
model of the indicator to be evaluated be

 (  ,  ,  )

, the final synthetic cloud

 ( , ,  )
cloud model of  . The synthetic cloud model can
model be

, and



AQI
0-50
51-100
101-150
151-200
201-300



 =



 =1

 



(5)

∑  

 

 =1



 = ∑  
 =1


 =



 =1

Level
Good
Moderate
Lightly polluted
Moderately polluted
Heavily polluted

(7)



∑  
 =1

where

 



 

is the weight of indicators to be eval-

uated and  is the number of indicators.

/2/1'6/8< (+8;++3 7<38.+8/) )149* 24*+1
'3*78'3*'6*)149*24*+1 Similarity can be used
to determine the level to which the cloud model belongs:
−

λ = 

(  −   )
2
2(   )

 +:'19'8/43 Shenyang City, located in
northeastern China, is an important industrial base
serving the entire country. The purpose of this study,
as stated above, was to evaluate Shenyang’s AQI
from December, 2015, to November, 2016, via the
introduced method and the air quality data is from
reference [34]. The reference data for November,
2016, is shown in Table 3.

(8)

 is the cloud model expectation of the
indicator to be evaluated,   is the expectation of
where

 , and   is the entropy of
standard cloud model  .
standard cloud model

λ

Standard cloud model
(25,8.3333,0.5)
(75.5,8.1667,0.5)
(125.5,8.1667,0.5)
(175.5,8.1667,0.5)
(250.5,16.5,1)

Map the AQI cloud model and corresponding
standard cloud models into a cloud image within
which the level of AQI can be qualitatively expressed – the position of the cloud image within the
standard cloud model corresponds to the intensity of
air pollution.

2

After calculating the similarity

Color
Green
Yellow
Orange
Red
Purple

!
8'3*'6*)149*24*+14,


(6)

∑   

!
/6541198/431+:+1

Level
Good
Moderate
Lightly polluted
Moderately polluted
Heavily polluted

be the basic

be calculated as follows:

∑   



between the

! 
4, .+3<'3-)/8</34: 


synthetic cloud model and standard cloud model via
Formula (8), the standard cloud model corresponding to the maximum similarity λ  is the result of the

Date
11-01
11-02
11-03
11-04
11-05
11-06
11-07
11-08
11-06
11-10

indicator to be evaluated according to the maximum
membership degree principle.
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AQI
74
74
87
162
271
137
207
82
90
49

Date
11-11
11-12
11-13
11-14
11-15
11-16
11-17
11-18
11-19
11-20

AQI
68
74
84
80
60
118
223
112
46
53

Date
11-21
11-22
11-23
11-24
11-25
11-26
11-27
11-28
11-29
11-30

AQI
38
43
70
100
88
149
97
89
95
73
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The AQI cloud model can be drawn using the
backward cloud generator in MATLAB software.
The result was (99.7667,48.5335,25.0392). The
other months’ cloud models were drawn similarly;
the results are shown in Table 4.

! 
149*24*+1,642+) 844: 

Date
Standard cloud model
Nov. 2016
(99.7667,48.5335,25.0392)
Oct. 2016
(75.6129,38.7836,5.0784)
Sept. 2016
(63.3333,17.6021,6.1797)
Aug. 2016
(75.3226,29.9569,8.56)
July 2016
(86.6129,31.7619,10.4932)
June 2016
(79.3667,23.9689,5.9649)
May 2016
(89.5161,29.1301,10.4644)
Apr. 2016
(86.8667,20.5822,11.7419)
Mar. 2016
(108.7419,55.8005,14.9477)
Feb. 2016
(82.2414,26.5655,3.6888)
Jan. 2016
(105.3548,34.3677,10.6349)
Dec. 2015
(142.5484,81.2085,29.8579)

Then, conducted quantitative analysis according to
similarity as described above. The similarity calculations were

λ2 = 0.0129

and

λ3 = 0.0065 , oth-

ers were 0. In other words, the quantitative analysis
of AQI is Moderate according to the maximum
membership degree principle. To this effect, air
quality was Moderate in Shenyang City per AQI
evaluations from December, 2015, to November,
2016.
/7)977/43 Our results confirm that the synthetic cloud model indeed applies to the air quality
evaluation process. Previous scholars [13, 14] have
explored the uncertainty of air quality evaluation, but
did not offer fully effective solutions. The cloud
model [15-17] provides a new approach to air quality
evaluation by converting the uncertainty from a
qualitative concept to a quantitative value and by
taking fuzziness and randomness into account.
The quantity and numerical values of samples
may impact the cloud model evaluation results. In
the future, we plan to explore this impact further and
to develop potential solutions to minimizing or eliminating it.

One year has twelve equally statistically significant months, so the weight of each month is set to
1/12 under the introduced method. The synthetic
cloud model of Shenyang City for the entire study
period drawn using the data in Table 4 according to
Formulas (5)-(7) was (99.5849,36.5218,14.8826). A
comparison between the synthetic cloud model and
standard cloud models is shown in Figure 2.

" 
In this study, AQI in Shenyang City from December, 2015, to November, 2016, was evaluated
based on introduced synthetic cloud model. The results indicated that the city had Moderate air quality
throughout the study period.
Air pollution is a complex phenomenon and is
affected by many factors, so its evaluation process
contains uncertainty, fuzziness, and randomness.
The cloud model can effectively resolve these problems. The cloud model works by converting uncertainty from a qualitative concept into a quantitative
value by means of forward and backward cloud generators. To this effect, qualitative and quantitative
analysis combine to form accurate evaluations of air
quality.
$! 
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Standard cloud models from left to right indicating Good, Moderate, Lightly Polluted, Moderately Polluted, and Heavily Polluted, respectively,
are shown in Figure 2, where all the cloud images
consist of 1,000 cloud drops. First, conducted qualitative analysis based on these models. As shown in
Figure 2, the synthetic cloud model falls between
Moderate and Lightly Polluted standard cloud models – that is, the qualitative analysis result of AQI
falls between moderate and lightly polluted levels.
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freshwaters have the power to influence the human
life and wildlife. Fertilizer, pesticides, factors such
as domestic and industrial waste, thrown haphazardly into environmental, have caused the surface
water and groundwater pollution and soil contamination occurring at the same time. The contamination or desiccation of fresh waters also has a negative effect on fresh water-dependent species. Understanding of these adverse environmental conditions is significant for both sustainability of ecosystems and the continuity of species.
Amphibian and Reptilian species are influenced by pollution and habitat destruction. Amphibians are potentially reliable and efficient bioindicators [1, 2]. They are very sensitive to even the
slightest fluctuations in the environmental conditions [3]. "! , an aquatic species, is an indicator that reflects the long-term environmental impact of biological parameters and can
be used as bio-indicators to assess anthropogenic
pollution [2, 4-9].
Physical, chemical and biological environmental pollutants that threaten the ecosystems of
living organisms can cause damage to the genetic
material of organisms. These damages are repaired
to a certain extent by the DNA repair system. However, if the damage rate is high, the repair mechanism is insufficient and mutation can occur in the
cells. Mutations can occur at gene or chromosomal
level such as the change of genetic information, the
breakdown of DNA or chromosome, the loss of
genetic information [10]. As a result of environmental damage caused by environmental pollutants
exposed to living beings, cells can initiate a cascade
of biological consequences by mutation, cancer,
birth defects, diminished growth, abnormal development and reduced embryo, larval and adult survival in whole organs, even whole populations or
even populations [11]. Therefore, it is of utmost
importance to assess, monitor and investigate the
effects of pollutants that they are exposed to in the
ecosystem in which they live on the genetic material. Genotoxicity tests have been developed to monitor contaminants that may cause mutations on genetic material such as chromosomal abnormalities,
micronucleus, sister chromatid exchanges, gene

In this study, the frequency of micronuclei and
nuclear abnormalities caused by environmental
pollutants were determined in "! 
 from the Biga Stream (Canakkale, Turkey).
Healthy and mature animals were collected by hand
capture method from along the four stations (estuary zone, city center, buffer zone and industrial
zone) of Biga Stream. Blood samples of the live
specimens were obtained in the laboratory within
one day of their capture. Two peripheral blood
smears for each sampled specimen were prepared
on clean slides, fixed with methanol for 15 min and
dyed with Giemsa stain. Micronuclei and other
nuclear abnormalities such as kidney shaped nuclei,
lobed nuclei, and notched nuclei and blebbed nuclei
were determined and scored in the slides. Also,
heavy metal analysis was carried out to determine
the pollution level of the waters in the stations. Our
result have shown that the frequency of nuclear
abnormalities were highest in Station 2 (8.64±0.51).
However, the station 2 has higher rates of values of
Al, Cu, Zn and Fe than the values obtained from the
other stations. The results have showed that the
amount of heavy metals contained in the stations
was found to be close parallels with the percentage
of the total nuclear abnormalities and each kind of
abnormality in   erythrocytes. The
results have indicated that the levels of genotoxic
pollutants in different regions of the Biga stream
differ and lead to DNA damage on the organisms.
('!#$
"!, micronucleus, nuclear abnormalities, ecotoxicology, Biga stream, Turkey.
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In recent years, natural resources have been
faced with the danger of pollution due to the development in the industry and technology and the
increase in the number of people in the world. In
particular, adverse changes that will occur in our
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mutations and DNA damage. Among these tests,
Micronucleus test (MN) can be effectively detected
the structure and/or segregation of chromosomes by
the identification of acentric fragments and/or lagging chromosomes that remain separated from the
main nucleus of the daughter cells during cell division. This technique allows the detection of early
biological responses, before the damage is irreversible and causes imbalances in the health of an
organism [12, 13]. The MN test is one of the most
commonly used biological markers for in situ monitoring of genotoxic contamination in its natural
environment [14-20]. But recently, other nuclear
abnormalities such as kidney shaped nuclei (KS),
lobed nuclei (LB), and notched nuclei (NT) and
blebbed nuclei (BL) were determined and described
monitoring genotoxic effect of pollutants. Determination of the number of micronuclei together with
other nuclear abnormalities formed in the cells of
different species that are exposed to various environmental pollutants can be used to evaluation of
the genotoxic effects of pollutants [21]. In recent
years, nuclear abnormalities have been used with
micronucleus to determine the effects of pollutants
in various species [19, 21-23]. Additionally, several
studies have described the presence of nuclear abnormalities and micronuclei in various Amphibia
species exposed to genotoxic pollutants [24-27].
The aim of this study was to evaluate potential
genetic material damage caused by environmental
pollutants in "!  from four different stations of the Biga Stream (Canakkale, Turkey) by determination of micronuclei and other
nuclear abnormalities.
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Station 4: (Industrial zone, 40º01’26.38” N;
27º02’22.02” E); It is the entrance of the Çan town.
It is an area very close to the ceramic factories and
the recent breeding work has exposed the region to
anthropogenic effect.

&# 
20*;<:.*5?2<1/7=:;<*<276;


.*>@5.<*46*4@;.;Heavy metals such as
Aluminum (Al), Copper (Cu), Zinc (Zn), Iron (Fe),
Cadmium (Cd), Chromium (Cr), Lead (Pb) and
Nickel (Ni) in water samples were taken from the
four stations in Biga Stream were analyzed by
EPA200.7. through procurement of services.

625*4 *<.:2*4   samples
( =10, from each station) were captured along the
Biga Stream in May, 2014. Only healthy and mature animals were studied and they were collected
by hand capture method, generally from the water.
Blood samples were obtained in the laboratory
within one day of their capture. The  
samples were collected according to the guidelines
of the university’s ethics committee (2012/05-01).

%#$ %!$

1*:*,<.:2A*<2767/;<=-@*:.*Biga stream
it is affected by industrial waste and it is rich in
species diversity [28, 29]. In this study; Biga stream
which is 80 km long is divided into four stations:
estuary zone, city center, buffer zone and industrial
zone (Fig 1). The distance between the 4 stations is
about 20 km.
Station 1: (Estuary zone, 40º22’23.00” N;
27º18’37.51” E); It is located in the region where
Biga Stream flows into Marmara Sea. It is 14 km
away from Biga center and a polluted place with
domestic and animal wastes. The water level is
increasing parallel to the rain.
Station 2: (City center, 40º14’15.75” N;
27º14’24.71” E); It is the district center of Biga.
Industrial, domestic and animal wastes are at the
highest level.
Station 3: (Buffer zone, 40º05’59.46” N;
27º10’08.19” E); It is 4 km from the center of Biga.
It passes through the Emeşe village. It is a polluted
situation with domestic and animal wastes. It is
seen that the water level changed during the year.

.*;=:.5.6< 2,:76=,4.=; *6- =,4.*:
+67:5*42<2.; The blood samples were taken
from the etherized frogs by means of ventriculus
punctures, via heparinized hematocrit capillaries
[30]. The peripheral blood smears for each sample
were prepared on clean slides, after fixation in
ethanol for 20 min, the slides were allowed to airdry at room temperature, fixed with methanol for 15
min and then stained with Giemsa stain (10% v/v)
[27]. Three slides were prepared for each sample
and a total of 1000 erythrocytes per slide were
scored from each slide under an optic microscope
(1000x magnification). Micronucleus was defined
according to the criteria as follows: (a) MN should
be smaller than one-third of the main nuclei, (b)
MN must not touch the main nuclei, (c) MN must
not be refractive and should be the same color and
intensity as the main nuclei [31-33]. Other nuclear
abnormalities such as kidney shaped nuclei, lobed
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2,:76=,4.=; *6- =,4.*: +67:5*42<2.;
The frequencies of micronuclei and nuclear abnormalities in erythrocytes were measured in each
samples and summarized in Table 2. Our results
have shown that the frequency of total nuclear
abnormalities were highest in Station 2 (8.64±0.51).
When compared with respect to the total nuclear
abnormality of four different stations, it is seen that
station 4 has the second largest ratio (7.48±0.52).
Station 1 and Station 3 have showed similar frequency, respectively 3.41±0.03, 3.16±0.06.
The nuclear abnormalities such as kidney
shaped nuclei, lobed nuclei, notched nuclei,
blebbed nuclei and micronucleus were observed in
samples of each station (Fig 2) and frequencies of
them were calculated separately. Analysis of frequencies in peripheral erythrocytes of 
from Biga Stream showed that the frequency of
nuclear abnormalities such as lobed, notched,
blebbed nucleus was higher than the other abnormalities in all station. Micronucleus frequency was
found to be too low in all stations.
When four stations compared according to the
types of nuclear abnormalities, the frequency of
nuclear abnormalities such as lobed, notched,
blebbed nucleus was highest in samples of Station
2. Besides this, station 4 has the second high frequency of abnormalities. Also, micronucleus frequency was the highest in this station. Although the
percentages of total abnormalities of stations 1 and
3 are similar, there are differences in the percentages of the kind of abnormality.

nuclei, and notched nuclei and blebbed nuclei also
were determined and scored in the slides [27, 34,
35].

$<*<2;<2,*4 *6*4@;2; Multiple comparisons
were performed using one-way analysis of variance
(ANOVA), followed by Tukey test was used to
compare differences in total nuclear abnormalities
between four groups using SPSS 20.0 for the PC
(SPSS, Chicago, IL, USA).
#$&%$ $&$$! 

.*>@ 5.<*4 6*4@;.; According to surface
water analysis results have obtained an average
accumulation levels of heavy metals were listed as
Fe> Al> Zn> Cu> Ni> Pb> Cr> Cd in the water
samples of all stations of the Biga Stream taken in
May 2014 (Table 1).
From the analyzed heavy metals, changes in
the amount of Al, Cu, Zn, Fe and Ni were observed
according to the stations. When four stations compared in terms of the amount of heavy metal, it can
be seen that the 2nd station has higher rates of values of Al, Cu, Zn and Fe than the values obtained
from the other stations. The fourth station has been
seen that the second station in the quantity of high
heavy metal, except for the amount of Cu and Fe.
Despite the fact that there are two stations (Station
1 and 3) with low amounts of heavy metals, the
station 1 has the lowest heavy metal level except
for the amount of Fe.


% 
%1.4.>.4;7/1.*>@5.<*4;26<1.?*<.:;*584.;<*3.6/:75/7=:;<*<276;7/20*$<:.*5
"*:*5.<.:50 
4
=
)6
.
-
:
"+
2

$<*<276 
0.132
0.022
<0.0006
0.326
<0.0006
<0.002
<0.01
<0.003

$<*<276 
0.545
0.029
0.066
0.945
<0.0006
<0.002
<0.01
0.004

$<*<276 
0.154
0.025
0.030
0.032
<0.0006
<0.002
<0.01
0.034

$<*<276
0.218
0.021
0.037
0.068
<0.0006
<0.002
<0.01
0.026

% 
2,:76=,4.2*6-6=,4.*:*+67:5*42<2.;/:.9=.6,2.;26 .:@<1:7,@<.;/:75<1.
20*$<:.*5

Micronucleus
Lobed nucleus
Notched nucleus
Blebbed nucleus
Binucleat
Kidney shaped nucleus
Total nuclear abnormalities (%)

$<*<276 
0.16±0.06
1.61±0.26
0.96±0.36
0.61±0.22
0
0.064±0.01
3.41±0.03b

$<*<276 
0.06±0.01
5.26±0.37
2.63±0.6
0.69±0.02
0.01±0.005
0
8.64±0.51d

$<*<276 
0.10±0.09
2.43±0.91
0.66±0.25
0.13±0.08
0
0
3.16±0.06a

*Means with the same letter within the columns are not significantly different at p ≤ 0.05
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0.23±0.009
4.80±0.77
1.89±0.62
0.56±0.05
0
0
7.48±0.52c
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"!  is an indicator that reflects the long-term environmental impact and can
be used as bio-indicators to assess anthropogenic
pollution. In this study, healthy and mature animals
were collected generally from along the four stations (estuary zone, city center, buffer zone and
industrial zone) of Biga Stream and it has been
demonstrated to what extent they are affected from
pollutants in their habitat.
The concentrations of pollutants in the Biga
Stream vary according to the pollutants surrounding
it. Each station is exposed to different pollutants.
These pollutants have genotoxic potential on genetic materials of organisms living in these habitats.
Heavy metals are especially the most important
source of inorganic pollutants in the water.
Our results have showed that the amount of
heavy metals contained in the stations was found to
be close parallels with the percentage of the total
nuclear abnormalities and each kind of abnormality
in  erythrocytes. The genotoxic effects
were generally correlated with heavy metal content
of water samples [22]. Genotoxic properties of
heavy metals in aquatic organisms are related to the
accumulation of DNA-damaging free radicals,
clastogenic processes or to simultaneous clastogenic and aneugenic actions [23, 36].



Station 1 has the lowest heavy metal level except for the amount of Fe. Station 1 is estuary zone
and located in the region where Biga Stream flows
into Marmara Sea. So that the dilution of heavy
metal content may be occur in the station. The low
level of heavy metals may cause less nuclear abnormalities.
Station 2 is the district center of Biga. It is a
situation where contamination with industrial,
domestic and animal wastes is at the highest level
in stations. It is noted that in this station, the
pollution is seen gradually as compared to the first
station, and the color of the stream changes. Our
result showed that Station 2 has the highest heavy
metal level. The percentage of the total nuclear
abnormalities and each kind of abnormality were
found to be the highest in   erythrocytes from this station. The increase and diversification of the proportion of pollutants in the water
may cause damage to the genetic material of organisms.
Station 3 is buffer zone and it passes through
the village. It is a polluted situation with domestic
and animal wastes. It is seen that the heavy metal
content of this station is low due to the low pollution around it. The frequency of nuclear abnormalities in   erythrocytes from this station
was seen less in parallel with the low heavy metal
content.
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Station 4 is located very close to the ceramic
factories and the recent breeding work has exposed
the region to anthropogenic effect. The fourth station has been seen that the second station in the
quantity of high heavy metal and the high nuclear
abnormalities.
Analysis of micronuclei and other nuclear abnormalities is a common protocol to evaluate genotoxic effects especially in aquatic organisms [19].
Our results have demonstrated that monitoring
nuclear abnormalities is much more effective for
the evaluation to what extent   are
affected from pollutants. Because of the low frequency of micronuclei, micronucleus analysis was
not sufficient alone to determination of genotoxic
potential of pollutants.
Heavy metals are taken up by living things in
the aquatic ecosystem, accumulating in their tissues
and reaching animals and humans through the food
chain. Amphibian species are influenced by pollution and habitat destruction. Several authors have
reported evidence showing that a large number of
amphibian populations are declining worldwide
[37, 38], including Turkey [39]. Therefore,
knowledge on the physiological properties of Amphibia species in nature as a response to environmental changes, are important for the biomonitoring studies.
! &$! 
The significant correlation between the
amount of heavy metals in the water and the percentage of the total nuclear abnormalities and each
kind of abnormality show that nuclear abnormalities in "! erythrocytes are valuable biological markers and useful for biomonitoringenvironmental pollutants.
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The major toxic factor accounting for the insecticidal activity of   -based biolarvicides
is the protein crystals produced during sporulation
[3]. The crystal contains the binary (Bin) protoxin,
composed of two polypeptides of 42 kDa (BinA) and
51 kDa (BinB) which act in synergy. The Bin toxin
binds specifically to receptors in midgut epithelium,
through the BinB subunit, and the BinA subunit is
related to toxic effects to the cells after binding [4].
Within the midgut the 51- and 42-kDa proteins are
processed to proteins of 43 and 39 kDa, respectively
[5].
  , has been shown to recycle in the
field conditions and exert larvicidal activity for a
long period. Depending on the formulation and environmental conditions,    is generally effective from 1-4 weeks after application. The risk of
emergence of resistance should be considered when
designing application strategies. Field resistance has
been reported for   . One mechanism of
resistance is the reduced binding of the toxin to the
mid-gut receptor sites. The mechanism of resistance
to    crystal toxin has been studied extensively in only two    populations. Bioassays
indicated that the resistance level was increased as
the treatment increased, and the best way to produce
bacterial strains that simultaneously express different toxins binding to different receptors [6]. On the
other hand, there still exist some resistance or there
are some other factors affecting the toxin in the application medium. The effects of aquatic bacterial proteases have not been determined yet.
In this study we aimed to screen the possible
antagonistic proteolytic effect of microbial neighbors on  binary toxin protein.

Haematophagous (blood feeding) arthropods
vectors such as mosquitoes transmits the arboviruses
to human being by biting which causes febrile diseases and central nervous system (CNS) infections,
affecting indigenous populations and travelers [1]. 
   has become an important agent for microbial control of mosquitoes since the isolation of
highly larvacidal strains of these bacteria at very low
doses and safe to other non-target organisms [2].

'%&! '"&

5/>;;>3-:5?9?-:08;/-@5;:? The  
  2362 strain was obtained from Microbiology
Laboratory of the Department of Biology at Ankara
University.
Test bacteria were isolated from aquatic environments close to mosquitoes habitats (The Abant

Biolarvicides, based on crystal toxins of certain
strains of      are highly effective
against mosquito larvae. The wide variety of formulations based on spore-crystal complexes intended
for ingestion by target insects, are the result of many
years of research. Depending on the formulation and
environmental conditions,    is generally
effective from 1-4 weeks after application. In this
work we aimed to detect the extracellular proteases
in mosquito breeding areas as the environmental factors that affect the life of the biolarvacide formulations. Thus, 120 bacterial isolates from some
mosquito habitats in Turkey were obtained and screened for their putative proteolytic extracellular protease(s) against    strain 2362 mosquitocidal toxin. Two isolates, identified as  and
    according to 16s rDNA, have extracellular proteases which have high activity against
crystal toxin. The bioassay applications using the larvae of the   were also performed. The results confirmed the efficacy of the aquatic bacteria
on the     crystal toxin. The proteolytic
activity of the bacteria isolated from aquatic
mosquito environments indicates that the microbial
content of the mosquito habitats should be taken into
account when bacterial insect controlling agents, like
   formulated larvicide, are to be used.
,*"%&
   , crystal toxin, biolarvacides, proteases
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Lake, 40°36′0″N,31°16′0″E and The Sakarya River,
40°41′50″N
30°27′24″E
and
41°07′35″N,
30°38′56″E ) in Turkey. For each station, soil samples were collected; (1) from the dry soil near the
shore, (2), from the wet soil very near the shore, and
(3) from the watery part of the shore. Two grams of
soil samples were put into sterile % 0,09 physiological saline solution in sterile test tubes and transferred
to laboratory in cold-chain. Protease producing bacterial strains was isolated according to Sharmin et
al.[7].

#>1<->-@5;: ;2 @;D5: <>;@15: -:0 <>;@1-?1?
/>A011D@>-/@?    2362 strain is used to
produce the entomopathogenic crystal toxin Bin protein.    2362 strain culture was prepared
in the NSYM agar for 4-5 days. Crystal toxin protein
was isolated and solubilized according to Baumann
et al. [8]. Briefly, after disturbing the cells by French
press, crystal toxin protein tagged with spores were
removed to a sterile 1ml 10 mM EDTA (pH 7,5) in
a sterile eppendorf tube. In order to wash the toxin
from the other cellular parts, the solution was centrifuged twice in 13 000 rpm for 5 min to get the toxin
intact. The final extract was stored in refrigerator for
later use.
In order to obtain isolated bacterial protease,
each bacterial isolate was grown for 72 h in a nutrient
broth medium. One ml of the bacterial culture was
centrifugated at 13 000 rpm for 3 min. The supernatant was taken and filtrated through a 0.45 µm
membrane filter (Sartorious Corp. USA) in aseptic
conditions, so that only extracellular enzymes would
be obtained.

19;:?@>-@5;:;2  @;D5:013>-
0-@5;:In order to treat the toxin with the putative
extracellular proteases from the isolated bacterial
producers, the    toxin and each extracellular protease were mixed in equal amounts (50µl) in
the sterile eppendorf tubes and incubated at 37°C for
12 and 24 h. Screening of the toxin effective extracellular proteases were performed by using SDSPAGE [9]. After determination of the toxin-effective
bacterial isolates, the time-course degradation of the
binary toxin protein by those proteases were performed for 6h, 12h, 24h. All the experiments were repeated in triplicate.

:-8E?5?;2@;D5:013>-05:3<>;@1-?1 In order to detect the effective protease protein among the
other extracellular proteins, extracellular protein
extracts were separated by native-PAGE and after
cutting from the gel, each protein band was incubated with the toxin protein. In detail, 1 ml lyophilized
extracellular crude extract was load on native gel and
after running, each protein band was excised and

crashed in a 1 ml 10 mM Tris-HCl buffer (pH 6,8)
solution in eppendorf tubes. These solutions were
centrifuged at 13 000 rpm for 3 minutes and the supernatants were transferred to sterile 1 ml eppendorf
tubes. Each of the eppendorf tube was added with 50
μl of toxin solution and incubated for 48 hours. After
being treated with sample buffer, they were applied
to the SDS PAGE gels. The gel slabs were analyzed
only for the disappearance of the    binary toxin protein bands in the corresponding area
according to the control toxin subunit bands (41kDa,
52kDa).
The molecular weights of proteins extracted
from the respective protein bands were calculated by
comparing the relative mobility and molecular weight of protein standard markers using Grapher programme (v. 3.03, Golden Software, Inc. Colorado,
USA).

';D5:-??-EC5@49;?=A5@;8->B-1 Bioassays
were performed according to the standard method recommended by the World Health Organization10.
The bioassays were performed by using   
toxin (50µl) and bacterial extracellular protease
extracts (50µl) by placing groups of 15 early 3rd instar larvae in 50 ml of distilled water in plastic cups
(pH 7,3). Tests were applied as duplicated and repeated on three different days, concurrently with the
assay of the controls (control I; isolate extracellular
protein extracts with the larva, control II; distilled
water with the larva only). According to the total datas, the standard deviations of the means were calculated. At least three concentrations giving mortalities
between 2 and 98% were tested.

;81/A8->501:@5G/-@5;:;2 -:0& 
The phylogenetic affiliation of the protease producers were examined by amplification and sequencing
of the 16S rRNA gene. Total DNA extraction (Biobasic) of overnight activated pure cultures of protease producers were used as template for PCR. Polymerization of 16S rRNA gene region was maintained
with Taq polymerase (AmpliTaq Gold; Perkin Elmer) and two universal bacterial primers: EubF, (5’GAGTTTGATCCTGGCTCAG-3’), and EubR, (5’GGAACATGTGTGGCGGGCC-3’). Polymerase
chain reaction was performed with a Perkin Elmer
thermocycler using the following protocol: one hold
at 94°C for 5min, then 30 cycles of 94°C for 60 s,
55°C for 60s and 72°C for 90s. A final elongation
stepat 72°C for 5 min was performed at the end. The
PCR products were visualized by agarose gel electrophoresis, and sequenced. A DNA homology search
was conducted using the National Center of Biotechnology Information database.
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In this study, total extracellular proteins of
about 120 bacterial isolates from different localities
having varying environmental conditions were screened for detecting their proteolitic effect on the 
   binary toxin protein. It is selected two
microorganisms to monitor the known that microorganisms, especially bacteria, have often been encountered densely in mosquito breeding sites. It is
concluded that the sampling sites and localities have
toxin effective bacterial isolates. For example SII-1
(Sakarya River-Sakarya) was sampled from the wet
soil very near to water, and AI-37 (Lake Abant Bolu) was sampled from the dry soil near the shore.
They both showed high effectiveness on the  
  binary toxin protein.
In order to identify the highly active protease
producing strains, SII-1 and AI-37, molecular biological methods were used. The sequences obtained
from16s rDNA were compared with the sequences
of bacteria from NCBI database by nucleotide
BLAST program. Sequences were analyzed using
the Neighbour-hood joining method in the same database. Consequently strains have been identified as
  and recorded as  SII-1 and 
     AI37 in NCBI database with an accession number, HM068888 and HM068889, respectively. Phylogenic tree was constructed by MEGA4
program11. SII-1 and AI37 and the relationship of
closely related microorganisms were shown in Figure 1.

';D5: 013>-05:3 <>;@1-?1 The extracellular
protein profiles of the toxin-effective isolates on native-PAGE were shown in the Figure 2. Only one of
the protein bands has degradative effect on the toxin.
It was shown that the producer bacteria,    
  AI- 37 and  SII- 1, showed only one
subunit disappearance/ degradation in 24 hours.
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5;-??-E-:-8E?5?;2@411221/@;2@41<>;@1-?1?2>;9.-/@1>5-85?;8-@1?;:@41?@-.585@E;2@41
  .5:->E@;D5:<>;@15:-2@1> -:0 4>?5:/A.-@5;:<1>5;0?

Mean ratios of alive larva
(# alive / #total)
12hr
24hr
6/15
14/15
4/15
13/15

Strains
 SII-1 (HM068888)
     AI37
(HM068889)

Control I
(# alive/#total)
12hr
14/15
15/15

Control II
(# alive / #total)
12hr
24hr
15/15
15/15
14/15
14/15

24hr
15/15
15/15


' 
221/@;2@41<>;@1-?1?2>;9.-/@1>5-85?;8-@1?;:@41?@-.585@E;2@41  @;D5:<>;@15:
-2@1> -:0 4>?5:/A.-@5;:<1>5;0?;:@>;8? 4;:8E

Toxin + Larvae 12 h
Strains
 SII-1
(HM068888)
    
AI37 (HM068889)

ŷ
3.0

± SD
±0.00

%
20.0

2.7

±0.58

18.0

Toxin, + Larvae
24 h
ŷ
± SD
%

F 
 


F 



Protease + Larvae 24h Control
I
ŷ
± SD
%
14.7
±0.58
98.0
13.7

±0.58

91.3

dH2O + Larvae 24hr
Control II
ŷ
± SD
%
15.0
±0.00 100.0
13.7

±0.58

91.3

ŷ = mean number of death # of larvae. SD=standard deviation of the mean.
%= the percentage of the death # of larvae x 100. All datas are based on triplicate measurements
larvae were killed by the    toxin in 48 h
incubation time. On the other hand, the 12h and 24h
bioassay incubations resulted in the live mosquito
larva in the experimental cups ( SII-1 and
      AI-37) at the end of the bioassay
time-courses. In addition, the 48 h bioassay incubation resulted in more alive mosquito larvae in the
experimental cups. The time-course incubation bioassay results are shown in Table 1 and Table 2.


&(&&"!

After the effective protein band determination in the
native gel analysis, those proteins were extracted and
molecular weight determinations of the effective
bands were performed. Protein analysis in the timecourse incubations of the    binary toxin
were shown is Figure 3.

The primary purpose of this study was only to
screen the activity of the bacterial extracellular proteases for their putative effects on the   
binary crystal toxin protein, applied in the mosquito
habitats. It is known that microorganisms, especially
bacteria, have often been encountered densely in
mosquito breeding sites. Though    has a
narrower range of host species than the main
mosquito control agent      subsp. israelensis, it is able to persist in the environment for a
longer time than      , especially in
waters polluted with organic materials [12, 13]. For
this reason it is especially important for the effective
longevity of the     sporal binary toxin
protein in the application area. In this respect, the
microbial environmental condition of the  
  toxin must be considered. There were some resistance against the bacterial entomopathogens by
the target organisms, and this has been usually thought to be the genetic resistance capability of the target insects, specifically mosquito species [14]. Although it has been previously shown well before field

(% 
#>;@15:-:-8E?5?5:@41@591/;A>?15:/A.-@5;:?
;2@41  .5:->E@;D5:'41 ?@@>5<81@
&  44-82013>-0-@5;:'41 :0
@>5<81@      44-82013>-0-
@5;:&53:525/-:/1-:-8E?5?;2@41@591/;A>?1
1D<1>591:@-80-@-??4;C10@4-@1-/45?;8-@1:1
10? 4>@;013>-01;:1;2@41.5:->E@;D5:<>;
@15:5@C-?@41 7-?A.A:5@

5;-??-E-<<85/-@5;:? The bioassay applications using the larvae of the  . affirmed the
results with the SDS-PAGE screening ones by
showing the efficacy of the aquatic bacteria on the 
   crystal toxin. It was showed that, all the

157

$#

! %  







!"  ! 


resistance development to     that it is
possible to create resistance development in the laboratory, there is no clear indication that this many
fold resistance is due only to selection of the resistant
insects among many others [15].
As shown in the Figure 3, the sensitivity of the
    crystal binary toxin to extracellular
bacterial proteases was detected. The SDS-PAGE
protein analysis screenings showed the direct affect
of extracellular proteases produced by the aquatic
bacteria isolated from different mosquito living areas
having different physicochemical water charac-teristics. The determination of the common effective putative protease, using the native PAGE protocol,
among protein bands of each most effective bacterial
isolate indicates a certain type of protease (Figure 2).
It has been known for a long time that   
1593 toxin was resistant to a variety of enzymes including subtilisin, but was degraded by pronase [16].
Serine proteases, trypsin and subtilisin, considerably
reduced the activity of the binary toxin preparations
to 21 and 12% of the original activity, respectively
[17]. These findings provide us with the clue that
bacterial and chemical identity of our putative protease may have a subtilisin or pronase- like proteolitic
activity.
In the time-course electrophoretic analysis 24h
incubation time resulted in the 51kDa subunit degradation noticed as disappearance of the 51kDa subunit of the    toxin. The degredative products, the polypeptides might be too small to produce additional bands. In addition their molecular
weights might be similar to the preexisting bands in
the gel slabs so that no extra band formation had
occurred. The more degradative activity, showing
itself as higher living/total ratios in bioassays,
indicated more importance of 51kDa subunit of the
toxin protein than the other 41 kDa unit as indicated
in the literature, a single Bin-binding receptor
protein has been identified in the brush-border
membrane of gut epithelial cells of mosquito larvae
(18). The Bin A protein subunit (51kDa) is
responsible for the binding and openings of the pore
in the midgut of the     larvas [19].
The standard deviation of the toxicity of treated
toxin + larvae 24h for the producer isolate 
SII-1 (84%) is more than the one for     
AI-37 (80%). According to the number the putative
protease of the  SII-1 seemed more effective on the binary toxin. The bioassay studies gave
corresponding results with the SDS-PAGE time-course analyses of the effective isolate proteases. They
showed half degradation (only one subunit, 51 kDa)
in the gel patterns, and gave higher live/total ratios
in the corresponding bioassays. The bacterial isolates giving half degradations in the electrophoretic
analyses (24 h incubation time) showed more living/total ratios than the 6 h incubation time. The
proteases of the producer isolate bacteria did not
show killing effect on the mosquitoes larvae.

It was also indicated that the incubation time
plays significant role in the producer/isolated bacterial protease activity on the     binary
toxin. It can also be said that, the 51 kDa subunit of
the binary crystal is to be first important for the activity of the toxin protein. According to this fact in the
study, in practical means when the subunit is disfunctioned in any way it may well be due to the
extracellular proteases found in the surrounding
area. In this situation, the rest of the toxin would not
be able to show its activity on the larval gut epithelium. In addition to this, the time-course analysis of
the effective proteases by considering electrophoretic gel patterns showed similar results with the bioassays. The SDS-PAGE gel patterns indicating the
presence of degradative proteases had similar results
with the bioassay observations. According to those
results which confirm each other, the surrounding
bacterial environment seems to be so important, as
long as they produce extracellular proteases into
their surroundings, for the    binary toxin
to keep its structure stable.
The possibility of degradations of the  
  toxin proteins, by extracellular proteases released from the bacteria in those aquatic surroundings,
might be one of the important factors besides insect/
mosquito resistance development. This means that
the crystal protein toxin applied to the aquatic
mosquito environments are unfortunately exposed to
a proteolytic activity of the proteases. Our results
also express one of the possible unexplained toxin
resistance developments. Interaction of the toxin
with the environmental proteases where it is applied
should not be overlooked.
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  bulbs were exposed for eight hours
a day for three days at electromagnetic fields from
television. Five bulbs were set up for each group
(0.25 m, 0.50 m, 1 m and 2 m distances from television). Mitotic index, phase frequencies and chromosome aberrations were evaluated in exposed groups
as compared with control group. Data obtained
showed that electromagnetic fields from television
significantly increased the mitotic index at close distances. However, there were no significantly differences in the phase frequencies and chromosome aberrations frequencies.


"!
Television, Electromagnetic fields, 
index, Chromosome aberration

investigate possible cytogenetic effects of EMFs
produced by LCD TV which is commonly used in
  L. root tip cells.
   
'45 .#5'3+#-4 In this study    L.
root tip meristem cells were used as live materials,
also as a physical agent, EMFs from 106 screens
LCD TV were used in house condition. Lower edge
of the screen of the TV is 1 m height from the floor
and the Allium bulbs were placed at the 120 cm
height from the floor. On the other hands, onions
were placed 0.25, 0.50, 1 and 2 m distances from TV.
For the control, onions were placed 4.50 m distance
from TV for the same conditions as heat and light in
room.

-'%530.#)/'5+%(+'-&453'#5.'/54#/&%950
-0)+%#- 130%'44'4 Equal sized    bulbs were
chosen and left to germinate were exposed to the TV
which was left open continuously between 8.30 and
16.30 during daytime for three days. At other times,
all groups, including the control group, were kept in
the same area at the preservation area. At the end of
the third day, the root tips of the Allium bulbs that
were exposed to TV for an additional hour between
8.30 and 9.30 were collected. Cytological processes
were made according to Aksoy et al. [7]. Following
the treatments, root tips about 3–5 mm long were
fixed directly in absolute alcohol:glacial acetic acid
(3:1) for 24 h at 4 °C and stored in 70 % alcohol in
refrigerator until use. Then, root tips were hydrolyzed in 1 N HCl at 60°C for 10 min. Slides were
prepared with squash technique in 45% acetic acid
and the coverslip was gently removed with liquid nitrogen. The slides were leaved to dry at room temperature. Air-dried slides were stained in 5 %
Giemsa stain (pH=6.8) prepared in Sorensen buffer
for 3 min and mounted with entellan.

 , Mitotic


At the present time, television is one of the indispensables of daily life. There is a television in almost every house. Depending on technological developments, although new generation televisions are
safer than old generation televisions, all televisions
create electromagnetic fields (EMFs). Baltrenas and
Buckus [1] measured that magnetic flux density of
LCD TVs was more than twofold weaker compared
to tube TV sets. According to their results, generally,
magnetic flux density exceeded the reference limit in
tube TVs but did not exceeded in LCD TVs. On the
other hands, EMFs are produced by all electrical
equipment. We are all exposed to EMFs produced by
use of electricity. Television-derived EMFs can create a risk to human health. If the room where the TV
is located is small, the risk will increase further. Because, EMFs increase it gets closer to the source [16]. Baltrenas and Buckus [1] explained that electric
field strength and magnetic flux density changed depending on the distance from TV screen and screen
size. Especially, if the children who are in the age of
development watch TV very closely, the problem
will be highest level. The aim of this research was to

-+&' '7#-6#5+0/ Slides were prepared from
different bulbs and 1000 cells were scanned from
each slide (in total; 5000 cells for each treatment
groups). Chromosomal abnormalities (CA) types
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and mitotic index (MI) were found by observing
5000 cells for each treatment groups. The frequencies of mitotic phases were evaluated on divided
cells.

group, the mitotic index increased threefold compared the control group. Aksoy et al. [11] were investigated the cytogenetic effects of EMF from 380
kV high voltage power lines and they determinated
that mitotic index significantly increased at 0, 10 and
25 m treatments compared with control group in 
  L. and  
 Boiss. subsp.
b  . In this study, the frequencies of the mitotic phases in   L. were also illustrated in
Table 1. We indicated that there were no significant
differences between all of the stages. In Racuciu’s
[10] and Aksoy et al.’s [11] studies, phase frequencies were found the increase.
TV visual display units use alternating voltage
of 50 Hz in our country as in many countries. Baltrenas and Buckus [1] were made the measurement
of the EMF from different LCD screen TVs at 0.5 m
distance from TVs. They detected that the electric
field strength of TV sets in the range of 5 Hz–2 kHz
varied from 4.1 to 8.9 V/m. However, they detected
also the magnetic field strength of TV sets varied
57.3-65.9 nT. They point out that the strength of the
EMF of TVs did not exceed the reference limit (the
reference limits are 25 V/m, 250 nT respectively).
On the other hands, they also determined electric
field strength and magnetic flux density decreased
nearly twofold at 3 m. They explained that viewer’s
distance should be between 3 and 5 m from screen
for safe. We are in agreement with their explanations. In addition to their suggestions, according to
our results, we suggested that people should not
watch TV more closely than 1 meter even for a short
term.
EMF from TV was induced some abnormalities
in mitotic cells in   L. The observed abnormalities are shown in Table 2. Despite observed

5#5+45+%#-#/#-94+4 Z-test was used for the statistical analysis of the data obtained from this investigation. Distance-response relationships were determined from the correlation and regression coefficients.
 
People are wondering if there is any influence
of television that has become part of daily life. However, there are no studies sufficiently about the effects of TV, especially cytotoxic and genotoxic, on
live except epidemiological studies. Some studies
were made on metabolic risk factors depend on physical activity [8, 9]. Therefore, we did this work to
find the answer to this question. As a result of our
research, we observed that EMF created by TV significantly increased the mitotic index at 0.25 and
0.50 m treatments compared with control group (Table 1). Other comparisons between groups are shown
in Table 1. On the other hands, MI analysis showed
that TV derived EMF increased the cell division a
distance dependent manner in   L. root tip
cells. But, this relationship is not very strong (r=0.66). Racuciu [10] was studied the mutagenic effects of low power radiofrequency radiation on  
  root tip. Author’s results showed that the mitotic index showed linear increasing according to increased exposure time (r=0.98). In 3 days treatment
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Distance (m)

Control
2.00
1.00
0.50
0.25

Cells scored
/
Cells divided
5000/345
5000/320
5000/355
5000/459
5000/443

Prophase
(no./%)
164/47.54
173/54.06
187/52.68
215/46.84
229/51.69

Metaphase
(no./%)
81/23.48
63/19.69
85/23.94
110/23.96
95/21.44

Stages
Anaphase
(no./%)
36/10.43
34/10.63
33/09.30
48/10.46
41/09.26

Mitotik Index
(%)*

Telophase
(no./%)
64/18.55
50/15.63
50/14.08
86/18.74
78/17.61

6.90±0.36a
6.40±0.35a
7.10±0.36a
9.18±0.41b
8.86±0.40b

*Values with different letters in column are significantly different P<0.001 (z-testi)
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Distance
(m)

Cells
scored

Control
2.00
1.00
0.50
0.25

5000
5000
5000
5000
5000

Micronuclei
2
2
1
1
3

Abnormality Types
Fragment Multipolarity Bridge
1
-

1
-

1
-
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Lagging chromosome

Abnormality rates
(%)

1

0.04±0.03
0.04±0.03
0.02±0.02
0.08±0.04
0.08±0.04
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various abnormalities, these abnormalities frequency
was not significantly different compared with the
control in all treatments. On the other hands, chromosome aberrations analysis showed that TV derived EMF slightly increased the abnormalities a distance dependent manner in    L. root tip
cells (r=-0.48). The longer exposures may increase
the frequency of abnormality. In our study, while
EMF from TV did not increase the chromosome abnormalities, Racuciu’s [10] results showed that chromosomal aberration frequency showed linear increasing according to exposure time.
Previously studies demonstrate varying results
concerning with the effects of EMFs on living organism. Very few of these studies have conducted on
plant. Therefore, in this study, the effects of EMFs
from TV on   L. root tip cells were investigated.
Some epidemiologic studies were explored the
relation between EMFs exposure and various cancer
types [12, 13], contrary to these views, some researchers explained there is no relationship [14, 15].
Especially, in some researches, associations between
childhood leukemia and oldest TV that conducted
during the 1980's and early 1990's were founded [16,
17]. Kaune et al. [4] measured the magnetic field
produced by TV sets used for viewing programs and
for playing video games at distances of 25, 50, 100,
200, and 300 cm. They measured the geometric
mean of broadband ELF magnetic field 419, 170, 49,
11, 4 nT for TV sets used to view programs; 473,
189, 54, 11, 4 nT for TV sets used to play video
games, respectively for distances. Geometric mean
of broadband VLF magnetic field was measured
74.3, 30.2, 8.7, 1.9, 0.7 nT for TV sets used to view
programs; 82.3, 32.9, 9.3, 2.0, 0.7 nT for TV sets
used to play video games, respectively for distances.
According to their results, they suggested that their
study reduced the likelihood that associations between childhood leukemia and TV. On the other
hands, they explained that the results from previous
research may be due to VLF fields. They also explained that currents induced in the body by VLFs
are distinctly larger than those induced by the ELFs
produced by TV sets. We are in agreement with their
explanations. In our study, we did not observe any
effect at distances of 1 meter and over from TV.
However, we observed that exposure to television
from distances shorter than 1 meter, even for a short
period like 3 days, increased cell division activity
and cells divided faster than necessary. Hatch et al.
[17] reported that television raised the disease risk at
closer than 1.3 m and 2 hours watch. The highest relative risk was founded at more distance of 2 m and
more than 6 hours. According to their results, time
spent watching television was associated with disease and the risk was increased with increasing time.
Johansson et al. [18] performed a study in which two
patients sat in front of a TV. They analyzed the skin
biopsy samples after 3 h of exposure and their results

revealed the total disappearance of somatostatinpositive cells. On this result, they discussed that this
result could be caused in terms of loss of immunoreactivity, increase of breakdown, etc.
EMFs derived from different source do not effect directly on the living cells [19]. EMFs occur the
free radicals [20]. EMFs might show their effect due
to free radicals [21]. Another effective mechanism of
EMFs is on the transmembrane ion flux. The mechanism is affected when this metabolism, regulated by
voltage-dependent changes, is perturbed [22, 23]. On
the other hands, MF decreased the glucose levels and
it has got hypoglycemic effects. However, in streptozotocin-induced diabetic rat model, MF was increased the blood-brain barrier permeability. The authors suggested that this effect of MF may be able to
help increase insulin concentration and sensitivity to
glucose metabolism [24]. There are some checkpoints during the cells cycle. One of these acts before
mitosis and another act before replication. There are
relationships between checkpoints and cell cycle
control. The damage at the checkpoints caused the
genetic instability. Weinert and Lydall [25] suggested that G1-S checkpoint may affected by mutations in p34CDC2 gene. In this study, we observed
the increases of mitotic index in root tip cells that
exposed to EMFs from TV. According the literatures
and this study, we suggested that the EMFs may affect the proteins that act on cell division and checkpoints in cell cycle. On the other hands, Canseven et
al. [26] explained that EMFs increased the oxidative
stress. However, EMFs are an environmental pollution and there are relationship between the stress protein levels and increase of pollution. The researcher
explained that stress proteins have very sensitivity to
changes in the environment [27]. Therefore, EMFs
can increase the stress proteins.

As a result of this study, we observed that EMF
created by TV significantly increased the mitotic index at closer distances to TV. It means more cell division at closer distances. This situation can cause
loss of control in cell division. On the other hands,
more division means more energy use. It seems that
EMF from TV caused some problems via different
mechanisms when we evaluated the results of this
study with previous studies. Therefore, we suggested
that people should not watch TV more closely than
1 meter even for a short-term and must avoid longterm exposure. More investigation is required to effectively understand the effects of EMFs from TV on
live. Especially, in vivo investigations with experimental animals will be more decisive.
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arations of plant are helpful in the treatment of various diseases for e.g., fever, diabetes, typhoid, urinary
infections and cough [3]. The roots modify to tubers
which tastes as coconut pulp and eaten with sugar
[4]. The underground tuber of the plant survives annual burning by regeneration of shoots [4].
The plant of  used for food
fodder and medicinal purpose, the overexploitation
coupled with slow rate of regeneration, the plant has
become rare in the Kingdom of Saudi Arabia. Therefore, it is urgent to device some alternative method
of regeneration to fulfill the requirement. Biotechnological tools like plant tissue culture as an alternative method of regeneration and propagation practiced for the conservation of important plant
germplasm [5][6][7]. Application of in vitro methods on propagation of medicinal plants offers great
possibilities in large scale multiplication and harvest
of biomass. In spite of efficient protocols there lies a
risk of mutation and change to sustainable supply of
quality plant material for commercial and industrial
purpose which have helped the industry and pharma
at large [8]. The objective of the present study was
to mass propagate  a rare plant from
Saudi Arabia. Probably this is first report on clonal
propagation of  from Saudi Arabia.
DNA based Molecular markers are more reproducible as compared to the cytological, morphological and protein markers as they have been used for
the detection of variations in tissue-cultured raised
plantlets, genetic diversity study, plant identification
and beyond. Moreover, these markers are highly reproducible, heritable, reliable, detectible in all tissues and easy to perform.Use of different markers
have been used for different crops to evaluate genetic
variations on in vitro raised and micropropagated
plantlets such as  (Roxb, [9]
Banana cv Robusta [10] " [11] etc.
ISSR markers have been used for the assessment of
genetic fidelity in the tissue cultured raised plants including [12] apple rootstock Merton 793 [13]  (Link) Schneider
[14]. The application of ISSR marker is very easy
and it uses single primer in PCR reaction like RAPD
marker. ISSR markers amplify different regions of
the genome, their use of plant genetic stability / var-

  (Forssk.) A. Rich is an
important and rare medicinal plant from Saudi Arabia. Natural regeneration of plant is very poor, occurs by seed and tuber. Therefore, an in vitro micropropagation protocol developed for the 
. Nodal segments cultured on MS medium supplemented with benzyl adenine (BA) and Kinetin
(Kn) produced buds, eventually forming optimum
multiple shoots on MS medium containing 1.0 µM
BA. A marginal improvement in shoot multiplication was noted on addition of NAA (0.5 µM) to BA
(1.0 µM). Basal media MS, B5 and WP medium
proved to be ineffective in the multiplication of
shoots. In vitro raised shoots could be easily rooted
on MS medium supplemented with 2.0 µM IBA
(88% rooting). Other two axins IAA and NAA were
moderately effective. Acclimatization and hardening
of in vitro raised plantlets carried under controlled
conditions of a greenhouse, with 95% survival of the
plants. Inter simple sequence repeats (ISSR) marker
was used to validate the genetic fidelity of 15 in vitro
raised plants along mother plant. The ISSR primers
resulted in monomorphic banding pattern in all the
micropropagated plants as well as mother plant. This
confirms the genetic homogeneity of the in vitro
raised plants. This propagation protocol will help to
conserve the plant and an alternative for secondary
metabolite production

-,$'(
 , micropropagation, medicinal plant,
tissue culture, rare


#)'$*)$#

  (Forssk.) A. Rich. belongs to the family Caparaceae plants are usually
medium sized and commonly distributed in Saudi
Arabia. Among these  and 
 are some of the trees and others represented by herbs and shrubs [1]. Different plant parts
used traditionally to cure various diseases [2]. Prep-
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iation allows better analysis. The current investigation on ISSR profiles using a specific and selected
genotypes of  plant for evaluating the
genetic fidelity of regenerated in vitro raised plants.
Genetic stability / variation of the large-scale dissemination of information   quality
control will be valuable for conservation and large
scale multiplication.
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(A>3.02 ?@2>686F.@6;: .:1 6:;0A8.@6;: ;3 2D
<8.:@  Stem cuttings of   collected from Jizan province of Saudi Arabia. The
plats were growing in the wilds. Voucher specimen
identified by a taxonomist and herbaria made to preserve the plant. Shoot with a bud used for starting of
the culture. Nodal segments of about 2-4 cm long
disinfected with sodium hypochlorite solution (4%
available chlorine) for 10 min. These explants were
washed with sterilized distilled water for 3 -4 times
to remove the traces of sodium hypochlorite solution. 

"216. .:1 0A8@A>2 0;:16@6;:?  The explants
were trimmed from both end and inoculated on MS
[15] medium supplemented with different concentrations (0.5- 5.0 µM) of BA (Benzyl adenine) and Kn
(Kinetin) separately to induce bud proliferation. Two
experiments designed for the optimization of shoot
multiplications. Firstly, multiplied shoots were cultured on MS medium containing 1.0 µM BA in combination of variable concentration of 0.5-2.0 µM
NAA. Secondly different basal media MS, B5 (Gamborg’s) and WP (woody plant) were tested for multiplication of shoots from previous experiment. The
media were supplemented with 1.0 µ M BA and 0.5
µM NAA. The experiment carried in a growth chamber with controlled conditions of room temperature,
light and humidity. The temperature of the growth
chamber was kept at 25±2°C, 60% RH (relative humidity and 25 to 30 µ mol m2 s-1 SFP for 16 h photoperiod day and 8 h night cycle.

:B6@>;>;;@6:4.:1<8.:@82@.00869.@6F.@6;: 
Root induction was on MS medium containing three
auxins indolebutyric acid (IBA), α-napthaleneacetic
acid (NAA) and indoleacetic acid (IAA) separately
at the concentration range 1.0-10.0 µM. Individual
shoots separated from culture and inoculated vertically on the MS medium supplemented with different auxins. Cultures observed at regular interval until
the root initiation on the basal end of shoots. Initial
screening of rooting PGRs resulted in fair percent of
rooting; therefore, further optimization not done.
There were 10 shoots per GA-7 vessel and triplicates
for each treatment. At the end of 6 weeks culture, the
number of shoots forming roots, root number, and
the length of the longest root of each shoot recorded.

The rooting percentage calculated as the number of
shoots forming roots out of the total number of
shoots cultured. Plantlets potted in a plastic pot containing soil, sand and manure mix in the ratio (1:1:1).
Acclimatization and hardening of potted plantlets
carried in a controlled greenhouse conditions.

((' 9.>72> <>;3686:4  PCR reaction was
performed in a total volume of 25 µl for ISSR marker
profiling. The Primers were synthesized at Macrogen Korea (Table 1). The reaction mixture (PCR
bead purchased from the GE health care) contained
all components except primer and template DNA
which were added in the last after adding the all components in the tube. PCR reaction was performed in
Techne Thermocycler. The cycling profile was: 94
ºC for 3 min, 45 cycles at 94 ºC 1min, 41 ºC 30s, 72
ºC 1 min and a cycle of 72 ºC for 5 min. The amplified products were resolved on 1.2 % TBE agarose
gel.
(@.@6?@60.8 .:.8E?6?  Completely randomized
block design (RBD) of experiment followed for single factor analysis. Each treatment consisted of fifteen replicates and a minimum of 10 explants. Observations for bud break, shoot regeneration and
rooting were at regular interval to record all developmental events in the culture. Minimum 4 week and
maximum 6 week’s data were included for statistical
analysis using ANOVA (analysis of variance) and
the differences among the mean values were compared with Duncan’s Multiple Range Test (DMRT)
(P<0.05) using SPSS ver. 21 (SPSS Inc., USA). All
the results were expressed as mean ± SE of three experiments.
'(*!)#(*(($#
The effect of two cytokinin and concentration
evaluated for the bud induction and shoot regeneration capacity in  on MS medium
after one month of culture. The medium supplemented with 1.0 µM BA (Table 2, Fig. 1 A&B) resulted in maximum (8.8± 0.24 bud/axillary bud)
number of bud break and shoot regeneration as compared to Kn (maximum 6.80 ± 0.22 buds/shoot).
Both the cytokinins showed an inhibitory effect at
higher concentration of PGRs, i.e., in 5.0 µM of BA
and Kn. Adventitious bud induction attributed to
stimulation of plant cell division, DNA synthesis and
cell cycle [16]. Results indicated that BA is better
than Kn in the bud break and shoot regeneration this
may have happened due to its affinity to the cytokinin oxidase; permeability, metabolism and triggering of natural hormone (like zeatin) production
within the tissue [17]. Our results are in agreement
with similar results obtained in Capparaceous species like  [18] 
[19] and  " [20].
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

%>692>0;12
UBC-1
UBC-2
UBC-3
UBC-4
UBC-5
UBC-6
UBC-7
UBC-8
UBC-9
UBC-10
UBC-11
UBC-12

(2=A2:02
GAG AGA GAG AGA GAG AT
GAG AGA GAG AGA GAG AC
GAG AGA GAG AGA GAG AA
CAC ACA CAC ACA CAC AG
ACA CAC ACA CAC ACA CT
ACA CAC ACA CAC ACA CC
ACA CAC ACA CAC ACA CG
AGA GAG AGA GAG AGA GYT
AGA GAG AGA GAG AGA GYC
GAG AGA GAG AGA GAG AYC
GAG AGA GAG AGA GAG AYG
ACA CAC ACA CAC ACA CYT

)! 
3320@;30E@;76:6:;:?5;;@>242:2>.@6;:;3 ;:"(9216A9 

)>2.@92:@0;:02:@>.@6;:
H"

"2.::A9/2>;3
/A1?<>;8632>.@21G(

0.5
1.0
2.5
5.0

7.93 ± 0.20ab
8.80 ± 0.24a
7.66 ± 0.28ab
6.93 ± 0.23ab

0.5
1.0
2.5
5.0

5.26 ± 0.28ab
6.80 ± 0.22a
5.53 ± 0.23ab
4.80 ± 0.29abc

"2.:(5;;@:A9/2>G(

"2.:(5;;@82:4@5G(09


7.06 ± 0.24ab
8.33 ± 025a
6.13 ± 0.23ab
5.00 ± 0.34abc

2.66 ± 0.14ab
3.06 ± 0.15a
2.73 ± 0.18ab
2.50 ± 0.13ab

3.00 ± 0.19ab
3.73 ± 0.22a
2.86 ± 0.19ab
2.73 ± 0.75ab

2.60 ± 0.12b
2.76 ± 0.10a
2.32 ± 0.09ab
2.28 ± 0.09ab

:

Data denotes mean ± SE of three replicates per treatment. ANOVA tested by the Duncans range test at significance
level (p≤0.05)
)!
3320@;3.AD6:.:10E@;76:6:0;9/6:.@6;:;:?5;;@6:1A0@6;:;3  ;:"(9216A9 
)>2.@92:@H"
1.0+0.5
1.0+1.0
1.0+2.0

#A9/2>;3?5;;@?G(
#
11.86 ± 0.45a
8.66 ± 0.31ab
5.53 ± 0.23ab

!2:4@5;3?5;;@G(09
3.06 ± 0.14a
2.80 ± 0.15ab
2.53 ± 0.15ab

Data denotes mean ± SE of three replicates per treatment. ANOVA tested by the Duncans range test at significance
level (p≤0.05)
Multiplication of   raised shoot improved
a little by sub culturing on MS medium supplemented with BA and NAA (1.0 µM+ 0.5-2.0 µM)
different concentrations and combinations of PGRs.
Out of various combination tested, MS medium having a combination of BA and NAA (1.0 µ M+ 0.5
µM, Table 3) was found to be optimum for shoot
proliferation (more than 40-50 shoots/culture vessel
data not presented) after two cycle of subculture at
one-month subculturing. Addition of auxin at a
lower concentration 0.5 µM NAA with cytokinins in
the medium resulted in synergistic effects on shoot
multiplication, leading to shoot bud formation at the

base of shoots. This may be due to cross-talk mechanism of auxin and cytokinins, which induce new
bud primordia, consequently bud formation and
shoot regeneration in cultures [21, 22]. This type of
synergism documented in a number of plant species
[22, 23]. PGRs optimized, cultures transferred to
MS, B5 and WP basal media with the same hormonal combination (Table 4). Experiment with the basal medium did not improve the shoot multiplication
as compared to initial shoot regeneration with BA.
The shoots sub-cultured regularly (6 weeks’ interval) on MS medium supplemented with 1.0 + 0.5 µM
BA and NAA to maintain a good rate of multiplication.
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)!
3320@;316332>2:@9216A9;:?5;;@>242:2>.@6;:;3  

)>2.@92:@.:10;:02:@>.@6;:
"2.::A9/2>;3?5;;@?G(
"2.:?5;;@82:4@5G(09
#  H"
MS
11.26 ± 0.35a
3.08 ± 0.12a
B5
8.93 ± 0.44ab
2.62 ± 0.10ab
WP
8.80 ± 0.53ab
2.68 ± 0.13ab
Data denotes mean ± SE of three replicates per treatment. ANOVA tested by the Duncans range test at significance
level (p≤0.05)
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1.0
2.0
5.0
10.0

56
88
58
48

1.0
2.0
5.0
10.0

48
60
38
36

1.0
2.0
5.0
10.0

40
48
38
34

"2.:>;;@82:4@5G(09

2.70 ± 0.12 ab
2.79 ± 0.12 a
2.42 ± 0.08 ab
2.41 ± 0.06 ab

2.42 ± 0.10 ab
2.75 ± 0.10 a
2.30 ± 0.07 ab
2.03 ± 0.10 abc
#
2.34 ± 0.14 ab
2.72 ± 0.12 a
2.30 ± 0.09 ab
2.13 ± 0.06 ab

"2.:>;;@:A9/2>G(
3.26 ± 0.24 ab
3.66 ± 0.28 a
2.86 ± 0.21 ab
2.66 ± 0.23 ab
2.80 ± 0.24 ab
3.06 ± 0.22 a
2.20 ± 0.20 abc
2.06± 0.18 abc
2.73 ± 0.26 ab
3.40 ± 0.25 a
2.46 ± 0.23 ab
2.33 ± 0.30 ab

Data denotes mean ± SE of three replicates per treatment. ANOVA tested by the Duncans range test at significance
level (p≤0.05)

*' 
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C6@5*<>692> !.:2"
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<8.:@82@? 

Auxins IBA, NAA and IAA tested for rooting
response, in vitro rooting of micro propagated shoots
evaluated for the type and concentration of auxins
experienced. Shoots treated with IBA resulted in
best rooting (88%) as well as the optimum number

of roots (3.66 ± 0.28 /shoot) with a mean length
(2.79±0.12 cm), after 6 weeks (Figure 1 D&E, Table
5). During in vitro rooting, IBA alone found better in
terms of percentage rooting response in comparison
to IAA (60%) and NAA (48%). The effectiveness of
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Present investigation resulted in a very efficient
micropropagation of the plant 
and genetically identical. This will help to produce
the plant in large quantity to taken-up any plantation
programme to conserve the plant in Saudi Arabia.
This may also become a continuous supply to extract
medicinal constituents of the plant for pharma industry.
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the EHQH¿FLDO effects into toxicological ones [9, 10,
11].
Heavy metals and their toxicity are of increased
significance for environmental, nutritional and
health reasons [12, 13].
Vehicular emission has been found to constitute one of the major sources of soil pollution with
heavy metals. These metals are released from fuel
burning, wear tires, leakage of oils, and corrosion of
car metal parts [14]. Excess of metal pollutions deposited on soils may be transformed and transported
to vegetation [15, 16] and from plants they pass on
to animals and humans [17].
As consequence, toxic metals are a potential
threat to various terrestrial and aquatic organisms
[18], and their interaction with essential elements
may produce serious consequences to human health
[19, 20, 21]. Heavy metals have received special attention throughout the globe because of their toxic
and mutagenic effects even at very low concentrations [22].
Based on their chemical and physical properties, different molecular mechanisms of heavy metal
toxicity can be distinguished: (a) production of Reactive Oxygen Species (ROS) by auto-oxidation and
Fenton reaction, typical for transition metals such as
Fe and Cu [23], (b) blocking of essential functional
groups in bio-molecules. This reaction has been described especially for non-redox-reactive heavy metals such as Cd and Hg [24, 25, 26]; and (c) displacement of essential metal ions from bio-molecules
[27].
The aim of the present study was to establish
the concentration of heavy metals as well as to determine and compare the status of antioxidant defense system of Urtica dioica L growing naturally at
polluted and potentially unpolluted area.

ABSTRACT
To assess the effects of contamination induced
by traffic at the vicinity of a highway (R7, Kosovo),
the study were carried out on two sites with different
profiles and traffic intensity. Pollutants generated by
traffic at the vicinity of a highway have been contaminating plants that grow in area impacted by airborne pollution with high metal contents. Urtica dioica L is popularly consumed as tea, and is widely
developed in the whole country.
This study aims to investigate the chemical
SUR¿OH (biomarker of exposure), and antioxidants potential of extracts of Urtica dioica L collected from
an exposed area by pollutants from R7 highway (Kosovo) and other comparison group (the rural area of
Prizren, environment without pollution). The ICP
OM (AA) analyses indicated the difference of the
toxic elements levels at the exposed area compared
from control group. The presence of antioxidants
such as total phenols, total flavonoids and FRAP was
statistically superior in the extract of Urtica dioica L
in exposed area. The results indicated that the metal
bioaccumulation markedly LQÀXHQFHG the antioxidant capacity of analyzed plant samples.

KEYWORDS:
Urtica dioica L., heavy metals, antioxidant activity, total
phenols

INTRODUCTION
The common nettle (Urtica dioica L) is widely
distributed around the world. ,W¶V a green plant with
stinging hairs on both faces of its leafs. The presence
of valuable compounds such as: phenolic and flavonoid components [1, 2], contributes to the utilization
of stinging nettle as an important medicinal herb in
the human diet [3, 4, 5, 6, 7].
Independently of environmental pollution,
plants contain trace elements in their composition
(8). However, the increasing of the amount of these
compounds by soil, water or air pollution can turn

EXPERIMENTAL
Sampling Sites, Preparation and Analysis.
Samples selected for the study (Figure 1), were collected along the highway "R7- Kosovo" connecting
Prishtina the capital city of Kosovo with southern
parts of the country and Tirana (Albania) through
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measures the ability of antioxidants to reduce the ferric 2,4,6-tripyridyl-s-triazine complex [Fe(III)]3+ to
the intensely blue-coloured ferrous complex
[Fe(II)]2+ in acidic medium. The FRAP assay was
performed as described by [30].
The working solution was prepared by mixing
25 mL of acetate buffer solution, 2.5 mL of TPTZ
reagent and 2.5 mL of FeCl3 x 6H2O solution. The
FRAP working reagent must always be freshly prepared and kept until used in a water bath at 37oC. The
measurement was performed by mixing 200 μL of
Urtica dioica L. extract with 1.8 mL of FRAP working reagent, incubating for 10 minutes at 37 ºC and
finally measuring the absorbance at 593 nm, with a
blank (1.8 mL FRAP working reagent + 200 ȝ/ distilled water). The calibration curve was constructed
using calibration standards of Trolox from (0 to 600
mg/ml) in methanol. The results were estimated as
mg Trolox equivalent/g plant dry weight using the
following equation based on the calibration curve: y
= 0.002x ± 0.045; R² = 0.992, where y is the absorbance and x is the trolox concentration.

"A1- highway". At each site, samples were collected
at different distances from the edge of the main road
(1.5, 20, 40, and 60 meters) on both sides, east and
west.
The samples from the area of highway ³5 ±
.RVRYR´ (n=12) represents the investigated group
(IG) of this study whereas samples of Prizren Municipality (n=10) represents the comparison group
(CG).
Preparation of extracts. Top fresh nettle (Urtica diocia L.) leaves were collected from the southern part of Kosovo in May of 2015. The collected
nettle leaves and inflorescences were dried at room
temperature at a draft, protected from direct light, for
a few days. Then they were chopped up and stored
until used in a glass jar. The air-dried and ground
material (150 mg) was extracted with 50% methanol
(25 ml) in a shaking water bath for 90 minutes at
75°C and stored at -18°C in a freezer until further
analyses.
Determination of total phenolic content
(TPh). The total phenolic content in the extracts was
determined using the Folin-Ciocalteu method in an
alkaline environment [28]. The measurement was
conducted by mixing 50 PL of working Folin-Ciocalteu solution, 100 PL of 7.5% NaHCO3 and 1250
PL of water. Caffeic acid was used as a standard to
establish the calibration curve, and absorbance was
measured at 725 nm against the blank. The standard
caffeic acid diagram was prepared by adding 400 PL
of caffeic acid of different concentration (0-100
mg/mL) instead of 200 PL of sample. The total phenolic content was calculated as phenols equivalent to
caffeic acid (mg CAE/g dry extract) using the following equation based on the calibration curve: y =
0.039x - 0.010; R2 = 0.998, where y is the absorbance and x the caffeic acid concentration (Pg mL-1).

Hydrogen peroxide scavenging assays
(HPSA). The hydrogen peroxide scavenging ability
of Urtica dioica L. was determined according to the
method of Ruch [31]. A solution of H2O2 (40 mM)
was prepared in phosphate buffer (pH 7.4). Leaf extracts at the concentration of 100 μg/ml were added
to H2O2 solution (0.6 ml, 40 mM). The absorbance
value of the reaction mixture was recorded at 230
nm. Blank solution containing phosphate buffer
without H2O2 was prepared. The percentage of H2O2
scavenging of the plant extracts was calculated as:
(%) scavenging of H2O2= [{Ao - A1/Ao}] ×100.
Ao - absorbance of control; A1 -absorbance in
the presence of plant extract.
Superoxide scavenging activity (SSA). Assay
for superoxide scavenging activity (SSA) was based
on the capacity of the sample to inhibit blue formazan formation by scavenging the superoxide radicals
generated in riboflavin-light-NBT system [32]. Superoxide anions were generated in samples that contained in 3.0 ml, 0.02 ml of the leaf extracts (20 mg),
0.2 ml of EDTA, 0.1 ml of NBT, 0.05 ml of riboflavin and 2.64 ml of phosphate buffer. The control
tubes were also set up where DMSO was added instead of the plant extracts. All the tubes were vortexed and the initial optical density was measured at
560 nm in a spectrophotometer. The tubes were illuminated using a fluorescent lamp for 30 minutes.
The absorbance was measured again at 560nm.
Methanol was used for blank reading. The difference
in absorbance before and after illumination was indicative of superoxide anion scavenging activity.

Total flavonoids (TF). The total flavonoids in
the extracts were determined using a photometric
method according to [29]. The measurement was
conducted by mixing 200 Pl of plant extract with
1300 Pl distilled water, 75 Pl NaNO2, 150Pl AlCl3
and 500Pl NaOH. Absorbance was measured at a
wavelength of 510 nm. Catechin (0-10 mg/ml) was
used as a standard to establish the calibration curve.
The total flavonoid content was calculated as mg catechin equivalent/g plant dry weight.
(mg CA/g dry extract) using the following
equation based on the calibration curve: y = 0.005x
- 0.019; R² = 0.998, where y is the absorbance and x
is the catechin concentration.
Determination of antioxidant activity. Ferric Reducing Antioxidant Power± FRAP. The ferric reducing antioxidant power (FRAP) assay
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TABLE 1
Comparison of the concentration of Pb, Fe, Cu, Zn, Ni, Cr, Mn, Sr and antioxidant status in Urtica dioica
L. between comparison group (N=12) and the investigation group (N=10).
Parameter
N
Pb [mg/L]
Fe [mg/L]
Cu [mg/L]
Zn [mg/L]
Ni [mg/L]
Cr [mg/L]
Mn [mg/L]
Total Phenols [mg/g]
Total flavonoid [mg katein/g]
FRAP [mg trolox/g]
H2O2 [%]
Superoxide [%]

Investigated Group
12
r
r
r
r
r
r
r
r
r
r
r
r

Comparison Group
10
r
r
r
r
r
r
r
r
r
r
r
r

T
1.1
2.7
1.3
-4.6
2.9
0.7
3.8
-1.4
-1.58
1.4
-4.8
-6.3

p
0.13
<0.01
0.1
<0.0004
<0.007
0.24
0.001
0.08
0.07
0.1
0.0002
0.00003

TABLE 2
6SHDUPDQ¶V rank correlation coefficient and the level of significance (r, p) for relationship between
antioxidant parameters and different metals in Urtica dioica L.
Pb
[mg/L]
Total Phenols [mg/g]
Total flavonoid [mg katein/g]
FRAP [mg trolox/g]
H2O2 [%]
Superoxide [%]

Fe
[mg/L]
-0.547*
0.689**

Cu
[mg/L]

-0.644**

-0.541*

Zn
[mg/L]

Ni
[mg/L]
-0.723***
-0.644**
-0.858****

Cr
[mg/L]

Mn
[mg/L]
0.569*
0.553*
0.606*

-0.719***
-0.551*

but also for essential metals. Level of metals uptake
and accumulation by plants increased with increasing metal concentration in environment.
On the basis of the results obtained it is possible
to highlight that in Urtica dioica L the most abundant
metal is Fe followed by the other investigated heavy
metals
in
the
following
order
Fe>
Mn>Zn>Cu>Cr>Pb>Ni. Statistical analysis of the
obtained results shows the VLJQL¿cant distinction (p
=<.05) between the average of heavy metals concentration such as Fe, Zn, Ni, and Mn in Urtica dioica L
between the investigated group and comparison
group [34]. No significant difference between
groups was found for Pb, Cu and Cr. Table 1 shows
data for the parameters of antioxidant status of Urtica dioica L in comparison and investigation
groups.
Statistical analysis of the results (Table 1)
showed that no significant difference between the
groups was found for total phenols (TPh), total flavonoids (TF), and ferric reducing antioxidant power
(FRAP). The scavenging ability of ethanol extracts
of Urtica dioica L on hydrogen peroxide and superoxide is shown in Table 1. Obtained results shows
the VLJQL¿FDQW distinction (p =<0.0002) of the percentage of hydrogen peroxide scavenging ability
(HPSA) and superoxide scavenging activity (SSA)
between the investigated group compared to comparison group.

Heavy metal analysis. Determination of heavy
metals in nettle samples was done according to [33].
Plant samples were ashed at 500ºC for 4 to 10 hours.
After cooling the sample, HCl (10 ml, 6M) was
added and samples were heated on steam bath for 15
min. Before evaporation to dryness, 1 ml of HNO3
was added heating it for 1 h to dehydrate silica. HCl
was added again (1 ml) and 10 ml of water and
heated again to complete dissolution. Samples were
cooled, filtered and make up with water to 50 ml. All
samples were analysed for metals like Cu, Cd, Pb,
Zn, Mn Ni, Sr, Ag, Ba, B, Co, Cr and Fe using
Atomic Absorption Spectrophotometer (PerkinElmer AA 700) (ICP OM). All spectrophotometric
measurements in the following analyses were performed using a UV-Vis spectrophotometer (Thermo
6FLHQWLILF *(1(6<6 6 89-Vis spectrophotometer), and the results represent the average of
three measurements.

RESULTS
The mean values of heavy metals, as well as total antioxidant capacity (TAC) of Urtica dioica L
from investigation group (IG) and the comparison
group (CG) are reported in Table1.
As showed in Table 1, varying amounts of
metal contents were noted not only for heavy metals,
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Results of 6SHDUPDQ¶V rank correlation (Table
2) shows that concentration of Fe in the samples at
the investigated group exist in correlation, with
highly significance (p<0.05), with a decrease in total
phenols (r = -0.547) and HPSA (r = -0.644) and with
an increase in total flavonoids (r = 0.689). Concentration of Cu at the investigation group significantly
correlated (p<0.05) with a decrease in HPSA,
whereas concentration of Ni significantly correlated
(Figure 2) with a decrease of concentrations of TPh
(r = 0.723), TF (r = -644), FRAP (r = -858) and SAA
(r = -0.551). Concentration of Cr in the extracts of
Urtica dioica L significantly correlated with a decrease of percentage of HPSA (p<0.005) whereas a
significant (p<0.05) correlation was found between
Mn and an increase of TPh (r = 0.569), TF (r =
0.553), FRAP (r = 0.606).

These results are corresponding to the fact that
most uptake of heavy metals has been demonstrated
to be through the leaves and fact that various authors
[41-43] refer to U. dioica as a plant that possess a
high natural potential for hyper accumulation and
hyper tolerance of heavy metals.
In contrast to comparison group, plants sampled from area of highway R7-Kosovo, significantly
(p<0.05) contain higher level of Fe, Ni, and Mn,
whereas concentration of Zn is lower at the investigated group than the comparison group.
Since the higher concentration of metals at the
investigation group is attributed to the contamination
of highway, lower level of Zn at the investigation
group, compared to comparison group, can be explained as a result of the antagonist effects by other
metals in the absorption process of Zn. Zn is active
element in biochemical processes and has a chemical
and biological interactions with some others elements (Cu, Fe, Ni, B). Its deficiency leads to growth
failure and malnutrition [44].
Exposure to heavy metals provoked responses
of antioxidative systems, but the direction of response is dependent on the plant species, tissue analyzed, the metal used for treatment, and also intensity
of the metal stress [45-47]. The ability of plants to
increase antioxidative protection to combat negative
consequences of heavy metal stress appears clear in
this study.

DISCUSSION
Plants, as important components of the ecological system, transfer metals from abiotic to biotic environments [35, 36]. The metal fraction in the soil
that interacts with a biological target determines its
bioavailability [37-40].
Content of heavy metals and antioxidants status
was observed in Urtica dioica L. in samples taken
from the area around the highway R7-Kosovo.

FIGURE 1
The study area.
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(a)

(b)
FIGURE 2
The relationship between the level of (a) Total Phenols and Ni (r=-0.723, P=<0.005) and (b) between
FRAP and Ni (r=-0.858, P<0.0005) in the investigation group.

Ni/FRAP (r = -0.858), can be explained with the limited ability of plants to increase antioxidative protection. Recent studies showed that exposure to elevated concentrations of metals resulted in decreasing
the antioxidant activities and we can suppose that the
negative correlations between Fe/TPh, Ni/TPh,
Ni/TF, and Ni/FRAP, can be an indicator of the alterations in antioxidant status in plants.
The negative correlation (Table 2) with a
highly significance between the HPSA and redox
metals such as Fe (r = -0.644), Cu (r = -0.541), Cr (r
= -0.719) can be explained by the direct involvement
in the redox reaction through overproduction of O2.and subsequently in H2O2 and .OH via Haber-Weiss
and Fanton reactions whereas negative correlation
between SSA and Ni (r = -0.551) can be explained
and may be as a result of involving of Ni in the process of generation of free radicals directly from molecular oxygen in the two step process to produce O2..
Although the physiological mechanism of Mn
toxicity and tolerance are still unknown, several reports suggest a role for excess Mn in the introduction
of oxidative stress [53, 54].
The correlation between Mn and an increase of
TPh, TF and FRAP can be explained as the tendency
of the plant to build new balance. The antioxidant
defense system of Urtica dioica L. is stimulated under Mn toxicity.

Although, the difference between the groups in
the level of antioxidant status is not statistically significant (Table 1), at the investigated group concentration of Total Phenols (TPh), Total Flavonoids
(TF) and Ferric Reducing Antioxidant Power
(FRAP) is higher compared with comparison group.
One of the consequences of the presence of
toxic metals within the plant tissues is the formation
of ROS, which can be initiated directly or indirectly
by the metals and, consequently, leading to oxidative
damage to different cell constituents [48-52]. Under
metal stress condition, net photosynthesis (Phn) decreases due to damage to photosynthetic metabolism, including photosynthetic electron transport
(Phet). These alterations in photosynthetic metabolism lead to overproduction of ROS such
as O2í, OH, and H2O2.
Obtained results shows (Table 1) that percentage of HPSA and SSA at the investigated group are
significantly lower compared to control group.
These values can be explained as results of exposure to contamination from highway, and as a consequence, Urtica dioica L.in the investigated group
has lower efficiency of antioxidant defense system
compared to comparison group.
Bioactive metals, based on their physicochemical properties, are divided into two groups of redox
± active metals such as Cr, Cu, Mn, and Fe, which
can directly generate oxidative injury via HaberWeiss and Fenton reactions and non redox-active
metals such as Cd, Ni, Hg, Zn, and Al which can indirectly inflict oxidative stress via multiple mechanisms including glutathione depletion or binding to
sulphhydryl groups of proteins.
The negative correlations between Fe/TPh (r =
-0.547), Ni/TPh (r = -0.723), Ni/TF (r = -0.644),

CONCLUSION
The levels of Fe, Ni, Mn in the Urtica dioica L.
reflected a contamination with these metals from
highway R7- Kosovo. Lower level of Zn in the samples of Urtica dioica L. at the investigation group
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compared with the comparison group may be influenced by the effects by other metals (Fe, Ni) in the
absorption process of Zn. The antioxidant activity of
the plant is strongly affected by the presence of the
levels of metals, especially of Fe, Ni, Mn. The
achieved results in this study, suggest that mineral
nutrient imbalance and alteration on the level of antioxidants defense system were involved in the metal
toxicity in Urtica dioica L. which may help to understand the mechanisms of toxicity in plants.

[10] Harris, E.S.J., Cao, S., Littlefield, B.A.,
Craycroft, J.A., Scholten, R., Kaptchuk, T., Fu,
Y., Wang, W., Liu, Y., Chen, H., Zhao, Z.,
Clardy, J., Woolf, A.D., Eisenberg, D.M. (2011)
Heavy metal and pesticide content in commonly
prescribed individual raw Chinese herbal medicines. Sci. Total Environ. 409, 4297-4305.
[11] Xi, D., Li, J., Kuang, Y.W., Xu, Y.M., Zhu,
X.M. (2013) Influence of traffic exhausts on elements and polycyclic aromatic hydrocarbons in
leaves of medicinal plant Broussonetia papyrifera. Atmos. Pollut. Res. 4, 370-376.
[12] Zeneli, L., Daci, N., Daci-Ajvazi, M., Pacarizi,
H. (2008) Effects of pollution on lead and cadmium concentration and correlation with biochemical parameters in blood of human population nearby Kosovo thermo power plants. Am.
J. Biochem. Biotech. 4(3), 273-276.
[13] Jaishankar, M., Mathew, B.B., Shah, M.S.,
Gowda, K.R.S. (2014) Biosorption of few heavy
metals ions using agricultural waste. Journal of
environmental pollution and human health. 2(1),
1-6.
[14] Dolan, L.M.J., Van Bohemen, H., Whelan, P.
(2006) Towards the sustainable development of
modern road ecosystem. In: Davenport, J.L.
(Eds.) The Ecology of Transportation: Managing Mobility for the Environment, Springer
Netherlands, UK. 275-331.
[15] Zeneli, L., Daci-Ajvazi, M., Daci, N., Hoxha,
D., Shala, A. (2013) Environmental pollution
and relationship between total antioxidant capacity and heavy metals (Pb, Cd, Zn, Mn, and
Fe) in Solanum tuberosum L. and Allium cepa
L. Human and Ecological Risk Assessment. 19,
1618±1627.
[16] Atayese, M.O., Eigbadon, A.I., Oluwa, K.A.,
Adesodun, J.K. (2009) Heavy metal contamination of amaranthus grown along major highways
in Lagos. Afr. Crop. Sci. J. 16, 225-235.
[17] Suzuki, K., Yabuki, T., Ono, Y. (2008) Roadside Rhododendron pulchrum leaves as bioindicators of heavy metal pollution in traffic areas
of Okayama. Japan. Environ. Monit. Asses. 149,
133-141.
[18] Hsu, M.J., Selvaraj, K., Agoramoorthy, G.
(2006) 7DLZDQ¶V industrial heavy metal pollution threatens terrestrial biota. Environ Pollut.
143, 327-334.
[19] Zeneli, L., Daci, N., Pacarizi, H., Daci-Ajvazi,
M. (2011) Impact of environmental pollution on
human health of the population which lives
nearby Kosovo thermopower plants. Indoor and
Built Environment. 20, 479±482.
[20] Zeneli, L., 6HNRYDQLü A. and Daci, N. (2015)
Chronic exposure to aluminum, nickel, thallium
and uranium and their relationship with essential elements in human whole blood and blood
serum. Journal of Environmental Science and
Health, Part A. 50(6), 540-546.

REFERENCES
[1] Pinelli, P., Ieri, F., Vignolini, P., Bacci, L.,
Baronti, S., Romani, A. (2008) Extraction and
HPLC analysis of phenolic compounds in
leaves, stalks, and textile fibers of Urtica dioica
L. J.Agric. Food Chem. 56(19), 9127-9132.
[2] Fattahi, S., Zabihi, E., Abedian, Z., Pourbagher,
R., Motevalizadeh Ardekani, A., Mostafazadeh,
A., Akhavan-Niaki, H. (2014) Total Phenolic
and Flavonoid Contents of Aqueous Extract of
Stinging Nettle and In Vitro Antiproliferative
Effect on Hela and BT-474 Cell Lines. Int J Mol
Cell Med. 3(2), 102±107.
[3] Patil, S.M., Sapkale, G.N., Surwase, U.S.,
Bhombe, B.T. (2010) Herbal medicines as an effective therapy in hair loss: A review. Res. J.
Pharm. Biol. Chem. Sci. 1(2), 773-781.
[4] Roschek, B., Fink, R.C., McMichael, M. (2009)
Nettle extract (Urtica dioica) affects key receptors and enzymes associated with allergic rhinitis. Phytother. Res. 23(7), 920-926.
[5] Safarinejad, M.R. (2005) Urtica dioica for treatment of benign prostatic hyperplasia: A prospective, randomized, double-blind, placebocontrolled, crossover study. J. Herbal Pharmacother. 5(4), 1-11.
[6] Durak, I., Biri, H., Devrim, E., Sözen, S., Avci,
A. (2004) Aqueous Extract of Urtica dioica
Makes Significant Inhibition on Adenosine Deaminase Activity in Prostate Tissue from Patients with Prostate Cancer. Cancer Biol Ther.
3(9), 855-857.
[7] Mehri, A., Ranjbar-Hasani, S., Larijani, B.
(2011) Systematic review of efficacy and safety
of Urtica dioica in treatment of diabetes. Int. J.
Pharmacol. 7(2), 161-170.
[8] McLaughlin, M.J., Singh, B.R. (1999) Cadmium in soil and plants: a global perspective. In:
McLaughlin, M.J., Singh, B.R. (Eds.) Cadmium
in soils and plants. Kluwer Academic Publishing, Dordrecht, Netherlands. 13-21.
[9] Haider, S., Naithani, V., Barthwal, J., Kakkar,
P. (2004) Have metal content in some therapeutically important medicinal plants. Bull. Environ. Contam. Toxicol. 72, 119-127.

177

© by PSP

Volume 27 ± No. 1/2018 pages 172-179

Fresenius Environmental Bulletin

[21] Zeneli, L., 6HNRYDQLü A., Ajvazi, M., Kurti, L.
and Daci, N. (2016) Alterations in antioxidant
defense system of workers chronically exposed
to arsenic, cadmium and mercury from coal flying ash. Environmental Geochemistry and
Health. 38(1), 65-72.
[22] Das, A.K. (1990) Metal ion induced toxicity and
detoxification by chelation therapy. In: A Text
Book on Aspects of Bio-Inorganic Chemistry,
1st edition, CBS, Delhi. 17±58.
[23] Fenton, H.J.H. (1984) Oxidation of tartaric acid
in the presence of iron. J Chem Soc. 65, 899±
910.
[24] Nieboer, E., Richardson, D.H.S. (1980) The reSODFHPHQW RI WKH QRQGHVFULSW WHUP ³KHDY\
PHWDO´ E\ D ELRORJLFDO VLJQLILFDQW DQG FKHPL
cally significant classification of metal ions. Environ Pollut. 1(1), 3±26.
[25] Canesi, L., Ciacci, C., Piccoli, G. (1998) In vitro
and in vivo effects of heavy metals on musseldigestive gland hexokinase activity: The role of
glutathione. Comparative Biochemistryand
Physiology, C: Pharmacol Toxicol Endrocrinol.
120(2), 261±268.
[26] Chrestensen, C.A., Strake, D.W., Mieyal, J.J.
(2000) Acute cadmium exposure inactivates thioltransferase (glutaredoxin), inhibits intracellular reduction of protein-glutathionyl-mixed disulphides, and initiates apoptosis. J Biological
Chem. 275, 26556±65.
[27] Zeneli, L., Daci, N., Pacarizi, H., Daci-Ajvazi,
M. (2010) Interaction between cadmium and
calcium in human blood at the smokers. American Journal of Pharmacology and Toxicology.
5(1), 48-51.
[28] Ainsworth, E.A., Gillespie, K.M. (2007) Estimation of total phenolic content and other oxidation substrates in plant tissues using Folin±Ciocalteu reagent. Nature protocols. 2(4), 875877.
[29] Chang, C., Yang, M.H, Wen, H.M., Chern, J.C.
(2002) Estimation of total flavonoid content in
propolis by two complementary colorimetric
methods. J. Food Drug Anal. 10, 178±182.
[30] Zhao, H., Fan, W., Dong, J., Lu, J., Chen, J.,
Shan, L., Lin, Y., Kong, W. (2008) Evaluation
of antioxidant activities and total phenolic contents of typical malting barley varieties. Food
Chem. 107, 296±304.
[31] Ruch, R.J., Cheng, S.J., Klaunig, J.E. (1989)
Prevention of cytotoxicity and inhibition of intracellular communication by antioxidant catechins isolated from Chinese green tea. Carcinogenesis. 10, 1003-1008.
[32] Winterbourne, C.C., Hawkins, R.E., Brain, M.,
Carrel, R.W. (1975) The estimation of red cell
superoxide dismutase activity. J. Lab. chem.
Med. 85, 337-341.
[33] Radojevic, M., Bashkin, V. (1999) Practical Environmental Analysis, RSC, UK. 390-392.

[34] Remon, E., Bouchardon, J.L., Le Guedard, M.,
Bessoule, J.J., Conord, C. (2013) Are plants useful as accumulation indicators of metal bioavailability? Environmental Pollution, Elsevier. 175,
1-7.
[35] Maharia, R.S., Dutta, R.K., Acharya, R. (2012)
Correlation between heavy metal contents and
antioxidant activities in medicinal plants grown
in copper mining areas. J Radioanal Nucl Chem.
294, 395.
[36] Devi Chibmayee, M., Anu, M.S., Maheshi, B.,
Marysheeba, A., Mini, I., Swapna, T.S. (2014)
A comparative study of heavy metal accumulation andantioxidant responses in Jatropha curcas
L. Journal of Environmental Science, Toxicology and Food Technology. 8(7), 58-67.
[37] Pauget, B., Faure, O., Conord, C., Crini, N., De
Vaufleury, A. (2015) In situ assessment of phyto
and zooavailability of trace elements: A complementary approach to chemical extraction
procedures. Science of the Total Environment.
521±522, 400-410.
[38] Ehrenfeld, J.G. (2013) Plant±Soil Interactions,
In: Levin, S.A. (Ed.) Encyclopedia of Biodiversity (Second Edition). Academic Press, Waltham, 109±128.
[39] Chojnacka, K., Chojnacki, A.H., Górecka, H.,
Górecki, H. (2005) Bioavailability of heavy
metals from polluted soils to plants. Sci Total
Environ. 337,175±182.
[40] Mishra, S., Tiwari, A., Shukla, B., Seth, C.
(2009) Effects of soil amendments on the bioavailability of heavy metals from zinc mine tailings. Environ Monit Assess. 155, 467±475.
[41] Murphy, A.P., Coudert, M. Barker, J. (2000)
Plants as biomarkers for monitoring heavy
metal contaminants on landfill sites using sequential extraction and inductively coupled
plasma atomic emission spectrophotometry
(ICP-AES). Journal of Environmental Monitoring. 2(6), 621±627.
[42] Lopes, C., Herva, M., Franco-Uria, A., Roca, E.
(2012) Multicorrelation models and uptake factors to 559 estimate metal concentrations from
soil and metal in plants in pasturelands fertilized
with 560 manure. Environ. Pollut. 166, 17±22.
[43] Grubor, M. (2008) Lead uptake, tolerance, and
accumulation exhibited by the plants Urtica dioica and Sedum spectabile in contaminated soil
without additives. Archives of Biological Sciences. 60(2), 239±244.
[44] Boonmee, C., Reynolds, D., Sangvanich, P.
(2007) Alphaglucosidase inhibitor proteins
from Sesbania grandiflora flowers. Planta Med.
73(11), 1197-1201.
[45] Joshi, B.C., Mukhija, M., Semwal, S. (2015)
Antioxidant potential and total phenolic content
of utica dioica (whole plant). J App Pharm. 7(2),
120-128.

178

© by PSP

Volume 27 ± No. 1/2018 pages 172-179

Fresenius Environmental Bulletin

[46] van Assche, F. and Clijsters, H. (1990) Effects
of metals on enzyme activity in plants. Plant,
Cell &Environment. 13(3), 195±206.
[47] Shainberg, O., Rubin, B., Rabinowitch, H.D.,
Libal, Y., Tel-Or, E. (2000) Acclimation of
beans to oxidative stress by treatment with sublethal iron levels. Journal of Plant Physiology.
157(1), 93±99.
[48] Shah, K., Kumar, R.G., Verma, S., Dubey, R.S.
(2001) Effect of cadmium on lipid peroxidation,
superoxide anion generation and activities of
antioxidant enzymes in growing rice seedlings.
Plant Science. 161(6), 1135±1144.
[49] Maheshwari, R., Dubey, R.S. (2009) Nickel-induced oxidative stress and the role of antioxidant defence in rice seedlings. Plant Growth
Regulation. 59(1), 37±49.
[50] Srivastava, S., Dubey, R.S. (2011) Manganeseexcess induces oxidative stress, lowers the pool
of antioxidants and elevates activities of key antioxidative enzymes in rice seedlings. Plant
Growth Regulation. 64(1), 1±16.
[51] Sharma, P., Dubey, R.S. (2007) Involvement of
oxidative stress and role of antioxidative defense system in growing rice seedlings exposed
to toxic concentrations of aluminum. Plant Cell
Reports. 26(11), 2027±2038.

[52] Gallego, S., Benavides, M., Tomaro, M. (2002)
Involvement of an antioxidant defence system
in the adaptive response to heavy metal ions
in Helianthus annuus L. cells. Plant Growth
Regulation. 36(3), 267±273.
[53] González, A., Steffen, K.L., Lynch, J.P. (1998)
Light and excess manganese implications for
oxidative stress in common bean. Plant Physiology. 118(2), 493-504.
[54] Millaleo, R., Reyes-Díaz, M., Ivanov, A.G.,
Mora, M.L., Alberdi, M. (2010) Manganese as
essential and toxic element for plants: transport,
accumulation and resistance mechanisms. Journal of soil science and plant nutrition. 10(4),
470-481.

Received:
Accepted:

22.02.2017
17.09.2017

CORRESPONDING AUTHOR
Lulzim Zeneli
University of Gjakova ³)HKPL $JDQL´
50000 Gjakova - Republic of Kosovo
e-mail: lzeneli@gmail.com

179

Volume 27 ± No. 1/2018 pages 180-186

© by PSP

Fresenius Environmental Bulletin

ASSESSMENT OF THE EFFECT OF NPK FERTILISATION
AND ELEMENTAL SULPHUR ON SOIL ENZYME ACTIVITY
Agniewszka Godlewska*
University of Natural Sciences and Humanities in Siedlce, Faculty of Natural Science, 08-110 Siedlce, B. Prusa 12 st., Poland

in a reduced activity of phosphatases [7]. Biological
activity is a property which distinguishes soil from
other geological formations, and is a product of both
chemical and biological processes taking place in the
soil. The activity makes it possible to recognise
unfavourable changes occurring in the soil
environment, and soil degradation processes [8].
Enzymatic tests are one of more sensitive indicators
of the ecosystem functioning [9] and are an
increasingly popular tool in many agronomical and
biological sciences. Information on an activity of
individual enzymes and numbers of microorganisms
may be a characteristic of potential soil fertility,
provides reliable assessment of its quality, and
makes it possible to comprehensively describe
changes occurring in the soil environment.
Examination of the activity of a range of enzymes
enables recording of changes in specific abilities of
the sorption complex resulting from an influence of
the plant cover and cultivation system [10],
fertilisation [11], soil pH and climatic conditions
[12].
The objective of the present study was to
determine the effect of varied rates of elemental
sulphur and NPK fertilisation on the activity of
selected soil enzymes.

ABSTRACT
Soil samples for analyses were collected in a
pot experiment set up in a glasshouse located at the
Siedlce University of Natural Sciences and
Humanities. The experimental design was a one-way
completely random design with three replicates.
Different elemental sulphur fertilisation at the
background of NPK fertilisation was the
experimental factor. Test plants were cultivated, that
is orchard grass (Dactylis glomerata L.) and red
clover (Triforium pretence L.). The experimental
material consisted of soil samples collected after
each cut of both the test plants had been harvested.
There was found a significant effect of NPK
fertilisation on soil enzymatic activity which was
different after individual harvests of the test plants.
An application of elemental sulphur resulted in a
significant increase in: acid phosphatase in soil
collected after the third and fourth cut of orchard test
plants, alkaline phosphatase in soil after the first,
third and fourth cut of red clover, and urease in soil
after the first cut of orchard grass and after the third
and fourth cut of red clover.

KEYWORDS:
mineral fertilization, acid phosphatase,
phosphatase, urease, arylsulphatase

alkaline

MATERIALS AND METHODS
Soil samples for laboratory analyses were
collected in a pot experiment set up in a glasshouse
located at the Siedlce University of Natural Sciences
and Humanities. The experimental design was a oneway completely random design with three replicates.
Different elemental sulphur fertilisation at the
background of NPK fertilisation was the
experimental factor. The following mineral
fertilisation rates were applied:
N ± 0.5 g pot-1 as ammonium sulphate;
P ± 0.53 g pot-1 as triple superphosphate;
K ± 1.7 g pot-1 as sulphur oxide;
S ± 0.5, 1.0, 1.5, 2.0 g pot-1 as elemental
sulphur.
The soil formation used in the experiment was
very loamy sand collected from 0-20 cm of the
ploughed layer of grey brown podzolic soil. Pots
were filled with 12 kg of the soil formation. Soil
moisture throughout the growing season was kept at

INTRODUCTION
Intensification of agriculture, industry, and
human existence-related activities has led to marked
biocoenosis-related changes and has upset the
biological equilibrium in terrestrial ecosystems.
Rational mineral fertilisation of crop plants seems to
be a necessary condition of ecological soil
conservation and production of high good-quality
yields [1]. It involves limiting NPK fertilisation and,
at the same time, incorporation into the soil of
mineral-rich organic matter [2], or an application of
natural products for crop nourishment which are
either incorporated into the soil or applied directly to
the plant [3, 4, 5]. An application of fertilisers to the
soil may result in changes in soil chemical properties
[6] and a decline in an activity of some enzymes, e.g.
an increased level of non-organic phosphorus results
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inhibition of enzymatic reactions, in particular after
a long-WHUP DSSOLFDWLRQ RI KLJK UDWHV 'ąEHNSzreniawska et al. [17] points out that enzymatic
activity is closely related to the level of organic
matter and, as a result, does not always reflect the
soil content of nutrients introduced to the
environment with e.g. mineral fertilisation.
An average activity of acid phosphatase (Table 1 and
2) in the soil analysed ranged from 14.0 to 35.7 mg
PNP kg-1 soil h-1 and was the lowest after the third
cut of PK-fertilised grass, and the highest after the
third cut of red clover fertilised with NPK and
elemental sulphur at the rate of 1.0 g per pot.
Irrespective of the crop plant, the activity of the
enzyme in the soil was affected by the mineral
fertilisation applied. PK and NPK increased acid
phosphatase activity in the soil sampled after the first
cut of the test plants. However, in the soil collected
after the following cuts of orchard grass and red
clover, the activity of this enzyme was lower in
fertilised versus control pots. An addition of
elemental sulphur significantly increased acid
phosphatase activity in the soil collected after the
second, third and fourth cut of the grass, and after the
third and fourth cut of red clover.
An activity of alkaline phosphatase in the soil
collected after consecutive harvests of the test plants
(Table 3 and 4) ranged from 2.00 to 11.05 mg PNP
kg-1 soil h-1 and depended on mineral fertilisation,
plant and harvest date. PK and NPK fertilisation
contributed to a significant decline in the activity of
alkaline phosphatase. NPK significantly increased
alkaline phosphatase activity only in the soil
collected after the first cut of red clover. Also Koper
et al [7] reported a decline in alkaline phosphatase
activity after an application of nitrogen fertilisation.
Elemental sulphur reduced the activity of this
enzyme in the soil collected after each cut of the
grass whereas in the soil collected after the first and
third cut of red clover, fertilisation with elemental
sulphur significantly increased alkaline phosphatase
activity. The greatest average activity of alkaline
phosphatase was recorded in soil sampled in autumn
after the third cut of both the test

60% of maximum water holding capacity. Test
plants were cultivated, that is orchard grass (Dactylis
glomerata L.) and red clover (Triforium pretence
L.). Four cuts of the test plants were harvested per
season. The experimental material consisted of soil
samples collected after each cut of both the test
plants had been harvested.
The phosphatases activity determination
method consisted of incubation of reactive mixture
containing soil and a substrate. The method of
Tabatabai and Bremner [13] used disodium 4nitrophenyl phosphate hexahydrate in modified
universal buffer (MUB) at pH 6.5 for acid
phosphatase (AcP) and at pH 11 for alkalic
phosphatase (AlP), as a substrate. The color intensity
(yellow) due to releaseG ȡ-nitrophenol was then
measured spectrophotometrically. Urease activity
was
determined
colorimetrically
following
incubation of soil with urea (aqueous solution) and
citrate buffer according to modified method of
Hoffmann and Teicher [14]. Arylsulfatase activity
was determined by colorimetry of p-nitrophenol
released when soil samples were incubated one hour
at 370 C with p-nitrophenyl sulfate [15]. All
colorimetric data was determined with a
spectrophotometr UV-VIS Lambda 25 (Perkin
Elmer, Whaltham, USA). Soil pH was determined in
a solution of 0.01 mol CaCO2 by means of the
potentiometric method. The program STATISTICA
(data analysis software system) version 12.5
(www.statsoft.com) was used to statistically analyse
the results. Significance of differences between
means for the experimental factors was checked
XVLQJ 7XNH\¶V WHVW DW WKH VLJQLILFDQFH OHYHO RI
Į0.05. Relationships between the characteristics
studied were determined by the linear correlation
analysis.

RESULTS AND DISCUSSION
There have been no consistent reports on the
role of mineral fertilisation in shaping the biological
activity of the soil environment so far. According to
&LHĞODDQG.RSHU[16], mineral fertilisation leads to

TABLE 1
Enzymatic activity of acid phosphatase (mg PNP kg-1 soil h-1) in soil after each cut of orchard grass
Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

I
23.1
27.9
26.7
21.6
20.9
24.0
21.7
23.7
cuts

Orchard grass
III
12.5
8.65
11.5
11.4
19.7
12.0
22.4
14.0
I
3.35

II
27.2
29.1
30.4
27.5
28.0
26.9
23.2
27.5

LSD(0.05) for : mineral fertilization
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IV
20.6
18.5
19.2
19.1
27.0
34.8
29.8
24.1
II
5.67

III
2.30

Means
20.9
21.0
22.0
19.9
23.9
24.4
24.3
22.3
IV
4.14
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TABLE 2
Enzymatic activity of acid phosphate (mg PNP kg -1 soil h-1) in soil after each cut of red clover
Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

I
14.5
22.0
24.0
16.5
14.5
17.5
19.5
18.4
cuts

Red clover
III
30.7
29.1
34.8
34.7
33.8
27.2
24.6
30.7
I
n.s.

II
20.0
16.0
17.5
19.4
13.5
14.5
16.9
16.8

LSD(0.05) for : mineral fertilization

IV
42.1
27.5
30.5
42.7
43.1
25.5
38.9
35.7
II
2.96

III
1.84

Means
26.8
23.7
26.7
28.3
26.2
21.2
25.0
25.4
IV
3.13

TABLE 3
Enzymatic activity of alkaline phosphatase (mg PNP kg -1 soil h-1) in soil after each cut of orchard grass
Orchard grass

Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

I
6.50
7.50
5.0
5.0
3.0
2.5
3.0
4.64
cuts

II
4.0
3.0
2.0
3.0
3.0
3.0
6.5
3.5

III
7.5
6.0
7.0
6.0
5.5
5.0
5.0
6.0
I
3.51

LSD(0.05) for : mineral fertilization

IV
7.5
6.0
7.0
6.0
5.5
5.0
5.0
6.0
II
3.18

III
2.50

Means
6.50
5.88
5.13
5.13
4.50
3.88
4.63
5.09
IV
2.12

TABLE 4
Enzymatic activity of alkaline phosphatase (mg PNP kg -1 soil h-1) in soil after each cut of red clover
Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

Red clover
I
3.0
4.0
7.5
9.0
6.5
7.5
8.5
6.57
cuts

II
7.0
5.0
4.5
6.5
7.0
5.5
5.5
5.86

III
6.5
6.0
7.0
8.5
10.0
11.0
11.5
8.64
I
2.12

LSD(0.05) for : mineral fertilization

IV
10.0
4.0
6.0
3.0
4.0
9.0
8.5
6.36
II
n.s.

III
3.35

Means
6.63
4.75
6.25
6.75
6.88
8.25
8.50
6.86
IV
1.06

TABLE 5
Enzymatic activity of urease (mg N-NH4+ kg-1 soil h-1) in soil after each cut of orchard grass
Orchard grass

Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

I
4.17
8.00
6.33
5.50
5.50
8.17
7.17
6.41
cuts

II
5.83
8.17
7.50
7.50
5.33
5.00
6.50
6.55

III
7.00
3.67
4.17
9.33
3.16
8.83
2.16
5.47
I
1.13

LSD(0.05) for : mineral fertilization
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IV
9.66
5.00
4.66
3.83
8.66
4.66
4.66
5.88
II
3.29

III
3.65

Means
6.67
6.21
5.67
6.54
5.66
6.67
5.12
6.07
IV
2.22
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TABLE 6
Enzymatic activity of urease (mg N-NH4+ kg-1 soil h-1) in soil after each cut of red clover
Treatment

I
6.00
2.00
3.16
8.30
4.66
3.50
5.20
4.69
cuts
LSD(0.05) for : mineral fertilization

0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

Red clover
III
4.50
8.12
8.67
7.10
3.50
3.83
5.33
5.86
I
1.22

II
9.00
4.50
4.66
4.00
4.66
3.50
4.83
5.02

IV
1.66
3.16
6.33
7.33
5.00
5.50
6.33
5.04
II
4.70

III
0.80

Means
5.29
4.45
5.71
6.68
4.46
4.08
5.42
5.15
IV
4.25

urease in the soil studied was not affected the
sampling time.
An average activity of arylsulphatase in the soil
examined in the study (Table 7 and 8) ranged from
28.8 to 41.1 ȝJ313NJ-1 h-1 and was the lowest in
soil sampled after the first cut of orchard grass, and
the highest after the fourth cut of the grass. Koper
and Siwik-Ziomek [20] obtained similar values for
farmyard manure-treated soils whereas Li and
Pariente [21], who examined the ploughed layer of
three soils, found that the activity of the enzyme was
LQ D EURDG UDQJH RI  WR  ȝJ 313 NJ-1 h-1.
Regardless of the test plant and soil sampling dates,
mineral
fertilisation
significantly
affected
arylsulphatase activity. PK and NPK fertilisation
contributed to a decline in arylsulphatase activity in
soils sampled after orchard grass and red clover.
Also Vong et al. [22] found that mineral fertilisation
may negatively affect the activity of soil enzymes.
An additional application of elemental sulphur at 0.5
and 1.5 g increased arylsulphatase activity in soil
after the second cut of orchard grass and sulphur
applied at 0.5 and 2.0 g increased the enzyme activity
after the third cut. In the soil collected after the first,
third and fourth harvest of red clover, sulphur
applied at the rate of 1.5 g increased arylsulphatase
activity, the same

plants, it being by about 23 % higher compared with
the activity determined in soil samples collected after
the first cut of orchard ryegrass and red clover. Also
Koper et al. [7] reported that the activity of the
enzyme was by 39% higher in autumn-sampled soil
compared with the activity determined in soil
collected in May.
The average activity of urease in the soil
analysed (Table 5 and 6) ranged from 5.02 to 6.41
mg N-NH4+ kg-1 soil h-1 and was the lowest in soil
collected after the first cut of red clover, and the
highest in soil after the second cut of orchard grass.
PK and NPK fertilisation significantly increased
urease activity in the soil after the first and second
cut of the grass, and after the third and fourth cut of
red clover. A similar effect was observed following
fertilisation with elemental sulphur, the only
difference being observed for soil sampled after the
second cut of the grass where sulphur rates of 1.0 and
1.5 g resulted in a decline in urease activity, probably
due to soil acidification. Similar relationships
between soil pH and urease activity were observed
by Sun et al. [18]. This activity also increased as a
result of an application of sulphur at 0.5 and 1.5 g per
pot in soil collected after the third cut of orchard
grass. Also Symanowicz et al. [19] demonstrated an
increase in urease activity in soil after mineral
fertilisation was applied. Enzymatic activity of

TABLE 7
(Q]\PDWLFDFWLYLW\RIDU\OVXOSKDWDVH ȝJ313NJ -1 soil h-1) in soil after each cut of orchard grass
Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S
Means

I
39.5
31.8
30.7
28.9
22.2
27.5
20.9
28.8

II
40.2
39.3
38.6
40.2
32.5
42.3
32.7
38.0
cuts

LSD(0.05) for : mineral fertilization
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Orchard grass
III
44.9
35.2
37.2
38.5
36.3
35.6
40.1
38.3
I
9.71

IV
52.0
43.6
42.2
38.5
39.2
36.5
35.5
41.1
II
5.16

III
7.89

Means
44.2
37.5
37.2
36.5
32.6
35.5
32.3
36.5
IV
8.73
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TABLE 8
Enzymatic activity of arylsulphatase (ȝJ313NJ-1 soil h-1) in soil after each cut of red clover
Treatment

I
0
38.4
PK
26.5
31.0
PK+ N15
29.5
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
26.1
PK+ N15 + 1.5 g S
32.0
PK+ N15 + 2.0 g S
22.6
Means
29.4
cuts
LSD(0.05) for :mineral fertilization

Red clover
III
42.7
39.6
38.7
39.7
35.8
42.5
31.5
38.6
I
6.26

II
42.4
41.3
39.0
31.7
34.9
33.4
39.5
37.5

IV
44.8
45.5
41.6
37.1
36.4
45.1
34.8
40.8
II
2.44

III
5.61

Means
42.1
38.2
37.6
34.6
33.3
38.3
32.1
36.6
IV
1.85

TABLE 9
pH determined in 0,01M CaCl2 of soil sampled after orchard grass and red clover harvests
Treatment
0
PK
PK+ N15
PK+ N15 + 0.5 g S
PK+ N15 + 1.0 g S
PK+ N15 + 1.5 g S
PK+ N15 + 2.0 g S

I
6.32
6.35
6.24
6.33
6.02
5.77
5.31

Orchard grass
II
III
5.46
6.37
5.35
6.35
4.69
6.07
4.93
6.30
4.61
6.12
5.10
6.16
4.74
5.82

IV
5.50
4.87
4.68
4.80
4.77
4.86
4.89

I
6.37
5.40
5.98
4.94
4.98
6.08
6.01

Red clover
II
III
5.56
6.49
5.25
6.16
5.23
6.10
4.93
5.78
5.02
5.61
4.96
6.10
5.37
6.17

IV
5.26
5.37
4.85
4.70
4.93
4.92
4.52

second cut; pH with acid phosphatase activity (r = 0.78*) after the third cut; arylsulphatase activity with
pH (r = 0.77*) and alkaline phosphatase activity (r =
0.89**) after the fourth cut. In soil sampled after
consecutive harvests of red clover, significant
relationships were found between pH and
arylsulphatase activity after the second and fourth
cut (r = 0.93** and r = 0.81*), and between soil pH
and urease activity after the second and fourth cut (r
= 0.82* and r = - 0.88*).
In summary, fertilisation with elemental
sulphur and NPK significantly affected acid
phosphatase, alkaline phosphatase, urease and
arylsulphatase activity as well as soil pH.

effect being observed after the second cut when
sulphur had been applied at 2.0 g. It was also noticed
that arylsulphatase activity in the soil studied
increased after subsequent cuts of orchard grass and
red clover. Contrasting findings were reported by
Koper et al. [20] who noted the highest
arylsulphatase activity in soil samples collected at
the first harvest date.
The activity of enzymes depend on a lot of
factors e.g. soil pH values [23]. Table 9 show pH
values of soil collected after individual cuts of the
test plants. The values were determined in a CaCl2
solution whose concentration was 0,01 mol dm-1 and
they ranged from 4.52 to 6.49. The results indicated
that there was a decline in the pH of the soil collected
after consecutive cuts of the test plants as affected by
mineral fertilisation. The effect of pH on the activity
of selected soil enzymes was studied by authors such
as Wyszkowska et al. [24] who reported a decline in
urease and alkaline phosphatase activity and a slight
increase in acid phosphatase activity due to
decreasing pH of soil solution.
The statistical analysis conducted in the present
study revealed the following correlations between
the characteristics studied in soil collected after
consecutive harvests of orchard grass: pH with
arylsulphatase activity (r = 0.73*) and alkaline
phosphatase activity (r = 0.77*), arylsulphatase
activity with alkaline phosphatase activity (r = 0.78*)
after the first cut; acid phosphatase activity with
alkaline phosphatase activity (r = -0.88**) after the

CONCLUSIONS
1. There was found a significant effect of NPK
fertilisation on soil enzymatic activity which was
different after individual harvests of the test plants.
2. An application of elemental sulphur
resulted in a significant increase in: acid phosphatase
in soil collected after the third and fourth cut of test
plants, alkaline phosphatase in soil after the first,
third and fourth cut of red clover, and urease in soil
after the first cut of orchard grass and after the third
and fourth cut of red clover.
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The order Odonata is divided 3 sub-orders.
These are; Zygoptera, Anisoptera and Anisozygoptera. In our country members of Zygoptera and
Ainsoptera sub-orders are present.
In Middle East, 82 species and sub-species of
order Odonata were identified while these order has
approximately 6000 species [1]. In Turkey 102 species group were identified until now [2].
The adults of these order can be found up to on
attitude of 2500 m from sea level in streams, springs,
lakes, ponds, dam lakes, drainage channels, temporary wetlands, marsh and other water sources. The
Odonata females spawn and their nymphs grow in
aquatic ecosystems, so these features are most important reasons of their habitat preferences [3, 4].
The members of order Odonata are predators
and feeds with other insects in their whole nymph
and adult stages. In nymphalid stage they feed with
insects, crustaceans and fish eggs in water while they
can feed with all adult insects in adult stages. Nymphalid stages of members of this order can be 7-9
months and nymphs can ecdysis 7-15 times in this
period. The dragonflies are predator organisms
which have wide distribution from lentic waters to
fast-running waters. It is possible to find these organisms from water quality class I to water quality class
III [5].
In this study, the Odonata fauna of Karpuz and
Alara Streams and their distribution related to physical-chemical variables of water was analysed.

In this study, it was aimed to determine the
Odonata fauna of Karpuz and Alara streams and prevail their relationships with physiochemical parameters. For this purpose, a total of twenty sampling
points were chosen on streams. As a result of field
studies nine species of Odonata were recorded in
Alara Stream and four Odonata species were recorded in Karpuz Stream.
          
   and    were described as common species in both streams. 
           
 were sampled only in 10th sampling point
while       
    were sampled in all other sampling
points.was recorded only at 7th
sampling point.      was found in all
sampling points except 10th sampling point.
          and
   were found in 10th station. 
    was determined dominant taxon in
Karpuz Stream while       and
  were dominant in Alara
Stream.
In both streams water quality of first 8 sampling
points were included in quality level I while 9th sampling point was included in quality level I-II and 10th
sampling point in quality level II according to physical-chemical variables. 9th and 10th sampling point
of each stream were affected by pollutants while the
others were less affected.

&$%! &"%
Alara and Karpuz Streams are two important
streams of Antalya Basin. Alara Stream provides
drinking water to many of villages of Manavgat and
Okurcalar and Avsallar town of Alanya as well as
irrigation. Trout aquaculture is an important activity
in springs of these streams [6]. Karpuz Stream is located on east of Antalya Gulf and far 12 km to Manavgat and 15 km to Side [7].

8550.<487,7/#:0;0:>,<48781%,6950;One
litter capacity of dark coloured polyethylene sample
collection pots were used in order to collect water
samples. Six stations were determined on Karpuz

*)"$%
Odonata, water quality, Alara Stream, Karpuz Stream

!&$"'&"!
Members of Odonata order are widely used to
determine the biological water quality for a long time
in aquatic ecosystems especially in river systems.
The long larval stage and widely distribution of this
organisms are creating possibility to be used in biomonitoring.
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0,031
0,04
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0,22
0,05
454
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0,23
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261
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0,12
338
0,37
0,25
251
0,23
BDL
275
0,3
0,05
329
0,35
0,08
263
0,25
BDL
318
0,29
0,11
382
0,36
0,23
284
0,21
BDL
333
0,29
0,07
386
0,4
0,12
318
0,24
BDL
348
0,46
0,07
363
0,82
0,11
345,5
0,6
0,07
452,4
0,44
0,18
614
0,64
0,42
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2,32
1,1
5
1,36
2,1
0,58
2,8
1,72
3,3
2,21
1,41
0,7
1,92
1,36
2,33
1,92
2,66
0,44
3,4
1,11
4,7
1,8
1,61
0,76
2,07
1,08
2,5
1,67
1,61
0,4
2
1,78
2,85
3,02
1,8
0,88
2,6
1,17
4,4
1,8
2,24
0,86
3,17
1,2
3,46
1,6
2,85
0,76
3,8
1
4,8
1,12
3,24
0,64
7,6
1,6
18,65
3,08



and Alara Streams and water samples were collected
between January 2014 and November 2014 in seasonal periods from total 10 stations and collection
timings were also considered to be same at each
time. Chloride ion (Cl-), ammonium nitrogen (NH4+N), nitrite nitrogen (NO2--N), nitrate nitrogen (NO3N), orthophosphate ion (PO4-P), Biological Oxygen
Demand (BOD5) values (mg/l) from collected samples were measured in Süleyman Demirel University
of Geothermal Energy, Underground Water and

Mineral Resources Research and Application Centre. Water temperature (°C), pH, electricity Conductivity (µS/cm), dissolved oxygen (mgO2/L) values
were measured in the field. Water quality classes
were determined according to the Klee [8].
Odonata samples were collected from the
rocks, stones and gravels which were found in the
basement streams and among the aquatic plants by
benthic shovel which were made by 50x30 sized iron
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was measured in 10th sampling point (614 µS/cm)
while the lowest E.C level was found in 5th sampling
point (178 µS/cm). Nitrate-Nitrogen level was in
quality class I, below 2 mg/l in all stations sampling
points. Ammonium nitrogen levels were between
BDL-0,33 mg/l (10th station). The highest Cl level
was determined in sampling point 10 while the lowest level was determined in first station. The highest
BOD5 level was in 10th sampling point while it was
found in quality class I in other sampling points.
In Karpuz Stream valves of parameters vary as;
DO: 5,6-8,3 mg/l PH: 7,6-8,84, T: 12,9-30,9 ˚C,
EC:356-668 µS/cm, Cl: 0,3-86,21 mg/l, Nitrate-Nitrogen: BDL-0,58 mg/l, Ammonium nitrogen: BDL0,41 mg/l and BOD5: 0,14-2,29 (Table 2).
The highest EC (584,5 µS/cm), Cl (44,27 mg/l),
NO3-N (0,34 mg/l) and BOD5 (0,98 mg/l) valves
were measured in 10th station while lowest average
EC (393,75 µS/cm) value in 3th station NH4-N (0,25
mg/l) and Cl (0,38 mg/l) in 6th station and lowest average BOD5 value determined in 5th station. The
highest average DO (7,91 mg/l) and pH (8,29) values
were observed in first station while the lowest DO
(7,49 mg/l) in 7th station and the lowest pH level was
determined in 9th sampling station with the value of
7,91. The highest temperature value was observed in
9th station (20,18 ˚C) and the highest temperature
value was measured 1th station (16,05 ˚C).

and having 500 μm pored pile fabric for approximately 20 minutes and scanned in a diameter of 100
m around the sampling area [9]. Collected samples
were fixed by 70% alcohol in field and then taken to
laboratory and then identified samples were put in
70% ethyl alcohol containing glass made sampling
bottles and were kept in dark medium. Dumont [1],
Askew [10], Gerken & Sternberg [11] were used for
identification of Odonata samples, at family, genus
and species levels.
$%'&%
As a result of physical-chemical analyses NO2
- N and PO4 - P valves were found below detection
limits in both streams so they were not evaluated in
Table 1. The highest dissolved oxygen level was
found in 1th sampling point in Alara Stream while
lowest level was found in 10th sampling point.
The highest average result oxygen level was
found in 1st station while the lowest average level
was found in 10th sampling point.
The pH level in Alara Stream varies between
7,82 (4th sampling point) - 8,46 (2th sampling point)
however all of the average levels were over 8 so the
stream can be considered as alkaline.
The highest electrical conductivity (E.C) level
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some localities. In Karpuz Stream 5th -6th and 7th sampling points were dry in June and September where
8th station was dry in September.

A total of 326 individuals were investigated belong to nine taxa, collected from ten sampling points
on Alara Stream. The highest individual belongs to
Odonata order collected among on Alara Stream was
69 on 8th station and the lowest was 5th station with
one individual. In 5th station only     
 was determined in 4th station four individuals belong to three species were found.
On 7th,8th and 10th stations, five taxa were determined on each station. These stations had the highest
taxa richness.     and   
   were determined only from 10th station.
was found only in 7th station. In
Alara Stream the dominant taxon was  
 while     was dominant on 4th - 8th and 9th stations. These two taxa were
frequently observed taxa on Alara Stream. However,
these taxa were not observed in 10th station and
  was dominant on this station.
The first eight station were determined in oligosaprobic level while 9th station was oligo-betamezosaprobic and 10th station was beta-mezosaprobic
according to saprobic system. Also in flow velocity
of Alara Stream decrease beginning from the 7th station and the 10th station has the lowest in flow velocity. Besides by the increase in aquatic plants and
temperature the 10th station differs from other stations.
In all stations chosen in Karpuz and Alara
Stream a total of 232 individuals belong to four taxa
were investigated. The dominant taxon on the chosen
stations except 8-9-10th stations.   was
dominant taxon. On the 8-9-10th station   
was dominant.    was found
only in 10th station. When it is compared in flow rate
and amount of water of Karpuz stream is more less
than Alara Stream and there are little ponds on
Karpuz Stream. Especially in summer season the
amount of water decrease up to spring and dries in

$%'&!%'%%"!%
On both Alara and Karpuz streams the first 8
sampling points were determined in water quality
class I according to KLEE [8] where 9th stations were
class I-II and 10th stations were class II. The reason
of oligosprobic level of first 8 stations of these
streams is that the sampling points are located in regions which there is less intervention to streams and
surroundings. In these regions, the streams pass
through valleys and forests so they are kept far from
Urban places and agricultural fields. In both Alara
and Karpuz streams nitrite-nitrogen and ortho- phosphorus were found below detection limits (BDL).
     and   were recorded in 7-8-9 and 10th stations on Alara Stream.
These taxa were highly dominant in 10th station
while they were represented with the lowest individual number and lowest dominancy in 9th station.
These taxa’s distribution ranges are between 2 and
224 meters from the sea level. The DO levels of the
sampling points in which these taxa were found varies between 7,6 and 9,73 mg/l. In these sampling
points, the other parameters vary between as; pH:
7,9-8,4, temperature 10,1-26 °C, EC: 263-614
µS/cm, Nitrate-N: 0,21-0,64 mg/l, Ammonium-N:
BDL-0,42 mg/l, Cl: 1,8-18,65 mg/l, BOD5: 0,883,08 mg/l.    and were
not found in Karpuz Stream. These taxa belong to
betamezosprobic region according to saprobic index
[5]. In these study the organisms of the betamezosaprobic region distributes up to oligosaprobic region. The ecological data of adult  
   is close to ecological features of  

190

#"

  $ 

 





  !




found in 7th station. The physical and chemical parameters of the stations on which this subspecies was
found vary as following: DO; 7.44-10.08 mg/l, pH;
7.82-8.46, T; 9.6-24.3 °C, EC; 241-488 µS/cm, Nitrate-N; 0.08-0.23 mg/l, Ammonium-N; BDL0.18mg/l, Cl; 1.32-4.8 mg/l and BOD5; 0. 4-3.02
mg/l. In the list of saprobic index [5]  
   was evaluated while   
  was not.   takes
place among the organisms of beta-mesosaprobic region. In this study,       was
found in I and I-II water quality classes and the highest number of individuals were found in oligosaprobic region. Salur & Kıyak [31] observed the adults
of this taxon while flying near streams, in Mediterranean region between May and August. The samples were caught while resting on ground near
streams. Individuals of this taxon were found around
streams and lakes [33]. The adults of this taxon were
found in following cities in Turkey; Hatay [29]; Tokat [14]; Antalya, Aydın, Burdur, Denizli, Isparta,
Muğla [31]; Kayseri, Isparta, Konya, Niğde, Antalya
[34]; Adana, Mersin, Osmaniye [18]; Giresun, Trabzon, Artvin, Gümüşhane [19]; Cyprus, Bolu, Ordu,
Trabzon, Isparta, Antalya, Mersin, Adana [35];
Isparta, Konya [36]; Antalya [37]; Antalya [21];
Isparta [38]. This subspecies is found only in Turkey
in the world [32]. 
   was found in 1th, 2nd, 3th, 4th, 6th
and 8th stations on Alara Stream while it was found
in all stations except 10th station on Karpuz Stream.
This taxon is dominant taxon on Karpuz Stream and
distributes between 3 and 443 m from the sea level.
The physical and chemical parameters of the stations
on which this subspecies was found vary as following: DO; 5.96-10.08 mg/l, pH; 7.6-8.84, T; 9.6-30.9
°C, EC; 241-613 µS/cm, Nitrate-N; BDL-0.13 mg/l,
Ammonium-N; BDL-0.41mg/l, Cl; 0.3-59.9 mg/l
and BOD5; 0.14-3.02 mg/l. This taxon is not evaluated in the list of saprobic index [5]. According to
Salur & Kıyak [17] the adult individuals of   
 were observed while flying near streams and
irrigation canals, and resting on plants in Mediterranean Region between April and July. According to
the literature the individuals of this species were
found in fast flowing streams and rivers, sometimes
on temporary streams on stones and plants between
April and July. The adults of this taxon were found
in following cities in Turkey; Antalya [22]; Antalya,
Hatay, Manisa, Bursa, İstanbul [36]; Osmaniye,
Kahramanmaraş, Hatay, Kilis [29]; Kayseri [13];
Tokat [14]; Tunceli [15]; Antalya, Denizli, Isparta
[17]; Adana, Hatay, Kahramanmaraş, Osmaniye
[18]; Giresun, Trabzon, Erzurum, Artvin [19];
Şanlıurfa [39]; Antalya [21]; Isparta, Mersin,
Kahramanmaraş [38]; Bingöl [40]; Kilis, Amasya,
Malatya [30]; Muğla [24]. This species distribute
from Kashmiri to Mid-Europe [25].
    was dominant in both
Alara and Karpuz Streams and it was found only in

  In Turkey,     was recorded from; Erzincan, Amasya, Kars, Ordu [12];
Kayseri [13]; Tokat [14]; Tunceli [15]; Çorum [16];
Antalya, Aydın, Burdur, Denizli, Isparta, Muğla
[17]; Kahramanmaraş [18]; Sivas, Giresun, Erzurum, Gümüşhane [19]; Aydın, Kütahya [20]; Antalya [21]; Antalya [22]; İstanbul [23]; Muğla [24].
Among the world this organism distributes in Europe, Asian minor and North Africa [25]. According
to Salur & Kıyak [17], the adults of 
were found while flying and resting on plants near
fast flowing streams and irrigation cannels between
May and August in Mediterranean region. According to literature adults of this species was found on
shrubberies and reeds near fast flowing streams [26,
10]. In Turkey     was recorded from
İstanbul [27]; İstanbul [28]; Tokat [14]; Tunceli
[15]; Antalya, Burdur, Denizli, Isparta, Muğla [17];
Adana, Hayat, Kahramanmaraş, Mersin, Osmaniye
[18]; Giresun, Trabzon, Rize, Artvin [19]; Aydın,
Isparta, Bursa, Antalya [29]; Antalya [21]; Muğla,
Hatay [30]; Muğla [24]. virgo was distributed among the World in Serbia, Greece, Asian minor and Turkestan [25].
      was found in all stations on Alara Stream except 9th, 10th and this species
was found 3th, 9th and 10th stations on Karpuz Stream.
This species distribute 2m to 443m from the sea
level. However high ratios of individual numbers
were not found in upstream regions. In the stations
which is taxon was found, values of physical and
chemical parameters vary between: DO; 6.22-10.08
mg/l, pH; 7.6-8.52, T; 9.6-28.1°C, EC; 128668µS/cm, Nitrate-N; BDL-0.58mg/l, AmmoniumN; BDL-0.18mg/l, Cl; 1.32-86.21mg/l and BOD5;
0.14-2.29mg/l. This taxon is not evaluated in saprobic index [5]. According to Salur & Kıyak [31], the
adult       individuals were
found flying near streams and irrigation canals in
Mediterranean region between May and August. It
was observed that the obtained samples were flying
over concourses and roads between 5-7 pm for hunting. According to literature knowledge individuals
of this species were found near fast-flowing gravelly
small size streams between May and July [10]. The
adult individuals of this species were in following
provinces in Turkey; Burdur, Antalya, Mersin,
Kırklareli [36]; Osmaniye, Hatay [29]; Kayseri [45];
Muğla [24]; Antalya [21]; Tokat [14]; Antalya, Burdur, Denizli, Isparta, Muğla [31]; Adana,
Kahramanmaraş, Mersin, Osmaniye [18]; Trabzon,
Artvin, Gümüşhane, Sivas, Rize [19]; İstanbul [28];
Antalya [37]; Muğla [24]. In the World, this species
was distributed in Kosovar, Albania, Cyprus, Greece
and Anatolia [32].
      was found in all stations except 5th and 10th stations on Alara Stream.
This subspecies was distributed between 11-443m
from the sea level. The highest individual number
was found in first station and the lowest number was
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10th station in Alara Stream while it was found in 48-9 and 10th stations on Karpuz Stream. This taxon
was found between 2-12 meters from the sea level.
The physical and chemical parameters of the stations
on which this subspecies was found vary as following: DO; 6.68-10.08 mg/l, pH; 7.82-8.52, T; 9.6-26
°C, EC; 241-614 µS/cm, Nitrate-N; BDL-1.13 mg/l,
Ammonium-N; BDL-0.42 mg/l, Cl; 1.32-18.65 mg/l
and BOD5; 0.4-3.08 mg/l. This taxon belongs betamesosaprobic region in saprobic index [5]. According to Sladecek [41], this organism inhabits oligobetamesosaprobic region. In present study this taxon
was dominant in beta-mesosaprobic region and
found in oligosaprobic region. The adults of
    were found flying near
streams in Mediterranean Region between May and
September [17]. According to literature this species
was found near stagnant water and slow flowing
streams between May and September [26; 33]. The
adults of this species were found in following cities
in Turkey; İstanbul [27]; İzmir, Aydın [20]; Kocaeli,
İstanbul, Eskişehir, Sakarya, Aydın, İzmir, Isparta,
Konya, Antalya, Mersin, Muğla [43]; Afyon, Manisa, Ankara, Ordu, Kırklareli, Edirne [29]; Kayseri
[13]; Tokat [14]; Çorum [16]; İstanbul, Amasya,
Eskişehir, İzmir, Konya, Bursa, Antalya, Isparta,
Mersin, Edirne, Kırklareli, Afyon, Muğla, Manisa,
Tekirdağ, Erzurum, Samsun, Ankara, Kayseri, Sivas, Mardin, Adana [34]; Antalya, Aydın, Denizli,
Isparta, Muğla [17]; Adana, Kahramanmaraş, Mersin [18]; Giresun, Trabzon, Erzurum, Sivas, Rize,
Artvin [19]; İstanbul [28]; Antalya [37]; Antalya
[21]; Tekirdağ [42]; Isparta, Mersin [38]; Amasya,
Antalya [30]; Antalya [22]; İstanbul [23]; Muğla
[24]. This species distributed in Europe and East
Asian [25].
   was found in 10th stations of both streams. The flow in these stations are
slow and temperature in these stations are relatively
high when compared with other stations. The aquatic
plants were widely found in these stations. Water
quality of these stations were found in quality class
II. The adults of this subspecies were found in various wetlands in Mediterranean Region between
April and September [17]. According to literature
this subspecies was found around canals, pools,
ponds, lakes and slow-flowing streams between May
and September [26, 10]. The adults of this species
were found in following cities in Turkey; Muğla
[24]; Tekirdağ [42]; Muğla [43]; Kayseri [13]; Tokat
[14]; Tunceli [15]; İstanbul, İzmir, Erzurum,
Eskişehir, Ankara, Kahramanmaraş, Antalya,
Konya, İstanbul [23]; Kayseri, Mersin, Sivas,
Edirne, Kırklareli, Afyon, Burdur, Isparta, Denizli,
Bursa, Kırşehir, Muğla, Hakkari, Manisa,
Gümüşhane, Kocaeli, Aydın, İzmir, Denizli, Burdur,
Isparta, Konya, Antalya, Mersin, Adana, Niğde,
Kahramanmaraş, Hatay, Kilis, Diyarbakır, Şanlıurfa,
Adıyaman, İstanbul, Edirne, Kırklareli [29]; Hatay,
Samsun, Çorum, Diyarbakır, Şanlıurfa, Adıyaman

[34]; Aydın, Denizli, Isparta, Muğla [17]; Adana,
Hatay, İskenderun, Antakya, Kahramanmaraş, Mersin [18]; ; Çorum [16]; Sivas, Giresun, Trabzon,
Gümüşhane, Bayburt, Rize [19]; Adıyaman [44];
Adana, Kahramanmaraş, Gaziantep, Osmaniye,
Hatay, Diyarbakır, Şanlıurfa, Adıyaman, Sivas,
Kaysari [29]; İstanbul [28]; Adana, Hatay, Gaziantep, Şanlıurfa, Diyarbakır [39]; Antalya [37]; Antalya [21]; Mersin, Sivas, Bingöl [40]; İzmir, Erzurum [30]; İstanbul, İzmir [22]. This subspecies was
found in Cretan and Turkey in the world [25].
was found only in 7th station of Alara Stream. According to Salur & Kıyak
[31] the adults of these species were found flying
near streams and rivers in Mediterranean Region in
May and June. According to literature this species
was known as early summer species [1]. This species
was found in following provinces in Turkey; İstanbul [28]; Adana, Manisa, İzmir, Kastamonu [36];
Kayseri [45]; Tokat [14]; Antalya, Denizili, Isparta,
Muğla [31]; Kayseri, Amasya, Antalya, Malatya,
Bursa, Ankara, Adana, İstanbul, Manisa, İzmir,
Kastamonu, Muğla [34]; Muğla [43]; Antalya [21];
Tekirdağ [42]; Isparta [38]; Amasya [40]; Antalya,
Amasya, Malatya [30]; Muğla [24]. Around the
world this species was distributed from South Europe to West Asia and Anatolian part of Turkey [32].
  was only found on 10th station
on Alara Stream. The flying adults of this species
were found around streams, irrigation and drainage
canals, marshes, ponds and lakes [26, 10]. This species was found in following provinces in Turkey;
Antalya [21]; Muğla [43]; Burdur, Antalya, Muğla
[36]; Adana, Hatay, Kilis [29]; Çorum [16]; Antalya,
Aydın, Burdur, Denizli, Isparta, Muğla [31]; İstanbul, Konya, Antalya, Muğla, Artvin, Zonguldak, Ankara, Edirne, Adana, Hatay, Kırklareli [34]; Adana,
Hatay, Kahramanmaraş, Mersin, Osmaniye [18]; Erzurum, Rize, Artvin, Trabzon [19]; İstanbul [28];
Antalya [37]; Konya [38]; İstanbul [23]; Muğla [24].
This species has a wide distribution in India, China,
Middle East, Turkey and Carpathian islands [32].
      
  and  
 are not used in saprobic index [5]. However,
according the Sladecek [41]     is
evaluated among the organisms of oligo-betamesosaprobic zone. Besides this, when we consider BMWP system, the indication values of Ashnidae, Calopterygidae, Gomphidae, Aeshnidae, Lestidae, Cordulegasteridae, Corduliidae and Libellulidae families were given as 8 while the indication values of Platycnemidae and Coenagriidae were given
as 6, where Ephaidae family was not evaluated [46,
47, 48]. According to this evaluation, the families
with the indication value 8 prefer more unpolluted
regions when compared with other families. In present study all determined organisms except 
 and   which were found only
in water quality class II, were distributed among the
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water quality class I and II.
According to Biotic index [49] the indication
value of Gomphidae family was given as 1 and distributed in unpolluted regions where the indication
values of Aeshnidae and Cordulegastridae were 3.
The indication values of Calopterygidae and Corduliidae were given as 5. These families can be
found up to moderately polluted regions. Coenagriidae and Lestidae families were found highly tolerant to pollution.
Biotic index studies are carried out in many rivers in Turkey, but the origin of these indices are European and American.     , 
    and       taxa are
not used in these indices. These species are quite
common in the rivers of our country [50,51,52].
All the Odonata taxa that were given in present
study are new larvae records for Karpuz and Alara
Streams. The previously given distribution data for
world and Turkey in text, are valid for adult individuals of given Odonata taxa. Because of the lack of
the distribution knowledge of larval stage of these
organisms the literature knowledge was used.
The Odonata fauna and distribution of the taxa
among the stations of two close streams in the same
basin were found different from each other while the
water quality of the both streams were similar. The
reason of this difference can be explained by the variation of morphological and flow characteristics of
the streams. The flow velocity and amount in Karpuz
Stream is very weak when compared with Alara
Stream. Some regions on Karpuz Stream were dry in
summer season. Besides, the forested land around
Karpuz Stream is less than Alara Stream. Karpuz
Stream usually flows through open fields where
Alara Stream flows through valleys and forests.
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The average surface temperature of the earth
globally tends to linearly increase. It has increased
from 0.65°C in 1880 to 1.06°C in 2012 [2].
As a result of climate change, the effects of existing risks will be increased, and new risks to natural and human systems will be revealed. In developed and developing countries, risks are not uniformly distributed, and disadvantaged people and
communities are exposed to greater risks [2].
Global warming and climate change remains
key issues of current studies due to its effect on the
biota. In addition to its global effects, the regional
effects should be also considered and studied.
Changes in climate of a certain region, affect both
livestock and plant production. Livestock production is adversely effected by increased temperatures.
Temperature increases resulted from regional
and global climate change lead to heat stress for
broilers, as in other living organisms. Because of
broilers and laying hens are particularly sensitive to
heat stress, the adverse effect of high indoor temperatures in conjunction with relative humidity on
broiler health and productivity is greater than the
other livestock.
To mitigate heat stress in broiler, feeding program arrangement is useful tools in addition to physical improvement of house indoor environmental
conditions. But, aflatoxins content of feedstuff
should be carefully checked, due to it causes acute,
subacute, and chronic poisoning [3].
There are several studies that show negative effects of heat stress on growth performance in broilers
and laying hens [4, 5, 6, 7].
The adverse effects of heat stress in broiler
chickens are high mortality, decreased feed consumption, and poor body weight gain and meat quality [8, 9].
The recommended thermo-neutral indoor temperature range for broilers older than 4 weeks of age
is 20-24°C. When the indoor temperature exceeds
35°C, morbidity and mortality of broilers is increased [10, 11].
The temperature humidity index (THI) is an
important tool for evaluating effects of heat stress on
broiler production. Additionally, the performance of

As a result of global climate change, heat stress
in livestock animals has become more important in
terms of both animal health and production costs.
Heat stress can negatively affect the health and performance of broilers, as well as other livestock animals. The temperature humidity index is one of the
most common tools used to evaluate heat stress in
livestock animals. This paper focuses on describing
temperature humidity index dynamics over the Marmara basin in western Turkey for the period between
1974 and 2013. To identify risky sites for broiler production in the Marmara, the temperature humidity
index in conjunction with a Geographical Information System and indicator kriging were used.
Increases in the seasonal and monthly values
calculated in this study are significant (P<0.001).
Additionally, mean and mean maximum, seasonal
temperature humidity index anomaly deviations
have been positive since 1998.
It is found that whole Marmara except vicinity
of Bursa, Balikesir, Sakarya, and coastal black sea
was not suitable for economic broiler production.
The study findings suggest that broiler producers in the studied area should invest in physical improvements such as shade provision and cooling fans
and shift feeding times to cooler hours of the day in
June, July, and August in order to alleviate the negative effects of high temperatures and relative humidity.
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Climate Change, Heat Stress, Production, Site Selection
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Because of chicken products’ prices are lower
than the some other meat products, chicken meat is
a major animal protein source for the people and is
extensively consumed in Turkey [1].
In recent decades, researches have immensely
focused on climate change due to its impacts on human and natural systems are more visible and perceivable than the past.

196

$#

! % 







!"  ! 


%#$ %!$

$<=.@:/+The study was carried out over an
11 000 km2 area in the Marmara region, in western
Turkey (from 39º to 41º N and 26º to 30º E) characterized largely by patches of plains with mountainous terrain. The region has a sub-humid transitional
climate that includes some characteristics of Mediterranean, Black Sea and continental climate zones.
In summers, the rainfall regime is similar to the
Black Sea climate rather than the Mediterranean climate. The average annual temperature and relative
humidity are 14.0°C and 73%, respectively. Furthermore, the monthly average temperatures are 4.9°C
for January and 23.7°C for July, which are the coldest and warmest months in the region, respectively
[13].
The population of Marmara is over 21.000.000,
and annual broiler production capacity is 59.733.012
[14]. The Marmara region was selected as study material due to its high population density and largescale broiler operations, existed in the region.

heavy broilers is decreased and variability in performance metrics is increased when THI exceeds
20.8°C [12].
THI is increased especially in summer. In summer, indoor temperature of broiler houses is increased depending on high outdoor temperatures.
Therefore, increased cooling and ventilation system
capacities are required to provide optimal indoor
conditions for broilers. This requirement imposes
additional operational costs for economic broiler
production. Due to reasons noted above; it is very
important to have knowledge about the local climatic
changes and to select locations in which operational
costs are low.
The aim of this study is to evaluate effect of
global climate changes on broiler production in the
Marmara, and to determine regional variations of
THI in entire studied region based on THI, estimated
from long-term daily ambient temperature and humidity data. The study is also intended to evaluate
long-term THI trends in the region.
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Edirne
Kirklareli
Corlu
Tekirdag
Kumkoy-Kilyos
Sariyer
Istanbul-Goztepe
Kocaeli
Sakarya
Gokceada
Bozcaada
Canakkale
Bandirma
Bursa
Yalova
Bilecik
Edremit
Balikesir
Ayvalik
Uzunkopru
Sile
Luleburgaz
Ipsala
Florya
Kartal
Geyve
Gonen
Keles
Dursunbey
Bozuyuk
Burhaniye
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41.68
41.74
41.16
40.96
41.25
41.15
40.97
40.77
40.77
40.19
39.83
40.14
40.33
40.23
40.66
40.14
39.56
39.63
39.31
41.26
41.17
41.35
40.92
40.98
40.91
40.52
40.11
39.92
39.58
39.90
39.50
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+<++7.7+5@;3;Summer months were the
only months that indicated a risk of heat stress for
broilers in the area; therefore, THI for June, July and
August were evaluated in the study.
The climate data were obtained from 31 meteorological stations, where measurements and records
was performed regularly, in the region (Table 1). It
is considered that selected stations have records for
at least a consecutive 30 year period, in terms of a
standard climatological normal period and representing the study area (Fig. 1). Therefore, 40 years of
data were used, between 1974 and 2013. The daily
mean temperature, the daily mean maximum temperature, the daily mean relative humidity and the daily
mean minimum relative humidity data were used in
the study. Using the above-mentioned data, the averages for each month were calculated.
THI is calculated according to the following
equations [15].
(1)
THIbroilers = 0.85 Tdb + 0.15 Twb
Where, THI is temperature humidity index for broilers (°C), Tdb is dry-bulb temperature (°C), and Twb is
wet bulb temperature (°C).
Firstly, monthly THI values were calculated
based on daily temperature data, recorded over 40
years. The seasonal average THI value was derived
from calculated monthly THI values during June,

July, and August. Time series analysis was then employed based on seasonal averages for the region.
MAKESENS 1.0 software [16], non-parametric
Mann-Kendall methods were applied to determine
the trends and a Sen's linear gradient was analyzed
for THI values during June, July, and August. Additionally, monthly average maximum THI values
were calculated based on monthly average maximum temperature and minimum wet bulb temperature.
Anomalies vs CliNo (1974 – 2013) for the considered period were calculated based on a long-term
average and average maximum THI. CliNo is the
conventional 30-year period considered for climatologic analysis, adopted by the World Meteorological
Organization (WMO).
THI distribution in the Marmara region was determined with ArcGIS 10.2 software. Stations were
positioned on the map according to their coordinates
and the distribution within the area including locations where no station placed, which were determined geo-statistically based on the Kriging method.
The general Kriging methods equation can be
represented as follows:
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The monthly average THI and monthly average
maximum THI tended to continuously increase on a
yearly basis (Fig. 2 and 3, respectively). THI of the
last two decades showed dramatic increase, so that
calculated daily average THI values reached up to
24°C, while the daily average maximum THI values
reached up to 30°C.

where
Zp, undulation value of point 
, weight of each reference point, Zi
, undulation value of reference points used in  
calculation
, Point number used in  calculation
Z values in the formula show the certain undulation
values of each position.
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THI anomalies are very important for explaining whether local THI trends have been affected
from global climate change or not. In the study area,
THI anomaly values for both monthly mean (-0.2 to

08:-87;3./:/.9/:38.

2.0) and monthly average maximum (-0.1 to 2.4) had
a general tendency to increase in almost all of the last
fifteen years (Fig. 4 and 5, respectively).
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The analysis of mean seasonal THI data indicates that THI ranged from 19°C to 25°C, and an
east-west gradient may be observed. Mean maximum seasonal THI was ranged from 25.1°C to 31°C,
and also east-west gradient may be observed (Fig. 6).
Only in the vicinity of Bilecik and Uludag mountain,
THI was lower than 21°C.
According to the results, mean and mean maximum seasonal THI values increased significantly
(P< 0.001) for June, July, August during the monitored period (Table 2, Table 3).
The results of the present study indicated that
THI was the important tool for appropriate site selection of broiler houses in the region. In the study,
data obtained from 31 meteorological stations in the
Marmara region were evaluated to calculate THI.
Increases in seasonal and monthly THI values
calculated in this study are statistically significant
(P<0.001). Additionally, it can be easily seen from
the average and average maximum THI anomalies vs
CliNo (1974-2013) have always been positive since
1998 except the year of 2004. A general tendency of
increase in the average annual temperature in the
Mediterranean area was also documented in previous studies [17, 18, 19].
THI analysis showed that more significant increase in monthly mean THI has been occurred from
1998 to 2013 except the year of 2004, in which
monthly mean and monthly average maximum
anomaly is -0.2 and -0.1, respectively. Vardar et al.

[20] found similar results for mean temperature
changes of Bursa during the period of 1975 to 2005.
According to their study, mean temperature values
of last twelve years were found nine-fold higher than
long-term average. Additionally, it is found that THI
anomalies versus CliNo (1971-2000 period) in the
Turkish peninsula would be increased up to 4 units
in 2041-2050 period [21]. Therefore, appropriate site
selection and heat stress mitigation precautions will
be more dominant for the success of broiler farms as
well as other livestock operations in the study area.
Considering the mean maximum seasonal THI
isolines, THI values were above 21°C in the entire
region. The THI values in western Thrace and southwestern Balikesir were extremely higher than other
parts of the Marmara region. THI values in between
20°C and 26°C additional cooling was necessary to
prevent performance declines [12].
Although, the vicinity of Bilecik and Uludag
mountain, where mean seasonal THI was lower than
21°C, could be considered as ideal location for
broiler production in terms of heat stress, it is not
possible to carry out economic production due to severe winter conditions. According to the analysis results, Bursa, Balikesir, Sakarya, and coastal black
sea, in which mean seasonal THI is around 21°C, are
the most suitable areas for economic production. Because, in these areas necessary mitigating strategies
could be employed with lower operating cost.
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1,34
1,83
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N.S.
N.S.
***
**

N.S.: Not Significant, ** P<0.01, *** P<0.001

According to Purswell et al. [12], when the THI
exceeds approximately 21°C, broiler performance
declines significantly and body temperature increases by as much as 1.7°C above nominal body
temperature for broilers (41°C). It may be expected
that broilers in the studied region is almost sensitive
to heat stress, except in the southeastern region, the
only location where the mean THI values were lower
than 21°C and Bursa, Balikesir, Sakarya, and coastal
black sea, in which mean seasonal THI is around
21°C.
For THI values between 20°C and 26°C, additional cooling is necessary to prevent performance
declines [12]. According to the results of this study,
producers in almost the entire region will have to invest in physical improvement such as shading, cooling etc. to mitigate negative effects of heat stress.

new operations in this part of the region, depending
on the cost of cooling and ventilation systems. Existing producers in other areas of the region should be
encouraged employing appropriate mitigation strategies to alleviate the increased heat stress. Because,
in the absence of appropriate adaptation strategies,
the impact of climate change on broiler productivity
in the Marmara can be dramatic and may worsen significantly incomes and stability in regions.
Due to effect of global climate change, spatial
THI maps were became a one of most important key
factors for appropriate site selection and successful
livestock production. Operating costs for mitigating
heat stress could be reduced by selecting convenient
site for production. Therefore, it will be helpful to
conduct further studies on creating spatial THI map
for site selection and heat stress mitigation strategies, even if at local level.
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As a result of global climate change, the THI
values for summer in the Marmara region have also
had a tendency to increase within the last 40 years.
Considering the mean seasonal THI values, the
threshold value of 21°C for broiler production was
exceeded in the entire region, except Bursa,
Balikesir, Sakarya, and coastal black sea, and southeastern region, throughout the entire summer season.
Maximum seasonal THI values were also higher
than the threshold value in the entire Marmara region.
The results of the study will be helpful for site
selection and the design of broiler houses in the region, as well as for cooling and ventilation system
capacity estimates. Vicinity of Bursa, Balikesir, Sakarya, and coastal black sea are relatively suitable
regions for economic broiler production. The government should encourage broiler producers to build

202

$#

! % 







!"  ! 


[4] Khajavi, M., Rahimi, S., Hassan, Z.M., Kamali,
M.A. and Mousavi, T. (2003) Effect of feed restriction early in life on humoral and cellular immunity of two commercial broiler strains under
heat stress conditions. Brit. Poultry Sci. 44(3),
490-497.
[5] Niu, Z.Y, Liu, F.Z., Yan, Q.L. and Li, W.C.
(2009) Effects of different levels of vitamin E
on growth performance and immune responses
of broilers under heat stress. Poultry Sci. 88,
2101-2107.
[6] Attia, Y.A., Hassan, R.A., Tag El-Din, A.E. and
Abou-Shehema, B.M. (2011) Effect of ascorbic
acid or increasing metabolizable energy level
with or without supplementation of some essential amino acids on productive and physiological
traits of slow-growing chicks exposed to
chronic heat stress. J. Anim. Physiol. An. N. 95,
744-755.
[7] Ghazi, Sh., Habibian, M., Moeini, M.M. and
Abdolmohammadi, A.R. (2012) Effects of different levels of organic and inorganic chromium
on growth performance and immunocompetence of broilers under heat stress. Biol. Trace
Elem. Res. 146, 309-317.
[8] Lin, H., Decuypere, E. and Buyse, J. (2006)
Acute heat stress induces oxidative stress in
broiler chickens. Comparative Biochemistry
and Physiology Part A: Molecular & Integrative
Physiology. 144(1), 11-17.
[9] Imik, H., Ozlu, H., Gumus, R., Aydemir
Atasever, M., Urcar, S. and Atasever, M. (2012)
Effects of ascorbic acid and α-lipoic acid on
performance and meat quality of broilers subjected to heat stress. Br. Poult. Sci. 53(6), 800808.
[10]Arjona, A.A, Denbow, D.M. and Weaver, W.D.
JR. (1988) Effect of heat stress early in life on
mortality of broilers exposed to high environmental temperatures just prior to marketing.
Poultry Sci. 67, 226-231.
[11]Ayhan, V., Acikgoz, Z., Ozkan, K., Altan, O.,
Altan, A., Ozkan, S. and Akbas, Y. (2000) Effects of different forms and nutrient levels of
mixed feeds on broiler performance and carcass
characteristics in high summer temperatures (in
Turkish). Turk. J. Vet. Anim. Sci. 24, 297-306.
[12]Purswell, J.L., Dozier, W.A. III., Olanrewaju,
H.A., Davis, J.D., Xin, H. and Gates, R.S.
(2012) Effect of temperature-humidity index on
live performance in broiler chickens grown
from 49 to 63 days of age. Agricultural and Biosystems Engineering Conference Proceedings
and Presentations. Paper 157. Available at:
http://lib.dr.iastate.edu/abe_eng_conf/157
[13]Anonymous (2014) Klimatoloji II (in Turkish).
Available at: http://www.mgm.gov.tr/FILES/iklim/klimatoloji2.pdf. Accessed July 2016.

[14]Anonymous (2013) Turkish Statistical Institute
(TUIK), livestock data. Available at: http://tuikapp.tuik.gov.tr/hayvancilikapp/hayvancilik.zul. Accessed July 2016.
[15]Tao, X. and Xin, H. (2003). Acute synergistic
effects of air temperature, humidity, and velocity on homeostasis of market-size broilers. T.
ASAE.46(2), 491-497.
[16]Salmi, T., Maatta, A., Anttila, P., Ruoho-Airola,
T. and Amnell, T. (2002) Detecting trends of annual values of atmospheric pollutants by the
Mann-Kendall test and sen’s slope estimates-the
excel template application Makesens. Available
at: http://www.ilmanlaatu.fi/ilmansaasteet/julkaisu/pdf/MAKESENS-Manual_2002.pdf
[17]Xoplaki, E., Luterbacher, J., Paeth, H., Dietrich,
D., Steiner, N., Grosjean, M. and Wanner. H.
(2005) European spring and autumn temperature variability and change of extremes over the
last half millennium. Geophys. Res. Lett. 32,
L15713
[18]Klein Tank, A.M.G. and Konnen, G.P. (2003)
Trends in indices of daily temperature and precipitation extremes in Europe, 1946-99. J. Climate. 16, 3665-3680.
[19]Brunetti, M., Maugeri, M. and Nanni, T. (2002)
Atmospheric circulation and precipitation in Italy for the last 50 years. Int. J. Climatol. 22,
1455-1471
[20]Vardar, A., Kurtulmus, F. and Darga, A. (2011)
Local indications of climate changes in Turkey:
Bursa as a case example. Climatic Change. 106,
255-266.
[21]Segnalini, M., Bernabucci, U., Vitali, A., Nardone, A. and Lacetera, N. (2013) Temperature
humidity index scenarios in the Mediterranean
basin. Int. J. Biometeorol. 57, 451-458.

#/-/3>/.
   
--/9</.
   


!##$"!  &%!#
:4+7)+;53815=
Department of Biosystems Engineering,
Faculty of Agriculture,
Uludag University,
16059 Gorukle, Bursa – Turkey
e-mail: yasli@uludag.edu.tr
erkanyaslioglu@gmail.com 

203

Volume 27 ± No. 1/2018 pages 204-209

© by PSP

Fresenius Environmental Bulletin

REMOVAL OF COD FROM MEDICAL WASTE
STERILIZATION PLANT WASTEWATER BY
ELECTROCOAGULATION
Oktay Ozkan, Ibrahim Uyanik*
Faculty of Engineering, Department of Environmental Engineering, Erciyes University, Kayseri, Turkey

on-site treatment is necessary to prevent contamination of sewage systems and receiving environment
[4].
Electrochemical treatment methods are widely
used for the treatment of wastewater. These are
mostly applied as electrodeposition, electrocoagulation (EC), electroflotation (EF) and electrooxidation
[5]. Electrocoagulation (EC) is a technique that uses
metal electrodes to treat organic and suspended
materials from several types of effluent matrices [610]. EC is applied to wastewater from a wide range
of sources, including textile mills, restaurants [7],
laundries [11], pharmaceutical and cosmetic manufacturing facilities [6], and the paper industry [12].
EC has also applications to treat the water that is
contaminated with dyes [13], fluoride, arsenic [16],
phosphate [15], and heavy metals [16].
MWSP wastewater could be treated biologically; however, a previous experimental study
showed that high pollutant concentrations (COD,
nitrogen, phosphorus) in the wastewater could inhibit the biological treatment process, limiting the
biological treatability of MWSP wastewater [1].
Furthermore, a previous investigation was indicated
that MWSP effluent was not effectively treated
using coagulation-flocculation process. COD removal efficiency of this process was 60% and it
was not sufficient to meet discharge regulations of
the study area. The highest removal efficiency of
COD with over 60% was obtained by using 300
mg/L ferric chloride at pH 10 [4]. It was seen that
coagulation-flocculation process can not be used for
the treatment of MWSP wastewater. However, the
fact that COD value decreases to approximately
1,300 mg/l, may limit the direct discharge of the
wastewater to municipal sewage system in terms of
regulations. Therefore; after a pre-treatment, the
wastewater, being biologically treated with domestic wastewater, may provide us a prescribed discharge standards. Both biological and chemical
treatment methods do not provide sufficient removal efficiency, EC provides an effective alternative
for treating MWSP wastewater.
EC treatment efficiency is highly dependent
on the physical and chemical characteristics of the
effluent: the nature, composition and concentration
of the pollutants [17], solution conductivity [18],

ABSTRACT
In this study, chemical oxygen demand (COD)
removal from medical waste sterilization plant
wastewater by electrocoagulation is investigated.
Biological and chemical methods are not sufficient
for the desired removal efficiencies therefore EC is
applied to medical waste sterilization plant
(MWSP) wastewater. The process is tested using
iron and aluminum electrodes, parallel and serial
connections, and different initial pH (4, 5, 7, 8) and
current density (1, 0.75, 0.5 A/m2) values. COD
removal efficiency of the process is analyzed as a
function of operating time, electrode material, initial pH, current density and electrode connection
type at room temperature. The initial pH value is
found to have the largest effect on removal efficiencies, at different connection types and current
densities. Approximate removal efficiencies are
51%, 63%, 89% and 62% for pH 4, 5, 7 and 8,
respectively. The electrode connection type also
affects the removal efficiency. Maximum COD
removal efficiency (98%) is obtained using a 1
A/m2 current density, a 30-min operating time, an
initial pH of 7, and Fe-serial connections.

KEYWORDS:
Medical waste, sterilization plant, electrocoagulation,
COD removal.

INTRODUCTION
The modern medical industry uses a wide variety of methods and medicines to treat diseases,
resulting in medical waste that contains numerous
unique contaminants. These wastes must be sterilized and treated before it is discharged to the environment. Sterilization systems remove microbes
using physical, chemical and mechanical methods
and are typically highly effective; for example,
bacterial spores can be decreased 99.9% in these
systems [1-3]. Because wastewater from MWSP is
high in COD, nitrogen and phosphorus content, so
it could not be discharged directly into municipal
sewage systems or surrounding environments [1].
MWSP wastewater has a low flow rate, therefore
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from 22 hospitals, 104 health centers and 25 private
outpatient clinics. The MWSP flow rate is 50 m3/d
[4].

pH, electrolysis cell design (size/area and distance
between electrodes), electrolysis time, current and
electrode material [19, 20]. EC has several advantages over other treatment methods, including
enhanced contaminant removal rates, small apparatus size, easy maintenance and low equipment
and operational costs. Furthermore, additional
chemical agents, which can generate secondary
pollution, are not required [6, 21]. Chemical reactions, occurred in electrochemical reactors both for
Fe and Al electrodes, are basicly as follows:

Electrocoagulation unit. The EC unit was
rectangular in shape and made of glass; it had 1.4-L
volume and the overall dimensions of the unit are
120 mm high x 150 mm long x and 80 mm wide.
For each experimental run, 1 L of wastewater (filtered with MN 751/75) was used. Parallel (Fig 1-a)
and serial electrode connections (Fig 1-b) and different electrode materials (iron and aluminum) were
used. Four electrodes were used, and a 7 cm x 5 cm
area of each electrode was immersed in the filtered
wastewater; the total active surface area of the electrodes was 210 cm2. The distance between electrodes was fixed at 20 mm. A direct current (DC)
power supply (ADAK-PS 808) was used to maintain current density (J) of 1 A/m2, with Emax=12.75
V. After each run, the EC unit and electrodes were
first rinsed with 1.8 N hydrochloric acid (HCl) for
2-3 min to remove residue and then rinsed several
times with distilled water.

݁ܨሺ௦ሻ ՞  ݁ܨାଷ   ͵݁ ି ሺܽ݊݁݀ሻ
͵ܪଶ ܱ  ͵݁ ି ՞  ͵ൗʹ ܪଶ  ͵ܱ ି ܪ ሺ݄ܿܽ݁݀ݐሻ
ሺሻ

 ݁ܨାଷ   ͵ܱ ି ܪ ՞ ݁ܨሺܱܪሻଷ
݈ܣሺ௦ሻ  ՞  ݈ܣାଷ  ͵݁ ି ሺܽ݊݁݀ሻ

͵ܪଶ ܱ  ͵݁ ି ՞  ͵ൗʹ ܪଶ  ͵ܱ ି ܪ ሺ݄ܿܽ݁݀ݐሻ
ሺሻ
 ݈ܣାଷ   ͵ܱ ି ܪ ՞ ݈ܣሺܱܪሻଷ
In this study, EC was conducted with both Fe
and Al electrodes to investigate the COD treatment
efficiency of MWSP wastewater. The effect of
operational variables, such as treatment time, current density, type of electrode material, electrode
connection type, energy demand, and initial pH on
removal efficiency is investigated to determine the
optimum treatment conditions.

Experimental procedure. Experiments were
run at room temperature. The following three sets
of experiments were conducted, with each experimental run, lasting 30 min:
x Effect of initial pH (4, 5, 7 or 8) at fixed
current density (J=1 A/m2);
x Effect of electrode material (iron or aluminum) with varying pH and connection types;
x Effect of electrode connection type (serial
or parallel) with varying pH and electrode material.

MATERIALS AND METHODS
Materials. Samples are obtained from the
Kayseri MWSP, located in the Central Anatolian
region of Turkey. General characterization of
MWSP wastewater are as follows; 220 mg/l of
suspended solids (SS), 300 mg/l of biological oxygen demand (BOD), 3660 mg/l of COD and 20
mg/l of phosphorus (P) with the pH of 7-8. Five
thousand kilograms of medical waste are sterilized
in the Kayseri MWSP every day. This waste comes

D.C.

Analytical procedure. COD and initial pH
were measured in both for the raw wastewater and
for the EC-treated effluent to assess the system
performance. pH was determined using a pH meter
(HACH HQ40D), and COD analysis were performed
using
standard
methods
[22].
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FIGURE 1
Parallel-connected unit (a) and serial-connected unit (b).
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FIGURE 2
Effect of initial pH on EC treatment efficiency for 30 min

also increased electricity consumption since the
energy consumption and the removal efficiency
were directly proportional. After 30 minutes of the
experiment using Fe electrode with serial connection and a current density of 1 A/m2, the COD removal rate was 98% and the cumulative energy
consumption was 13.83 kWh/m3. The ratio between
removal efficiency and energy consumption was
7.08% COD removal/kWh/m3. Energy consumption
and removal efficiency were directly proportional.
Considering both COD removal and energy consumption, the optimal conditions were 23 min operating time at 1 A/m2 with Fe-parallel connections,
resulting in 18.96% COD removal/kWh/m3.

RESULTS AND DISCUSSIONS
Effect of initial pH. The initial pH is known
to affect the performance of the EC method [6, 12,
23]. To examine the effect of initial pH on MWSP
wastewater treatment, initial pH values between 4
and 8 were applied by adding 1 N HCl or 1 N
NaOH as needed. Fig. 2 shows the effect of initial
pH on treatment efficiency for iron and aluminum
electrodes with both serial and parallel connections
for 30 minutes.
The overall maximum removal efficiency
(98%) was obtained using the Fe electrode. For all
electrode-connection type combinations, the highest
removal efficiency was found for pH 7: 98%, 96%,
80%, and 78% for Fe-serial, Fe-parallel, Al-serial,
and Al-parallel connections, respectively. Considering the optimum pH value was 7, it was not required additional correction of pH before discharge
into recipient.

Effect of electrode material and connection
type. The COD removal efficiency was similar for
all electrode materials and connection types. The
removal efficiency decreased linearly after 15 min
of electrocoagulation.
Fig. 3c shows the treatment efficiency as a
function of electrode material, connection type and
time, at a constant current density of 1 A/m2. Using
Fe electrodes, the treatment efficiency after 30 min
is 97.6% when connected in parallel and 98.0%
when connected in series. The COD removal effi-

Effect of operating time and current density. The effect of operating time was studied at pH 7
at three different current densities: 0.5, 0.75 and 1
A/m2. As shown in Fig. 3, increasing current density enhanced COD removal efficiency; however, it
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ciency at the end of the 30-min experiment is
94.4% for Al electrodes in series and 91% for Al
electrodes in parallel. A study conducted with aluminum electrodes treating palm oil mill effluent
reached only around 43% COD removal while this
study reached about 98 % [25].
Since the study represents a continuation of
our previous research [4], electrocoagulation gives
better removal efficiencies compared to coagula-

tion-flocculation processes. Almost 40% more
removal efficiency can be observed by EC regardless of pH correction that applied for ferric chloride
coagulation in that study. Medical wastes and their
effluents continue to take interest since it is considered as hazardous waste [26-27]. Therefore this
study fills the gap for the management of MWSP
effluents.

FIGURE 3
Effect of current density on COD removal efficiency and consumption of electricity. Results are
shown for current densities of (a) 0.5 A/m2, (b) 0.75 A/m2, and (c) 1 A/m2
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[10] Rodrigues, A.C., Boroski, M., Shimoda, N.S.,
Gorcia, J.C., Nozaki, J., Hroka, N. (2008)
Treatment of paper pulp and paper mill
wastewater by coagulation-floculation followed by heterogeneous photorotolysis. Journal Of Photochemistry and Photobiology AChemistry. 194, 1-10.
[11] Wang, C., Chou, W., Kuo, Y. (2009) Removal
of COD from laundry wastewater by electrocoagulation/electroflotation. Journal of Hazardous Materials. 164, 81-86.
[12] Zaied, M., Bellakhal, N. (2009) Electrocoagulation treatment of black liquor from paper industry. Journal of Hazardous Materials. 163,
995-1000.
[13] Arslan-Alaton, , .DEGDúOÕ, I., Vardar, B.,
Tunay, O. (2009) Electrocoagulation of simulated reactive dye-bath effluent with aluminum
and stainless steel electrodes. Journal of Hazardous Materials. B164, 1586-1594.
[14] Kobya, M., Demirbas, E., Can, O.T., Bayramoglu, M. (2006) Treatment of levafix orange textile dye solution by electrocoagulation.
Journal of Hazardous Materials. B132, 183188.
[15] Vasudevan, S., Lakshmi, J., Jayaraj, J., Sozhan,
G. (2009) remediation of phosphatecontaminated water by electrocoagulation with
aluminum, aluminum alloy and mild steel anodes. Journal of Hazardous Materials. B164,
1480-1486.
[16] .DEGDVOÕ, I., Arslan, T., Olmez-+DQFÕ, T.,
Arslan-Alaton, I., Tunay, O. (2009) Complexing agent and heavy metal removals from metal
plating effluent by electrocoagulation with
stainless steel electrodes. Journal of Hazardous
Materials. B165, 838-845.
[17] Daneshvor, N., Sarkhobi, H.A., Kosiri, M.B.,
(2004) Decolorization of dye solution containing Acid Red 14 by electrocoagulation with a
comporotive investigotron of different electrode connections. Journal of Hazardous Materials. B112, 55-62.
[18] Mollah, M.Y.A., Morkovsky, P., Gomes,
J.A.G., Kesmez, M., Parga, J., Cocke, D.L.
(2004) Fundamentals, present and future perspectives of electrocoagulation. Journal of
Hazardous Materials. B114, 199-210.
[19] Canizares, P., Carmona, M., Lobato, J., Martinez, F., Rodrigo, M.A. (2005) Electrodissolution of aluminum electrodes in electrocoagulation processes. Industrial & Engineering
Chemistry Research. 44, 4178-4185.
[20] Canizares, P., Martinez, F., Jimenez, C., Lobato, J., Rodrigo, M.A. (2006) Comparison of the
aluminum speciation in chemical and electrochemical processes. Industrial & Engineering
Chemistry Research. 45, 8749-8756.

CONCLUSIONS
The electrocoagulation process successfully
removed COD from MWSP wastewater. The efficiency of this removal process was found to be
dependent on the electrode connection type, pH,
electrode material, current density and operating
time. The most efficient removal (98%) was obtained using serially-connected Fe electrodes under
the following conditions: pH 7, 1 A/m2 current
density and 30-min operating time. However, at a
current density of 1 A/m2, Fe electrodes connected
in parallel were sufficient to meet sewage discharge
requirements of 95% COD removal efficiency within 23 min of operating time. Consideration with
previous chemical and biological studies, EC had
higher removal efficiencies. In light of these findings, EC was found to be a suitable treatment method for low flow rate MWSP.

REFERENCES
[1] Ozkan, O. (2009) Determining the biological
treatability of wastewater from sterilization
plant by the respirometric method. Fresen. Environ. Bull. 18, 2289-2294.
[2] $UÕNDQ, S. (1997) Cleaning, disinfection and
sterilization, Hospital Unfeks Gazefte. S. 1-8.
[3] Standard B. (1991) Guide to choice of chemical disinfectants. BS. pp. 1991.
[4] Ozkan, 2 0ÕKFÕRNXU, + $]JÕQ, S.T.,
Ozdemir, O. (2010) Characterization of medical-waste sterilization plant wastewater and a
preliminary study of coagulation- flocculation
treatment options. Water Science and Technology. 266-272.
[5] Chen, G. (2004) Electrochemical technologies
in wastewater treatment. Separation and Purification Technology. 38(1), 11-41.
[6] Boroski, M., Rodrigues, A.C., Garcia, J.C.,
Sampaio, L.C., Nozaki, J., Hioka, N. (2009)
Combined electrocoagulation and TiO2 photoassisted treatment applied to wastewater effluents from pharmaceutical and cosmetic industries. Journal of Hazardous Materials. 162,
448-454.
[7] Chen, G.H., Chen, X.M., Yue, P.L. (2000)
Electrocoagulation and electro-flotation of restaurant wastewater. Environmental Engineering
Science. 126, 858-863.
[8] Hutnan, M., Drtil, M., Kolina, A. (2006) Anaerobic stabilization of sludge produced during
municipal wastewater treatment by electrocoagulation. Journal of Hazardous Materials.
B131, 163-169.
[9] Inan, H., Dimaglo, A., Simsek, H., Karpuzcu,
M. (2004) Olive oil mill wastewater treatment
by means of electrocoagulation. Separation and
Purification Technology. 37, 23-31.

208

© by PSP

Volume 27 ± No. 1/2018 pages 204-209

Fresenius Environmental Bulletin

[21] Adhoum, N., Monser, L. (2003) Decolourizotion and removal of phenolic compounds from
olive mill wastewater by electrocoagulation.
Chemical Engineering Process. 43, 1281-1287.
[22] APHA (American Public Health Association)
(1992) Standard methods for the Examination
of Water and Wastewater. 17 th, Washington,
DC.
[23] Trompette, J.L., Vergnes, H. (2009) On the
crucial influence of some supporting electrolytes during electrocoagulation in presence of
aluminum electrodes. Journal of Hazardous
Materials. B.163, 1282-1288.
[24] Vepsäläinen, M., Kivisaari, H., Pullianien, M.,
Oikari, A., Sillanpää, M. (2011) Removal of
toxic pollutants from pulp mill effluents by
electrocoagulation. Sep. Purif. Tech. 81(2),
141.
[25] Nasution, A., Bee Lan, N. (2014) Electrocoagulation of palm oil mill effluent for treatment
and hydrogen production using response surface methodology. Pol. J. Environ. Stud. 23(5)
1669.
[26] Liu, H., Yao, Z. (2017) The research on recycling management model of medical waste
EDVHG RQ UIÕG WHFKQRORJ\ Fresen. Environ.
Bull. 26, 5069-5081.
[27] Chen, H., Yang, Y., Jiang, W., Man, X., Song,
M., Tang, M. (2016) A bibliometric analysis of
hazardous waste research from 2001 to 2015.
Fresen. Environ. Bull. 25, 4879-4892.

Received:
Accepted:

09.03.2017
26.10.2017

CORRESPONDING AUTHOR
Ibrahim Uyanik
Erciyes University, Engineering Faculty,
Department of Environmental Engineering,
38039, Kayseri ± Turkey
e-mail: iuyanik@erciyes.edu.tr



209

"!

 # 





    






!!     
    
"   $! 

)-:10+-10+ %-"-%0+.-!%0+10+',%1-06%00%0"-

1

School of Mechanical Engineering, Nantong University, Nantong, Jiangsu, China, 226019
2
School of Electrical Engineering, Nantong University, Nantong, Jiangsu, China, 226019

 

opening is beneficial to increasing ventilation rate,
which is the process of indoor and outdoor air exchange. However, higher ventilation rate is adverse
to energy saving and results in indoor PM2.5 concentration increase under haze weather.
In contrast, window closing can reduce amount
of outdoor PM2.5 entering rooms under haze weather,
but decrease ventilation rates of rooms. Especially,
closing window continuously does harm to our
health due to insufficient ventilation. Closing window and turning on air cleaner are widely used as the
means of dealing with haze to reduce indoor PM2.5
concentration. For the aspect of energy saving, long
turning on air cleaners is not necessary when windows are closed. Obviously, the time of next turning
on air cleaners mainly depends on outdoor PM2.5
concentration and ventilation rate.
Consequently, window ventilation is necessary
in common residence rooms but it had better corporate with an air cleaner under haze days. Only in this
way, can low indoor PM2.5 and good ventilation be
achieved. The purpose of this study was to look for
the effects of window ventilation and air cleaner on
indoor PM2.5 pollutants. First, an expression about
ventilation rate was performed using PM2.5 as trace
‘gas’. Then a test of indoor PM2.5 emissions in a residence room was performed under different conditions including window opening angles and air
cleaner on-off time. The results would provide a profound understanding of window ventilation, air
cleaner operation and air exchange rate of rooms.


There is a trade-off between indoor PM2.5 emission and building ventilation. In this study, an expression about air exchange rate based on PM2.5 decay and increase was firstly deduced and thenan indoor PM2.5 emission monitoring test in a resident
bedroom was performed under window ventilation
and air purification. The results demonstrated that indoor PM2.5 emissions were closely related to air exchange rate, window opening ventilation, air cleaner
on-off and outdoor PM2.5 emissions. The air exchange rates ranged from 0.136 to 0.159 1/h with
window closed while they were 0.379 and 1.67 1/h
with window opened with 30 and 90 angles, respectively. The high fluctuation of the outdoor PM2.5
emission could result in air exchange rate error increase. From the point of energy saving, it is unnecessary to turn on the air cleaner continuously because
the indoor PM2.5 concentration remained at a low
level for a few hours under window closing after the
room air was purified.
#! 
Ventilation, air exchange rate, PM2.5, haze, indoor air quality



Haze events, becoming a major pollution problem, have been frequent occurrences in many areas
of China in recent years [1-4]. Human health, visibility and agriculture are seriously affected by haze.
Among the pollutants contributing to hazy weather,
fine particulate matter (PM2.5) has attracted much attention [5-13]. Also, outdoor PM2.5 has a great effect
on indoor PM2.5 concentration due to the characteristic of flow, suspension and penetration. Under
these circumstances, there is a complex relationship
among opening and closing window, indoor PM2.5
pollutant and air exchange rate. A model also showed
that about two-thirds of carbonaceous particles in indoor air are originated from outdoor sources [14].
Some studies have focused effects of window-opening behavior on ventilation rate [15-18]. Window

   

%.'6.%5-101*%-3)9',%0+)3%5)In the present study, indoor PM2.5 removal (or decay) is realized by purification of an air cleaner in a room. As a
result, air change rates can be calculated from indoor
and outdoor PM2.5 measurements based on the fact
that the concentration of indoor PM2.5 drops gradually.
Similar to CO2 decay method [19-20], according to the mass conservation equation and physical
model (Fig.1), the indoor PM2.5 mass is written as:
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)45-04536/)054%0(231')(63) Two PM2.5
detectors and an air cleaner were used in this test.
The measurement range and sensitivity of the detectors are 0.001-10 mg/m³ and 0.001 mg/m³, respectively. For the particle detectors, the measuring relative errors of PM2.5 can be controlled within 10%. A
Daikin MC71NV2C air cleaner was used to remove
indoor particles.
The test was performed in a residence bedroom
with the air volume of 18.8 m3. The middle air flow
mode of the cleaner (198 m3/h) was chosen. The indoor PM2.5 detector was placed in the middle of the
rooms and the height from the floor should be kept
at about 1.5 meters. The sample interval for PM2.5
was set to 1 minute. Considering the effects of outdoor PM2.5 on indoor PM2.5 [21], indoor and outdoor
PM2.5 concentrations were simultaneously measured
by the two particle detectors, respectively.

(1)

where  is the indoor PM2.5 mass, 0 is the indoor
initial mass of PM2.5,  is the mass of PM2.5 from
outdoor to indoor,  is the mass of PM2.5 from indoor to outdoor and  is the indoor PM2.5 mass removed by an air cleaner.
After differentiating, Equation (1) can be expressed as follows:

 =  −  − 

(2)

According to Equation (2), we have:

 =    −  −   (3)
where  is the volume of indoor air (constant, m3),
 is the time (h),  and  are indoor and outdoor PM2.5 concentrations (mg/m3), respectively,
3

is the clearance air flow (m /h),



 is the flow of air

cleaner (m /h),  is the penetration efficient (dimensionless number).
According to Equation (3), the air exchanger
rate is rewritten as:
3




 =
 ( −  )




+

(4)

If an air cleaner is not used,



equals 0. The

,:4-'%./1().*130%563%..:7)05-.%5)(
&6-.(-0+311/  -3'.)%0)3630-563)
.)%3%0')4

analytic solution of Equation (3) will give the following:

 = ( 0 −  ) 
where

−





+ 

(5)

0 is the initial concentration of indoor PM2.5.

 

The experiment conditions with six cases were
considered (Table. 1). The history curves of PM2.5
concentrations under different ventilation and purification conditions are presented (Fig. 2).

After rearranging, Equation (5) will give the following:

 =

1 ( 0 −  )
ln
 (  −  )

(6)
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Case No.
1
2
3
4
5
6

Date & time
At 8:05 am -16:05 pm
on May 25, 2016
At 16:59-20:59 pm
on May 28, 2016
At 8:12 am-14:12pm
on May 29, 2016
At 1:30 pm -7:00 pm
on May 30, 2016
At 7:56 am -12:56 pm
on May 31, 2016
At 10:30 pm- 7:20 am
on June 1-2, 2016

Operation conditi1n
The window was opened with 30 angles during the measurement.
The air cleaner was turned on at 16:59 pm, lasting for 1 h. The window was
closed during the measurement.
From 9:12 am the cleaner was on for 0.5 h, and the window was opened with 30
angle at 12:12 pm, lasting for 2 h.
The indoor air firstly was purified 20 min before the measurement. The window
was closed during the purification and measurement.
The indoor air firstly was purified 20 min before the measurement and the window was opened with 90 angles at 6:30 am.
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the indoor PM2.5 concentration first decreased rapidly due to the cleaner purification effect, then
reached a very low level at 17:59 pm and finally increases slowly (Fig. 2b). It is concluded that it is unnecessary for a user to turn on an air cleaner for a
long time when the window is close. According to
Equation (4), the exchange rate of the room is 0.143
1/h when the air cleaner was on. It is founded that
the indoor PM2.5 concentration almost linearly increased after the air cleaner was off. Therefore, According to Equation (6), the exchange rate of the
room is 0.153 1/h. Both of the computed results from

For case 1, the window was always opened
with 30 angles and the air cleaner was turned off during the test. The indoor PM2.5 concentration was approaching to outdoor PM2.5 concentration though
they both decreased with time (Fig. 2a). It is concluded that window opening brings out a large exchange between indoor and outdoor air. It is very difficult to compute the air exchange rate by Equation
(6) due to indoor PM2.5 emission fluctuation.
For case 2, the outdoor PM2.5 concentration
changed lightly from 16:59 pm to 20:59 pm while
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the two formulas are in agreement, accounting for
universality and validity of the built model.
For case 3, when the air cleaner was turned on
at 9:12 am, the indoor PM2.5 concentration dropped
rapidly and reached a minimum level at 9:38 am, and
then rose quickly due to window opening with 30 angles (Fig. 2c). Because the indoor PM2.5 did not reach
steady state during the air cleaner work, it was not
feasible to compute the air exchange rate via Equation (4). In contrast, it was feasible to compute the
air exchange rate via Equation (6) since the indoor
PM2 concentration basically increased linearly from
9:42 am to 11:42 am. As a result, the exchange rate
of the room is 0.379 1/h when the window is open
with 30 angles. Compared with that for window closing, the air exchange for window opening is higher,
leading to indoor PM2.5 increasing more quickly (Fig.
2b and 2c).
For case 4 and 5, the indoor air was purified by
the air cleaner before the measurement and the indoor PM2.5 concentration increased with time after
the air cleaner was turned off. According to Equation
(6), the exchange rates of the room for case from
1:30 pm to 3:00 pm and case 5 from 9:56 am to 11:26
am are 0.159 1/h and 0.136 1/h, respectively. It is
noted the exchange rate for case 4 is slight higher
than that for case 5. The reason for this is that outdoor PM2.5 concentration for case 4 from 1:30 pm to
3:00 pm increased while outdoor PM2.5 concentration for case 4 from 9:56 am to 11:26 am barely
changed (Fig. 2d and 2e). Therefore weather contributing to outdoor PM2.5 has an important effect on air
exchange rates. Obviously, lower ventilation rate resulted in lower indoor PM2.5 concentration.
For case 6, the concentration of the indoor
PM2.5 remained at a low level for 8 hours until it increased rapidly when the window was fully opened
and reached a high level after 40 minutes, close proximity to that of outdoor PM2.5 (Fig. 2f). During the
period of the sharply rise of indoor PM2.5 concentration, there was a large exchange between indoor and
outdoor air. According to Equation (6) and the measured data from 6:30 am to 7:20 am, the exchange rate
of the room was 1.67 1/h when the window was
opened with 90 angles. By comparison, it is noted
that the indoor PM2.5 concentration in the day increases more than that in the night under the window
closing after the indoor air was purified.

point of energy saving, it is unnecessary to turn on
the air cleaner continuously when windows are
closed until the indoor emissions reach a high level.
!
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In the present study,      
barks/magnetite composite (EBMC) was used for
potential application as a low cost adsorbent for the
removal of a textile dye Reactive Blue 29 (RB29)
from synthetic dye bath wastewater with fixed bed
column adsorption systems. The effects of various
parameters such as the pH, the column bed depth,
and the temperature of the synthetic dye wastewater
on the breakthrough time were investigated. It was
found that the breakthrough time increased with the
increasing pH, the column bed depth, and the temperature. The optimum pH and temperature for the
effective removal of RB29 was found to be 9 and 40
ºC, respectively. The breakthrough time for a 20 cm
bed depth was found to be 550 minutes at pH 9 and
40 ºC. The maximum adsorption capacity was calculated 850.21 mg/g from the Thomas isotherm model
under certain operation conditions. The BDST
model described (R2=0.997) the fix bed adsorption
process perfectly.

2% to 50% depending on the type of dye during the
dyeing process [2].
Dyes are a kind of organic compound with a
complex aromatic molecular structure, which gives
a bright and firm color to the applied materials. However, these complex aromatic structures make the
dyes more stable and more resistant to being biodegradable, and they can cause aesthetic problems even
in low concentrations in an aquatic environment [3,
4]. Colored wastewaters may cause serious ecological problems. Their carcinogenic and toxic effect to
certain forms of aquatic life is well known [1]. When
dyes reach the aquatic environment, they cover the
water surface and prevent light transmission and
photosynthesis [5].
Reactive dyes are the most widely used dyes in
the textile industry due to their bright colors, colorfastness, and simple and low cost application processes [6]. Reactive dyes are soluble in water and not
easily biodegradable due to their azoic structure and
thus, the reactive dyes may still remain in the effluent even after an extensive conventional wastewater
treatment process [7]. Adsorption systems have
gained prominence as treatment processes which ensure good quality effluents that are low in the concentrations of dissolved organic compounds, such as
dyes [8].
Magnetic particle technology has received considerable attention in recent years as a way to help
solve environmental problems [9]. The magnetite
(Fe3O4) nanoparticles can be used as a surface coating material in adsorption processes to enhance the
surface properties of the adsorbents. These nano-adsorbents have attracted substantial interest in adsorption studies because of their high surface area and
highly active surface sites [10]. Dye adsorption studies are usually performed with aqueous solution (dye
+ distilled water) [11-24]. Undoubtedly, the adsorption studies performed with distilled water are important in order to understand the specific sorption
interactions between the adsorbents and the dye molecules. However, textile dye bath wastewater may
contain more impurities, such as alkalinity, acidity,
NH4-N, Cl- ions, suspended solids, and oil/grease
[25, 26]. Therefore, low dye removal efficiencies
may occur due to the competitive sorption between

-+#&'
Adsorption,       , nano-magnetite,
Reactive Dye.
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Recently, large quantities of wastewater produced by the human population have become one of
the essential problems in the world. These
wastewaters are usually hazardous to human health,
and they must be treated prior to reaching the receiving bodies. Influent wastewaters of treatment plants
coming from industrial plants may contain various
chemicals that are difficult to remove from
wastewaters. Therefore, various chemicals in
wastewaters such as dyes may still exist. The dye
producing capacity of industries is very large. These
wastewaters contain about 10000 different dyes, and
their weight is approximately 0.7 million tons. During the dyeing processes, a large amount of these
dyes are discharged by effluents to the receiving environment [1]. The amount of dye loss varies from
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the dye molecules and these impurities in the potential application of the adsorbents for the removal of
dyes from textile wastewater.
The aim of this study is to investigate the use
of       bark/magnetite composite (EBMC) as a novel low-cost adsorbent for the
removal of Reactive Blue 29 (RB29) from synthetic
dye bath wastewater (SDBW). The     
barks were selected as a low-cost adsorbent due to
their renewable characteristics, and their wide availability and accessibility.
The determination of the RB29 adsorption capability of EMBC may contribute to the system design approaches for adsorption systems to treat dyecontaining wastewaters. Data from this adsorption
study can also be incorporated into both pilot and
full-scale applications through the determination of
the adsorption characteristics of the EMBC of interest. Also, this study may contribute to studies on the
removal of reactive dyes.

ternal diameter, was used for the column experiments. The feeding of the dye solution into the column was carried out under upflow conditions by using a peristaltic pump with a 20 ml/min flowrate (Q).
The temperature of the influent was adjusted by a
water jacket and a temperature-controlled water recirculating pump. The sorbent was closed by glass
wool for good inlet solution distribution and escape
of the sorbent particles from the column was prevented.
The performance of the adsorption columns
can be predicted by breakthrough curves. The effluent concentration (Ct) that reaches about 5% of the
influent concentrations (C0) is called the breakthrough point. The effluent concentration that
reaches 95% of the influent concentration is called
the exhaustion point (Cexh). The time required to
reach the breakthrough point is called the breakthrough time (tb). The breakthrough time and the
shape of the breakthrough curve determine the operation conditions and dynamic response of adsorption
columns [28]. Breakthrough curves can be obtained
from the plot of Ct/C0 versus the time. Column parameters are given in Table 1.


!(& '"!(#'

'E:@52?6? ;3 ! The barks of the 
     were collected from the Balcali campus of the University of Cukurova (Adana, Turkey).
Upon collection, the barks were crushed and sieved
to a median value of a 0.1 mm particle size, and then
washed with distilled water in order to remove any
impurities. The EBMC was prepared with the coprecipitation technique. 5 g of   bark was
added to a 2 L solution containing 5.82 g FeCl3·6H2O
and 3 g FeSO4.7H2O stirred at 70 ºC for 1.5 h under
N2 atmosphere. Then a NaOH solution (5 mol/L)
was added dropwise to the precipitate iron oxide.
The mixtures were aged at 70 WC for 3 h, then
washed with distilled water, and dried at 60 ºC for 24
h.

&') ('"')''#"

3320@;3<;:>2.7@5>;A45In this work,
the effect of the pH on the adsorption of RB29 onto
EBMC was performed with a 20 cm column bed
height (H) and at 20 °C temperature. 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 [29]. The breakthrough curves of the different pH values are given
in Figure 1. It was found that the pH had an important effect on the adsorption of RB29 onto
EBMC. It was determined that the time to reach the
breakthrough time (tb) increased with the increasing
pH. While the tb was determined as 7 min for pH 2 it
was determined 330 min for pH 9. The column bed
was completely saturated at 220 min for pH 2. On
the other hand, the column bed saturation time was
determined as 760 min for pH 9. The optimum pH
for adsorption R39 onto EBMC was found to be 9,
and pH 9 was used for the further experiments. At
acidic pH values H+ may occupy the adsorption sites
of EBMC. The low tb at low pH values may occur
due to the competitive adsorption between H+ ions
and RB29 molecules. The results showed that H+
ions inhibit the adsorption of RB29 onto EBMC. The
surface of the adsorbent may be charged negatively
at high pH values, and the adsorption of RB29 molecules increases due to the electrostatic attraction between the EBMC surface and RB29 molecules [30].

E2The RB29 concentrations in the solutions
were determined by using a UV–visible recording
spectrophotometer (Chebios Opitimum-one). To calculate the concentration of the dyes in the aqueous
solution, calibration between the dye concentration
() and absorbency () was employed. The dye concentrations were analyzed at a 611 nm wavelength. 
;8A9: D<2>692:@? The column experiments were achieved according to the rapid small
scale column test (RSSCT) procedure. RSSCT was
applied to reduce the experience time and the cost
[27]. In the column adsorption experiments, the effect of pH (2, 3, 4, 5, 6, 7, 8 and 9), temperature (10,
20, 30 and 40 ºC) and the column bed height (5, 7.5,
10, 15 and 20 cm) on the adsorption were investigated. All the column experiments were performed
with a 200 mg/L constant RB29 concentration. A
plexiglass column, 30 cm in length and a 0.9 cm in-
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3320@ ;3 21 2<@5 ;: >2.7@5>;A45 The
breakthrough curves of the different column bed
depths are given in Fig. 3. The experiences were performed at pH 9 and 40 °C. As expected, the tb significantly increased with increasing column bed depth
as a result of increasing the amount of EBMC and
active adsorption sites. The slopes of the breakthrough curves at different bed depths are similar.
On the other hand, the slopes of the breakthrough
curves decreased slightly with the increasing bed
depth. The tb increased from 145 to 550 min with the
increasing bed depth from 5 to 20 cm. The exhaustion point was determined in less time at a smaller
bed depth. While the exhaustion point was determined to be 625 min for 5 cm bed depth, it was determined to be 1275 min for 20 cm bed depth. The
retention time of the dye molecules increased with
the increasing bed depth at a constant flow rate. The
increasing in the retention time allows the dye molecules to diffuse deeper into EBMC [35]. Therefore,
high dye removal efficiencies were obtained at high
bed depths.

3320@;3(29<2>.@A>2The effect of the temperature on the adsorption of RB29 onto EBMC was
performed with a 20 cm column bed height and at
pH 9. Temperature is an important factor that indicates whether the adsorption process is exothermic
or endothermic [31]. The tb significantly increased
with the increasing temperature, which indicates that
the adsorption of RB29 onto EBMC was an endothermic process. tb were found to be 120 and 550 min
for 10 and 40°C, respectively. 40 °C was the selected
optimum temperature for the adsorption of RB29 by
EBMC, and 40 °C was used for further experiments.
The breakthrough curve of 40 °C is more gradual
than the other temperatures curves. More gradual
curve means that the column bed was difficult to exhaust [32]. The higher breakthrough times at higher
temperatures may be due to the increasing mobility
of the RB29 molecules. Also, the number of active
sites of EBMC may increase with the increasing temperature [33, 34]. The breakthrough curves at different temperatures are given in Figure 2.
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chemical reaction kinetics do not limit the phenomenon of the adsorption. Generally, the sorption is
controlled by an interphase mass transfer. This
model is usually convenient for the adsorption processes in which external and internal diffusion limitations are not present. The Thomas adsorption
model derived the mathematical expression for the
fixed bed columns with a typical breakthrough
curve. C0 is the initial dye concentration (mg/L), Ct
is the concentration (mg/L) at time (min), kT is the
Thomas constant (L/min/mg), Q is the volumetric
flow rate (mL/min), qm is the maximum adsorption

(5;9.?!;128The Thomas model is one of
the most widely used models in fixed bed columns
adsorption systems. This model uses the Langmuir
isotherm and second order reversible reaction kinetics. Thomas assumes a constant separation factor
which is feasible for favorable and unfavorable sorption conditions. According to the Thomas model,
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capacity in column (mg/g), m is the mass of adsorbent in the column (g), and V is the throughput
treated volume (L). The linear equation of the
Thomas model was given in eq (1). The kT and qm
were obtained from the slope and intercept of the linear plot of ln [(C0/Ct) - 1] versus (V) [36]. The constants of the Thomas model for the different experimental conditions are given in Table 2.

τ was obtained at the higher bed depths. It can be
seen from Table 3. that the theoretical breakthrough
times to reach a 50% breakthrough concentration
(τtheo) predicted by Yoon-Nelson model were moderately close to the experimental breakthrough times to
reach a 50% breakthrough concentration (τexp),
which showed that the Yoon-Nelson model fitted
moderately with the experimental data obtained
from the adsorption of the RB29 in the EBMC filled
column.


The regression coefficients obtained from the
Thomas model range from 0.910 to 0.975. According to the R2 values, the Thomas model yielded a
moderate fit to the experimental data. Hence, by increasing the pH, the temperature, and column bed
depth, the predicted adsorption capacity increased,
whereas the value of the Thomas constant decreased.
The Thomas model predicted 850.21 mg/g qm for a
5 cm bed depth. The increase in the adsorption capacity with the decreasing bed depth is due to the
concentration gradient between the dye concentration in the solution and in the surface of EBMC [34].
On the other hand, the model predicted the lowest qm
(49.76 mg/g) for pH 2. The lower qm at lower pH values can be explained by the competitive adsorption
between the RB29 molecules and H+ ions. The
higher adsorption capacities at higher temperatures
can be explained by the increasing mobility of the
RB29 molecules active sites in the EBMC with the
increasing temperature [33, 34].

-;;:.:1"28?;:!;128This model is based
on the assumption that the rate of the decrease in the
probability of the sorption for each adsorbate molecule is proportional to the probability for the adsorption and breakthrough [37]. kYN is the Yoon–Nelson
constant (min-1), τ is the time to reach a 50% breakthrough concentration (min). The linear equation of
the Yoon-Nelson model was given in eq (2). The kYN
and τ were obtained from the slope and intercept of
the linear plot of ln (Ct/C0-Ct) against t [36]. The constants of the Yoon-Nelson model for different experimental conditions are given in Table 3.

'(!;128The BDST is a simple model for
predicting the relationship between the bed depth
and the service time in terms of the inlet concentrations and adsorption conditions. This model is based
on physically measuring the capacity of the bed at
different breakthrough values. According to the
BDST model, the bed depth and the breakthrough
time show a linear relationship. It ignores the intraparticle mass transfer resistance and external film resistance such that the adsorbate is adsorbed onto the
adsorbent surface directly. It states that the bed
height, Z and service time, t of a column bears a linear relationship [38]. tb is the service time (min), No
is the volumetric adsorption capacity (g/L), C0 is the
initial concentration (mg/L), Cb is breakthrough concentration (mg/L), Z is the depth of bed (dm), Q linear volumetric flow rate (L/min), and Ka is the BDST
rate constant (L/g.min). The linear equation of
BDST is given in eq (3).

The Ka and N0 were calculated from the intercept and slope of the linear plot of ln (C0/Cb-1)
against tb. The parameters and plots of the BDST
model are given in both Table 4. and Figure 4. The
Ka value indicates the transfer rate of the dye molecules from the SDBW to the EBMC surface. A high
Ka value indicates faster sorption rates, and a shorter
bed depth is required to avoid the breakthrough point
for the higher Ka values. On the other hand, a longer
bed depth is required for the smaller Ka values [39].
Ka was found to be 0.183, which shows a faster
RB29 adsorption rate onto the EBMC in the adsorption column. 0.997 R2 value demonstrates that the
breakthrough time (tb) has a highly linear relationship with the bed depth [40]. In general, for the large
value of Ka, a shorter bed height is required to avoid
the breakthrough whereas, for the small value of Ka
a progressively longer bed is required to avoid the
breakthrough. The N0 was used to predict adsorption
capacity of EBMC for RB29 under a continuous
flow condition. The N0 was found to be 1085.5 g/L
for pH 9, 40 °C and 200 mg/L RB29. The value of
N0 indicates that the EBMC is an effective adsorbent
for the removal of RB29 from the SDBW via the column adsorption systems.

It can be seen from Table 3. that the regression
coefficients obtained from the Yoon -Nelson model
range from 0.910 to 0.970. The rate constant kYN decreased, and the time to reach a 50% breakthrough
concentration (τ) increased with the increasing pH,
temperature, and bed depth. The occupation of the
adsorption sites by the H+ ions may cause a 50%
breakthrough concentration earlier. On the other
hand, the increase in the bed depth provides more
adsorption sites to dye the molecules; thus, a higher
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&242:2>.@6;:;3@52The regeneration
of the adsorbent is an important process in adsorption systems. The repeated use of the adsorbent is a
desired state for reducing the operation cost in industrial scale applications. A regeneration process was
applied for the 20 cm bed depth exhausted column
(pH= 9, T= 40°C). The regeneration was performed
for three cycles with 99% ethanol. The ethanol
flowed through to the column with a constant flow
rate of 5 ml/min. After desorption, the column was
reconditioned by distilled water. It was found that
the breakthrough time decreased in acceptable levels
by increasing the regeneration cycles. While the
breakthrough time was determined at 550 min, it was

determined at 111 minutes after the third regeneration. The relationship between the regeneration cycles and the breakthrough time is given in Figure 5.

;?@ :.8E?6? ;3 ! It is important to
evaluate the potential use of the adsorbents in industrial processes. In this study,     
  barks were selected as a novel low-cost adsorbent because of their renewable character and wide
availability.   is known worldwide as a
source of fiber for the pulp and paper industry [41].
An abundant amounts of bark is produced during the
debarking process. A simple, cost estimation was
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performed for the production and use of EBMC. Approximately $200 was calculated for the production
of one ton of the EMBC after considering the cost of
transport, chemicals, and electrical energy. The price
of the commercially activated carbon, ranges from
$700 to $5000/ton depending on the quality [42].
Thus, the price of the EMBC is significantly cheaper
than commercially activated carbon.
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The result from the present study show that
EBMC can be used as alternative low cost adsorbent
for the effective removal of RB29 from synthetic dye
bath wastewater with a fixed bed column adsorption
system. It was found that the pH, the temperature,
and bed depth, had a considerable effect on the
breakthrough time. The experiments showed that the
breakthrough time significantly increased by increasing the pH, the bath depth, and the temperature.
The data was fitted to the continuous systems adsorption isotherms. The Thomas and Yoon-Nelson
model fitted the experimental data moderately. The
Thomas model predicted an 850.21 mg/gr maximum
adsorption capacity of the EBMC for RB29 with a
0.962 correlation coefficient under certain conditions. The BDST model showed that the breakthrough time has a linear relationship with the bed
depth (R2=0.997). The adsorption capacity N0, which
was obtained from BDST model was found to be
1085.5 gr/L.
"#+ !"('
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A new system was developed to mix not-aqueous phase liquid - Novec 7300 (3M Novec 7300, FN)
for enhancement of recovery ratio of NaCl as solute
by freeze concentration. In this study, the effects of
the freezing ratio and centrifugal force on the freeze
concentration were carried out by adding the FN into
the mixture of ice and NaCl solution. As a result, the
maximum value of the concentration ratio (310 %)
of NaCl was obtained when the freezing ratio was
80% with mixing FN in the system of ice and NaCl
solution. This result exceeded the freezing ratio limit
of 30 % and the solute concentration rate of 130 %
of the existing freezing concentrating equipment
with not-mixing FN. The recovery ratio of NaCl with
adding FN was higher than that of without FN. The
recovery ratios of NaCl with adding FN and without
FN were 72% and 69%, respectively, when the freezing ratio was 57%. Effects of centrifugal force on the
recovery ratio were carried out, compared with the
situation of not adding FN, the solute recovery ratios
were increased with increasing centrifugal force.
The solute recovery ratios of with adding FN and
without FN were 42% and 33%, respectively, when
the centrifugal force was 344g, however, those of
adding FN and without FN were 72% and 60%, respectively, under the centrifugal force of was 716g.
In general, the recovery ratio of NaCl was increased
by adding FN into the mixture of ice and NaCl solution comparing with that of without FN. This study
introduced a method with improved simpleness,
lower costs and higher recovery ratio.

Concentration is one of the most important unit
operations in food processing. So far, there are
mainly three type of concentrations: evaporation
concentration, membrane concentration and freeze
concentration [1]. Evaporation concentration is easy
to cause denaturation of thermosensitive components, damage of volatile components and lost of
original flavor in the same time. Reverse osmosis
membrane concentration which works in condition
of normal temperature and high pressure is a kind of
low-energy handling method with no energy consumption of phage change. This method is only applied in food processing industry of developed country. Nonetheless, membrane concentration exists
several problems when it is applied in concentrating
protein-rich, carbohydrate-rich and pectin-rich food
material, such as low striking point, short cycle of
operation, high running cost and hard to separate
low-molecular-weight components [2].
Freeze concentration is widely used in production of fruit juice, traditional Chinese medicine,
cosmetics and dairy food for its low cost of energy
(latent heat of solidification of water: 80 kcal/kg, latent heat of vaporization of water: 560 kcal/kg) [3].
In addition, there are some other advantages that deserve to be mentioned [4, 5]. For instance, unstable
components can be retain, fragrance components
during the process of production. Juices get by
squeezing water-rich fruits in fruit extract, then, water are removed by freeze concentration [6, 7]. This
method contains the principle that soluble matter can
be removed with the remove of ice crystal in the
same time when water turn into ice crystal. Concentrated solution at high concentration was produced
by freeze concentration equipment which include
generation section and separation section of ice crystal [8]. As for generation section of ice crystal, to stir
ice liquid to generate large size ice crystal (2mm).
But for separation of ice crystal, the equipment was
not very ideal on separation efficiency at present [9].

'% !
Freeze–concentration, FN, Ice crystal, Separation efficiency, Wastewater.
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?8-:15-6<)4 78-:)<176 The experimental
procedures were as follows: a. smash ice powder into
0.05-0.7 mm by ice powder pulverizer; b. take ice
powder 200-600 g from last step into a 5L plastic
container, then add NaCl solution (concentrated solution) (1.6-21.2 wt%, 100-800g) to it, mix it; c. add
FN(0-800 g) to the mixture from b; d. put the mixture
from c to a centrifuge basket who have a volume of
150 cm3 (centrifuge separation condition: Centrifugal force: 344-716g, Laboratory temperature: 0°C,
Centrifugation time: 3min); e. according to proportion difference of FN in mixture and concentrated solution, they can be separated easily. Then determine
the concentration of NaCl by conductivity meter
(CM-21P) and the weight of mixture. After the ice
catched by that basket melt in room temperature,
measure concentration of NaCl and weight of mixture. In addition, the recovery ratio and freezing ratio
can be expressed by the formulas (1) and (2). 
Recovery ratio =
(1)
(1( fi ) c / (ci )  f) ×100%
f [wt%] is the Cl- concentration of original
fluid solution; c [wt%] is the Cl- concentration of
concentrated solution; i [wt%] is the Cl- concentration of the separated ice.
(2)
Freezing ratio=v/(v+v)×100%
v is the weight of the ice [g]; v is the weight
of the concentrate [g].
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..-+< 7. .:--A- :)<17 76 <0- +76+-6<:)<176
,-/:--200-600 g pulverized ice should be placed
in a centrifugal separator, and a stock solution of
NaCl (concentrated solution) (1.6 to 21.2 wt%, 150
-800 g) were added, then 150-800 g of FN were
added. After stirring, a centrifugal mixer (centrifugal
force: 716 g, centrifugation time: 3 minutes).
The freezing ratios were the ratio of the weight
of the ice to the sum of the weight of the ice and the
concentrate. As shown in Fig. 1, freeze ratio make a
difference to the concentration rate. When the freeze
ratio reaches to 20% and 30%, the concentration rate
of solute were 124% and 130%, respectively after
mixing with FN. However, the concentration rate of
solute comes at 310% when the freeze rate is 80%.
The results of this experiment: concentration rate of
solute comes at 310% when the freeze rate is 80%.
However, the limitation of existing freeze concentration equipment was 30% and its solute concentration
ratio was over 130% [10].

So the improvement of separation efficiency becomes the key point whether this technology can
make a breakthrough or not. On the other hand, the
concentration of ice crystal slurry reaches about 30%
only [10]. For this reason, how to develop a concentration equipment which can improve concentration
efficiency becomes a more important problem. Such
equipment is not widely used for its complexity of
structure and operation [11, 12]. Moreover, people
cannot afford it for its high cost. There are two types
of industrial ice generator: drum-type ice generator
and screw-type ice generator, whose freeze ratio is
all above 30% [11, 12]. However, the ice account for
less proportion in ice-liquid mixtures when we use it.
The ice crystal in concentrated solution is also in
small size (0.2mm or smaller). Sheet-shape and rodshape ice crystal are observed. The growth rate of ice
crystal is quicker than the decline rate of that. For
this reason the solute accumulate on the surface of
small size ice crystal and locate between sheet-shape
ice crystal and rod-shape ice crystal, which result in
low recovery ratio in separation component in freeze
concentration equipment [13].
A new system was developed to mix not-aqueous phase liquid - Novec 7300 (3M Novec 7300, FN)
for enhancement of recovery ratio of NaCl as solute
by freeze concentration. In this study, the effects of
the freezing ratio and centrifugal force on the freeze
concentration were carried out by adding the FN into
the mixture of ice and NaCl solution.
" !"!

7<)9=-7=; 80);- 419=1, Novec 7300 (3M
Novec 7300, FN) as not-aqueous phase liquid was
used in this work. Chemical formula of FN is
C6F13OH3, and it is liquid phase at room temperature,
with ether bond, excellent thermal stability and
chemical stability (recyclable), and a fluorine liquid
which has moderate solubility. The physical properties of FN are as follows: boiling point: 98 degrees
celsius; freezing point: -38 degrees celsius; absolute
viscosity: 0.0012 Pa seconds.
-6<:1.=/-Basket type centrifuge CO-20-20
(SUS316, 3.7 kilowatts, basket size (485mm×200
mm) Tanabe Will Technology Co., Ltd., centrifugal
force up to 1200 g; slit type centrifuge hole N84 (hole
width 0.02 mm 2.5 mm, opening ratio 2.3%). When
the inner side of the screw-shaped blade rotates,
most of the ice cake which is formed on the inner
side of screen can be scraped from it, then transported to the direction of the discharge of borneol.
Through the continuous treatment of the original
small piece of ice in the separation unit, the centrifuge simplifies the equipment. Moreover, the ice
cake of the centrifuge is stirred with a screw, it can
effectively promote the dehydration effect.

..-+<7.:--A-:)<17.7:;74=<-:-+7>-:@:)
<17400g pulverized ice should be placed in a centrifugal separator, and a stock solution of Nacl (concentrated solution) (21.2 wt%, 100-300 g) is added,
then 0-100 g of FN is added. After stirring, a centrifugal mixer (centrifugal force: 716 g, centrifugation
time: 3 minutes).
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solution) (21.2 wt%, 100 g) is added, then 0-100 g of
FN is added. After stirring, a centrifugal mixer (centrifugal force: 344-716 g, centrifugation time: 3
minutes). As we change the rotational speed, the difference of solute recovery ratio shown in Fig. 3. Effects of centrifugal force on the recovery ratio were
carried out, compared with the situation of not adding FN, the solute recovery ratios were increased
with increasing centrifugal force. The solute recovery ratio of with adding FN and without FN were
42% and 33%, respectively, when the centrifugal
force was 344g, however, those of adding FN and
without FN were 72% and 60%, respectively, under
the centrifugal force of was 716g. In order to observe
the solute recovery increased phenomenon, the addition of FN in the ice mixture results in the increase
of liquid ratio in the ice-liquid mixture, it will reduce
the shearing force of the ice-crystal-bonded concentrate during the dewatering of the separation section
(centrifuge) and the residual concentrate between ice
crystals.

As shown in Fig. 2, when freeze ratio was 57%,
the solute recovery ratio of adding FN or not adding
FN were 72% and 69%, respectively. On the other
hand, when the freeze ratio rise to 80%, the corresponding data was 69% and 56%, respectively. Compared with the situation of not adding FN, the number of solute recovery ratio was bigger when adding
it. Nonetheless, with the increase of freeze ratio, the
solute recovery ratio goes down surprisingly. In
common, the traditional experimental method of
concentration usually result in low solute recovery
ratio. But the solute recovery ratio did not get a big
difference like which did by traditional experimental
method. The reason may be the smash of ice cube
resulting in complicated ice shape. Furthermore, the
size of ice crystal has a wide range (0.05-0.7 mm),
which was known as the biggest reason why solute
recovery ratio rise in this study.
..-+<7.+-6<:1.=/)<17676<0-:-+7>-:@:)<17
400g pulverized ice should be placed in a centrifugal
separator, and a stock solution of Nacl (concentrated
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A new system was developed to mix not-aqueous phase liquid - Novec 7300 (3M Novec 7300, FN)
for enhancement of recovery ratio of NaCl as solute
by freeze concentration. In this study, the effects of
the freezing ratio and centrifugal force on the freeze
concentration were carried out by adding the FN into
the mixture of ice and NaCl solution. As a result, the
maximum value of the concentration ratio (310 %)
of NaCl was obtained when the freezing ratio was
80% with mixing FN in the system of ice and NaCl
solution. This result exceeded the freezing ratio limit
of 30 % and the solute concentration rate of 130 %
of the existing freezing concentrating equipment
with not-mixing FN. The recovery ratio of NaCl with
adding FN was higher than that of without FN. The
recovery ratios of NaCl with adding FN and without
FN were 72% and 69%, respectively, when the freezing ratio was 57%, however, those of adding FN and
without FN were 69% and 56%, respectively, when
the freezing ratio was 80%. Compared with the situation of not adding FN, the solute recovery ratios
were increased with increasing centrifugal force.
In general, the recovery ratio of NaCl was increased by adding FN into the mixture of ice and
NaCl solution comparing with that of without FN.
This study introduced a method with improved simpleness, lower costs and higher recovery ratio.
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synchronise N fertilizer rate with crop demands [89]. Nitrogen rates should be applied not only with regard to the yield and its quality, but also with respect
to the efficiency [10]. Nitrogen efficiency depends
on some factors i.e.: weather conditions [11], crop
rotations [12], cultivation system [13-15].
Alternative method for cereals utilisation is harvesting whole cereal crops (WCS) at milk-dough
stage for silage [16-17]. Some authors have reported
cereals grown for these purposes has stable yields
and the good quality of feed [18].
The efficiency of N fertilizer in tillage and notillage systems for winter wheat harvested at milkdough stage determine on this study. Tested hypothesis of winter wheat tillage methods has influence on
wheat biomass yield harvested on milk-dough stage
and effected on nitrogen efficiency. Living mulches
of white clover may be reduce nitrogen fertilization.

Field studies were carried out in the years 20112014 at the Pawłowice Research Station belonging
to the Wroclaw University of Environmental and
Life Sciences. A traditional tillage system was compared with no-tillage into stubble and bi-cropping no-tillage wheat on white clover living mulch. The
measurements of dry matter, total protein and energy
yields allowed us to determine the efficiency of nitrogen uptake. The efficiency of N fertilizer was determined in relation to yield given in metrical units
and also protein and energy yields noted. The highest
dry matter yield (7.38 t per ha) was observed at the
traditional tillage system, and it was 14% higher than
that obtained from bi-cropping and 43% higher than
that from no-tillage into stubble. The most effective
N fertilizer efficiency was found with a traditional
tillage system. In contrast, the lowest N fertilizer efficiency was found on white clover wheat bi-cropping system. This proves that bi-cropping of winter
wheat and fodder legumes can markedly reduce or
even could eliminate the N fertilizer use.



#!"#"
Four years field studies (2011-2014) were conducted at the Pawłowice Research Station belonging
to the Wroclaw University of Environmental and
Life Sciences, south-west Poland. The following tillage systems were used: traditional tillage (TT), notillage into wheat stubble (NS) and no-tillage into
white clover living mulch (NWC). Subplots were
fertilised with ammonium nitrate at the rates of N: 0
(control), 30, 60, 90 and 120 kg ha-1. The rates of
30 and 60 kg ha-1 were single applied in spring at
BBCH stage 26, while the rates of 90 and 120 were
split applied: the first doses (60 kg ha-1) at BBCH
26 and the other ones at stage BBCH 41.
In the four years winter wheat was grown in a
monoculture. In the traditional tillage system, each
year followed tillage before sowing to be performed.
No tillage methods were applied on direct drill into
stubble (NS) and into white clover living mulch
(NWC). In the direct sowing system, the wheat was
sown using Vredo seed drill. The experiment was
carried out in 4 replications.
Winter wheat was harvested at milk-dough
stage BBCH 77-83. In bi-cropping system, white
clover and wheat components were determined. Before harvesting, samples from 0.5 m2 were taken

&%!":
Living mulch, No-tillage, Nitrogen utilization, White clover, Yield

#!$#
The most important, cost-reducing cereal production systems, enhancing environment protection
and reducing energy consumption, are no-tillage,
legumes and cereals-legumes bi-cropping systems
[1-3]. Conventional system with ploughing, results
in fallow soil surfaces in the period between the crop
harvest and sowing. No-tillage and legumes living
mulches system reduce fossil fuel and decrease the
amount of nitrogen fertilizers.
The nitrogen fertilization efficiency is crucial in
sustainable agriculture. Nitrogen fertilizer causes
pollution of ground water by nitrate leaching [4-6]
and losses can be minimized by developing N management strategies [7]. In integrated fertilization systems, it is recommended to apply a split doses, and
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ratio of uptake nitrogen increment (uptake of – uptake of ) in relation to an applied N at .
    (NHI) (%) – was the ratio of nitrogen accumulated in grain to total above
ground plant N. NHI index at milk-dough stage was
calculated as the ratio of nitrogen accumulated in
ears to the total N accumulation in the plant above
ground.
The data were analyzed statistically, using the
analysis of variance (ANOVA) of a Statistica software 9.0. Treatment means values over the years
were compared using Duncan’s test at 0.05, 0.01,
0.001 probability levels. In bi-cropping system,
wheat on legume living mulch, correlation coefficients between the percentages of white clover and
nitrogen utilization efficiency were calculated.
Curves of regression between significant dependences were plotted.
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from each replication. The biomass, separated into
wheat and white clover. Later wheat’s biomass into:
ear and other parts (stem with leafs). Harvesting was
conducted using a mower and the yield of fresh matter was measured.
The chemical analysis included dry matter content and organic compounds (crude: ash, fat and Nfree extract). The total nitrogen content was estimated. Based on the yield of biomass and content of
protein, protein yield was calculated. Results of analyses of dry organic mass: crude protein, crude fiber,
crude fat and N-free extract were used to calculate
the feed units for lactation (UFL). The formulas presented in literature were used [19]. Protein yields and
feed units for lactation were determined in relation
to dry matter.
No tillage treatments were performed from the
harvest to sowing in the next year in the NS and
NWC system. In the NWC system, the regrowth of
white clover was reduced by glyphosate at small
dose 2 l ha-1, and the weeds in the NS system controlled using 6 l glyphosate ha-1. Spraying was performed 4 weeks before wheat sowing. In the TT system, after harvesting tillage were performed.
The efficiency of N fertilizer was determined
on the basis of dry matter, protein and energy yields
(UFL), according [8, 13, 14] where:
         (NUtE) expressed in kg kg-1 – was the ratio of yield to N accumulation.
      (AE) expressed in kg 
kg-1 – was the ratio of yield increment influenced by
N fertilizer (yield obtained with  – yield obtained
with ) to applied N at .
    RF (%) – was the

Significantly high dry matter yield was obtained in a traditional tillage system. It was 14%
higher than that from bi-cropping and 44% higher
than with no-tillage (Table 1, 2). The increased dose
N significantly influenced on dry mass yield. Significantly higher UFL was observed at the traditional
method and it was 44% higher than in the no-tillage
and 16% higher than in bi-cropping system. Nitrogen
doses increased the energy yield from 3.41 103 (0
kg N·ha-1) to 5.32 103 UFL per ha (120 kg N·ha-1).
The tillage methods and nitrogen doses also affected
nitrogen content of the harvested biomass.
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NWC
6.46b
1.83
4.55b
731c

Dry matter yield tha-1
Nitrogen content (% D.M.)
Energy yield UFL1000 ha-1
Whole crop protein yield kgha-1

NS
5.12a
1.15
3.65a
373a

Tillage methods
TT
7.38c
1.15
5.26c
576b

Significance
***
n.a.
***
***

* Significant at 0.05 probability levels.
** Significant at 0.01 probability levels.
*** Significant at 0.001 probability levels.
n.a. no analyse
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Dry matter yield tha-1
Nitrogen content (% D.M.)
Energy yield UFL1000 ha-1
Whole crop protein yield kgha-1

Fertilization (N doses kgha-1)
0
30
60
4.82a
5.81b
6.55c
1.34
1.27
1.28
3.41a
4.12b
4.65c
434a
471a
528b
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90
6.93cd
1.49
4.93cd
652c

120
7.49d
1.51
5.32d
715d

Significance
***
n.a.
***
***
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Units
NUtE
AE

RF
NHI

Tillage methods
NS
90.0b
63.9b
33.5b
2.1b
24.3b
33.1b
75.2ab

NCW
57.5a
40.6a
8.1a
1.0a
6.1a
15.2a
69.3a

kg D.M.kg-1N
UFLkg-1N
kg D.M.kg-1N
kg proteinkg-1N
UFLkg-1N
%
%

TT
90.0b
64.0b
38.7b
2.6b
27.7b
42.1b
77.2b

Significance
***
***
***
*
***
**
*

# 
/975-+4:9/2/?'9/54+,,/)/+4)>$9'-75453/)+,,/)/+4)>+=67+88+*54*7>3'99+76759+/4>/+2*
1-1- '4*+4+7->>/+2*$1- '66'7+497+)5;+7>,7')9/54!4/975-+4.'7;+89/4*+=
,57<.+'9*+6+4*+4954,+79/2/?'9/547'9+;+7'-+,753>+'78



Units
NUtE
AE

RF
NHI

0
81.6b
57.7bc
75.0a

kg D.M.kg-1N
UFLkg-1N
kg D.M.kg-1N
kg proteinkg-1N
UFLkg-1N
%
%

Fertilization (N doses kgha-1)
60
90
85.0b
71.8a
60.4c
51.2ab
28.8a
23.4a
1.6a
2.4a
20.7a
16.9a
24.1a
38.1a
75.4a
73.6a

30
87.3b
62.0c
32.7a
1.2a
23.8a
19.9a
74.3a

120
69.6a
49.5a
22.3a
2.3a
16.0a
38.5a
71.1a

Significance
***
***
n.s.
n.s.
n.s.
n.s.
n.s.

NUtE in UFL kg-1 N

70,0
60,0
50,0
40,0
30,0
y = -0,301x + 47,673
r = - 0,825

20,0
10,0
0,0
0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

white clover (% of dry matter)
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When this method was used, protein yield was double that from no-tillage and 26.9% higher than obtained from TT method. Increasing the N rates significantly enhanced the yields of dry matter, UFL
units and protein yield.
Significant differences was found between the
sowing method on nitrogen utilization efficiency
(NUtE) (Table 3, 4). The yields of dry matter per kg
of nitrogen utilization were 32.5 kg higher in both
TT and NS systems than in NWC system. The increased dose on nitrogen significantly lowered NUtE,
from 81.6 kg dry mass per 1 kg N (0 N) to 69.6 kg
D.M. per 1 kg N (120 kg N  ha-1). Increasing N
dosses to 60 kg N  ha-1 resulted in the increase of

However, it should be noted that the differences
resulted mainly from the presence of white clover.
The highest nitrogen content was observed in bicropping system, which was 0.68 p.p. (percentage
points) higher than with the other methods. Without
N fertilisation, the total nitrogen content in whole
wheat plants was higher than after the application of
30 and 60 kg N ha-1. When the nitrogen doses was
increased to 90 and 120 kg N ha-1, the nitrogen content exceeded the values obtained in the control.
A significantly high protein yield of the wheat
was obtained from NWC system, which was mainly
due to high nitrogen content in harvested biomass.
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NUtE. Further increasing to 120 kg N ha-1 resulted in
lowering of that indicator. Similar tendencies were
found with utilization efficiency (NUtE) expressed in
UFL. Clover content in the NWC lowering the N efficiency. Relationship between the percentages of
white clover and NUtE, AE was found (Figure 1-2).
Significantly higher agronomic efficiency (AE),
was observed in TT wheat cultivation and it was
15.5% higher than in NS, and almost 5-fold higher
than in NWC system. Fertilisation with nitrogen did
not have a significant influence on the agronomic efficiency expressed by the yield of dry mass, total protein and UFL. However the AE expressed in kg protein kg-1 N increased from 1.2 (at fertilization increased from 0 to 30 kg N ha-1) to 2.4 (when N dose
increased from 0 to 90 kg N  ha-1).
An increased dose of nitrogen had a significant
influence on the apparent recovery fraction, which
was markedly lower in the bi-cropping system. On
the dates of wheat harvest for silage, the RF accounted for 15.2%, which was twice lower as compared to that found with NS and 3-fold lower than
that observed with a TT system.
Nitrogen harvest index calculated from the ratio of nitrogen accumulated in wheat ears to the total
N accumulation in above ground plant showed significant differences, depending on the system of
wheat production. The highest index was observed
in the TT method, which was slightly higher by 2 p.p.
than in NS and significantly higher (by 7.9 p.p.) than
in NWC.
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pollution [20]. Reductions of N fertilizer rates are
possible provided that nitrogen utilization efficiency.
Nitrogen losses in wheat production resulting from
improper use of N fertilizer may account for 40-70%,
and even more in the production of other crops [21].
Nitrogen utilization efficiency under investigation was maintained at the same level with N rates
not exceeding 60 kg per ha, but with higher rates, the
efficiency showed a significant decrease. This is
contrary to the results of some author, who found that
nitrogen utilization efficiency was decreasing with
every increasing N rate [22]. The results of the present studies in each production system and with all
investigated N rates show that NUtE expressed in UFL
ranging on average from 49.5 to 62.0 UFL  kg-1 N.
Based on statistical data for Great Britain [23]
calculated NUtE for the most important plant species.
In case of winter wheat, its average value was 25 kg
D.M. per 1 kg N, of legumes and reached as little as
6-9 kg per kg N. Bi-cropping with clover in the NWC
system helped decrease the NUtE by 36% as compared
to the traditional system TT. Another authors [24-25]
report that on bi-cropping system decomposition of
clover residues and fixing of nitrogen by bacteria affect on better nitrogen availability.
The method of cultivation had a significant influence on agronomic efficiency expressed both in
metrical units, as well as in units including the quality parameters of biomass produced into account. In
the NWC system, the agronomic efficiency expressed in kg D.M., crude protein and UFL was significantly lower than in NS and TT systems, respectively by 75.8, 79.1; 52.3, 61.5 and 74.8, 78.0%. Agronomic efficiency (AE) was decreasing with increasing N rates [26]. The data obtained in our studies also showed that dry matter yield, and UFL,
measured on harvest date, were decreasing with increasing N rates.

"$""
Improvement of the nutrient use efficiency by
crops is crucial. Firstly, the optimize use of N fertilizers, which is one of the main costs in crop production, and secondly, because of the environmental
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The highest RF index was observed when wheat
had been treated with 120 kg of N per ha. In NWC
system apparent recovery fraction was 15.2%, but it
was twice higher in TT and almost three-fold higher
in NS system. In the literature [11] did not found any
significant differences in the apparent recovery fraction between the cultivation systems. Didn’t found
any significant impact of N fertilizer rates on apparent recovery fraction [22]. The increasing the dose
from 30 to 120 kg N ha-1 improve the RF index from
19.9 to 38.1.
According to previous research [27] N fertilizer
applied at the ear emergency stage influenced on protein content. Improvements of the recovery of soil
nitrogen, of nitrogen from fertilizer as well as improvements of N harvest index and reducing grain
protein content seem beneficial in reducing N requirements of wheat. On the other hand, [28] reported that NHI is correlated with grain protein content and thus with the grain nutritional quality. Fertilization with nitrogen should take into account the
demand of specific varieties and their use. Our results indicated that NHI of wheat significantly depends on tillage methods only. Some author [22] reported that NHI in wheat cultivated in monoculture
was significantly different than in crop rotations. The
results obtained by [29] indicated that NHI was affected by crop rotation and ranged from 65.5%
(wheat as a previous crop) to 72.8% (potatoes as a
previous crop).
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The efficiency of fertilization is usually expressed in physiological and agronomic values.
However, the range of units in which they are presented, should be modified. The results presented in
this article showed that, apart from using metrical
units (kg D.M. and kg grain), the efficiency of fertilization may be presented in different values referring to the quality of yield. That is why the efficiency
of fertilization was expressed in kg protein and UFL.
The use of indices which are of universal character
allows to compare the value observed on various harvest dates and between different species.
N fertilizer treatments were most effective in
the TT system, with the highest dry matter yields.
NWC system reduced nitrogen fertilization efficiency expressed in each parameter determined. The
white clover at NWC could have influenced the nitrogen availability and efficiency of biological nitrogen resources.
N fertilizer treatments at the wheat ear emergency stage decreased the agronomic efficiency, expressed in dry matter yield. Agronomic efficiency
(AE) determined in relation to protein yield, shows
AE increasing.
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caceae family, Heldreichia is notorious for rendering a very limited number of diagnostic characters,
which are basically restricted to the basal leaves and
fruit shape-size. The size and degree of branching of
Heldreichia are strongly is affected by, altitude, mobility and nutrient supply of its habitat. The plants
are synergistically dwarfed in highly mobile screes
of subnival elevations, having nearly unbranched
stems only 5 cm tall, while lower down, at more stabilised sites, a stem height of 40-45(-50) cm may be
attained. It is also heterophyllous and produces
spring and winter leaves, which also differ in size
and shape [3].
H. rotundifolia is an endemic species for IranoTuranian phytogeographical region of Turkey [2]. It
is also at ³lower risk (LR ´DFFRUGLQJWRRed Data
Book of Turkish Plants [4]. According to the literature, there is not any anatomical research for H. rotundifolia. This study aims to clarify the anatomical
and palynological features of H. rotundifolia that
might be helpful to recognise the taxon in both taxonomical and pharmaceutical research.

ABSTRACT
Heldreichia rotundifolia Boiss is known one of
the endemic species which grow at East part of Anatolia. This species is a perennial plant and weak secondary growth is occurred.
In this study, the morphological, anatomical
and palynological characteristics of this species have
been investigated. By microscopic analysis periderm, narrow cortex and the broad vascular region
were observed in the root section. Unilayer epidermis, narrow cortex and vascular bundle were recognized with broad pith in the stem. Its leaves are isolateral and have stomata cells which are anisocytic.
The pollen of the species is tricolpate and its ornemantation is reticulate.

KEYWORDS:
Heldreichia rotundifolia, endemic, anatomical, palynological, Turkey.

INTRODUCTION
MATERIALS AND METHODS
The Brassicaceae (Cruciferae) includes many
economically important edible and industrial species. Turkey is one of the richest countries in the
world in terms of the number of species of the Brassicaceae. This family is represented by 606 species,
39 subspecies, 18 varieties, in Turkey, which 226
taxa are endemics [1].
Boissier dedicated a genus in honour of Heldreicha in 1841, the genus Heldreichia (Brassicaceae) [2]. The genus has its diversity centre in Anatolia and comprises in its classical interpretation six
high-mountain scree species; H. bupleurifolia
Boiss., H.rotundifolia Boiss., H. kotschyi Boiss.,
H.bourgaei Boiss. in Turkey, as well as H. longifolia
Boiss and H. silaifolia Hook.f. & Thomson in the
Flora Iranica area [3].
Heldreichia is usually, wind-dispersed. Boleochory with unwinged or weakly winged seeds as diaspores prevails in the field, but pterochory can also
be important. Like many other genera of the Brassi-

Plant Material. Three collections of herbarium material (HUB) belong to different area in Turkey were used for the morphological investigation
(BÖ3662, 10983, 68729).
Plant materials for anatomical study of H. rotundifolia were collected in March 2015, from East
Anatolia Region of Turkey.
Anatomical Studies. For anatomical investigations, specimens were kept in 70% ethanol. Free
hand sections were prepared using razor blades. In
anatomical analysis, cross sections of leaves, roots
and stems were prepared. Slides were observed with
an Olympus CX21 microscope light microscope.
Palynological Studies. The light microscopy
(LM) observations with their measurements were
made on pollen from mature anthers, which have
been prepared according to the Wodehouse method
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Leaf Anatomy. There is a uniseriate epidermis
on the upper and lower surface of the leaf. In transverse section, leaf is isolateral (=equifacial) type.
Mesophyll is consisted of palisade and spongy parenchyma cells. Mesophyll is differentiated into 2-3
layer palisade parechyma and spongy parenchyma in
the middle area. Vascular bundles are collateral type,
surrounded by a scleranchymatic sheath. Stomata
type was Cruciferous type (anisocytic) (Figure 3 cd).

[5]. The measurements of the pollen grains of H. rotundifolia were taken on 30 pollen grains from the
species. P: polar axis, E: equatorial diameter, Amb:
diameter of pollen at the polar view, Clg: length of
colpus, Clt: latitude of colpus, t: distance between
colpi ends, were measured from 30 fully developed
grains per sample under the Nikon Eclipse Ci microscope (1000×). Results are provided as minimum,
maximum and mean±standard deviations. P/E ratios
were also calculated. In addition, the ornamentation
was established. All the statistical analyses of the
palynological characters were made by the SPSS
(Statistical Package for the Social Sciences) package
program. The terminology used is of Erdtman [6],
Kremp [7] and Punt et al. [8].

RESULTS

(a)

Morphological properties of H. rotundifolia.
Perennial plant with slender rootstock and many
simple stems, ascending up to c. 40 cm. The leaves
mostly basal, long-petiolate 15-80 mm, lamina 514u7-17 mm, rotund-subcordate, with 3-7 obtuse
lobes, purple below. Inflorescence branched, petals
white or tinged lilac, c.4u3mm, obovate, shortly
clawed. Fruiting pedicels 3-7mm. Fruit very broadly
obovate or oblate, rounded or cuneate at base, truncate or retuse at apex, style 0.5-1mm (Figure1-a).
Flowering time is May-August. Fruit ornemantation
is observed as striate (Figure1-b). There is a considerable variation in the shape of the fruit and leaves
(Figures 1-a, 2).

(b)
FIGURE 1
(a) Fruit shapes of H. rotundifolia,
(b) SEM photograph of H. rotundifolia fruit

Root Anatomy. Cortex consists of 5-7 layered
parenchymatic tissue and sparsely syclerenchymatic
bundle under the periderm. The xylem was found as
concentric rings below the cambium. Cambium periodically produces lignified and unlignified tissues.
Sclerenchyma cells were seen in the lignified xylem
area. There are alternating concentric zones of xylem
with large and small vessels respectively. The pith
area consists of xylem elements (Figure 3-a).
Stem Anatomy. Epidermis is single layer. Cortex is narrow and 12-13 parencymatic layers. The
number of vascular bundles is 6-7 in the stem. There
are sclerenchyma fibers among vascular bundles.
The cambium is distinguishable between interfascicular and fascicular bundle. The pith region is large
and consists of parenchymatous cells (Figure 3-b).

FIGURE 2
Leaf shapes of H. rotundifolia

TABLE 1
The anatomical characteristics of H. rotundifolia root

Characters
Cortex
Trachea

/HQJWK ȝP
Min-max
Mean
9-14
12.14±1.7
21-40
28.75±5.9
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:LGWK ȝP
Min-max
Mean
16-30
20.85±5.2
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25.37±7.6
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TABLE 2
The anatomical characteristics of H. rotundifolia stem

Characters
Cortex
Epidermis
Pith
Trachea

/HQJWK
Min-max
12-32
4-12
30-64
13-30

ȝP
Mean
21.42±5.9
7.16±2.7
39.4±14.6
29.5±8.03

:LGWK ȝP
Min-max
Mean
20-35
26.85±5.6
9-12
10.33±1.3
14-74
33.8±23.8
9-20
13.5±4.1

(a)

(b)

(c)
FIGURE 3
(a) Cross section of root in H. rotundifolia (co: cortex, p: periderm, ph: phloem, p: pith, xy: xylem
(b) Cross section of stem in H. rotundifolia (c: cambium, cp: cortex parenchyma, e: epidermis,
ÕFÕQWHUIDVFLFXODUFDPELXPSKSKORHPSSLWK sc: sclerenchyma, xy: xylem).
(c) Cross±section of leaf in H. rotundifolia (le:lower d. Surface section of leaf of H. rotundifolia
(st: stomata) epidermis, pp:palisade parenchyma, sp:spongy parenchyma ue: upper epidermis, xy: xylem, ph: phloem)
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Pollen morphology. Palynological description
of Heldreichia was made based on the quantitative
and qualitative morphologic results. It is monad, radially symmetric, isopolar, small-sized, tricolpate,
prolat sferoid (P/E1.07) (Figure 4). Polar axes rangLQJIURPWRȝPPHDQDQGHTXDWR
ULDO D[HV IURP  WR  ȝP PHan 19.73± 1.04. In
polar view, the pollen grains are circular; amb diameter is between 17-ȝPDQGPHDQ7KH
apocolpial area is wide; distance between colpi ends
LVȝP7KHFROSLDUHORQJDQGZLWh distinct
PDUJLQ&OJȝP&OWȝP7KH
H[LQHLVȝPWKLFN 7DEOH 7KHH[LQHRUQDPHQWD
tion in light microscope and SEM is reticulate (Figure 4, 5).

TABLE 3
Pollen morphological features of the H. rotundifolia (P: polar axis, E: equatorial axis, Clg: colpus length, Clt: colpus width, t: apocolpium)
Pollen characteristics
Pollen shape
P (μm)
E (μm)
P/E
AMB (μm)
Exine (μm)
Clg (μm)
Clt (μm)
T (μm)
Pollen type

a.

Heldreichia rotundifolia
Prolat sferoid
19-23 (mean:21.13±1.04)
18-21 μm (mean: 19.73±0.69)
1.07
17-20 (mean: 18.50±1.01)
2
15-21 (mean: 17.80±1.78)
1-2 (mean: 1.66 ±0.49)
3-7 (mean: 5.1± 0.88)
3-colpate

b.
DISCUSSION
The morphological data is in agreement with
Davis [9] and Parolly et al. [3] results, leaves and
fruit show a large range of variation in size and
shape. According to these, for identification of taxa
large number of individual should be considered.
There is no any detailed research about the
anatomy of Heldreichia rotundifolia in the literature.
Karpova and Yakovleva (2010) had studied the anatomy of seed coat of 3 Heldreichia species with light
and transmission electron microscope. They found
that Heldreichia rotundifolia differs greatly from H.
bupleurifolia and H. kotschyi in seed structure [10].
Davis et al. (1998), investigated the anatomy of
the nectarial tissue in nectar-secreting flowers of six
species of Brassicaceae (Hesperis matronalis L.,
Lobularia maritime (L.) Desv., Matthiola bicornus
(Sibth. et Sm.) DC., Raphanus sativus L., Sinapis
arvensis L., Sisymbrium loeselii L.) by light and
SEM. They stated that the lateral glands received relatively rich quantities of phloem that penetrated far
into the glandular tissue [11].
Davis et al. (1986), researched the anatomy of
Brassica napus L. and showed that both lateral and
median nectarines contain cells exhibiting similar
structural features [12].
Beebe and Evert (1990) had investigated the
leaf anatomy of Moricandia arvensis (L.) DC. (Brassicaceae). They mentioned that leaf is bifacial, amphistomatous and the leaf epidermis as uniseriate.
Also they stated that the stomatal frequency of the
lower epidermis is slightly higher than that the upper
epidermis [13]. We observed the leaf of H. rotundifolia as isolateral (=equifacial), and the leaf epidermis as uniseriate. Also the amphistomatous leaves
were observed under the microscope.
Perveen and Qaiser (2004) investigated the 77
species of 36 Brassicaceae families. The pollen of
this family are usually radially symmetrical, isopolar
sub-prolate to prolate, or prolate-spheroidal rarely
oblate-spheroidal, tricolpate rarely 4-8 colpate. Sexine is thinner or thicker than nexine. Tectum is fine

FIGURE 4
Light microscope micrographs of pollen of
H. rotundifolia (a. polar view of pollen,
b. equitorial view of pollen Bar= 10 μm).

FIGURE 5
SEM photograph of H. rotundifolia pollen
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[8] Punt, W., Hoen, P.P., Blackmore, S., Nilsson, S.
and Thomas, A.L. (2007) Glossary of pollen
and spore terminology. Rew Palaeobot Palyno.
143, 1±81.
[9] Davis, P.H. (1978) Flora of Turkey and the East
Aegean Islands, Volume 1, Edinburgh at the
University Press.
[10] Karpova, A.P. and Yakovleva, O.V. (2010) Remove from marked Records Comparative characteristics of the seeds of several genera of
Lepidieae tribe (Cruciferae). BotanicheskiƱ
Zhurnal. 95, 441-448.
[11] Davis, A., Pylatuik, J., Paradis, J.C. and Low,
N.H. (1998) Nectar-carbohydrate production
and composition vary in relation to nectary anatomy and location within individual flowers of
several species of Brassicaceae. Planta. 205,
305-318.
[12] Davis, A.R., Peterson, R.L. and Shuel, R.W.
(1986) Anatomy and vasculature of the floral
nectaries of Brassica napus (Brassicaceae). Canadian Journal of Botany. 64, 2508-2516.
[13] Beebe, D.U. and Evert, R.F. (1990) The morphology and anatomy of the leaf of Moricandia
arvensis (L.) DC. (Brassicaceae). Botanical Gazette. 151, 184-203.
[14] Perveen, A., Qaiser, M. and Khan, R. (2004)
Pollen flora of 3DNÕVWDQ-XLII. Brassicaceae.
Pak. J. Bot. 36, 683-700.
[15] Appel, O. and A-Shehbaz, I.A. (2003) Cruciferae. In: The families and Genera of Vascular
Plants, Kubitzki, K. and Bayer, C. (Ed.)
Springer, Berlin. 75-174.
[16] Anchev, M. and Deneva, B. (1997) Pollen morphology of seventeen species from family Brassicaceae (Cruciferae). Phytologia Balcanica.
312, 75-82.

to coarsely reticulate with more or less regular pattern of muri or reticulate-rugulate. On the basis of
tectal surface four distinct pollen types are recognized viz., Arabis bijuga-type, Farsetia ramosissima-type, Draba lanceolata -type and Erysimum
melicentae-type [14]. Parolly (2010) remarked that,
H. rotundifolia pollens were similiar to Arabis bijuga-type [3].
The pollen grains of Heldreichia are very uniform within the taxa studied and, in general, exhibit
a perfect match with family characteristics, being tricolpate, subspherical and having a reticulate and
simply-baculate surface. As expected, no generic or
(sub) specific feature was found, but the size of the
pollen grains (15-23 μm) is fairly [15]. Anchev and
Deneva (1997) determined two types of Brassicaceae family based on pollen morphology. According
to signified information, our investigated pollen are
similiar with first type and also pollen morphology
of Heldreichia is similar to palynological features of
other members of Brassicaceae [16].
As seen from the literature the researches about
the anatomy of Brassicaceae family are mostly based
on the structure of nectaries or seeds. Also there is
no any research about the anatomy of H. rotundifolia. So this research will be helpful for the further
investigations about H. rotundifolia that is an endemic species for Turkey.
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the degradation of the superficial coating and the formation of larger bulks, these being less photo-sensitive and possessing different toxicity [3].  experiments showed that CdS QD exhibit genotoxicity
and cytotoxicity on rainbow trout cell line RTG-2,
while QD made of Ag2S did not induce toxicity [4].
It was reported that Cd might have different toxicity
when exposed together with zinc (Zn), even in the
ionic form [5]. It is even more difficult to predict biological effects when Cd is incorporated in complex
nanomaterials.
Scown et al. [6] explain how QD physicochemical characteristics affect their bioavailability and
toxicity to aquatic organisms. There is however very
little information about the toxicity of QD to aquatic
vertebrates, especially to fish in the early life stages
of development, and to their interaction with aquatic
organisms and ecosystems [1, 7, 8]. Therefore, it is
still impracticable to assess comprehensively the
toxicity of QD and to understand their toxic mechanism to fish at various stages of development. Toxicological studies have revealed that toxicity of QD
to fish occurs when QD degrade and heavy metal
(HM) ions leak out [8]. They are prone to degrade
into their elemental constituents, mainly Cd and Zn,
and the leached HM from the core are toxic to organisms [7]. King-Heiden et al. [7] studied QD toxicity
using zebrafish embryos and found that their toxicity
was similar to Cd toxicity and might show synergistic effects combining HM and QD. According to experiments by King-Heiden et al. [7], components of
CdSe/ZnS QD when taken alone did not cause significant toxicity in zebrafish embryos, with the exception of Cd. Therefore, Zn was not believed to
contribute to QD toxicity to embryos. It is necessary
to examine differential aspects of QD toxicity when
comparing with HM toxicity. As QD can have multiple configurations (i.e. core / shell metals, size,
shape, solubility, stability, chemical composition and
surface properties), they are also important in determining the toxicity of the nanoparticles [1]. The
main hypothesis of this study is that HM in the QD
are incorporated in the core of the particle and are
protected from release into the environment, resulting in bioinertness and absence of biological effects.

The aim of the study was to investigate the
toxic effects of cadmium-based quantum dots
(CdSe/ZnS) and cadmium on the biological parameters of rainbow trout in early development, depending on the type of chemical substances, the duration
of exposure and the affected organism’s development stage. Short-term (24 and 96 hours) exposure
to sublethal concentrations of quantum dots and cadmium affected mortality and altered both the function of the cardiorespiratory system and behavioural
response in rainbow trout larvae. It was found that
cadmium was more toxic to larvae than quantum
dots and affected larvae were more sensitive to cadmium and quantum dots than affected embryos.
Longer exposure (96 hours) to quantum dots and
cadmium induced more marked changes in test-parameters.
,*"%&
Nanoparticles, cadmium, fish, embryos, larvae
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Quantum dots (QD) are a class of nanomaterials which, because of their unique photophysical
properties, show a great potential for incorporation
into numerous consumer, industrial and medical
products [1]. In recent years, there has been considerable ongoing investment into producing QD with
fewer toxic metals. At present, the most popular QD
is a nanocrystalline core of CdSe or CdTe [1]. It has
recently been shown that the size and surface properties of QD allow penetration through biological
barriers and consequential embryotoxicity by altering the expression of genes due to cell apoptosis,
dysplasia, cryptorrhea and oxidative stress [2]. The
nanosize of OD leads to new biological effects that
are not prominent in ionic forms of cadmium (Cd).
For instance, sunlight exposure has an effect on aggregation and precipitation reactions of QD, causing
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The significant (P<0.05) effects of QD and Cd,
after 24 and 96 hours of exposure, on mortality,
GVF, HR and behavioural responses of rainbow
trout larvae depending on the type of chemical substances, duration of exposure and the affected organism’s stage of development can be found in Figure
1A-D.

The aim of this comparative study was to investigate the toxic effects of Cd-based QD
(CdSe/ZnS) and Cd singly (CdCl2·H2O) on biological parameters of rainbow trout   
 in its early development and to reveal the effects on larvae mortality, gill ventilation frequency,
heart rate and behavioural responses.


'%&! '"&
6<.??.E @2?@6;4 Rainbow trout  
 (Walbaum, 1792) embryos in the eyedegg stage were used in the experimental study. Shortterm (24 and 96 hours) toxicity tests on fish at early
stages of development - starting from eyed-egg stage
embryos 24 hours before hatching (the first test) and
from 1-day-old larvae (the second test) - were performed in a climatic camera under static conditions
according to ISO 7346-1:1996 [9]. Studies with embryos and larvae were performed in three replications (=20 in each group) in laboratory glass beakers.
Throughout the tests, mortality, physiological
parameters, such as heart rate (HR, counts/min) and
gill ventilation frequency (GVF, counts/min), and
behavioural responses of larvae (the number of individuals making nests, %) were recorded [10]. Deepwell water was used for the maintenance of control
embryos and larvae [11]. The average hardness of
the dilution water was approximately 284 mg·L-1 as
CaCO3, the alkalinity was 244 mg·L-1 as HCO3, the
mean pH was 8.0, the temperature was maintained at
10±0.5 oC and the oxygen concentration was 10
mg·L-1. Dissolved oxygen in the tanks, temperature
and pH were measured routinely with a hand-held
multi-meter (WTW Multi 340i/SET, Germany).
Studies have been carried out with non-protected life-stages in accordance with EU Directive
2010/63/EU [13].

3320@<3$.;11<;:<>@.96@E.;1)
<3 9.>B.2 The QD did not induce significant
changes (P<0.05) in mortality or GVF of larvaeduring the first test in comparison to the control (Fig. 1A
and B). The QD induced significant increases in
mortality and GVF of larvae at the end of the second
test in comparison to the control. Meanwhile, Cd after 96 hours exposure induced a significant (P<0.05)
increase in mortality of larvae at the end of both tests
and also induced a significant (P<0.05) decrease in
GVF of larvae at the end of both tests in comparison
to the control.
3320@<3$.;11<;%.;1/25.B6<A>.9
>2?=<;?2?<39.>B.2QD did not induce a significant
decrease in HR of larvae during the first test, but a
significant (P<0.05) decrease in HR was found in the
larvae of rainbow trout exposed to QD (the second
test) and Cd (both tests) compared with the control
(Fig. 1C). QD and Cd induced significant (P<0.05)
changes in behavioural responses (were characterized as individuals not making nests) during 24 and
96 hours of both tests in comparison to the control
(Fig. 1D).

.@2>6.9? Solutions of CdSe/ZnS-COOH
(QD ITK 625,Life Technologies, cat. No. A10200)
QD at the concentration of 4x10-9 M and Cd
(CdCl2·H2O) («REACHIM» Company, Russia) at
the concentration of 2 μg Cd·L-1 were used for the
toxicity tests [10, 12]. The concentration of Cd atoms
(within QD structure) was 10-6 M. Meanwhile, the
Cd concentration in the CdCl2 solution was 1.8 x 108
M. When compared, the Cd concentration in the
QD solution was 56 times higher than in the CdCl2
solution. Designed nominal metal concentrations in
the tanks were checked during blank tests (without
embryo/larvae) (=3) with an atomic absorption
spectrophotometer (SHIMADZU AA-6800, Japan).
Mean measured concentrations were within 15% of
target (1.71±0.26 µg Cd·L-1).

3320@<3$.;11<;@2?@=.>.:2@2>?<3
9.>B.212=2;16;4<;@52.3320@21<>4.;6?:’??@.42
<312B29<=:2;@@52@E=2<3052:60.9?A/?@.;02?
.;1 1A>.@6<; <3 2D=<?A>2 The results of GVF of
larvae depended on the type of chemical substance
and the affected organism’s stage of development
(Fig. 1B). A significant (P<0.05)      
  in the mortality of larvae between chemical
substances (QD, Cd) at the end of the both tests, in
GVF at the end of the first test and at the beginning
of the second test, in HR at the end of both tests, and
in behavioural responses only at the end of the second test (Fig. 1A-D). In addition, GVF and HR of
larvae exposed to QD for 96 hours in the first test
  on the affected organism’s stage of development, while GVF and HR of larvae exposed to QD
in the second test depended on the duration of exposure. Also, the mortality and GVF of larvae exposed
to Cd were significantly (P<0.05)     
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       on the duration of exposure
and the affected organism’s stage of development.
These data showed that Cd affected larvae more intensively than embryos (Fig. 1A-D).
Cd are known to have no biological function
and they are toxic, even at very low concentrations
[14]. According to Vosylienė et al. [15], larvae
should be more sensitive to the toxicity of HM and
their mixtures than embryos. This difference in sensitivities is most likely due to the exterior chorion
protecting the embryos during embryonic development. Nanoparticles could disturb the function of the
environment-organism barrier such as regarding nutrient uptake or pathogen defence, also possibly affecting the abilities of nanoparticles to actually translocate through this barrier tissue [16]. On the other
hand, nanoparticle aggregates adhered to the chorion
of fish embryos, but they did not traverse this membrane and could not deposit in the body of the fry
[10, 17]. Cd and CdSe/ZnS QD with different surface properties were also observed to cause similar
effects on larvae mortality, respiratory changes, HR
and behaviour responses [7, 18, 19]. Nanoparticles
could transfer into fish through the gills of the respiratory system, with the large surface area of the
gills and direct exposure to water possibly inducing
fish gill tissue changes, the possible release of Cd
from the nano-form cores could generate oxygen
radicals [20]. Furthemore, nanoparticles could enter
into organism through the diet. Several studies
demonstrated that aquatic organisms could have QD
and become significant dietary sources of metal to
their predators. Lee and An [21] showed a three-level
trophic transfer of QD within the aquatic food chain:
from protozoa (    ) to zooplankton
(    ) and then to fish (  ).
Toxicological studies indicate that the toxicity of QD
to fish embryos and larvae is primarily caused by the
toxic action of Cd2+ ion, which arises from partial
dissociation of QD molecules and toxicity associated
with QD nanoscale properties [7]. Although the toxicity of HM in aquatic organisms has been well studied, literature data about the QD potential risk to
aquatic ecosystems is limited. It can be predicted that
the tested QD have the potential to modify vital functional systems of aquatic organisms in early development and could increase the nanotoxicity level and
provoke harmful effects in biota.

development depended on the type of chemical substances – Cd was more toxic to larvae than QD.
Comparative studies of QD and Cd toxicity to rainbow trout in early stages of development showed that
affected larvae were more sensitive to Cd and QD in
comparison to affected embryos. Longer exposure
(96 hours) of QD and Cd induced more marked
changes in test-parameters.
!"* !'&
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heads without expensive civil engineering works, so
that relatively smaller flows are required to develop
for the desired power. In these cases, it may be possible to construct a relatively simple diversion structure and to obtain the highest drop by diverting flows
at the top of a waterfall. There are intensive investigations to improve the small and large hydropower
development in Turkey and some of small hydropower plants are still under construction in order to
put this aim into practice.
The development of hydro-electricity in the
20th century was usually associated with the building of large dams. Hundreds of massive barriers of
concrete, rock and earth were placed across river valleys world-wide to create huge artificial lakes. While
they created a major, reliable power supply, plus irrigation and flood control benefits, the dams necessarily flooded large areas of fertile land and displaced many thousands of local inhabitants. In many
cases, rapid silting up of the dam has since reduced
its productivity and lifetime. There are also numerous environmental problems that can result from
such major interference with river flows [3].
Small, mini and micro hydro plants (usually defined as plants less than 10 mW, 2 mW and 100 kW,
respectively) play a key role in many countries for
rural electrification. Small-scale hydro is mainly
‘run of river,’ so does not involve the construction of
large dams and reservoirs. Small hydro currently
contributes over 40 gW of world capacity. The
global small hydro potential is believed to be in excess of 100 gW. The industry believes that small hydro will have a strong resurgence in Europe in the
next 10 years, after 20 years of decline [3].

Alternative energy sources especially hydropower is very important in Turkey. Because hydropower industry is closely linked to both water management and renewable energy production and thus
has an important role, in cooperation with the international community, and in striving for sustainable
development in a world where billions of people still
lack access to safe drinking water and adequate energy supplies. The south-eastern Anatolia Project
(GAP) which covers one-tenth of Turkey’s total land
area. GAP will have an installed capacity of 7,460
MW. In the project, more than 329 hydropower
plants is projected to add a total installed capacity of
19,699 MW, thus the total number of hydro plants is
to bring to 483 and will be the total installed capacity
of 34,592 MW by 2020. The project includes the
construction of 22 dams and 19 hydroelectric power
plants on the Euphrates and the Tigris rivers. It is
planned that upon completion, over 1.8 million hectare of land will be irrigated and 27 billion kWh/y
hydroelectric will be generated. This paper deals
with hydro energy management for energy demand
and GAP factor in Turkey.
,+$&'
Water management, energy demand, hydropower, GAP,
Turkey.
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Because of social and economic development
of the country, the demand for energy and particularly for electricity is growing rapidly in Turkey. The
main indigenous energy resources are hydro and lignite. Turkey has no big oil and gas reserves. Almost
all oil natural gas (NG) and high quality coal are imported. It has a large potential for renewable energies. Turkey’s geographic location has several advantages for extensive use of most of the renewable
energy sources. It is on the humid and warm climatic
belt, which includes most of Europe, the near East
and western Asia [1,2].
Owing to Turkey’s regions, most of which are
hilly, it can be possible to develop relatively higher

"(&!'#"($'
To estimate of energy demand for any country,
energy resources, energy generation capacity and energy consumption should be analyzed. In this case,
Turkey’s energy resources, energy generation capacity and energy consumption are summarized and
some of values have been given in the Table 1 and
Figure 1.
Turkey’s energy demand is met through thermal power plant consuming coal, gas, fuel oil and
geothermal energy, wind energy and hydropower.
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Hard coal
Lignite
Petroleum products
Natural gas
Hydroelectricity
Renewable energy
Wood
Animal waste and plant residue
Total primary energy consumption
Per capita consumption (kgoe)


16,427
15,217
31,784
33,807
2,861
1,645
3,679
1,134
106,525
1,423


16,165
15,031
27,652
30,764
3,121
1,910
3,610
1,150
99,360
1,312


16,861
15,891
29,312
33,603
3,354
2,102
3,591
1,120
105,791
1,381

9A=3 Kilo tons of oil equivalent; kgoe: Kilo gram of oil equivalent
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Energy Agency (IAEA), is a simulation model which
evaluate mid and long term energy demands. MAED
evaluates future energy needs based on medium to
long term scenarios of socioeconomic, technological
and demographic development in a country or region. The electric energy demand varies according to
various parameters. The main parameters to affect
the energy demand are: Gross National Product
(GNP); population and demographic variations; development in housing, industry, agriculture and
transportation sectors; income per capita; climatic
conditions; employment, technological development, etc. Three kinds of planning scenario were applied in the model and MAED Model was executed
for three scenarios and Turkey’s annual electric energy demand values were predicted from 2004 to
2020. According to the results of the study, Turkey’s
annual electric energy demand in 2020 is predicted
between 407 to 571 tWh [2, 12].
For any analysis of the future demand for energy in Turkey to be accurate, it has to be grounded
in the understanding that rapid and continued economic growth are and will remain the single most
important national aspirations. According to 2005
figures, Turkey has a population of 72.6 million.

Because Turkey does not own any nuclear power
plant yet, the installation of first nuclear power plant
with a capacity of 1,000 MW is on the schedule as a
plan of the near future. In 2008, the energy consumption of Turkey is about 106,525 kilo tons of oil
equivalent (ktoe) as shown in the next Table 1 [4,5].
Turkey’s installed generation capacity is also
41.818 GW and electricity generation is 198.418
GWh in 2008. According to Turkey’s Ninth Plant,
66% of Turkey’s generated electricity is supplied
from thermal power plants. Contribution of wind and
hydro power plants are 0.2% and 32.20%, respectively. 49% of Turkey’s electricity is generated by
Electricity Generation Incorporation (EUAS),
39.70% is generated by auto-producers, and 9.5% is
generated by affiliated partnerships of EUAS and
1.8% by distribution of electricity generation by primary resources is given in the Figure 1 [4, 6-11].


()& ,F'!(&
#&,"##$#')%($#
A demand prediction model, called “Model for
Assessment of Energy Demand” (MAED) was used
to predict Turkey’s long term electric energy demand. This model, prepared by International Atom
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1973
1990
1995
2000
2010
2020

%=>B:/A7=<

@
38,072
56,098
62,171
67,618
78,459
87,759

#% 
/>7A/
1,994
2,674
2,861
3,303
5,366
9,261

(=A/:#%

(=A/:<3?5E
3;/<2"A=3
24.6
53.7
64.6
82.6
153.9
282.2

75,915,568
150,006,052
177,871,231
223,342,254
421,010,994
812,736,099

<3?5E />7A/
 %
646
957
1,039
1,218
1,962
3,216

<3?5E
<A3<@7AE
81
50
44
40
35
33

"A=3 Million ton oil equivalent; KEP: Kilogram of oil equivalent
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This translates to a per capita GNP of $4,900 and per
capita energy consumption of 1.2 million ton oil
equivalent (Mtoe), placing Turkey last in both categories among OECD countries. The projection of
Turkey’s population, economy, and energy is given
in the Table 2 [13,14].
It is worth emphasizing that, even if both population and economic output were to grow more
slowly than projected, it is almost certain that energy
demand will increase. Two factors critical to sustainable energy development in Turkey, however, are
harder to predict. The first is the energy intensity of
the economy. While the reported and predicted decreases seem impressive, it is by no means clear from
this table whether this is the best that can be achieved
in Turkey. If even sharper reductions are possible,
increased economic growth could be delinked from
energy consumption. The second is the type of primary and secondary energy sources that are required
to fulfill future energy needs. In other words, the decision on the mix of energy production technologies
and primary sources needs to be considered carefully, as certain combinations of technologies and
primary sources are likely to result in more sustainable outcomes. It is important, therefore, to understand the determinants of energy intensity and energy supply [13].
In Turkey, energy intensity has been relatively

steady for the last two decades. Total final consumption (TFC) was 64 Mtoe in 2003, up by 54% from
the 1990 level. In 2003, oil accounted for 41% of
TFC, electricity 15%, coal 21%, combustible renewables and wastes 9%, natural gas 12%, geothermal
1.2% and solar and wind 0.5% (see Figure 2). The
share of oil and the combustible renewables and
waste (largely non-commercial energies) has declined since 1990 whereas the use of gas, electricity
and to a smaller extent coal has increased [15].
The structure of industry in Turkey is energyintensive. The iron and steel sector is the biggest energy consumer among the industrial sectors (3.3
Mtoe in 2003), textile and leather industries (1.5
Mtoe) and chemicals and petrochemicals (2.2 Mtoe
excluding feedstock); the cement industry is also
among the largest industrial energy consumers. Industrial energy consumption (including non-energy
use) more than doubled between 1990 and 2003
reaching 29 Mtoe. Industrial production grew over
the same period by 49.5%. The government estimates that industrial energy consumption will increase by 53% from 2003 to 2010. The sector consumes large amounts of coal (39.5% of sectoral demand) and oil (29.6%) followed by electricity
(15.4%), gas (15.1%) and other fuels (0.4%) [15].
Energy consumption in the transport sector
grew by 29% between 1990 and 2003, reaching 12.4
Mtoe (see Figure 3). For the period from 2003 to
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2010, the government expects a 61% increase in enenergy consumed is used for heating. For the period
ergy use in this sector. There are about 67 cars per
from 2003 to 2010, the government expects 48%
1000 inhabitants in Turkey but regional variations
growth in energy demand by the "other" sectors [15].
are large; whereas, for example, in the Marmara ReThe TPES in Turkey grew by 3% per year begion the car density is 90 per 1000 people, in Eastern
tween 1990 and 2005, the fastest growth rate among
and South-Eastern Anatolia the density is only 20 per
OECD member countries [16,18]. Coal and lignite
1000 people. Road has been the dominant means of
are the dominant fuel, accounting for 27.1% of TPES
transport for decades; during 1996-2000 about 96%
in 2005. Oil (34.8%) and gas (27.2%) also contribof passenger transport occurred on roads. The share
uted significantly. Renewable energy, mostly bioof road in freight transport is about 90% and rail 5%.
mass, waste and hydropower, accounted for 10.9%.
Freight transport volumes have been increasing by
Hydropower represented 3.8% of TPES in 2005. Bialmost 8% per year [15].
omass, primarily fuel wood consumed by houseAlong with the economic growth and populaholds, represented almost 5.9% [20]. The economic
tion increase, significant increases were observed
downturn in Turkey in 2000-2005 caused TPES to
both in primary energy and electricity consumption
decline by 6%. But energy demand is expected to
during the 8th Plan period [4, 16]. Consumption of
more than double by 2010, according to Turkish
primary energy reached 94.3 Mtoe as of the end of
government sources [16, 17].
2005 with an annual average increase of 2.8% while
On the other hand, gas accounted for 43.8% of
electricity consumption reached 165.3 billion kWh
total electricity generation in 2005, coal 26.58% and
with an annual average increase of 4.6% during this
oil at about 5%. Hydropower is the main indigenous
period. These increases are more evident in the pesource for electricity production and represented 20riod following 2003, since the impact of the 2001
30% of total generation from 1970 to 2005. Hydroeconomic crisis was alleviated, and the economy stapower declined significantly relative to 2000 due to
bilized. During this term, primary energy and eleclower electricity demand and to take-or-pay contricity utilization grew at an annual average rate of
tracts in the natural gas market [15-17, 19, 20].
5.7% and 6.7%, respectively [4, 16, 17].
Between 1990 and 2003, energy consumption
in the other sectors (residential and commercial) in+(&"#"#(
creased by 31% reaching 22.6 Mtoe. There are sev$&,&$#&,#()& ,
eral reasons for the growth, including rising living
standards and the 5% annual growth rate in the buildThe role of energy utilities to deliver energy
ing stock. Households use various fuels for heating,
savings should not be underestimated in Turkeyincluding coal (both indigenous and imported), natplanned measures to allow energy efficiency
ural gas, oil and geothermal, but biomass is still the
measures to be bid into energy pools on an equal badominant fuel. The government is encouraging
sis to energy supply options should be implemented,
switching to natural gas where it is available. Solar
or other relevant policy measures should be considenergy is used increasingly for hot water supply in
ered.
households. As living standards rise, the use of elecAlthough Turkey has an adequate amount of
trical appliances is dimbing fast and driving electricwater in general, it is not always in the right place at
ity demand up rapidly Energy demand is increasing
the right time to meet present and anticipated needs.
particularly quickly in the Services sector. In the resAs regards hydrology, Turkey is divided into 26
idential and services sectors, more than 80% of the
drainage basins. The average annual precipitation,
3AD33< 
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evaporation and surface runoff geographically vary
to bring electricity to remote villages that are not
greatly [4, 6, 21-23]. Turkey has 665,000 ha of innear transmission lines [4, 6, 7, 25, 26].
land waters, excluding rivers and small streams.
In terms of hydropower potential, with 440
There are 200 natural lakes, with a total area of
TWh/year, Turkey is the second richest country after
500,000 ha, and 775 dam lakes and ponds with a total
Norway in Europe. This potential can be used techsurface area of 165,000 ha [4, 6].
nically 215 TWh/year and economical potential 128
With the projects developed primarily by DSI
TWh/year in accordance with the predictions of
and other institutions engaged in water resources deGeneral Directorate State Hydraulic Works (DSI). In
velopment, water consumption in Turkey reached
the next Table 3 shows the status of economically
39.3 billion m3 by 2000, corresponding to only 36%
feasible hydropower potential in Turkey [4, 6, 27].
of the economically exploitable water resources.
During water consumption estimates on a sectoral
basis, it is accepted that all of the economically irri%($&
gable land will be irrigated with irrigation schemes
$##&,"#"#(#()& ,
constructed by the year 2030 and water consumption
for irrigation will be 71.5 billion m3. Hence, while its
Water and hydropower potential in Turkey are
share in the total consumption was 75% in 1999, the
distributed into 26 basins and the total flow rate of
share of irrigation water in the total water consumpwater sources for energy production is 186
tion will be decreased to 65% by the year 2030,
km3/years. The biggest five basins of Turkey are Euthrough the utilization of modern irrigation techphrates, Tigris, Eastern Black Sea, Coruh and Seyniques [4, 6, 23, 24].
han as shown in the next Figure 4 [4, 25].
According to Chambers of Turkish Electrical
Euphrates represents over 38% of the national
Engineers, Turkey has 259 billion kWh energy pohydropower potential, Tigris represents over 16% of
tential, but only 35% of this potential can be used.
the national potential, Eastern Black Sea represents
Nowadays, Turkey’s electricity generation is ap11% of the national water supply, Coruh represents
proximately 176 billion kWh per year and will be
10.5% and Seyhan represents 7.3% of the national
400-500 billion kWh per year by year 2020. Turkey
water and hydropower potential [4,6,8,25-29]. In this
does not have enough primary energy sources, but
project, 1.7 million hectares of land will be irrigated
has a tremendous hydropower potential. Nowadays,
and the ratio of irrigated land to the total GAP area
hydropower is recognized as the most important kind
will increase from 2.9% to 22.8% while that for rainof renewable and sustainable energy sources. The
fed agriculture will decrease from 34.3% to 7% [4,
position of hydro power plants (HPP) becomes more
7, 13, 15, 30].
and more important in today’s global renewable
technologies. The small-scale renewable and distributed generation may be the most cost-effective way
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On the other hand, 27 billion kWh of electricity
will be generated annually over an established capacity of 7,460 MW. The area to be irrigated accounts for 19% of all the economically irrigable area
in Turkey (8.5 million hectares), and the annual electricity generated will account for 22% of the country’s economically viable hydroelectric power potential, 118 billion kW. By 2006, today the Ataturk
and Karakaya dams, the most important investments
of the GAP, had generated about 175 billion kWh
energy. In the next Table 4 shows the energy production in GAP [4, 13].
(!
<3?5E>?=2B1A7=<7<%#/;3=4/;
Karakaya Dam and HPP
Ataturk Dam and HPP
Kralkızı Dam and HPP
Karkamış Dam and HPP
Dicle dam and HPP
Birecik Dam and HPP
(=A/:

linked to both water management and renewable energy production and thus has an important role, in
cooperation with the international community, and
in striving for sustainable development in a world
where billions of people still lack access to safe
drinking water and adequate energy supplies. In the
next Table 5 shows the energy potential of the Southeastern Anatolia Project (GAP), in Turkey [4, 6, 8,
14].
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106.8 billion
74.5 billion
0.3 billion
0.6 billion
0.1 billion
1.6 billion
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Euphrates basin
Tigris basin
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Euphrates basin
Tigris basin
$A63?@
Euphrates basin
Tigris basin
(=A/:

4,214
4,214
0
632
230
402
2,664
874
1,170
7,490

16.296
16.296
0
1.703
7.76
9.27
9.385
3.068
6.317
27.384

/>/17AE
%?=831A
*/:B3
"7::7=<
4,779
4,779
0
1,412
798
614
4,459
1,656
2,803
10,650
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Turkey has made some progress in implementing energy efficiency policies since the 2009 Evaluation. In the industrial sector, for example, between
2009 and 2010, Turkey trained and certified 1525
energy managers. The total number of certified energy managers in Turkey reached more than 4200 in
mid2011. It also hosted the 9th international energy
manager course in June 2010. Measures and voluntary agreements, begun in 2009, to encourage energy
efficiency in industrial establishments were continuing in 2010 [4, 7, 31].
Turkey is attempting to improve methods to
ensure both voluntary and mandatory energy efficiency policies are adequately monitored, enforced
and evaluated. For example, a new Division of Monitoring and Evaluation was established in the General Directorate of Electrical Power Resources Survey Administration (EİE) at the end of 2010. A new
project is planned for 2011 to establish a comprehensive monitoring and evaluation system and infrastructure [4, 7 ,31].
On the other hand, the second prong of the criticisms launched by the Greens is that Turkey has
abundant potential for alternative energy sources.
Recently, a spate of studies by Turkish scientists has
demonstrated that significant unexplored renewable
energy potential exists in wind, biomass, geothermal, and solar [31-35]. These alternative energy
sources support the general tendency of the Greens
to favor small-scale and alternative technologies.
These studies make it clear that, especially when
combined with efficiency gains, renewable energy
sources stand to meet a significant proportion of the
future energy need of Turkey [1, 14, 36-40].
In Turkey, the hydropower industry is closely

At the beginning of 2000’s, the Turkish government began privatizing some of its electricity generating and distribution networks, and allowing for
more private construction and ownership in the sector. The annual average precipitation in Turkey is
nearly 643 mm, corresponding to a volume of 500
km3. The average runoff coefficient is 0.37, and the
annual runoff is 186 km3 (2400 m3/ha).
Subtracting from this figure the estimated water
rights of neighboring countries, minimum stream
flow requirements for pollution control, aquatic life
and navigation, and topographic and geologic constraints; bringing the total consumable potential to
107 km3 [41].
Taking into consideration the electric energy
demand predictions and the hydropower potential
according to the new criteria, it can be easily predicted that, Turkey’s hydropower potential can meet
nearly 33% to 46% of its electric energy demand in
2020, depending on the energy demand scenario.
Moreover, in these calculations, many of small
hydro power (SHP) plants are not taken into consideration. By evaluating these resources, of which potential may be in the order of some tens of tWh/year,
it is obvious that, Turkey will provide important part
of its electric energy demand from its own hydro
power resources. The findings of two case projects
strongly support this opinion. SHP is especially very
important in the Eastern Black Sea Region, which
has abundant SHP capacity due to its meteorological
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and topographic properties, and this potential can be
easily and economically developed. By doing this,
the economic status of the rural people, most of
whom are unemployed and poor, will be significantly improved.
According to findings of a study carried out
[45], in which a new criterion was developed related
to key concept of “the economic feasibility”, by taking into consideration some undervalued benefits of
hydro plants and some overvalued benefits of thermal power plants; economically feasible hydropower potential goes up 188 tWh/year, with an increase ratio of 47 % compared to DSI value.
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From the viewpoint of energy sources such as
petroleum and natural gas reserves, Turkey is not a
rich country, but has an abundant hydropower potential to be used for generation of electricity.
Turkey must base its energy strategy on developing the whole hydroelectric potential as soon as
possible. Turkey’s main indigenous energy resources are hydro and almost all oil natural gas and
high quality coal are imported. Therefore, in order to
avoid foreign dependency both in sources and funds,
Turkey must discover new and renewable energy resources.
Water and energy are the two important engines
of sustainable development. In the energy sector, the
basic policy of Turkey is the provision of cheap electrical energy on time and in sufficient quality and
quantity. Investments in hydropower deserve special
support as they are clean and have a long economic
life-span.
It is important to point out the restructuring policies that are directing the development of new and
renewable energy, and giving special emphasis to socio-economical bodies, laws and legal regulations. In
this respect, particular attention and priority should
be given to the development of the hydroelectric in
Turkey, since it is the most important natural renewable resource and only 35% of the technically and
economically utilizable hydro potential has been developed so far.
On the other hand, hydropower emits very few
greenhouse gases in comparison with other largescale energy options and thus helps slowing down
global warming. In addition, by storing water in
rainy seasons and releasing it in dry ones, dams and
reservoirs help control water during floods and
droughts. These essential functions, protecting human lives and other assets, will be increasingly important in the context of climate change is expected
to give rise to even greater variability in the frequency and intensity of rainfall.
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which is thermostable, resistant to photodegradation
and weatherability. It is used widely as an additive
flame retardant in polyolefin, polyurethane foam,
polystyrene, unsaturated polyester, synthetic rubber
and fiber. In 1983, the synthetic method of TBC was
successfully developed in China, then the production
and use of this compound was highly increased [10,
11]. Until 1996, the TBC production in China was
over 500 tonnes per year, although there was no statistical data in recent years [12]. With increasing production and usage of this new flame retardant, the
release and accumulation of TBC in environment
might be concerned. Ruan  determined the existence of TBC in river water, soil, sediment and fish
collected near a manufacturing plant in south China.
They found that TBC could strongly adsorb to organic material in sediment. Combining with calculated Kow, Koa, and Bio-accumulation factor (BAF)
of this BFR, it was suggested that TBC possessed
semi-volatile properties, bioaccumulation in certain
biological species and potential long-range transport
ability [13]. The toxicity on adult zebrafish for 28
day suggested that TBC exposure could cause a variety of potential reproductive and endocrine toxic
effects [14]. In Li’s study, defects in the inflation of
the gas bladder of zebrafish larvae were determined
by static exposure of TBC, leading to the impaired
motility and finally death of exposed larvae [15].
However, the TBC released into the environment
might adversely affect the ecosystem or human
health.
The concern for the toxic effects of BFRs has
inevitably risen. It was reported that the critical effects of PBDEs were those on neurobehavioral development and thyroid hormone levels in rats and
mice, such as a decrease of the learning and memory
ability, long-lasting changes in spontaneous locomotors behavior, a decrease of circulating total thyroxine and an increase of plasma cholesterol [16-19].
However, the environment behaviors and underlying
toxic effects of these new products are still unclear.
They might also have similar potential risk, such as
HBCD and TBBPA. HBCD was tested in a reproduction toxicity assay in Wistar rats. Decreased

A 4-week subacute oral toxicity study was performed in male Wistar rats with a novel heterocyclic
brominated flame retardant tris(2,3-dibromopropyl)
isocyanurate (TBC). There was no apparent effect on
activity, growth, body weight, or food consumption
during the exposure. It was observed that free T4
level was significantly decreased in the 2 mg/kg/daytreated group and estradiol level was markedly decreased in the 50 mg/kg/day-treated group. According to histopathological observation, obvious lesions
was observed in the lungs, mainly including diffuse
thickened epithelial walls, partial fibrosis, and vasodilatation. The marginal zone showed enlargement
in spleen, as well as slight congestion and inflammation in the kidney were found in the exposure groups.
These results provided a preliminary risk assessment
of this hexabrominated flame retardant in mammals.
It may further raise the awareness of the presence of
other heterocyclic brominated flame retardants
(BFRs) in the ambient environment.


,*#%&
Tris(2,3-dibromopropyl) isocyanurate, Brominated flame
retardant, Histopathology, Endocrine disruption effects
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Over the past decades, brominated flame retardants (BFRs) have been widely used in large volumes as additive in household and industrial products due to their excellent capability to reduce flammability, including thermoplastics, circuit boards for
electrical equipment, building materials, foams for
furniture and insulation materials, as well as textiles
and upholstery fabric [1-3]. Due to this fact, BFRs
distributed ubiquitously in various environment
samples [4, 5]. Several BFRs were found in relatively high level even in wildlife and humans [6-9].
Tris (2, 3-dibromopropyl) isocyanurate (TBC)
is a heterocyclic hexabrominated flame retardant,
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weight of the testis, enhanced fraction of neutrophilic granulocytes and decreased plasma alkaline
phosphatase were found in their studies [20]. Lilienthal et al. suggested that HBCD could influence dopamine-dependent behavior and indicate the predominant cochlear effects in exposed rats [21]. In
long-term exposure of European flounder to
TBBPA, levels of the thyroid hormone thyroxin (T4)
increased while the triiodothyronin (T3) levels were
not affected [22]. Decreased circulating T4 and increased T3 levels in males Wistar rats were observed
in subacute toxicity study of TBBPA [23].
In this work, we evaluated the subacute toxicity
of a novel heterocyclic brominated flame retardant
TBC to Wistar rat. A 4-week oral toxicity study was
performed in Wistar rats with two dose groups of
TBC. The clinical chemistry, hormone analysis, and
histopathological alterations were carefully investigated in the rats, which might offer a good understanding of the general toxicological effects induced
by TBC.


!'% &"!'#&

by cervical luxation after general anatomical observation. The tissue samples including the liver, lung,
thymus, spleen, kidney, testis, and brain were removed and weighted. Cubical samples of several organs, such as the liver, lung, thymus, spleen, kidney,
and testis were collected and immediately immersed
into a paraformaldehyde solution (4%, w/v) for histopathological observation.
96;60.9 052:6?@>E .;1 5<>:<;2 .;.9E?6?
After standing at 4 oC for 2 h, the blood samples were
centrifuged at 3000 r/min for 10 min. The supernatant was transferred to new tubes and centrifuged
again and then the serums were collected for assay.
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-gluqtamyl transferase
(GGT), blood urea nitrogen (BUN), creatinine
(CRE), cholesterol (CHOL), triglyceride (TG), highdensity lipoprotein cholesterol (HDL-Ch), and lowdensity lipoprotein cholesterol (LDL-Ch) were
measured routinely as single measurement on an
auto-analyzer. Standard radioimmunoassay methods
were used to measure serum levels of free triiodothyronine (Free T3), free thyroxine (Free T4), estradiol
and testosterone. All the experiments were performed in  hospital.

;6:.9? .;1 052:60.9 =>2=.>.@6<; Thirty
Wistar male rats, aged 4 weeks, weighing 200-250 g,
were purchased from Hubei Research Center of Laboratory Animal and housed individually in 30 cages
to record the feed consumption individually. The rats
were raised in an SPF grade room, with a temperature of 22-24 oC and a relative humidity of 40-60%
and 12-h light/dark cycle. Prior to exposure, all rats
were acclimatized in the experimental environment
for one week. Technical grade TBC (97%) was purchased from Sigma-Aldrich (St. Louts, MO). The
oral administration solutions of TBC were prepared
by diluting the chemicals in corn soil. There were
two concentrations of TBC (0.2 and 5 mg/mL) and
one control of corn oil. All solutions described were
stored at 4 oC in dark and adjusted to room temperature before use.

D=<?A>2 2D=2>6:2;@ The acclimatized rats
were randomized into 3 groups (10 per group), including the control of corn oil, 2 mg/kg/day and 50
mg/kg/day of TBC, respectively. The gavage was
preformed every morning for 4 weeks, at a standard
volume of 10 mL/kg of body weight individually obtained prior to administration. During exposure, activities of the rats were carefully observed every day,
body weight and food consumptions of the rats were
recorded every three days, and the gavage dose was
adjusted to the changing body weight per week. At
the end of the exposure, approximately 4 mL blood
were obtained from eye socket and collected in sterile polystyrene tubes. Then the rats were sacrificed

6?@<=.@5<9<460.9 .;.9E?6? The fixed tissue
samples were dehydrated with an gradient solutions
of ethanol (75%, 85%, 95%, 100%, and 100%), following substituted by dimethylbenzene. After being
embedded into paraffin at 58-60 oC using standard
techniques, the tissue specimens were sliced up by
an automatic microtome and then dyed by hematoxylin and eosin (H&E) staining.

2;2 2D=>2??6<; Total RNA was isolated
from the liver with Trizol reagent (Invitrogen, Carlsbad, CA) following the manufacturer’s instructions.
Each total RNA (2 µg) was reversely transcribed to
single strand cDNA using the M-MLV Reverse
Transcriptase (Promega, Madison, WI, USA). To detect the transcription level of CYP19A1, ER1 and
PPARα, we used specific primers designed by Primer Premier 5.0 (Premier, Palo Alto, USA) according to the sequences from Gene bank. β-actin was
used as an internal standard. Real-time quantitative
PCR was performed on a PTC3000 using the SYBR
Green Master Mix (Bio-Rad). Each PCR reaction
mixture in a total volume of 20 µL contained 1 µL
cDNA template, 1 µL forward primer (2 µM), 1 µL
reverse primer (2 µM), 7 µL Milli-Q water and 10
µL 2×SYBR Green Master Mix. The thermal cycle
was as follows: a denaturing step (95 oC for 5 min),
followed by 40 cycles of denaturation (95 oC for 20
s), annealing (55 oC for 20 s) and extension (72 oC
for 40 s).
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Dose group
(mg/kg/day)



Day 1

Day 4

Day 7

Day 10

Day 13

Day 16

Day 19

Day 22

Day 25

Body
weights(g)
0
2

262.7±9.64
254.5±8.29

228.7±8.77
220.4±6.57

231.9±10.36
221.9±9.39

234.9±10.09
229.3±9.25

246.7±9.67
240.0±8.95

252.3±10.37
246.7±11.52

263.8±10.71
257.5±12.43

271.0±11.40
261.0±13.45

279.3±10.76
271.1±14.40

50

256.0±9.29

233.0±8.18

235.8±8.38

239.2±10.01

252.1±9.21

258.8±10.56

267.5±9.88

278.0±10.41

286.2±10.23

Food consumptions(g)
0

10.06±1.24

10.24±1.04

12.72±1.40

12.13±1.21

12.06±1.11

15.13±1.02

14.01±0.62

16.10±1.62

14.97±1.03

2

11.05±1.02

11.76±1.62

12.11±1.97

16.14±1.43

14.65±1.55

17.28±1.49

16.64±1.40

18.10±2.14

18.51±1.56

50

12.06±1.60

9.31±1.25

13.74±1.19

13.48±1.30

13.70±0.95

14.07±1.20

13.66±1.11

18.48±1.55

19.69±1.20

*<0.05, **<0.01, as compared with control group, one-way ANOVA.
a
All values are means±SE (standard error) for six animals in each group

'  
3320@?<3'<;%29.@6B2B6?02>.9C2645@?6;>.@?.3@2>C228?2D=<?A>2.

Dose group(mg/kg/day)
Relative liver weight(%)b
Relative testicle weight(%)
Relative brain weight(%)
Relative kidney weight(%)
Relative thymus weight(%)
Relative spleen weight(%)
Relative lung weight(%)

0
3.06±0.12
1.39±0.07
0.53±0.02
0.68±0.02
0.15±0.01
0.22±0.01
0.46±0.04

2
2.95±0.12
1.40±0.06
0.71±0.06**
0.68±0.04
0.16±0.01
0.24±0.03
0.75±0.25

50
3.41±0.09
1.39±0.05
0.67±0.03*
0.68±0.03
0.15±0.01
0.24±0.01
0.51±0.02

*<0.05, **<0.01, as compared with control group, one-way ANOVA, n=6
All values are means±SE (standard error) for ten animals in each group.
b
% of body weight.


;@6<D61.;@2;FE:2?The frozen livers were
%&( '&
homogenized in cold PBS (137 mM NaCl, 2.7 mM
KCl, 4.3 mM Na2HPO4, 1.4 mM KH2PO4). The ho;9632@<D60<9<4E.;1B6?02>.96;12DDuring
mogenate was centrifuged at 12000 rpm·min-1 for 15
the entire exposure period, all rats in both control and
min at 4 oC to precipitate insoluble ingredient. The
exposure groups showed normal activities and good
supernatant was collected for analysis SOD activities
growth. There was no apparent effect on organs after
and MDA contents were examined using the correthe anatomical observation. Body weight and food
sponding reagent kits (Nanjing Jiancheng Bioengiconsumptions of the rats were monitored every three
neering Institute, Nanjing, China). According to the
days (Table 1). In first three days, the body weight in
instructions, SOD activities and MDA contents were
all groups was slightly reduced, while slowly indefined as 1 U·mg-1 and 1 nmol·mg-1 respectively.
creased in the next period, indicating that TBC has
The total protein concentration of liver was deterno apparent influence on the body weight. There was
mined according to the Bradford method [24].
also no significant difference of food consumption
compared to the control group. The relative visceral
&@.@6?@60?.;.9E?6?All statistical analyses were
index, including the liver, testicle, kidney, thymus,
performed by using the SPSS statistical software
spleen and lung were calculated as following: rela(Version 16.0). The data were presented as mean ±
tive organ weight = (organ weight)/(body
standard Error (SE). One-way analysis of variance
weight)×100%. As shown in Table 2, there was no
(ANOVA) was used to pair wise compare differsignificant influence on the relative weights of testiences between the treated and control groups. <0.05
cle, kidney, thymus and spleen in both exposed
was regarded as a statistically significant difference.
groups. However, the relative liver weight were
slightly increased in the high dose group, as well as
the relative lung weight in both doses of TBC, no
significant difference was observed.
a
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For further understanding the toxicity of TBC in rats
upon 4 weeks exposure, we assessed the serum biochemistry parameters and hormone levels (Table 3).
According to the results, the activity of ALT and
AST were decreased in any TBC exposure groups
but GST activity was increased. In 50 mg/kg/day exposure group, TBC induced a significant reduction
in the activity of ALT and AST. However, the
ALT/AST ratio was 0.26, 0.26, and 0.29 for control
group, 2 and 50 mg/kg/day of TBC without marked
difference. It indicated that TBC did not affect the
liver function apparently. The BUN/CRE ratio was

not significantly altered, with ratio of 0.21, 0.23, and
0.22 respectively, since the concentration of BUN
and CRE was slightly decreased in the exposure
groups. It was also observed that there was no effect
on the serum concentration of CHOL, TG, HDL-Ch,
and LDL-Ch in rats exposed to 2 and 50 mg/kg/day
of TBC. However, the serum hormone level were
somewhat reduced, including thyroid hormones and
sex hormones, as Free T4 level was significantly decreased in the 2 mg/kg/day of TBC and estradiol
level was markedly decreased in the 50 mg/kg/day
of TBC.



'  
3320@?<3'<;<>:<;2.;16<052:6?@>E6;12D6;>.@?.3@2>C228?2D=<?A>2.

Dose group(mg/kg/day)
Free T3 (pg/mL)
Free T4 (ng/dL)
Estradiol (pg/mL)
Testosterone (ng/mL)
ALT (U/L)
AST (U/L)
GGT (U/L)
BUN (mmol/L)
CRE (umol/L)
CHOL (mmol/L)
TG (mmol/L)
HDL-Ch (mmol/L)
LDL-Ch (mmol/L)

0
3.22±0.31
1.32±0.11
12.83±1.85
1.13±0.32
54.67±5.04
220±26
2.17±0.48
6.62±0.73
34.17±4.78
1.61±0.10
0.11±0.01
0.77±0.04
0.25±0.02

2
2.58±0.18
1.03±0.10*
9.17±1.35
0.70±0.22
43.33±6.83
173±33
3.00±0.86
7.62±1.52
33.33±3.37
1.60±0.17
0.14±0.03
0.78±0.07
0.23±0.02

50
2.82±0.26
1.13±0.08
7.83±0.75*
0.82±0.30
36.50±2.63*
128±9*
2.33±0.33
5.55±0.38
26.00±0.93
1.53±0.05
0.14±0.02
0.75±0.02
0.20±0.03

*<0.05, **<0.01, as compared with control group(0), one-way ANOVA, n=6
a
All values are means±SE (standard error) for six animals in each group.
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6?@<=.@5<9<460.9</?2>B.@6<;?In necropsy,
the white pulp was reduced and the ratio of red pulp
all the tissues from the control and exposure rats
compared to white pulp was decreased (Fig. 2). In
showed normal color and texture, so we investigated
addition, slight congestion accompanying inflammathe histopathological alterations for further undertion in the kidney was found in 50 mg/kg/day group
standing the toxicity of TBC. No obvious lesions apof TBC as shown in Fig. 3.
peared in the liver, thymus and testis through histopathological observations (date not shown). In con2;2 2D=>2??6<; .;1 ;@6<D61.;@ 2;FE:2?
trast to the structure of pulmonary alveolus and arteFor further exploration of the toxicity of TBC in rats,
riole in control, diffuse thickened epithelial walls
expression of typical genes in livers were determined,
was observed in the lungs in the TBC exposure
including CYP19A1, ER1 and PPARα. As shown in
groups, whereas these pathological changes became
Fig. 4, expression of ER1 was significantly demore obvious, as well as partial fibrosis and vasodicreased in both dose. While there was no statistical
latation were observed in 50 mg/kg/day TBC group
difference in CYP191A and PPARα compared to
(Fig. 1). In spleen, the marginal zone showed encontrol, despite of a slight up-regulation. In addition,
largement, as well as the red pulp was reduced and
SOD activities and MDA contents in livers of rats
the ratio of red pulp compared to white pulp was enexposed to 2 and 50 mg/kg/day TBC had no signifihanced in 2 mg/kg/day of TBC. On the contrary, in
cant changes (date not shown).
50 mg/kg/day exposure group it was observed that
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to rats, histopathological alterations were carefully
investigated. Obvious lesions appeared in the lungs,
such as diffuse thickened epithelial walls, parts fibrosis, and vasodilatation. Although there was no apparent dysfunction of respiratory observed in any of
the exposure group, the histopathological changes in
lungs indicated that respiratory organs were impaired after 4 weeks exposure of TBC. It was hypothesized that insufficient production of pulmonary
surfactant accounted for respiratory distress syndrome. Also, it was possible that the surfactant biosynthetic pathway had been activated or inhibited in
which exposure to TBC influence some essential enzyme during the course of phospholipids synthesis
[26]. As shown in our previous studies, exposure to
TBC could cause defects in the inflation of the gas
bladder of zebrafish larvae and damage to the fill primary lamella of adult zebrafish [14, 15]. These results suggested that exposure to TBC causes respiratory system dysfunction in zebrafish and rats. In our
previous studies, we found that TBC could cause
proliferation and edema of epithelial cells in the gills
of zebrafish. Oxidative stress induced by TBC might
acount for the gill damage [14]. In addition, TBC exposure could lead to abnormal development and defects in the inflation of the gas bladder of zebrafish
larvae, and uninflated bladder was most sensitive to
TBC exposure. The damage of mitochondria by TBC,
thus affected the secretion of mucus-like material
could attribute to the defects in gas bladder development [15]. Most recent studies revealed that TBC
elicited severe lung toxicity in BALB/c mice. Histopathological and ultra-structural observation indicated obvious hyperplasia of pulmonary alveolar epithelium, bronchial congestion, infiltration of inflammatory cells and mitochondrial swelling upon
TBC exposure in mice lung [26]. These results coincided with the toxicity effects in rats. In addition,
TBC affected the steroidgenesis in H295R cells [27].
Gill and bladder play key role in the gas exchange
and buoyancy of teleost. In the meanwhile, TBC
could cause adverse impact on mammals respiratory
system mainly the lung tissue. These studies reminded that TBC could induce toxicity on respiratory system. A one-generation toxicity study of
HBCD in Wistar rats showed that the immune system appeared to be affected, such as the decrease of
the lymphocyte fraction and thymus weight, increase
of the polymorph neutrophil population, and enlargement of the marginal zone in the spleen [20, 21].
In this study, the similar results was observed in
spleen: the marginal zone showed enlargement, as
well as the ratio of red pulp to white pulp was altered
in the exposure groups. It might suppose that TBC
exhibit immunotoxicity in rodent. TBC is a heterocyclic flame retardant with a triazine ring, which is
different from those alicyclic or aromatic HFRs.
Some triazine structure compounds have been
proved to be toxic, such as melamine and cyanuric
acid. Dobson  found a number of simple triazine

In this study, we assessed the toxicity effects of
a novel heterocyclic brominated flame retardant
TBC on Wistar rats. Due to the strict supervision on
flame retardants, the increasing amounts of these
compounds were phased out and banned, and more
substitute products entered the market. However,
following increasing production and usage, more attention was attracted to the safety of these new flame
retardant. TBC as a novel BFR was widely used all
over the world, with over 20 years of production and
usage history in China [10-12, 25]. Although there
are few report about the emission in the other country and the potential toxicity, it is necessary to evaluate the environmental risk of this heterocyclic
BFRs. According to the general life toxicity, administration of the compound was well tolerated. There
was no apparent effect on activity, growth, body
weight, or food consumption during the exposure.
The relative organ weight were also no marked difference between the control and the exposure groups
except the relative brain weight.
It was proved that some kinds of BFRs could
affect the serum metabolic enzymes and hormones
in mammals cells and fish. As shown in our results,
no significant changes in the liver and renal function
were found, although 50 mg/kg/day of TBC induced
a significant reduction in the activity of ALT and
AST, which alteration might relate with the metabolism of TBC in liver of exposure rats. The hormones
level were dramatically changed in exposure groups.
Free T4 level was significantly decreased in the 2
mg/kg/day of TBC and estradiol level was markedly
decreased in the 50 mg/kg/day of TBC. In recent
years, animal studies revealed that BFRs exposure
reduced T4 and free T4 levels and thus affected the
thyroid function. Other studies were also determined
that these chemicals might significantly reduce T4
levels, while T3 concentrations were not decreased,
which was consistent with our results [20-23]. This
finding provided a hypothesis that the novel brominated flame retardant could also affect the thyroid
function as the other BFRs. Thyroid hormones are
crucial for the normal growth and development of
animals and play an important role in the development of the brain. In our study we found the possible
adverse effect of TBC on thyroid in rats, but it might
need more further studies on the toxicity mechanism.
In addition, the reduction of Free T4 level may be
related to metabolism of TBC  , or due to the
chemically induced thyroid-pituitary disruption. The
lower estradiol values found in the 50 mg/kg/day
dose group were not well understood. Since testosterone was not altered, it was possible that the lower
estradiol level was a result of a feed-back mechanism
aimed at preserving testosterone. Furthermore, the
alteration of estradiol level may be associated with
the anti-estrogenic effects of TBC [14].
For further study on the effects of TBC exposed
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compounds in pet food and gluten, mainly are melamine and cyanuric acid [28]. They determined that
the mixtures of melamine and cyanuric acid produced significant renal damage, crystals in nephrons
and caused acute renal failure, which was the primary cause of pets death. As showed in our results,
slight congestion accompanying with inflammation
was found in the kidney upon TBC exposure. However, we could not explain how TBC influences the
kidney, or the dysfunction of urine excretion and low
biocompatibility of TBC might account for it.

[2] Alaee, M., Arias, P., Sjodin, A., Bergman, A.
(2003). An overview of commercially used brominated flame retardants, their applications,
their use patterns in different countries/regions
and possible modes of release. Environ Int.
29(6), 683-689.
[3] Alaee, M., Wenning, R.J. (2002) The significance of brominated flame retardants in the environment: current understanding, issues and
challenges. Chemosphere. 46(5), 579-582.
[4] Birnbaum, L.S., Staskal, D.F. (2004) Brominated flame retardants: cause for concern? Environ health perspect. 112(1), 9-17.
[5] Li, Y., Jiang, G., Wang, Y., Wang, P., Zhang, Q.
(2008) Concentrations, profiles and gas-particle
partitioning of PCDD/Fs, PCBs and PBDEs in
the ambient air of an E-waste dismantling area,
southeast China. Chinese Sci Bull. 53(4), 521528.
[6] De wit, C.A. (2002) An overview of brominated
flame retardants in the environment. Chemosphere. 46(5), 583-624.
[7] Feng, J., Wang, Y., Ruan, T., Qu, G., Jiang, G.
(2010) Simultaneous determination of hexabromocyclododecanes and tris (2,3-dibromopropyl)
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82(5), 1929-1934.
[8] Wang, Y., Jiang, G. (2008) The research of human exposure to polybrominated diphenyl
ethers and perfluoroocatane sulfonate. Chinese
Sci Bull. 53(4), 481-492.
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38(4), 945-956.
[10]Wang, L., Zhang, M., Lou, Y., Ke, R., Zheng,
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#" (&#"&
In conclusion, we assessed the toxicity effects
of a novel heterocyclic brominated flame retardant
TBC on rat. This study revealed that a 4-week oral
exposure to TBC is able to reduce serum Free T4 and
estradiol, as well as cause lesions in the lung, spleen
and kidney. This study provide a preliminary evaluation of risk of this novel heterocyclic hexabrominated flame retardant. It might be helpful in the assessment of potential risk of TBC to human health
and environment. It may further raise the awareness
of the presence of other heterocyclic BFRs in the ambient environment.
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ABSTRACT

INTRODUCTION

Rivers has long been regarded as one of the
most basic human water supplies has been so great
human civilizations for utilizes the blessings of water in the rivers were formed and thus have played a
critical role in human life. If the topography and
morphology and water requirements conditions and
etc. allow water to be transferred to gravity. River
water and the amount of sediment to carry that the
resulting erosion of the riverbed and erosion caused
by rainfall or flowing of surface runoff occurs on the
Intake. If take action dewatering of the river, entry
sediments to Intake, the deposition will have problems. Use the dike can have a significant impact on
flow rate and sediment input to Intake played. Dike
design needs to consider several parameters such as
position, length, type and etc. Using a good design
can increase input flow rate and reduce sediment entering it. In this study, to evaluate dike the impact on
flow hydraulic conditions in the Intake with different
situations 30, 45, 60 and 90 degree with two simple
the dike and L-shaped in upstream and downstream
Intake for five inlet flow (0.7, 1.12, 2.84, 5.04 and
6.23 Lit/s) in the laboratory flume made by the author as a physical model to simulate the flow of the
basin then the dike different impact on the hydraulic
flow was studied. The results of the tests show that
the L-shaped dike in upstream and downstream Intake in the internal arc flume, increase inflow flow
rate into the Intake. And the best angle of deviation
for maximum flow enters the Intake angle of 60 degrees.

One of the oldest and cheapest methods of using river water for various uses is making the gravity
Intake. Dewatering of the river using gravity to form
gap Creek has been in the past, has now evolved into
a hydraulic structures design criteria has become. An
intake, including structures that are designed and to
collect water from rivers, thus having full knowledge
of the issues and design after the performance problems that occur in these structures, can be effective
and will greatly assist in the picked up water from
rivers is optimized. Including tips that should be
mentioned in the Intakes general design, such as
providing water to the desired level at any time, to
meet their needs, regardless of flow rate, provided
they do not exceed the needs of the river. Dewatering
of surface water (rivers) is often to be done in two
ways: by pumping and gravity that due to continuous
flow and the lack of energy by pumping prefer to be
given. Water picked up in gravity method can be of
three types: lateral intakes, Bottom intakes and
Frontal intakes. Each of these Intakes is designed for
specific flow conditions. For example, Bottom Intakes in mountainous areas and often to rivers that
carry materials coarse sediment is recommended and
the Frontal intakes than of the lateral intakes with
same rate sediments receive less. Selection suitable
location dewatering is essential for the success of the
project. A suitable place to be impaired due to the
entry of sediment into the water supply, which
comes to at least reduce the intake. It should be noted
that after the project implementation problems
caused by the inappropriate choice of location is difficult. In this study, L-shaped dike is simple that Lshaped dike for having a shield in the parallel flow,
causing water diversion, in the favourable conditions
for the reduction of scour depth and volume, to the
intake. In a review of previous studies suggests that
such structures are relatively economic dike is good
that river improvement has long been used for various purposes. The extensive use of the dike, which
sometimes deteriorated due to lack of sufficient

KEYWORDS:
Intake, dike, physical model, angle of deviation, flow hydraulic, simulation
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high speed range at the beginning bent to an angle of
50 ° arc in the inner wall of the flume and then 50
degrees after to the middle and at the end of the
flume is deflected toward the outer wall.
Azarang ,F.[3], in their study simulate the hydraulic and sedimentary Karun River in Ahvaz range
Farsiat to help one dimensional CCHE2D software
is studied. The results of the model CCHE2D, the
sedimentation in the range of Ahvaz - Farsiat was
estimated at about two and a half million tons per
year.
Roughanian , S. [29], Karun river flow hydraulic properties may be evaluated using the model
CCHE2D and found that in the lateral arch velocity
and shear stress than other parts (inner) more.
Kamanbedast and Beheshti [17], using software simulation CCHE2D study the hydraulic characteristics of Karun river flow in the range of Mollasani - Ahvaz. In this study, flow rate -Eshel curve
hydrometric stations in Ahvaz, as downstream
boundary condition and flow hydrograph Mollasani
station with return periods of 2, 10, 25, 50, 100, 200year as upstream design boundary condition and implementation of the unsteady model for maximum
water level was achieved. For example, amounts of
water surface elevation, velocity, rate per unit width,
the resultant shear stress and the Froude number for
the 25 years is 16.12 meters, 1.374 meters per second, 7.81 square meters per second, 21.58 Nm per
second squared and 0.201 have been met.
Marlyvs and Sinha in 1998[19], showed that at
an angle of 40 degrees for a single page, although the
amount of scour around page will increase, but most
rotational flow is generated.
Kamanbedast,A.[7,15,16] investigated the
flow and Scour Around Bridge Pile in Flood with
Hec-Ras Software.
Rostami, H. et al, Gharibvand, R. et al and
Rouzegar,J. et al, investigated length of morning
glory spillway and labyrinth spillways with physical
modeling. [11,28,30]. Abbasi S., and kamanbedast,
A.A. [1], investigated the effect of changes in dimension and the hydraulics of stepped spillways for maximization of energy dissipation. They were among
the first researchers to use flow3D to obtain a solution based on the method for the flow analysis of
stepped spillways.
Saki et al [31], investigated a newly designed
rectangular weir for flow regulation at river branch
by physical and numerical modelling.
Barakdel and et al. [4] . Examined ways of increasing the efficiency of submerged vanes. Tests
conducted by he showed that the intensity of input
seabed sediments into the basin after installing of
submerged vanes, when is low which flow rate ratio
in the width units basin to flow rate the main channel
width, is less than about 0.2.

awareness of the design problems, caused many researchers to draw them the science of hydraulics. In
this section we have tried valid set of tasks in the
field Hydraulic flow around the abutment and also
studies the arc and software CCHE2D be presented
in both numerical and experimental studies. One of
the most important protective structures deviations,
in the river is dike. dike informed that in different
VRXUFHV FDOOHG ³Jetteis, Spur, Spur-Dike, Dike,
*UR\QH *URLQ (SL´ &RQVLVWV RI D VWRQH VWUXFWXUH
concrete, sand, rock, soil or metal with angular
cross-section of the river and that water flow is directed to the middle of the river, is constructed. Dike
structure, shape and influence the flow of the river
has are several types. Dike recently widely in order
to organize rivers in the country are designed and implemented. This method, as one of the most effective
ways of fixing the Riverine and directs the flow of a
river and they are expanding day by day. Dike implemented in Aras River, Atrak, Ghezel Ozoan,
Sefid Roud and etc. All of which are impermeable or
closed type dike, often have played its role successfully. The above-mentioned cases of bunds protected, or Gabion and gabion structures are rock fill.

FIGURE 1
Types of the dike on the basis of their shape in
plan
Mohammad Ismail Nejad of the year [6]. , by
creating a micro model hydraulic inlet flow to the
basin diversion dam Hamidieh studied. His sedimentation in the basin Chamran and Azadegan to fix the
problem, change the position Chamran the intake, reducing the width and increasing the intake of Azadegan on both floor level, has introduced the most suitable option.
Hadi Ali Naqi Zadeh Behbahani in the Year
[2], using physical models to study the hydraulic
conditions in the intakes of the angle 90 and 75 degrees. The results show that the size of the deflection
angle of deviation flow rate will have a great impact
on the so that the angle of inclination of 90 ° to 75 °
in the same condition, is further deviation than rate.
The location intake (in terms of angle deviation), a
great impact on sediment deviation ratio so that Angle of 75 ° to 90 ° in the same hydraulic condition,
the ratio of deposits constituted less deviation.
Taebi et al [33] the numerical simulation of
flow in a 90 degree arc analyzed using the model
CCHE2D respectively. The results showed that the
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FIGURE 2
The project site Zydoon intake on the river Kheiraba
TABLE 1
Specifications flume
Flow rates
Used(Lit/Sec)
0.7,1.12,2.82,5.04,6.23

Arc angle
(Degree)
90

Channel
height (m)
0.6

Channel
width (m)
0.5

The radius of
curvature (m)
2

Output channel
length (m)
2.5

Input channel
length (m)
4.5

picture the following in Ahvaz Azad University by
the author, was in the building which input and output channels flume built, open-walled rectangular
3OH[LJODV¶VVKHHWDVWKHGLUHFWLQSXWFKDQQHOVDWWKH
beginning and output channel of the end of the
flume, respectively, 4.5 and 2.5 meters, width and
height respectively flume 0.5 and 0.6 meters and
height of 0.7 meters above the earth's surface in the
flume body. Direct input path (to create a uniform
and developed flow), bottom made of metal sheets
with a thickness of 3 mm and a wall thickness of 10
mm of Plexiglas to length of 4.5 meters that the effect of roughness reduce and hydraulic phenomena
are visible in the chamber. Direct output path, bottom made of metal sheets with a thickness of 3 mm
and a wall of Plexiglas with a thickness of 10 mm
with a length of 2.5 meters, after the initial length
flow must enter the arc with of 90 degrees which its
outer radius is intended to 2 meters. It is made of
sheet of Plexiglas 10 mm score to easily be placed in
the arc. And for sealing the flume used of aquarium
Glues and adhesives and fixed floor and without
slope with Executive precision (slope of zero) horizontally built.
Considering that for this study the need for a
physical model for the hydraulic flow pattern intake
on a gentle bend of 90 degrees and Simple and L
shape dike connected to the beach of internal arc,
with a protective layer of concrete blocks (armor)
and are permeable be executed, In the beginning,
making the flume, with the requirements of the study
was on the agenda, That according to diverse studies
and laboratory conditions and how to build it, build
databases and high profile have been carried out in

MATERIALS
AND METHODS THE STUDY AREA
The study area, part of the river is Kheirabad,
which in the region Zydoon plain irrigation and
drainage network, in 25 kilometers southwest of the
Behbahan city in Khuzestan province between Longitude 53 and 49 to 8 and 50 and Latitude 19 and 30
to 32 and 30 are located. The area from north to
Zohreh River and on the south by road Omidiyeh Deilam is limited. Access to the area by road
Omidiyeh - Deilam and Behbahan - Deilam possible.
Project of Water Supply and Drainage and Irrigation Network ZYDOON plain in an area of approximately 10,000 hectares of land area. In order to
use all the potential water and soil as well as the
elimination of limiting factors as well as the rehabilitation and expansion of agricultural activities.
Zohreh River is the water source of the scheme and
the amount of water required for the project land ZYDOON and Milad is 11.29 cubic meters per second.
The only source of surface water that can be irrigated
land next to the Zohreh River. The river length of
510 km is made up of two main branches called
Fahlyan and Kheirabad to the Bottom Intake been
chosen as an option.
In this study, the effect of simple and L-shaped
dike in upstream and downstream intake, in the
amount of flow rate is made using a laboratory flume
for different flow rate (0.7,1.12,2.82,5.04 and 6.23
liters per second) in front of the intake deviation angle (30, 45, 60 and 90 degrees), a total of 140 in testing is discussed. For laboratory studies the research,
flume according to the database, specifications and

265

© by PSP

Volume 27 ± No. 1/2018 pages 263-276

Fresenius Environmental Bulletin

accordance with the flume. And according to the following images from the beginning to set up and operation of the flume, operations such as welding,
painting, concrete work, framing, channel digging,

cutting, piping, leveling (Laser Alignment), installation of accessories, install sheets of Plexiglas, glued,
testing and starting, and operation of sealing was
performed by the authors.

FIGURE 3
Flumes and intake-made data base by author

FIGURE 4
Laboratory flume made to research conducted by author

FIGURE 5
Construction works flume study images
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FIGURE 6
Pictures equipment flume built

to measure the flow rate formula for spillway triangle, and vertex 90 were compared, that all results
with flow rate - Eshel are consistent and with full
confidence of the diagram drawn were used in the
tests. And we know that triangular spillway due to
the relatively small cross-sectional area at low flow
rates are more sensitive to changes in elevation: So
in measuring low flow rates, the greater the accuracy.

On the other hand, according to the study in order to simulate the physical model, based on laboratory flume, identifying the essential laboratory
equipment used. With this general attitude, to test the
impact angle of the intake on flow rate diversion of
lateral intake in the bend of the river As well as install the dike of various upstream and downstream of
the intake need a series of tools and equipment is essential, Depending on conditions and work requirements, can be manufactured components previously
used or act better and more principled spend just a
group attempted to build facilities needed to be.
Made in the laboratory flume with a 90 degree bend,
appliances or equipment, such as: Calming tank
(tank input), sliding valves to regulate water levels,
spillway triangular input and output (for measuring
flow rate), output flume tank, Channel intake with
valves, pumps water into the flume, water storage
tank ground, beaker Laboratory, concrete armor and
metal ruler was used for testing and installation. The
following images are presented. In this study for installation of dike, concrete blocks small as shown in
(6) was constructed by putting together them simple
mode and L shape, of a dike in the experiments was
used. In this part of the multidisciplinary wire is used
for tightening and arming them. And the length,
width and height of the above components, respectively, in sizes 4, 2 and 2 cm in three straight, Lshaped and rib built.

EXTRACTION OF
DIMENSIONLESS NUMBERS
In the study of phenomena in the laboratory, the
relationship between factors affecting the phenomenon will be examined. Here important role of dimensionless numbers in the interpretation and provide laboratory results and relationships between factors involved in understanding the phenomenon under
study, it becomes clear. The flow modelling on the
side of an intake, the main objective of determining
the amount diverted flow rate in various flow conditions in the main channel. Considering the constant
flow and constant fluid properties, the following relationship between the parameters affecting the Deviated relative flow rate is in a state of equilibrium:

RESEARCH METHOD
CALIBRATE THE MODEL

In equation (1) p fluid specific density, μ fluid
viscosity, g gravity, y flow depth in the main channel, V flow rate, B main channel width, R arc radius
of the main channel, b diversion channel width, Ԅ
angle of dewatering (Angle of deviation șGHZDWHU
ing site in arc, L dike lengthĮangle of dike, n dike
porosity is defined. Using the theory of Buckingham
equation (1) is dimensionless as follows:

To calibrate the physical model of this study,
graphs flow rate - Eshel spillways triangles with vertices 90 degrees, the initial and final flume was developed, which can be measured by the depth of water over spillways, by metal ruler installed the side of
them, input or the output flow rate of the flume obtained, for this, by turning water pump and water entering flume, at different heights on spillway, measurement volume of water passing in different times
by the labs beaker and graphs flow rate - Eshel two
spillways there were drawn. And the results of tests
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Given that in this study the parameters of /ș
Į5%EQ constant are thus dimensionless paramHWHUV 5%E%/% DQGșĮQ is neglected. Also,
because the flow in model was completely disorganized of Re is also neglected. In this case, the
equation (2) as follows for Deviated relative flow
rate is simple:

5.04, 6.23 litres per second) in front of an intake deviation angle (30, 45, 60 and 90), a total of 140 tests
were investigated with recording data and drawing
the diagrams, in part results has just been detailed. In
this test the procedure is thus: after installation simple and L-shaped dike in the inner wall of the flume
90 degrees vertically upstream and downstream intake, five different flow rates obtained in the flume.
And a different angle of the lateral arc intake, (4 angles), intake flow rate is measured. And to thus develop testing and the importance given to them
which one installed just upstream dike and experimental and once just downstream dike (dike L and a
simple) the installation and testing was performed
and once both the upstream and downstream dike
and continue working together was installed. The
following table has been classified in accordance
with the experimental data.

MAIN TESTS MODEL
In this research, the effect of simple and Lshaped dike in upstream and downstream intake, in
the amount of intake flow rate is made using a laboratory flume for different flow rates (0.7, 1.12, 2.82,

FIGURE 7
Flow rate ± Eshel spillway diagram beginning of flume

FIGURE 8
Diagram flow rate- Eshel spillway end of the flume
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TABLE 2
How to test the flow rate and different angle
Flow rate
flume(L/S)
Q
Q1
Q2
Q3
Q4
Q5

Angle
intake
Į
Į1
Į2
Į3
Į4

Vertical dike
upstream
L dike
Simple dike
9
9
9
9
9
9
9
9
9
9

Vertical dike
downstream
L dike
Simple dike
9
9
9
9
9
9
9
9
9
9

Flow rate
intake(L/S)
Qd

FIGURE 9
Images deviation angle of 90 ° lateral intake flume on arc
TABLE 3
Hydraulic calculation model tests
Table flume testing
Deep
Water
Intake
water
depth
flow
before
after
rate
of
of
intake
intake

Angle

Type
dike

Location
dike

Input
flow
rate

Output
flow
rate

Degree

Shape

Location

(L/S)

(L/S)

(L/S)

(Cm)

°
30
45
60
90
30
45
60
90
30
45
60
90
30
45
60
90
30
45
60
90

-Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness

-No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike

Qi
0.7
0.7
0.7
0.7
1.12
1.12
1.12
1.12
2.82
2.82
2.82
2.82
5.04
5.04
5.04
5.04
6.23
6.23
6.23
6.23

Qo
0.038
0.06
0.03
0.03
0.092
0.09
0.065
0.07
0.5
0.45
0.38
0.7
1.56
1.32
1.28
2.6
1.9
1.87
1.32
2.76

Qd
0.662
0.64
0.67
0.67
1.028
1.03
1.055
1.05
2.32
2.37
2.44
2.12
3.48
3.72
3.76
2.44
4.33
4.36
4.91
3.47

Y1
4.35
4.3
4.2
4
5.16
5
4.88
4.9
7.5
7.04
6.82
7.6
9.8
9.42
9.5
10.9
10.6
10.4
10.4
11
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Crosssectional
area
before of
intake

Velocity
before of
intake

(Cm)

(m^2)

(m/s)

Y3
3.6
3.55
3.5
3.5
4.22
4.1
3.79
4.3
6.7
6.35
6
7
9.02
8.58
8.78
9.9
9.56
9.51
9.49
10

A1
0.0202
0.0200
0.0195
0.0186
0.0239
0.0232
0.0226
0.0227
0.0348
0.0327
0.0316
0.0353
0.0455
0.0437
0.0441
0.0506
0.0490
0.0483
0.0483
0.0510

V1
0.0347
0.0351
0.0359
0.0377
0.0468
0.0483
0.0495
0.0493
0.0810
0.0863
0.0891
0.0800
0.1108
0.1153
0.1143
0.0997
0.1273
0.1291
0.1291
0.1221

Froude
number
before of
intake
Without
Dimension
Fr1
0.0531
0.0540
0.0560
0.0602
0.0657
0.0689
0.0715
0.0711
0.0945
0.1039
0.1089
0.0926
0.1130
0.1200
0.1184
0.0964
0.1251
0.1278
0.1278
0.1175

Relative
flow rate

%
Qd/Qi
94.57
91.43
95.71
95.71
91.79
91.96
94.20
93.75
82.27
84.04
86.52
75.18
69.05
73.81
74.60
48.41
69.50
69.98
78.81
55.70
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TABLE 4
Hydraulic calculation model calibration with all of Flow rate and angles without dike

Angle

Type
dike

Location
dike

Degree
°

Shape
--

Location
--

30

Witness

No Dike

45

Witness

No Dike

60

Witness

No Dike

90

Witness

No Dike

Input
flow
rate

Output
flow
rate

(L/S)
Qi
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23

(L/S)
Qo
0.038
0.092
0.5
1.56
1.9
0.06
0.09
0.45
1.32
1.87
0.03
0.065
0.38
1.28
1.32
0.03
0.07
0.7
2.6
2.76

Table flume testing
Deep
Water
Intake
water
depth
flow
before
after
rate
of
of
intake intake
(L/S)
(Cm)
(Cm)
Qd
Y1
Y3
0.662
4.35
3.6
1.028
5.16
4.22
2.32
7.5
6.7
3.48
9.8
9.02
4.33
10.55
9.56
0.64
4.3
3.55
1.03
5
4.1
2.37
7.04
6.35
3.72
9.42
8.58
4.36
10.4
9.51
0.67
4.2
3.5
1.055
4.88
3.79
2.44
6.82
6
3.76
9.5
8.78
4.91
10.4
9.49
0.67
4
3.5
1.05
4.9
4.3
2.12
7.6
7
2.44
10.9
9.9
3.47
11
10

Crosssectional
area
before
of intake
(m^2)
A1
0.0202
0.0239
0.0348
0.0455
0.0490
0.0200
0.0232
0.0327
0.0437
0.0483
0.0195
0.0226
0.0316
0.0441
0.0483
0.0186
0.0227
0.0353
0.0506
0.0510

Velocity
before
of
intake

Froude number
before of intake

Relative
flow
rate

(m/s)
V1
0.0347
0.0468
0.0810
0.1108
0.1273
0.0351
0.0483
0.0863
0.1153
0.1291
0.0359
0.0495
0.0891
0.1143
0.1291
0.0377
0.0493
0.0800
0.0997
0.1221

Without Dimension
Fr1
0.0531
0.0657
0.0945
0.1130
0.1251
0.0540
0.0689
0.1039
0.1200
0.1278
0.0560
0.0715
0.1089
0.1184
0.1278
0.0602
0.0711
0.0926
0.0964
0.1175

%
Qd/Qi
90
89.01
82.27
69.05
69.5
91.43
91.96
84.04
73.81
69.98
95.71
94.2
86.52
79.02
78.81
87.03
86.01
75.18
48.41
55.7

FIGURE 10
Shows the diagram changes relative Flow rate - Froude number with all of Flow rate and angles
without dike

With these conditions and changes flow rates
with angles and also in upstream and downstream
dike, totally 140 different states or different tests
which 20 tests without dike and 120 tests with dike
is installed, easily done and to review and analyse
the results have been studied. As the table below for
all modes (i.e. there is no dike and dike) for a better
analysis and more expressive and experimental tests,
charts drawing the necessary technical and hydraulic
reasons experiments described in detail.

CONCLUSION
Results obtained from experiments of this
study show that dike has a considerable impact on
the flow and dewatering. And makes the flow diversion intakes have increased significantly. The results
also revealed that choosing the best angle intake and
dike appropriate, increase inflow flow rate into the

270

Volume 27 ± No. 1/2018 pages 263-276

© by PSP

Fresenius Environmental Bulletin

(40.01%) and at an angle of 60 degrees, with decreasing relative Flow rate (16. 9 percent). As well
as Flow rate in the same condition test and the Lshaped dike, in the upstream and downstream intake
(simultaneously), with change Froude number and
LW¶VODUJHUDWGHJUHHVWKHJUHDWHVWUHGXFWLRQSHU
centage relative Flow rate (26.93%) And at an angle
of 60 degrees relative Flow rate lowest loss percentage (15.05 percent).

intake. In general, when the Angle of deviation intake is 60 degrees and the upstream and downstream
intake used simultaneously dike L shape, relative
Flow rate percent increase is desirable.On the other
hand check conditions Froude number and angle of
deviation intake; statistically significant results were
obtained, it can be said that in similar conditions of
test flow rates and lack of dike, by changing the
number of Froude and getting bigger,Of Flow rate
0.7 to 6.23 liters per second, at 90 degrees, the maximum reduction percentage relative Flow rate

TABLE 5
Hydraulic calculation model calibration with all flow rates and the angle with L shaped dike upstream
and downstream
Table flume testing
Deep
Intake
water
flow
before
rate
of
intake

Angle

Type
dike

Location
dike

Input
flow
rate

Output
flow
rate

Degree

Shape

Location

(L/S)

(L/S)

(L/S)

°

--

--

30

L

upstream
and
downstream

45

L

upstream
and
downstream

60

L

upstream
and
downstream

90

L

upstream
and
downstream

Qi
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23

Qo
0.035
0.06
0.38
1.32
1.45
0.04
0.05
0.26
1.21
1.32
0.025
0.035
0.26
1
1.16
0.025
0.04
0.46
1.87
1.9

Qd
0.665
1.06
2.44
3.72
4.78
0.66
1.07
2.56
3.83
4.91
0.675
1.085
2.56
4.04
5.07
0.675
1.08
2.36
3.17
4.33

Water
depth
after
of
intake

Crosssectional
area
before
of intake

Velocity
before
of
intake

(Cm)

(Cm)

(m^2)

(m/s)

Y1
4.41
5.06
7.5
10
10.73
4.41
5
7.25
9.55
10.5
4.2
4.78
7.09
9.58
10.45
4.2
5
8
10.4
11.5

Y3
3.5
4.29
6.51
8.95
9.77
3.51
4.05
6.29
8.56
9.54
3.4
3.85
6.24
8.7
9.49
3.4
3.95
6.8
9.4
10.13

A1
0.0205
0.0235
0.0348
0.0464
0.0498
0.0205
0.0232
0.0336
0.0443
0.0487
0.0195
0.0222
0.0329
0.0445
0.0485
0.0195
0.0232
0.0371
0.0483
0.0534

V1
0.0342
0.0477
0.0810
0.1086
0.1251
0.0342
0.0483
0.0838
0.1137
0.1279
0.0359
0.0505
0.0857
0.1134
0.1285
0.0359
0.0483
0.0760
0.1044
0.1168

Froude
number
before of
intake
Without
Dimensio
n
Fr1
0.0520
0.0677
0.0945
0.1097
0.1220
0.0520
0.0689
0.0994
0.1175
0.1260
0.0560
0.0737
0.1028
0.1170
0.1269
0.0560
0.0689
0.0858
0.1034
0.1099

Relative
flow
rate

%
Qd/Qi
93.50
93.01
86.52
73.81
75.01
94.29
95.54
90.78
75.99
78.81
96.43
96.88
90.78
80.16
81.38
91.03
91.00
83.69
62.90
69.50

FIGURE 11
Chart changed relative Flow rate - Froude number with all flow rate and the angle with L shaped dike
upstream and downstream
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FIGURE 12
Relative Flow rate Chart changed - Froude number with all flow rate and the angle with L shaped dike
upstream

FIGURE 13
Chart changed relative Flow rate - Froude number with all flow rate and the angle with L shaped dike
downstream

FIGURE 14
Chart changed relative Flow rate - Froude number with all of Flow rate and angles with a simple dike
upstream and downstream
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FIGURE 15
Chart changed relative Flow rate - Froude number with all of Flow rate and angles with a simple dike
upstream

FIGURE 16
Chart changed relative Flow rate - Froude number with all of Flow rate and angles with a simple dike
downstream

FIGURE 17
Distance dike to width of the river from the of intake in upstream and downstream
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the conditions of openings, as well as other factors
intake is the capacity hydraulic conductivity. Lateral
rotation flow through the intake channel can reduce
the effective level of flow and flow drop, the results
suggest that the capacity of the intake water conductivity at 60 degree angle than other angle has greater
efficiency.

The interpretation of the results of the tests, it
can be said that with the approaching flow in the
main channel towards the intake, flowing lines were
influenced by it and gradually into the diversion
channel (intake) are diverted. The impact of these
deviations on the level of water in such a way will be
the diversion channel near and in the inner wall the
water level began to reduce and until the middle of
the entrance transverse intake reached its minimum
level, and then the water began to rise until near the
outer wall reaches the maximum value. This place
was the static flow point with a speed almost equal
to zero.
In this study, installation location of dike in the
upstream and downstream intake, one of the key
points considered, so that whatever the distance the
dike of intake more and the dike at higher installed
its impact on the inflow to intake is more, and if dike
at a distance the width of river from the intake to be
built, Dike greatest impact on the inflow to the intake, (flume tested in the this study against 48.3 cm),
The major findings and recommendations related to
Dike designed by the Institute of Water Engineering
Society called "Guide dewatering of rivers and their
protection" provided are consistent. As well as in
vitro evaluation of the impact Dike on flow pattern
in nearly intake "agro-industrial DEHKHODA" using micro model, this result is achieved.
In comparison all tests, the L-shaped Dike in
upstream and downstream (simultaneous) than the
simple Dike in upstream and downstream (simultaneous), have had a positive impact and better. As
well as in another similar conditions, namely the Lshaped dike in upstream than simple Dike in upstream and L-shaped dike in downstream than simple Dike in downstream, L-shaped Dike, due to Lshaped shield the greater impact flowing lines and
therefore better flow diversion to the intake.

SUMMARY RESULTS
Simple dike impact on diversion flow rate intake. There is a simple dike in upstream and downstream intake (simultaneously), compared to states
that simple dike in upstream or downstream is only
a positive impact better, and in guiding water intake
and increasing flow rate of the intake plays an important role. However, the overall use of dike in upstream than downstream mode is more effective and
because the hydraulic raising of the water level and
flow direction is toward the intake.
Compare simple and L-shaped dike. In general it can be seen that the percentage of flow rate
diversion intake, with L-shaped dike installed, because having L-shaped shield the dike and its impact
on flow lines and diversion towards the intake, is
most of simple dike.
Best and worst angle of deviation intake. intake with a 60-degree angle of deviation, due to
aligned intake with the input stream and the use of
full capacity intake Mouth, having highest flow rate
diversion. Based on previous studies indicated by
"Mohmmad Shafai Bajestan" and "Sohrab Nazari"
fixed width in 90 degree, 60 degree angle best angle
intake is presented, the results have been a perfect
match. And in the other study authors is to investigate the effect of the convergence angle bend on the
intake in a model of a 90 degree bend converge (i.e.,
channel width decreases monotonically). It was
found a proper hydraulic conditions (i.e. sufficient
intake flow rate per cent) and least sediment enters
the intake angle of 60 degrees from 45 degrees at 90
degree bend is marked converge, That due to differences arising from the convergence arc obtained in
this study. Because the flow pattern is different arcs
converge. And against angle of 90 degrees, Because
of the angle, flow to enter the intake, must make
sharp turns, this angle, angle of deviation Dewatering is the harshest and worst.

CAPACITY
HYDRAULIC CONDUCTIVITY INTAKE
The most important factors affecting the capacity of the hydraulic conductivity or Dewatering efficiency, is rotation angle of flow in front of the mouth
intake and flow pattern at the mouth and at along the
intake channel. Fracture lines in the steep angle such
as 90 degrees causes in the area upstream of the input
Cross section part of the intake, due to a sharp drop
in flows resulting from the rotation speed lines, symmetrical and equal no participation in hydraulic conductivity with against side head openings.
In light angle, dewatering such as 60-degree
angle, flow with velocity distribution is almost uniform in width, into the intake and the entire width of
the openings in the flow of their participation. There
are bi-directional flows in Stream deep the openings
will reduce the capacity of the hydraulic conductivity. During the intake flow pattern that is affected by
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DETECTION AND MOLECULAR CHARACTERIZATION OF
BARLEY YELLOW DWARF VIRUS ON WHEAT PRODUCTION
AREAS IN THE AEGEAN REGION OF TURKEY
Deniz Capkan, Ismail Can Paylan*
Department of Plant Protection, Faculty of Agriculture, Ege University, 35100 Izmir, Turkey

grains have an ancient history and cultured plants of
humanity in the earliest. Another reason for the
prevalence of cereals in the world is that grains
have a wealth of species, varieties and ecotypes.
The easy growing of grains and their suitability for
storage and stand are also a factor for their prevalence [1, 2].
Cereal production, trade, and consumption are
one of the most important issues nowadays. The
rapid increase in the human population and deficiencies in animal nutrition are a problem in the
world and in our country. These problems reveal
their significance in the production of cereals. Usable areas in agriculture cannot be increased any
further. Therefore, increasing production must be
possible with increased yield [3, 2].
Cereal production in Turkey is carried out in
approximately 80% of the cultivated areas [4]. In
2013, the total production of wheat in the world
was conducted 713,217,069 tons. Accordingly,
China, India, and America, have the largest share in
territorial distribution 7XUNH\¶V SURGXFWLRQ LV
22,050,000 tons and Turkey is in 11th place with a
share of 1.3% [5].
In Turkey, cereals rank first in terms of cultivation and production of agricultural products.
Wheat has a particular significance due to the raw
material in bread [6, 2]. The Central and South
eastern Anatolia region is at the forefront in grain
cultivation. Although the priority is polyculture
farming, the Aegean and Mediterranean regions are
also made up of grain cultivation. In 2013, wheat
was planted in the Aegean region in 6,618,188
decares. According to this, the average wheat yield
was 536 kg/da [7].
In the Aegean region, the product pattern is
grain, corn, cotton, potatoes, olives, vineyards, and
fruit. While cereals are grown as the main products
LQ 8úak and Afyon, they are grown as the second
SURGXFWLQ$\GÕn, Manisa, Denizli, and Izmir.
Previous studies stated that the presence of the
pathogenic disease reduced the grain yield, and it
negatively affected product quality, in addition to
abiotic stress factors [8]. The wheat yield is significantly reduced due to the effects of technical deficiencies, diseases, pests and other stresses and the
negative effects of environmental conditions [9, 2].
Diseases take first place within these factors [10]. It

ABSTRACT
Wheat (Triticum aestivum spp. L.) among the
crop plants for human nutrition assessment, is important in terms of cultivation and production. Barley yellow dwarf luteovirus is the most prevalent
viral disease on grain areas in the world and causes
significant yield loss. This study was conducted in
order to determine the presence of BYDV on the
grain areas in the Aegean region. A Total of 214
samples were collected proportionally with the
FXOWLYDWHG ODQG DFFRUGLQJ WR 7høK 2013 and were
tested by DAS-ELISA and RT-PCR. The infection
rate was found to be 9.8%. The sequences of the
LQIHFWHGWZRLVRODWHV $\GÕQDQGøzmir) were compared with the similarities from other isolates both
in Turkey and worldwide. As a result of the sequence analysis and phylogenetic methods, the
AydÕn isolate showed 100% (KJ816648.1) and 99%
(KJ816646.1, KJ816649.1, KJ816645.1 and
KJ816643.1) similarity with isolates in Turkey, a
99% similarity with the USA (EF521828.1), Morocco (AJ007922.1), France (AY167109.1) and
Tunis (JX402453.1) isolates; and the Izmir isolate
showed a 99% similarity with the USA
(DQ631850.1), Azerbaijan (JX275852.1), Brazil
(JX067837.1), China (EU332309.1), Morocco
(AJ007929.1), Sweden (EF521841.1), Egypt
(KM046987.1) and (KJ816660.1; KJ816655.1)
isolates in Turkey. This study is important for one
being conducted in the Aegean region regarding the
detection of BYDV in grain areas.

KEYWORDS:
Wheat, BYDV-PAV, DAS-ELISA, PCR, Phylogenetic.

INTRODUCTION
Grains are basic products that are used either
directly or indirectly for human nutrition in agricultural production throughout the world. They are
used most commonly in animal feeding and animal
industries. The most important reason for the prevalence of cereals in the world is that they are the
oldest cultivated plants in the historical development of agriculture. Excavations indicate that
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has a different significance for viruses among quantitative and qualitative factors that cause production
losses.
Viruses affect both the yield and quality of the
grain. These effects may sometimes be both to a
very slight degree or excessive degree [10]. Due to
the nonapplication of chemical control methods and
a lack of knowledge by the manufacturers of other
control methods and a virus-born losses increase.
Thus, the market value drops and economic losses
are significant. BYDV, especially, gives rise to
barley yellow dwarf disease, which reduces the
yields in cereals substantially [11].
Many studies have been conducted regarding
BYDV-PAV which cause the most common and
important viral diseases in the world¶V wheat field.
There are a limited number of studies on this topic
in our country. This study was conducted to determine the presence of BYDV in the grain area in the
Aegean region. The serological and molecular
methods to diagnose viral agents in collected plant
samples were applied. These viruses were identified
by the serological (DAS-ELISA) and molecular
methods (RT-PCR) in the collected plant samples.
Our isolates were compared to others in our country
and world isolates by sequencing and phylogenetic
analysis.

Double-antibody sandwich enzyme linked
immunosorbent assay (DAS-ELISA) method.
The DAS-ELISA method was applied using monoclonal antibodies as [12] and [13].
Total nucleic acid extraction (TNA). The total nucleic acid (TNA) extraction step was conducted using [14]¶VµVLOLFDFDSWXUH¶PHWKRG
Complementer DNA synthesis (cDNA). The
complementer DNA synthesis (cDNA) step was
conducted according to the procedure of a commercial firm.
Reverse transcriptase polymerase chain reaction (RT-PCR) method. RT-PCR was prepared
in 50 μl volume according to procedure of commercial firm. 25 μl 2x PCR master mix, 1 μl primer1, 1
μl primer2, 2 μl cDNA ve 21 μl nuclease free water
were placed into sterile PCR tubes. A specific program for BYDV-PAV was applied (Table 2). Agarose gel electrophoresis running was applied at 100
V, horizontal mechanism, for 60 min.
TABLE 1
Numbers of collected samples in cities of Aegean
region according to plantation quantity at TUIK
2013.

MATERIALS AND METHODS

Cities
Afyon
Kütahya
Manisa
Denizli
8úDN
$\GÕQ
0X÷OD
ø]PLU
Total

Plant material. The wheat leaf samples were
collected from the wheat production areas in cities
in the Aegean region according to the plantation
TXDQWLW\DW7høK 2013 (Table 1). The sampling was
conducted from leaves showing symptoms of the
virus. These suspect leaves were the material for
this study.

Plantation quantity
(decare)
1.645.349
1.452.441
1.050.476
794.965
709.127
406.300
400.014
333.292
6.791.964

Percentage
(%)
24
21
16
12
10
6
6
5
100

Collected
samples
45
42
32
22
21
18
17
17
214

TABLE 2
Description of BYDV primers and polymerase chain reaction (PCR) conditions.
Virus
BYDV-PAV-F
BYDV-PAV-R

a)

Primer
CCACTAGAGAGGTGGTGAATG
CCGGTGTTGAGGAGTCTACC
(Kundu, 2008)

b)

Amplified fragment
641 bp.

c)

Cycling condition
1 x 94ºC 2 min
35 x (94ºC 1 min / 54ºC 1 min / 72ºC 1 min)
1 x 72ºC 10 min

d)
e)
f)
FIGURE 1
Symptoms at collected samples. a) Line mosaic symptom in the leaves, b) Chlorotic spots on the leaves, c)
Chlorotic lines on the leaves, d) Vertical and rough leaf symptoms, e) Serrated leaf edge, f) Few and small
grains.
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Sequence analysis. After the RT-PCR tests
were completed and the expected fragment size was
REVHUYHGWZRLVRODWHV $\GÕQDQGø]PLU ZHUHVHQW
to the Iontek Company for sequencing.

cording to this test method. The infected sample
numbers and infection rates with BYDV-PAV of
the collected samples in cities in the Aegean region
are located in Table 3.

Phylogenetically classification. The gene sequence of two isolates were compared with other
registered BYDV-PAV isolates in NCBI. For this
purpose, MEGA 6.0 was used in this study. The
phylogenetic tree was created after the alignment
with ClustalW.

TABLE 3
Enfected samples numbers and enfection rates
with BYDV-PAV at collected samples in cities of
Aegean region.
Cities
Afyon
Kütahya
Manisa
Denizli
8úDN
$\GÕQ
0X÷OD
ø]PLU
Total

RESULTS
Symptomatology. It was seen to be dominated by a yellow color on the leaves of the collected
214 samples on the wheat areas in the Aegean region. The line mosaic symptom on the leaves, the
chlorotic spots on the leaves, the chlorotic lines on
the leaves and a loss of green color were observed.
Vertical and rough leaf symptoms, a serrated leaf
edge and fewer and smaller grains were also observed (Figure 1). Symptomatologic of these observations has been the preliminary step for serological and molecular tests to be carried out.

Collected
Samples
45
42
32
22
21
18
17
17
214

Healty
Samples
39
38
30
20
21
15
16
14
193

Enfected
Samples
6
4
2
2
0
3
1
3
21

Enfection
Rates
13.33%
9.52%
6.25%
9.09%
0%
16.66%
5.88%
17.64%
9.8%

TABLE 4
,VRODWHVLQ7XUNH\DQGZRUOG¶VFRXQWULHVWKDW
compering with our isolates.
Isolates
(Accession Numbers)
AJ810418.1
X07653.1
DQ631850.1
EF521828.1
JX275852.1
EU332309.1
AJ007922.1
AJ007929.1
AY167109.1
AJ007491.1
EF521841.1
D85783.1
KM046987.1
HE985229.1
JQ811488
JX402453.1
KJ816646.1
KJ816649.1
KJ816645.1
KJ816643.1
KJ816648.1
KJ816660.1
KJ816655.1
EF408177.1

DAS-ELISA. The results of the DAS-ELISA
studies carried out in order to determine the presence of BYDV-PAV revealed the presence of this
virus on wheat in the cities in the Aegean region. 21
of the collected 214 samples were detected as being
infected with BYDV-PAV. Infection rates of the
collected samples were 9.8% according to this test
method.

FIGURE 2
Agarose gel electrophoresis of RT-PCR products
obtained from results of BYDV-PAV. M,
molecular size markers.

Countries
Germany
Australia
America
America
Azerbaijan
China
Morocco
Morocco
France
France
Sweden
Japan
Egypt
Pakistan
Pakistan
Tunis
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
New Zealand

Sequence analysis. The gene sequence of the
Aydin isolates were compared with other registered
BYDV-PAV isolates in NCBI. As a result of the
sequence analysis, the Aydin isolates showed a
100% (KJ816648.1) and 99% (KJ816646.1,
KJ816649.1, KJ816645.1 and KJ816643.1) similarity with Turkey isolates, a 99% similarity with USA
(EF521828.1), Morocco (AJ007922.1), France
(AY167109.1) and Tunis (JX402453.1) isolates; a
98% similarity with German isolate (EF521828.1) ,
and a 96% similarity with Pakistan (HE985229.1)
isolate.

RT-PCR. The RT-PCR results showed
BYDV-PAV infection exists on wheat in cities in
the Aegean region (Figure 2). 21 of the 50 samples,
as positive samples detected using ELISA, were
also detected as being infected with BYDV-PAV
by this test method. The expected fragment size
was observed to be 641 bp and the gel pictures of
the RT-PCR results were recorded. These results
show a similarity with ELISA. Likewise, the infection rates of the collected samples were 9.8% ac-
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FIGURE 3
3K\ORJHQHWLFWUHHVKRZLQJWKHUHODWLRQVKLS$\GÕQDQGø]PLULVRODWHVWRJHWKHUZLWK
Turkey and world isolates.

Similarly, the gene sequence of the Izmir isolates were compared with other registered BYDVPAV isolates in NCBI. The Izmir isolate showed a
99% similarity with the USA (DQ631850.1), Azerbaijan (JX275852.1), Brazil (JX067837.1), China
(EU332309.1), Morocco (AJ007929.1), Sweden
(EF521841.1), Egypt (KM046987.1) and Turkey
(KJ816660.1; KJ816655.1) isolates, a 95% similarity with Australia (X07653.1) isolate, a 98% similarity with New Zealand (EF408177.1) isolate, a 97%
similarity with France (AJ007491.1) isolate, 95%
similarity with Japan (D85783.1) isolate, and a 96%
similarity with Pakistan (JQ811488) isolate.

world and it causes significant yield loss. This
study was conducted in order to determine the presence of BYDV on grain areas in the Aegean region.
A Total of 214 samples were collected proportionally with the cultivaWHG ODQG DFFRUGLQJ WR 7hø.
2013 and were tested by DAS-ELISA and RT-PCR.
The infection rate was found to be 9.8%. This study
is important for one being conducted in the Aegean
region regarding the detection of BYDV in grain
areas. The results of this study revealed there were
symptoms in parallel with previous studies published by [15, 16, 17]. As a result of serological and
molecular studies, it was concluded that the observed symptoms might be due to this virus or other
factors.
The sequences of the infected two isolates
$\GÕQDQGø]PLU ZHUHFRPSDUHGZLWKWKHVLPLODUL
ties from other isolates both in Turkey and worldwide. As a result of the sequence analysis and phylogenetic methods, the isolates in Turkey showed
similarity with world isolates up to 100% and these
data may reveal important ideas about the source of
the disease.
On this study, BYDV-PAV was investigated
on wheat fields in the Aegean region. The results of
this study contributed to the literature [2 and 1824]. Primary informations and procedures of the
test methods thought to be a reference for future
studies.
Barley yellow dwarf virus-PAV is common

Phylogenetically classification. The obtained
isolates with the highest similarity in NCBI regarding BYDV-PAV was selected for the phylogenetically classification (Table 4). The Gen sequences
of the world isolates were recorded from NCBI and
the gene sequences of our isolates received from
Iontek were installed onto the program. The phylogenetic tree was created after the alignment with
ClustalW (Figure 3).

DISCUSSION
Barley yellow dwarf luteovirus-PAV is the
most prevalent viral disease in grain areas in the
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[11] Beuve, M., Naïbo, B., Foulgocq, L. and
Lapierre, H. (1999) Irrigated hybrid maize crop
yield losses due to Barley yellow dwarf virusPAV luteovirus. Crop Science. 39(6), 18301834.
[12] Clark, M.F. and Adams, A.N. (1977) Characteristic of Microplate Method of EnzymeLinked Immunosorbet Assay for Detection of
Plant Viruses. Journal of General Virology. 34,
475-483.
[13] (UNDQ 6 *Pú 0 7UNVD\ + and DuPDQ ø (1995) Investigations on the Determination of the Status of Some Seed Sickness
Factors in Seed Samples of Industrial Tomato
Varieties. In: Plant Pathology Book, Meta
%DVÕP,]PLU89p.
[14] Foissac, X., Savelle-Dumas, L., Gentit, P.,
Dulucq, M.J. and Candresse, T. (2001).
Polyvelent detection of fruit treetricho, capillo
and fovea viruses by nested RT-PCR using
degenerate primers. ActaHorticulturae 550:3743.
[15] D'Arcy, C.J. and Domier, L.L. (2000) Barley
yellow dwarf, The Plant Health Instructor, 2231.
[16] DPV (2015) Descriptions of Plant Viruses,
Barley yellow dwarf virus, 20:13-19.
[17] Ilbagi, H., Çitir, A. and Yorganci, Ü. (2005)
Occurrence of virus infections on cereal crops
and their identifications in the Trakya region of
Turkey, Zeitschrift fur Pflanzenkrankheiten
und Pflanzenschutz. 112(4), 313-320.
[18] El-Muadhidi, M.A., Makkouk, K.M., Kumari,
S.G., Jerjess, M., Murad, S.S., Mustafa, R.R.
and Tarik, F. (2001) Survey for legume and cereal viruses in Iraq. Phytopathologia Mediterranea. 40(3), 224-233.
[19] Bisnieksab, M., Kvarnhedenc, A., Turkab, I.
and Sigvalda, R. (2006) Occurrence of Barley
yellow dwarf virus and Cereal yellow dwarf virus in pasture grasses and spring cereals in
Latvia. Acta Agriculturae Scandinavica Section
B: Soil and Plant Science. 56(3), 171-178.
[20] Kumari, S.G., Muharram, I., Makkouk, K.M.,
Al-Ansi, A., El-Pasha, R., Al-Motwkel, W.A.
and Kassem, A.H. (2006) Identification of viral
diseases affecting barley and bread wheat crops
in Yemen. Australasian Plant Pathology. 35(5),
563-568.
[21] Siddiqui, N.N., Ilyas, M., Mansoor, S., Azhar,
A. and Saeed, M. (2011) Cloning and
Phylogenetic Analysis of Coat Protein of
Barley yellow dwarf virus Isolates from
Different Regions of Pakistan. Journal of
Phytopathology. 160(1), 13±18.
[22] Köklü, G. (2004) Occurrence of cereal viruses
on wheat in Tekirdag, Turkey. Phytoprotection.
85, 19-25.

throughout the world and this pathogen cause
serious yield losses. Therefore, certain measures
must be taken for this disease. Resistant or tolerant
varieties should be used in wheat production. In
production, planting should be avoided at the
beginning of the fall or in the late of spring. The
struggle methods against aphids should be carried
out to reduce the spread of the virus in the field and
to increase the amount of product. Producers should
be notified for implementation of crop rotation in
order to the increase virus diseases in cereals.
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faces with many negative influences of urbanization.
Some of them are reflected in pouring stormwater
and the flooding of some parts of the city during
heavy rains, as well as water pollution. Heavily polluted wastewater with a high content of organic load,
suspended solids, nutrients and metal ions, discharges directly from the municipal sewerage to natural recipients in the city of Novi Sad. The practice
of drainage water out of urban areas, in some cases
together with industrial and municipal wastewater
result in waste of financial situation and the loss of
the chance of using alternatives for sustainable development of cities. In all urban areas in the city of
Novi Sad, meltwater enters the sewage system and
also discharges into the Danube river. Pollution of
the Danube in the vicinity of Novi Sad and probably
upstream from the city of Novi Sad could influence
on chemical and eco toxicological status in the
downstream part of the Danube in Serbia, Romania
and Bulgaria [1]. The acute problem is the emission
of more than 95 % of the direct and indirect discharge of urban and industrial wastes without any
treatment [2].
Precipitation quantities also played a role in
pollution of wastewater in Novi Sad. Precipitation
sums during spring periods in the last three years
were above the average compared to the normal for
the 1961-1990 base period [3]. Precipitation sums
compared to the normal were up to 181% in Novi
Sad and it was more than 220 mm in 2013 while in
2014 it increased to more than 300 mm. Precipitation
sums were in the categories of rainy and very rainy
across most of Serbia, and extremely rainy in Novi
Sad, causing flooding of some parts. Hence, it could
be concluded that heavy rains in the last years were
probably the consequence of increased contamination on the local and large scale, i.e. climate changes.
Road runoff after the melting of snow or heavy
rain presents a significant source of pollution in the
environment, especially on waters receiving road
runoff. Snow and rain water could contain high con-

ABSTRACT
The wastewater of the city of Novi Sad (combined sewage, industrial, municipal and stormwater)
is directly discharged without any chemical or mechanical treatment into the Danube River. In order to
comprehend the potential hazards in wastewater on
the environment in the Province of Vojvodina, Republic of Serbia, analysis of relevant physico-chemical parameters in wastewater samples that have the
highest impact on the urban environment pollution
(metals ions (Cd, Cr, Fe, Pb, and Zn) and NO2-,
NO3-, NH4+, Tot-N, COD, BOD, TSS and Tot±P)
was performed. Sampling campaigns from GC2
wastewater collector have been conducted monthly
in the period of 2013 ± 2014. The obtained results
suggest that some parameters were measured above
the appointed regulation limits (BOD5, COD, TSS,
TP and TN) with the concentrations of those parameters from 3 to 16 times higher than required emission limit values.
The main objective of the study was to define
optimal choice of new, integrated environmental
systems in order to appropriate solutions for sustainable management of wastewater treatment in the city
of Novi Sad. Biofiltration and bioretention systems
can be used for wastewater treatment, in order to reduce pollutant loads in sewers and receiving waters,
according to their high effectiveness in pollutants removal as well as their ability to adapt to different site
conditions.

KEYWORDS:
bioretention systems, wastewater, pollutants, rain gardens,
Novi Sad

INTRODUCTION
Novi Sad, the second large city in Serbia/Vojvodina, with developed urban and suburban areas
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discharges into Danube surface water (Figure 1). The
wastewater samples for laboratory analysis were collected in sealed 1L glass bottles and stored at 4 oC
before analyses. The chemical analysis included
nitrite (NO2-), nitrate (NO3-), ammonium (NH4+),
total phosphorus (TP), total nitrogen (TN),
biological oxygen demand (BOD5), chemical
oxygen demand (COD), total suspended solids
(TSS), chromium (TCr), cadmium (Cd), lead (Pb),
iron (Fe) and zinc (Zn) ions was performed according to the Standard Methods for the Examination of
Water and Wastewater.
Biological oxygen demand (BOD5) was deterPLQHG XVLQJ WKH %2' 7UDN PHWKRG 7KH +DFK
BOD Trak apparatus is based on the manometric
principle of operation. The COD, NO2-, NO3-, NH4+,
TP concentrations were measured with UV/VIS
spectrophotometer (DR 5000, HACH, Germany).
Precision and accuracy of the methods were verified
with the certified reference materials Demand WP,
Simple nutrients WP, Complex nutrients WP (RTC,
UK). For the determination of metals, the
wastewater samples were spiked with 5 ml of HNO3
and digested using the microwave assisted digestion
system MWS-3+ (Berghof, Germany). The analysis
was done on Thermo atomic absorption spectrometer
and accuracy was evaluated with the certified reference materials LGC6175 (LGC, UK) and SPS-WW2
Batch 110 (SPS, Norway). The recoveries ranged
from 89 % to 97 %. The procedure was described in
detail by Mihajlovic et al. (2014) [11].

centrations of pollutants from both natural and anthropogenic sources including nutrients and heavy
metals which can impact the quality of surface and
ground water [4, 5]. The quality of runoff from the
local road network depends on traffic density [6],
therefore highly urbanized areas with heavy traffic,
represent a source with the highest concentration of
pollutants. The most commonly pollutants can be divided into organic and inorganic substances and
heavy metals, hydrocarbons, especially polycyclic
aromatic hydrocarbons, nitrogen (N) and phosphorous (P), chromium (Cr), zinc (Zn), nutrients, chloride (Cl), bacteria, oxygen-demanding substances,
and hydrocarbons [7]. At low concentrations, heavy
metals can also have impact on humans health [8].
Some of them, like cadmium, can be strongly toxic,
in particular for the human organism, but also can
have negative influence on fish tissue [9].
Wastewater can also contain various organic and inorganic substances and some of them can be very
mutagenic and carcinogenic [10].

MATERIALS AND METHODS
The city of Novi Sad has five joint collectors of
municipal, industrial and stormwater (GC1, GC2,
RP, RO). Sampling campaigns from GC2
wastewater collector have been conducted monthly
in the period of 2013 ± 2014. GC2 collector (19° 51'
25,139" E, 45° 15' 44,581" N) was selected as a sampling site as one of the most burdened wastewater

FIGURE 1
Wastewater sampling location (City of Novi Sad and local communities)
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RESULTS AND DISCUSSION

process of eutrophication of the slow water systems,
thereby increasing the negative biological productivity, loss of the free oxygen and disruption of the ecological balance with negative consequences for the
environment. Sources of surface water pollution by
nitrates and phosphates are the application of mineral fertilizers, liquid manure and discharge of untreated industrial and municipal wastewater with a
high content of mineral and organic matter.
The obtained results suggest that some parameters were measured above the appointed regulation
limits (BOD5, COD, TSS, TP and TN), Directive
Councile Directive (91/271/EEC) and the Regulation on limit values of pollutants in water and deadlines for their achievement (Official Gazette of the
Republic of Serbia, No. 67/2011 and 48/2012) [10].
Concentrations of those parameters were 3 to 16
times higher than required emission limit values.

The wastewater from one of the most burdened
discharges in the city of Novi Sad, was analyzed during two years study in order to comprehend the potential hazards in wastewater on the environment in
the Province of Vojvodina, Republic of Serbia. The
mean values with standard deviations for measured
physico-chemical parameters in wastewater in the
city of Novi Sad were presented in Figures 2-4. The
required emission limit values specified by the national environmental regulation (Regulations of the
Republic of Serbia, No. 67/2011) relating to
wastewater discharged into the surface waters, for
the parameters COD, BOD5, TSS, TN and TP are
125 mg/L, 25 mg/L, 30 mg/L, 10 mg/L and 1 mg/L,
respectively. High concentrations of phosphorus and
nitrogen compounds as useful nutrients could cause
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FIGURE 2
Nitrogen compounds concentrations in wastewater (mean, standard deviations for the period 2013-2014)

FIGURE 3
Concentrations of main pollutants in wastewater (mean, standard deviations for the period 2013-2014)
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FIGURE 4
Concentrations of metal ions in wastewater (mean, standard deviations for the period 2013-2014)

It could be concluded that heavily polluted
wastewater with a high content of organic load, suspended solids, nutrients and metal ions was discharged directly from the municipal sewerage to natural recipients. Therefore, on the territory of Novi
Sad there is as need for sustainable solutions of management of wastewater. How wastewater is the sum
of wastewater originating from households, stormwater and industry, sustainable management of
stormwater as a part of urban wastewaters that requires approaches that connect technical and environmental solutions with aspects of urban design, socio-economic factors and postulates of environmental protection [12] could mitigate negative impacts of
the environment of the city of Novi Sad. These
highly interdisciplinary approaches open up great
opportunities for the advancement of knowledge in
the field of water protection approach that integrates
dynamic water cycle and urban design to simultaneously minimize environmental pollution and to improve recreational, aesthetic and environmental requirements [13]. Bioretention systems for
wastewater treatment can be used as a secondary or
tertiary purifiers, which allows removal of most bacteria, microorganisms and organic matter [14].
Natural systems for wastewater treatment are
simple, cost-effective and efficient methods for the
purification of growing amounts of wastewater
[15,16]. In natural systems of wastewater treatment,
complex biological, chemical and physico-chemical
process of the pollutant removal takes place on the
surface and in the upper surface layer of soil [17].
The purification is based on the interactions between
the soil and polluted wastewater induced by microorganisms and the plants in the soil, such as chemical
precipitation, adsorption and ion exchange processes. These complex processes are regulated by the
amount of wastewater which soaks the land, to avoid

penetration of untreated wastewater into the groundwater or into surface waterways, and thus to prevent
their pollution. In addition, the amount of
wastewater that could be received by the soil should
be controlled not to overcome the anaerobic conditions in the soil which could result in declining the
capacity of wastewater treatment [18].
Bioretention systems as µEXLOW¶ ecosystems are
designed to clean and retain water, enhance infiltration, remove organic particulates, nutrients, pathogens, metals, and other contaminants using natural
processes that derive from the interactions of water,
soil, microbes, plants, and animal [19]. Many structural elements such as containers for collecting water, rain gardens, specially selected vegetation, permeable surface layer, porous land and others, make
these systems [20], designed to regulate surface water drainage on public roads, residential streets, alleys or other parts of the city. In addition, they have
a role to manage water, developed after heavy rains,
green systems are part of the landscape of a city as
well as spaces for people [21]. Viable alternatives include increasing water supply through a decentralized system of collecting rainwater, improving and
strengthening the urban environment by reducing the
risks of natural accidents, as well as contributing to
the characteristic features and cities in order to improve water infiltration and receiving [22].
As the results of the analyzed wastewater samples in Novi Sad indicate high concentration of suspended solids, nutrients and metal ions, it is necessary to reduce the amount of these pollutants to improve surface water quality of river Danube in Novi
Sad. It can be achieved with bioretention or biofiltration structures, also called rain gardens. Due to its
simplicity, different shapes and sizes, rain gardens
can incorporate in almost every site. Rain gardens
are typically planted with native plants-variety of
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recommended specifications. Research studies also
have shown that bioretention practices, like rain gardens, show high effectiveness in pollutants removal
through biofiltration, as well as reduction of runoff
volumes. Removal of phosphorus is in total amount
of (>80%), (>98%) for copper and zinc and mean removal of viruses, bacteria and protozoa (>80%) [31].
Similar results according to a study [32] were
obtained for total Kjeldahl-nitrogen (TKN) retention
(68%), and ammonia-nitrogen (NH3-N) retention
(87%). Retention of nitrate-nitrogen (NO3-N) was
24%. Another study [33], showed values for effluent
event mean concentrations and percent removals in
range of 47% of total phosphorus, 0.18 mg/L and
76%, copper, 0.004 mg/L and 57%, lead, 0.004 mg/L
and 83%, zinc, 0.053 mg/L and 62%, and 0.02 mgN/L and 83% removal of nitrate. Efficiency of removing contaminants only with the rain gardens in
percentage is in the range of 43-97% for copper (Cu),
70-95% for lead (Pb), 64-95% for zinc (Zn), 49-67%
for nitrogen (N) and 27 for calcium (Ca) [34].
If implemented, bioretention systems, will pick
up and carry away natural and human-made pollutants from runoff, filtering them through the chemical, biological and physical properties of plants and
soil media. Therefore, pollutants that are released
into the stormwater system or Danube river will be
minimised. Tertiary treated water can be used for irrigation of all types of plants [35]. The soil mix and
vegetation enhance the infiltration, storage and removal of pollutants from stormwater. When designed properly, rain gardens hold standing water for
no longer than forty eight hours after the end of a rain
event with maximum ponding depths of 6-12 inches
[36]. If native soils not absorb water quickly enough,
than it must be re-worked to increase its water-absorbing ability before a rain garden is installed [37].

trees, shrubs, grasses and groundcovers, depending
on a site conditions, or sustainable species that are
adapted to local climate conditions (can tolerate
highly variable hydrologic changes), low cost opportunities and low maintenance [23].
Treatment practices processes in bioretention
fascilities, respectively rain gardens, include physical processes such as sedimentation, filtration, and
infiltration, along with thermal, biological, and
chemical processes [24]. When native soils are not
sufficient to infiltrate water quickly enough, most often in urban conditions, an underdrain that consist of
a perforated pipe covered with a layer of gravel or
pea-stone laid at the bottom, may be installed beneath a rain garden and connected to a traditional
stormwater system or daylight to facilitate drainage
[25, 26].
Bioretention key factors for designing is a
careful selection of plant materials that can tolerate
highly variable hydrologic changes and ecologically
and aesthetically blends into the landscape [27] and
also have the ability to remove pollutants. The effectiveness of a bioretention system is also influenced
by its location, size, water ponding depth, bioretention media composition and thickness [28].
Rain gardens are the most used bioretention
systems, both bioinfiltration and biofiltration practices, with the difference in an underdrain collection
system for biofiltration practices [29]. These systems
are recommended by many researches, as well as
manuals and monitoring reports as a technology for
managing stormwater. Georgia Stormwater Management Manual [30] defines all biofiltration systems
WKH³WUHDWPHQWDUHDV´ DVV\VWHPVWKDWKDYHWKHDELO
ity to remove 80% of the total suspended solids load
in typical urban post-development runoff, total phosphorus 50% and nitrogen 30% when sized, designed,
constructed and maintained in accordance with the

FIGURE 5
Typical cross- section of bioretention system (rain gardens)
(Rendered by: authors)
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in particular to improve the quality of surface water
of the Danube. Novi Sad is located on the left and
right banks of the Danube with one of the most beautiful beaches. It must be taken into account all aspects of the urban area of Novi Sad as well as the
surface water from the both sides of river Danube.

CONCLUSIONS
One of the most challenging problems that
Novi Sad will face as a highly industrialized city is
an adaptation of the future consequences of climate
change and contamination of atmosphere, water bodies and soil, particularly with regard to local problems of water management (floods caused by heavy
rains, the degradation of urban flows, water shortages, water pollution by priority and hazardous priority substances). City of Novi Sad needs to protect
sensitive and subtle natural resources like Danube
river by changing the traditional approach to
wastewater treatment, considering all aspects of the
way that water comes into, moves through, and
leaves any particular site or area. Treating the stormwater as a part of urban wastewater, should be as
close to the source, ideally at the place of origin. In
urban parts of Novi Sad, rain gardens as bioretention
systems, could be placed on existing areas like parking lots, at residential areas, combined with landscaping themes; in commercial or industrial zoned
areas with often limited green spaces by transforming them into naturalized stormwater systems and
other large areas of unused or inefficiently used
spaces, resulting in aesthetically pleasing, multifunctional landscaping. Many case studies, as well as the
strategies that offer a range of concepts and proposals for environmental treatment of all types of
wastewater practice can serve as a model for implementing rain gardens in the city of Novi Sad, in the
early stages of the process of urban planning as well
as the sustainable management of water.
Future challenges of water management in
Novi Sad will therefore include development of new
technical solutions with design guidelines for bioretention and biofiltration facilities models that may
become a new form of greening of Novi Sad. Before
their implementation an inventory of existing structures and functions such as natural drainage and vegetation, soil quality, water infiltration rate, impervious areas, slopes, exposure and cultural conditions
should be done. After determining and analyzing potential locations, it can be accessed to the implementation of rain gardens, with choosing native plants
corresponding to future environmental conditions of
rain gardens for the city of Novi Sad. The results of
this study could be used to carry out long-term assessment of stormwater treatment with natural systems that allow stormwater infiltration to reduce pollutant loads in sewers and receiving waters, not only
in the city of Novi Sad, but also in the cities of similar urban structure. Due to their mentioned performances, rain gardens could be the sink or source of
pollutants and act as natural systems for wastewater
treatment in Novi Sad.
Considering that in Serbia, there are no examples of rain gardens implementation, this would be
the first attempt to introduce them as a compulsory
system for the protection of the aquatic environment,
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6FLHQFHDQG7HFKQRORJ\RQ7KHUPRVWUXFWXUDO&RPSRVLWH0DWHULDOV/DERUDWRU\6FKRRORI0DWHULDOV6FLHQFHDQG(QJLQHHULQJ1RUWKZHVWHUQ
3RO\WHFKQLFDO8QLYHUVLW\;L¶DQ&KLQD

DURPDWL]DWLRQ>@+RZHYHUD PDLQGUDZEDFN
RIWKH0REDVHG]HROLWHFDWDO\VWVLVWKHUHODWLYHO\ORZ
VWDELOLW\ZKLFKLVXVXDOO\FDXVHGE\WKHUDSLGGHSR
VLWLRQRISRO\DURPDWLFVDQGFRNHRQWKHVXUIDFHVRU
LQWKHFKDQQHOVRIWKHFDWDO\VWVZLWKWLPHRQVWUHDP
>±@$WWKHVDPHWLPHGLIIHUHQWVWUDWHJLHVKDYH
EHHQGHYHORSHGZLWKWKHLQWHQWLRQRIVHDUFKLQJZD\V
WRSURPRWHWKHFDWDO\WLFDFWLYLW\DQGVWDELOLW\IRUPH
WKDQHDURPDWL]DWLRQ)RULQVWDQFHWKHVHOHFWLYHPRG
LILFDWLRQRIWKHH[WHUQDOVXUIDFHE\ODUJHRUJDQRVLODQH
UHDJHQWVDQGRUJDQRPHWDOOLFFRPSOH[HVZHUHXVHGWR
REWDLQFDWDO\VWVZLWKKLJKHUVKDSHVHOHFWLYLW\WRPD
MRUSURGXFWEHQ]HQHDQGORZHU\LHOGVDQGVHOHFWLYL
WLHV WR ODUJH K\GURFDUERQV WKDW QRUPDOO\ FDXVH WKH
GHDFWLYDWLRQRIFDWDO\VWV>@0RUHRYHUDGGLWLRQ
RIDVHFRQGPHWDOFRPSRQHQWVXFKDV&X&R5X
)H3W=U:DQG&UHWFZDVDQHIIHFWLYHZD\WRHQ
KDQFHWKHDFWLYLW\DQGVWDELOLW\RIFDWDO\VWV>±@
7KHVWHDPLQJDQGWKHUPDOWUHDWPHQWVRIWKHVXSSRUWV
LQDQ1VWUHDPZHUHDOVRXVHGWRLPSURYHWKHFDWD
O\WLFGXUDELOLW\DQGVHOHFWLYLW\WRDURPDWLFV>@
7KHVHUHVXOWVVXJJHVWWKDWWKHFDWDO\WLFSHUIRUPDQFH
RI 0R=60 FDQ EH LPSURYHG E\ XVLQJ GLIIHUHQW
SRVWWUHDWPHQWVWUDWHJLHVWRFKDQJHWKHVWUXFWXUHDQG
VXUIDFHSURSHUWLHVRI=60]HROLWH
7KLVSDSHUIRFXVHVRQWKHPHFKDQLFDOPL[LQJ
WKH0R+=60FDWDO\VWSUHSDUHGE\VROLGVWDWHUH
DFWLRQPHWKRGDQGPLFURZDYHPHWKRGSHUIRUPDQFH
PHWKDQH DURPDWL]DWLRQ UHDFWLRQ DQG ZLWK WKH FDWD
O\VWSUHSDUHGE\FRQYHQWLRQDOLPSUHJQDWLRQPHWKRG
IRU FRPSDULVRQ ,Q WKH GLYLGHG VFUHHQ SHUIRUPDQFH
LQ PRGXODWLRQ0JDQG)H DUH HOHPHQWVDUH ZLGHO\
XVHGWKH\FDQEHVLPXOWDQHRXVO\PRGXODWHG+=60
]HROLWHDFLGLW\DQGSRUHVWUXFWXUHRIQDWXUH,QWKLV
SDSHU0J)HLQWURGXFHGWRWKH0R=60FDWDO\VW
WKH HIIHFWV RI 0J DQG )H IRU 0R  =60 FDWDO\VW
DQGWKHGLIIHUHQWSK\VLFDODQGFKHPLFDOSURSHUWLHVRI
0J)HFRQWHQWRI0R0J=60PHWKDQH0R)H
=60RQWKHGHK\GURJHQDWLRQFDWDO\VWDURPDWL]D
WLRQLVGLVFXVVHG

ABSTRACT
0R+=60 FDWDO\VW ZDV SUHSDUHG ZLWK LP
SUHJQDWLRQPHWKRGLQSUHYLRXVVWXGLHV,QWKLVSDSHU
PHFKDQLFDO PL[LQJ VROLG UHDFWLRQ DQG PLFURZDYH
PHWKRGVZHUHDSSOLHGIRU0R+=60SUHSDUDWLRQ
,QDGGLWLRQFDWDO\WLFSHUIRUPDQFHRIWKHFDWDO\VWIRU
PHWKDQH GHK\GURDURPDWL]DWLRQ ZDV LQYHVWLJDWHG
&RPSDUHG ZLWK LPSUHJQDWHG 0R+=60 VDPSOH
WKHFDWDO\VWVDPSOHVSUHSDUHGZLWKPHFKDQLFDOPL[
LQJ VROLG UHDFWLRQ DQG PLFURZDYH PHWKRGV VKRZ
KLJKHUVHOHFWLYLW\IRUDURPDWLFVDQGORZHUVHOHFWLYLW\
IRUFRNH
.(<:25'6
0RO\EGHQXP EDVH FDWDO\VW +=60 ]HROLWH DURPDWL]D
WLRQPHWKDQH

INTRODUCTION
7KHNQRZQUHVHUYHVRIQDWXUDOJDV PRVWO\PH
WKDQH DUHHQRUPRXVDQGWKHUHVHUYHVDUHLQFUHDVLQJ
PRUHUDSLGO\WKDQWKRVHRIOLTXLGSHWUROHXP,WLVDQ
WLFLSDWHGWKDWWKLVWUHQGZLOOH[WHQGZHOOLQWRWKHVW
FHQWXU\DQGWKHHIIHFWLYHXWLOL]DWLRQRIPHWKDQHZLOO
EHFRPHLQFUHDVLQJO\LPSRUWDQW>@6LQFHWKHILUVW
DFWLYHFDWDO\VW0R=60 ZDVIRXQGLQPH
WKDQHQRQR[LGDWLYHDURPDWL]DWLRQKDVEHHQDYDOXD
EOHDQGFKDOOHQJLQJUHVHDUFKVXEMHFWLQERWKDFDGHPH
DQGLQGXVWU\>@9DULRXVPDWHULDOVHJ=60
+=53 =60 0&0 %HWD < PRUGHQLWH
0&0DQG,74HWFKDYHEHHQHYDOXDWHGDV
WKHVXSSRUWIRUPHWKDQHDURPDWL]DWLRQ>±@7KXV
IDU0R=60KDVEHHQUHJDUGHGDVRQHRIWKHPRVW
VXLWDEOHFDWDO\VWVIRUWKHWLWOHUHDFWLRQ>@,QDGGL
WLRQLWKDVEHHQIRXQGWKDWDFLGLW\PRO\EGHQXPVSH
FLHVGLVSHUVLRQFU\VWDOVL]H DQGSRUH VWUXFWXUHVDUH
NH\IDFWRUVWKDWFDQFRQVLGHUDEO\LQIOXHQFHWKHFDWD
O\WLFSHUIRUPDQFHRIWKHFDWDO\VWIRUPHWKDQHDURPD
WL]DWLRQ>@,QRXUSUHYLRXVVWXGLHVLWKDVEHHQSUR
SRVHGWKDW]HROLWHVZLWKFRQIRUPDEOHWRSRORJ\VWUXF
WXUH RI 0:: W\SH HJ 0&0 0&0
0&0 0&0 DUH DOVR VXLWDEOH VXSSRUWV IRU
WKH SUHSDUDWLRQ RI KLJKO\ DFWLYH 0REDVHG ]HROLWH
FDWDO\VWVIRUWKLVUHDFWLRQ7KH,0DQG718]H
ROLWHV DUH FRQVLGHUHG VXLWDEOHVXSSRUWV IRU PHWKDQH

EXPERIMENTAL
&DWDO\VWSUHSDUDWLRQ3UHSDUDWLRQDQG(YDO
XDWLRQRI&DWDO\VWV0R0J=60DQG0R)H
=60FDWDO\VWVSUHSDUHGE\ FRQYHQWLRQDOLPSUHJ
QDWLRQ PHWKRG 7KH +=60 ]HROLWH LPSUHJQDWHG
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ZLWKDQDTXHRXVVROXWLRQIROORZHGE\0J 12 )H
12 DQG 1+ 0R2H2ODQGDIWHUHDFKGLS
SLQJ]HROLWHDUHFDOFLQHGDW&DQG&FDQEH
REWDLQHGQHHGHGFDWDO\VW
&DWDO\VWHYDOXDWLRQLVFDUULHGRXWLQDFRQWLQX
RXVIORZIL[HGEHGTXDUW]UHDFWRU7KHFDWDO\VWORDG
LQJDPRXQWRIJ,WLVKHDWHGLQ+HDWPRVSKHUHWR
&DQGKHOGLVRWKHUPDOIRUPLQWKHQVZLWFKHG
WR&+ 3XUFKDVHGIURP<DWDLJDVFRPSDQ\ 
&2$UPL[HGJDVPHWKDQHDURPDWL]DWLRQUHDF
WLRQ:KHUHLQ$UDVDQLQWHUQDOVWDQGDUGPL[HGJDV
IORZUDWHRIP/PLQUHDFWLRQRIK\GURFDUERQVE\
JDVFKURPDWRJUDSK\ 6KLPDG]X*&$ OLQHDQDO
\VLVWKHFRQYHUVLRQRIPHWKDQHDQGVHOHFWLYLW\RIWKH
SURGXFW DFFRUGLQJ WR WKH OLWHUDWXUH FDUERQ EDODQFH
FDOFXODWLRQPHWKRGVSURYLGHG>@

RESULTS AND DISCUSSION
&DWDO\WLFSURSHUWLHVRIGLIIHUHQW0RORDGLQJ
FDWDO\VWVSUHSDUHGE\LPSUHJQDWLRQ)RU)LJXUH
SUHSDUHGIRUGLSSLQJGLIIHUHQWORDGLQJV0R+=60
FDWDO\VWPHWKDQHDURPDWL]DWLRQUHDFWLRQUHVXOWVFDQ
EH VHHQ WKDW LQ +=60 ]HROLWH XQFRQYHUWHG PH
WKDQH LQWR DQ\ K\GURFDUERQ SURGXFWV RQO\ VRPH
FRNH JHQHUDWHG LQGLFDWLQJ PHWKDQH DURPDWL]DWLRQ

0R VSHFLHV LQVHSDUDEOH UROH LQ WKH LQYHVWLJDWLRQ RI
0RORDGLQJUDQJHRI0R+=60FDWDO\VWKDY
LQJRSWLPXPFDWDO\WLFSURSHUWLHV$IWHUWKHUHDFWLRQ
 PLQ PHWKDQH FRQYHUVLRQ ZDV  DURPDWLF
VHOHFWLYLW\ RI  ZLWK IXUWKHU LQFUHDVH LQ 0R
ORDGLQJWKHVHOHFWLYLW\WRDURPDWLFVRQWKHFDWDO\VW
GHFUHDVHGDQGFRUUHVSRQGLQJLQFUHDVHLQFRNHVHOHF
WLYLW\ LQGLFDWLQJ PHWKDQH DURPDWL]DWLRQ UHDFWLRQ LV
FORVHO\UHODWHGWRWKHJHQHUDWLRQRIFRNH0RVSHFLHV
(IIHFWV RI 3UHSDUDWLRQ 0HWKRGV RI 0R 
+=60 FDWDO\VW DFWLYLW\ 3UHSDUHG E\ GLIIHUHQW
PHWKRGVRI0R+=60FDWDO\VWPHWKDQHDUR
PDWL]DWLRQUHDFWLRQUHVXOWVVKRZFDQEHVHHQLQ)LJ
XUHWKHEDVLFSUHPLVHLVVLPLODUWRPHWKDQHFRQ
YHUVLRQ UDWH FRPSDUHG ZLWK FDWDO\VWV SUHSDUHG E\
LPSUHJQDWLRQ PHFKDQLFDO PL[LQJ )UDQFH WKH FDWD
O\VWSUHSDUHGE\VROLGVWDWHUHDFWLRQPHWKRGDQGPL
FURZDYHPHWKRGVKRZHGDKLJKHUVHOHFWLYLW\WRDUR
PDWLFVDWWKHVDPHWLPHWKHFRNHVHOHFWLYLW\RIWKH
FDWDO\VWLVVLJQLILFDQWO\ORZHULQWKHIRXUSUHSDUDWLRQ
PHWKRGV WKH FDWDO\VW SUHSDUHG E\ PLFURZDYH
PHWKRGKDVWKHPRVWH[FHOOHQW7KHFDWDO\WLFSURSHU
WLHVRIPHWKDQHFRQYHUVLRQUDWHXQGHUWKHSUHPLVHRI
EDVLFDOO\ VLPLODU DURPDWLFV VHOHFWLYLW\ LQFUHDVHG
 DQ LQFUHDVH RI  RYHU WKH LPPHUVLRQ
PHWKRGZKLOHFRNHVHOHFWLYLW\GHFUHDVHGIURP
WR

),*85(
5HDFWLRQUHVXOWVRI&+DURPDWL]DWLRQRYHULPSUHJQDWHG0R+=60ZLWKGLIIHUHQW0RORDGLQJ
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),*85(
5HDFWLRQUHVXOWVRI&+DURPDWL]DWLRQRYHU0R+=60SUHSDUHGZLWKGLIIHUHQWPHWKRGV

),*85(
(IIHFWRIPLFURZDYHWLPHRQFDWDO\WLFSHUIRUPDQFH
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),*85(
6WDELOLW\RI0R0J=60DQG0R)H=60FDWDO\VWGXULQJPHWKDQHDURPDWL]DWLRQ
(IIHFWRIPLFURZDYHSURFHVVLQJWLPH7KHUH
VXOWVREWDLQHGDWGLIIHUHQWWLPHVDIWHUWUHDWPHQWPL
FURZDYH UHDFWLRQ LV VKRZQ LQ )LJXUH $V FDQ EH
VHHQPLFURZDYHWUHDWPHQWPLQDQGPLQWRJHW
FORVHWRWKHFDWDO\WLFSHUIRUPDQFHPLFURZDYHSUR
FHVVLQJWLPHWRIXUWKHUH[WHQGWKHFDWDO\VWRIVOLJKWO\
ZRUVH

REFERENCES
[1] /LX+<DQJ6 +X-6KDQJ )3/L =)
;X&*XDQ-4.DQ4%  $FRPSDU
LVRQ VWXG\ RI PHVRSRURXV 0R+=60 DQG
FRQYHQWLRQDO 0R+=60 FDWDO\VWV LQ PH
WKDQH QRQR[LGDWLYH DURPDWL]DWLRQ )XHO 3UR
FHVVLQJ7HFKQRORJ\
[2] /L%/L6-/L1&KHQ+<=KDQJ:-
%DR;+/LQ%;  6WUXFWXUHDQGDFLG
LW\RI0R=60V\QWKHVL]HGE\VROLGVWDWHUH
DFWLRQIRUPHWKDQHGHK\GURJHQDWLRQDQGDURPD
WL]DWLRQ0LFURSRURXVDQG0HVRSRURXV0DWHUL
DOV  
[3] ;X&/LX+-LD0-*XDQ-4:X6-
:X7+.DQ4%  0HWKDQH QRQR[L
GDWLYH DURPDWL]DWLRQ RQ 0R=60 (IIHFW RI
DGGLQJWULHWKR[\SKHQ\OVLODQHVLQWRWKHV\QWKHVLV
V\VWHP RI =60 $SSOLHG 6XUIDFH 6FLHQFH
  
[4] 0HULDXGHDX37LHS/9+D9771DFFDFKH
&6]DER*  $URPDWL]DWLRQRIPHWKDQH
RYHU0R+=60FDWDO\VWRQWKHSRVVLEOHUH
DFWLRQLQWHUPHGLDWHV-RXUQDORI0ROHFXODU&D
WDO\VLV$&KHPLFDO  
[5] /LX+:X6-*XR<6KDQJ)3<X;)
0D<<;X&*XDQ-4.DQ4%  
6\QWKHVLVRI0R,0FDWDO\VWDQGLWVFDWDO\WLF
EHKDYLRU LQ PHWKDQH QRQR[LGDWLYH DURPDWL]D
WLRQ)XHO  
[6] 5HQ '0 :DQJ ;6 /L * &KHQJ ;-
/RQJ+<&KHQ/'  0HWKDQHDURPD
WL]DWLRQLQWKHDEVHQFHRIR[\JHQRYHUH[WUXGHG
DQGPROGHG0R2=60FDWDO\VWV,QIOXHQFHV
RIELQGHUDQGPROGLQJPHWKRG-RXUQDORI1DWX
UDO*DV&KHPLVWU\  

0JDQG)HDGGLWLRQRQFDWDO\VWVWDELOLW\8V
LQJ&+&2$UJDVDVUDZPDWHULDOV
XQGHUFRQGLWLRQVRIDWPRVSKHULFSUHVVXUHDQG&
HIIHFWVRI0J)HDGGLWLRQRQ0R=60FDWD
O\VWVWDELOLW\DQGWKHUHVXOWVDUHVKRZQLQ)LJ$V
FDQEHVHHQWKHLQLWLDOFRQYHUVLRQRIPHWKDQHZLWK
LQFUHDVLQJ 0J )H FRQWHQW VOLJKWO\ GHFUHDVHG 7KH
VWDELOLW\RIHDFKFDWDO\VWLV0R0J=60
!  0R )H  =60!  0R  =60 DQ
DSSURSULDWHDPRXQWRI0JLVDGGHGFDQEHGHVFULEHG
WRLPSURYHWKHFDWDO\VWVWDELOLW\

CONCLUSIONS
0RPRGLILHGFDWDO\VWVRI0R=600J0R
=60)H DQG WKH FRQYHQWLRQDO 0R=60 KDYH
EHHQSUHSDUHGDQGWHVWHGIRUWKH PHWKDQHGHK\GUR
DURPDWL]DWLRQ UHDFWLRQ XQGHU QRQR[LGDWLYH FRQGL
WLRQVDW&,WDSSHDUVWKDWWKHV0R=60)H
DQG0R=600JFDWDO\VWVVKRZHGKLJKHU\LHOGV
RI DURPDWLFV WKDQ WKH FRQYHQWLRQDO 0R=60&
FDWDO\VW0RUHRYHUWKHDPRXQWVRIFDUERQDFHRXVGH
SRVLWV IRUPHG GXULQJ WKH UHDFWLRQ IRU 0R=60
0JDQG0R=60)HZHUHORZHUWKDQWKDWRI0R
=60 ZKLFK UHVXOWHG LQ EHWWHU VWDELOLW\ RI 0R
=600JDQG0R=60)H



© by PSP

Volume 27 ± No. 1/2018 pages 291-295

Fresenius Environmental Bulletin

[19] 0D':DQJ'6X/6KX<;X<%DR
;   &DUERQDFHRXV GHSRVLWLRQ RQ
0R+0&0 FDWDO\VWV IRU PHWKDQH DURPDWL
]DWLRQD73WHFKQLTXHLQYHVWLJDWLRQ-RXUQDORI
&DWDO\VLV
[20] 'LQJ:0HLW]QHU*',JOHVLD(  7KH
HIIHFWVRIVLODQDWLRQRIH[WHUQDODFLGVLWHVRQWKH
VWUXFWXUHDQGFDWDO\WLFEHKDYLRURI0R+=60
-RXUQDORI&DWDO\VLV
[21] :X3.DQ4:DQJ;:DQJ';LQJ+
<DQJ 3 :X 7  $FLGLW\ DQG FDWDO\WLF
SURSHUWLHV IRU PHWKDQH FRQYHUVLRQ RI
0R+=60FDWDO\VWPRGLILHGE\UHDFWLQJZLWK
RUJDQRPHWDOOLF FRPSOH[$SSOLHG &DWDO\VLV$
*HQHUDO
[22] /LX 6 'RQJ 4 2KQLVKL 5 ,FKLNDZD 0
 5HPDUNDEOHQRQR[LGDWLYHFRQYHUVLRQRI
PHWKDQHWRQDSKWKDOHQHDQGEHQ]HQHRQ&RDQG
)H PRGLILHG 0R+=60 FDWDO\VWV &KHPLFDO
&RPPXQLFDWLRQV
[23] /L6=KDQJ&.DQ4:DQJ':X7/LQ
/   7KH IXQFWLRQ RI &X ,,  LRQV LQ WKH
0R&X+=60 FDWDO\VW IRU PHWKDQH FRQYHU
VLRQXQGHUQRQR[LGDWLYHFRQGLWLRQ$SSOLHG&D
WDO\VLV$*HQHUDO
[24] &KHQ//LQ/;X==KDQJ7/L;  
3URPRWLRQDO HIIHFW RI 3W RQ QRQR[LGDWLYH PH
WKDQHWUDQVIRUPDWLRQRYHU0R+=60FDWDO\VW
&DWDO\VLV/HWWHUV
[25] /X<0D';X=7LDQ=%DR;/LQ/
 $KLJKFRNLQJUHVLVWDQFHFDWDO\VWIRUPH
WKDQH DURPDWL]DWLRQ &KHPLFDO &RPPXQLFD
WLRQV
[26] 'RQJ;6RQJ</LQ:  $QHZZD\
WRHQKDQFHWKHFRNHUHVLVWDQFHRI0R+=60
FDWDO\VWIRUPHWKDQHGHK\GURDURPDWL]DWLRQ&D
WDO\VLV&RPPXQLFDWLRQV
[27] 0HQJ;1DZD]);LDR)  7HPSODW
LQJURXWH IRUV\QWKHVL]LQJ PHVRSRURXV]HROLWHV
ZLWKLPSURYHGFDWDO\WLFSURSHUWLHV1DQR7RGD\


[7] /LX+<DQJ6:X6-6KDQJ)3<X;)
;X&*XDQ-4.DQ4%  6\QWKHVLV
RI0R718 7187DHMRQ1DWLRQDO8QLYHU
VLW\1R FDWDO\VWDQGLWVFDWDO\WLFSHUIRUPDQFH
LQPHWKDQHQRQR[LGDWLYHDURPDWL]DWLRQ(QHUJ\
  
[8] /L6=KDQJ&/.DQ4%:DQJ'<:X
7+ /LQ /:  7KH IXQFWLRQ RI &X ,, 
LRQV LQ WKH 0R&X+=60 FDWDO\VW IRU PH
WKDQHFRQYHUVLRQXQGHUQRQR[LGDWLYHFRQGLWLRQ
$SSOLHG&DWDO\VLV$*HQHUDO  
[9] 7HVVRQQLHU-3/RXLV%5LJROHW6/HGRX[
0-3KDP+XX &  0HWKDQH GHK\GUR
DURPDWL]DWLRQRQ0R=60$ERXWWKHKLGGHQ
UROHRI%URQVWHGDFLGVLWHV$SSOLHG&DWDO\VLV$
*HQHUDO  
[10] +DVVDQ$6D\DUL$  +LJKO\DFWLYHVH
OHFWLYHDQGVWDEOH0R5X+=60FDWDO\VWVIRU
R[\JHQIUHH PHWKDQH DURPDWL]DWLRQ $SSOLHG
&DWDO\VLV$*HQHUDO  
[11] 6RO\PRVL )6]HFKHQ\L$  $URPDWL]D
WLRQ RI LVREXWDQH DQG LVREXWHQH RYHU
0R&=60 FDWDO\VW $SSOLHG &DWDO\VLV $
*HQHUDO  
[12] /LX +0 6KHQ :- %DR ;+ ;X <'
  ,GHQWLILFDWLRQ RI 0R DFWLYH VSHFLHV IRU
PHWKDQH
GHK\GURDURPDWL]DWLRQ
RYHU
0R+=60FDWDO\VWVLQWKHDEVHQFHRIR[\JHQ
+0$6105DQG(35LQYHVWLJDWLRQV-RXUQDO
RI0ROHFXODU &DWDO\VLV$&KHPLFDO  

[13] 6]DER(=XJQHU*/)DUNDV06]LODJ\L,
'REH6  'LUHFW.LQHWLF6WXG\RIWKH2+
UDGLFDO ,QLWLDWHG 2[LGDWLRQ RI 3LYDODOGHK\GH
&+ && 2 +LQWKH*DV3KDVH2[LG&RP
PXQ  
[14] .HFVNHPHWL$%DUWKRV56RO\PRVL)  
$URPDWL]DWLRQRIGLPHWK\ODQGGLHWK\OHWKHUVRQ
0R&SURPRWHG =60 FDWDO\VWV -RXUQDO RI
&DWDO\VLV  
[15] +D9777LHS/90HULDXGHDX31DFFDFKH
&  $URPDWL]DWLRQRIPHWKDQHRYHU]HROLWH
VXSSRUWHG PRO\EGHQXP DFWLYH VLWHV DQG UHDF
WLRQPHFKDQLVP-RXUQDORI0ROHFXODU&DWDO\VLV
$&KHPLFDO  
[16] )X=+<LQ'/<DQJ<6*XR;;  
&KDUDFWHUL]DWLRQ RI PRGLILHG =60 FDWDO\VWV
IRU SURSDQH DURPDWL]DWLRQ SUHSDUHG E\ D VROLG
VWDWH UHDFWLRQ $SSOLHG &DWDO\VLV $ *HQHUDO
  
[17] :HFNKX\VHQ %0 5RV\QHN 03 /XQVIRUG
-+   &KDUDFWHUL]DWLRQ RI VXUIDFH FDUERQ
IRUPHG GXULQJ WKH FRQYHUVLRQ RI PHWKDQH WR
EHQ]HQHRYHU0R+=60FDWDO\VWV&DWDO\VLV
/HWWHUV
[18] /LX/0D'&KHQ+=KHQJ+&KHQJ0
;X<%DR;  0HWKDQHGHK\GURDURPD
WL]DWLRQ RQ 0R+0&0 FDWDO\VWV HIIHFW RI
6L2$O2UDWLRRI+0&0]HROLWHVXSSRUWV
&DWDO\VLV/HWWHUV

5HFHLYHG
$FFHSWHG




CORRESPONDING AUTHOR
/DLIHL&KHQJ
6FLHQFHDQG7HFKQRORJ\RQ7KHUPRVWUXFWXUDO
&RPSRVLWH0DWHULDOV/DERUDWRU\
1RUWKZHVWHUQ3RO\WHFKQLFDO8QLYHUVLW\
;L¶DQ±&KLQD
HPDLOFKHQJOI#QZSXHGXFQ



%$

" &  

 





 " #!"!




"'#! #! "$,&# # 
"&"&#!,$'"*'( ')%&
"#( '*'     &$  

0239//96/932 #:/>/%32/ /43F!,/?3> &/:/>!?:/79 E:/;9&/0/56


1,3

EPCRS Excellence Center, Plant Pathology and Biotechnology Lab., Agric. Botany Dept., Fac. Agric., Kafrelsheikh University, 33516,
Egypt
2
Wheat Dis. Res. Dept., Plant Pathol. Res. Inst., ARC. Egypt
4
Department of Agronomy, Faculty of Agriculture, Kafrelsheikh University, Egypt

&'%'

The resistance stability or breakdown to Egyptian wheat cultivars against " f.sp.
!! was studied. The final rust severity (%),
AUDPC and r-value of Gemmeiza-12, Gemmeiza10, Sids-13 and Gemmeiza-11 cultivars were significantly decreased, but in Misr-1, Misr-2 and Sids-1
were significantly increased. This perhaps, due to
changes in the reactive oxygen species levels mainly,
superoxide, hydrogen peroxide and enzyme activities
such as catalase, peroxidase and polyphenoloxidase.
Reactive oxygen species were increased in the susceptible cultivars compared with others consequently; chlorophyll concentrations were decreased
in susceptible cultivars compared with resistant cultivars. These results were ensured with the anatomical investigations in which proved that the thickness
of epidermis, ground tissue and phloem thickness (μ)
were increased in resistant cultivars compared with
susceptible. Consequently, grain yield were increased in resistant cultivars. According to our
knowledge, this is the first record that Misr-1 and
Misr-2 cultivars became susceptible and the resistance was broken. These new results are very important for plant breeders to protect and develop resistant cultivars. It can be recommended to give
more attention of annually evaluation of such as
these wheat cultivars to avoid epidemic infection and
resistance breakdown to wheat stem rust fungus.

stresses. Among them, the most harmful biotic
stress is " f.sp!!which cause
stem rust of wheat worldwide. The control of pathogen using chemical methods raises serious concern about food safety and environment as well as
developing resistance, which have dictated the need
of another technique for diseases control [3]. Infection with "   f.sp !! results in
yield loss every year in many wheat-producing
countries all over the world. The frequency of epidemics and nature of damage caused by stem rust
is different in each country. In Egypt, stem rust appeared in epidemic level in 1947 and 1968 [4] and
disappeared in the other seasons in addition to race
Ug99 was identified in Egypt 2014 [5]. Multiple
methods are available to control wheat stem rust.
Among them, developing resistant varieties would
be the most promising as it is economical and environmentally safe.
Under stress conditions especially infection
with microorganisms are related with increase of reactive oxygen species, which induces oxidative
stress in plant cells. Up-regulation of antioxidant
seems to be a general response to oxidative damage
under natural conditions [6]. ROS, mainly Hydrogen
peroxide (H2O2) and superoxide (O2.) can up-regulate antioxidant defense systems even at very low
concentrations [7]. ROS are produced through several metabolic pathways, including electron flows,
lipid catabolism and photorespiration in some organelles specially mitochondria, chloroplasts, glyoxysomes and peroxisomes. Although much metabolic
energy is spent on ROS removal by cells, likewise
ROS are actively generated during metabolism process under normal growth conditions [8]. Fortunately, plant cells make a variety of enzymatic and
non-enzymatic antioxidants to overcome the harmful
impact with ROS. Two important antioxidant enzymes are superoxide dismutase, which converts O2.into H2O2 and catalase, which converts H2O2 into
water and oxygen [9].
Biotic or abiotic stresses led to changes in the
membrane permeability (electrolyte leakage) (EL) of
plants. Electrolyte leakage was increased in wheat
cultivars under infection with " !

,*#%&
!"  !#" L., wheat stem rust, catalase, peroxidase, polyphenoloxidase, reactive oxygen species,
anatomy, grain yield


"'%#('#"
It is well known that wheat (!" !#"
L.) crop is one of the most vital cereal crops cultivated all over the world [1, 2] and plays critical role
in the diet of the Egyptian people. Wheat production is affected by numerous biotic or abiotic
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[1]. Nevertheless, chlorophyll a and b concentrations
were decreased in susceptible wheat cultivars. According to [2] electrolyte leakage was increased in
susceptible wheat cultivars than the resistant cultivars under infection with fungi. Chlorophyll concentrations were decreased in squash plants under infection with downy mildew [10]. Therefore, the aim of
this research was to evaluate some Egyptian wheat
cultivars and study the anatomical, biochemical and
physiological changes in stressed plants under infection with " f.sp.!!which cause
stem rust.


!'% &"!'#&

and rate of disease increase (r-value) according to
[15].

The present investigations were conducted at
the farm of Faculty of Agriculture, Kafrelsheikh
University, Egypt, during 2014/2015 and 2015/2016
growing seasons and the Laboratory at (EPCRS) Excellence Center (certified according to ISO 9001,
ISO 14001 and OHSAS 18001) and Plant Pathology
and Biotechnology Lab. (certified according to ISO
17025), Department of Agricultural Botany, Faculty
of Agriculture, Kafrelsheikh University, Egypt.

7?@<163:71/9 /;/9E?7? <4 >3/1@7B3 <DE53;
·?=3173?%#& Superoxide (O2 ) and hydrogen peroxide (H2O2) were visualized as a purple and a reddish-brown coloration [17]. Leaves discoloration was
measured using nicked eyes or a Chemiimager 4000
digital imaging system (Alpha Innotech Corp., San
Leandro, USA).

;/@<:71/9?@A273?Specimens of stems 1cm
length at the age of 85 days were taken from the middle of the fourth internode from apex during the second season 2015/2016. Samples were killed and
fixed, washed and dehydrated in butyl alcohol series,
the specimens were impeded in paraffin wax (5658°C°). Transverse sections with the thickness of 15
microns were obtained by rotary microtome model
820 and were fixed on the slides with albumin,
stained with safranin light green combination and
mounted in Canada balsam [16]. Slides were examined microscopically and photo-micrographed.

1@7B7@73? <4 /;@7<D72/;@ 3;FE:3? CAT activity was measured according to [18]. Polyphenoloxidase (PPO) activity was measured according
to [19]. Peroxidase (POX) activity was directly
measured according to a typical procedure proposed
by [20].

$9/;@:/@3>7/9?Eleven Egyptian wheat cultivars,  Sakha-94, Giza-171, Gemmeiza-10,
Gemmeiza-11, Gemmeiza-12, Sids-1, Sids-12, Sids13, Shandwel-1, Misr-1 and Misr-2 were obtained
from wheat Research Department, Field Crops Research Institute, ARC, Giza, Egypt.

D=3>7:3;@/9 23?75; A total of 11 wheat
cultivars were evaluated under field conditions
during 2014/2015 and 2015/2016 growing seasons.
The cultivars were sown in randomized complete
block design with 3 replicats. The experimental unit
included 15 rows with 7m. long and 30cm apart. Plot
size measured 7×6 = 42 m2 (1/240 hectre). The
experiment was surrounded by 1 m allay and 1.5 m
belt, served as a spreader of stem rust susceptible
entries,  “Morocco and !" !
 ”. The spreader was artificially inoculated
using the highest virulent pathotypes, TRTTC in
2014/2015 and TTTRC in 2015/2016.

7?3/?3?3B3>7@EDisease severity (DS %) was
recorded four times, every 10 days intervals, during
each of the two successive growing seasons,
expressed as the percentage coverage stem area of
wheat plants with rust pustules, according to the
method adopted by [11]. Field reaction was
expressed in five types [12],  immune (0),
resistant (R), moderately resistant (MR), moderately
susceptible (MS) and susceptible (S). The obtained
data served in the determination of the final rust
severity (FRS %), as outlined by [13], area under
disease progress curve (AUDPC) according to [14]

931@><9E@393/8/53 Electrolyte leakage
percentage was calculated as: initial conductivity/final conductivity × 100 M according to [21].
69<><=6E99//;201<;13;@>/@7<;? Chlorophyll a and b concentrations as mg/g fresh weight
were extracted of fresh wheat leaves (0.5 g) and calculated spectrophotometerically at 663 and 645 nm
according to [22].
,7392 /??3??:3;@ Grain yield expressed as
1000 kernel weight/g and grain yield (ton/hectare)
were determined for all the tested cultivars in the two
growing seasons.

&@/@7?@71/9 /;/9E?7? Randomized complete
block design with three replicates was followed. The
analysis of variance (ANOVA) of the data that performed with the software package SPSS 22. The
least significant difference (LSD) at 5% level of significant was used to compare treatment means. Also,
data represented by the mean±SD.
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7;/9 >A?@ ?3B3>7@E %&  /;2 27?3/?3
?E:=@<:?<4 5E=@7/;C63/@1A9@7B/>?7;431@32
C7@6   4?=  Eleven Egyptian wheat cultivars were evaluated at adult stage to
study the response of inefction for "
 f.sp. !!, during 2014/2015 and 2015/2016
growing seasons (Fig. 1 and Table 1). During the two
growing seasons, Gemmeiza-12 (TrR and 10R),
Gemmeiza-10 (5R and 20R), Sids-13 (5MR and
10MR) and Gemmeiza-11 (10MR and 20MR) were
recorded as the most resistant cultivars, while, Sids12 (5MS and 10MS) and Shandwel-1 (10MR and
10MS) cultivars were moderately susceptible, respectively. Contrary, Misr-1 (60S and 90S), Misr-2
(40S and 90S) and Sids-1 (20S and 40S) were highly
susceptible cultivars of final rust severity (%), during the two growing seasons, respectively (Table 1).



 " #!"!

These results interrupted with [23] whom reported
that Misr-1 (10MR) and Misr-2 (10MS) were moderately resistant to moderately susceptible. This
could be due to the emergence of more aggressive
races breaking resistance in these cultivars in spite of
these cultivars were resistant to race Ug99. Accordingly, it must be improved resistance in these cultivars by introducing resistance genes, such as genes
 and  which were identified to be effective
against Ug99. Also, it must study the dynamic
changes of physiological races and their relationship
to the resistance genes and cultivars to determine the
efficiency of the resistance genes and cultivars for
use of them in breeding resistance wheat program.
Similar results were reported with [24] who evaluated one hundred widely grown wheat in Tajikistan
varieties and advanced lines for resistance against
Ug99 in Kenya; 85% of lines were susceptible, 10%
were moderately susceptible and 5% were moderately resistant.


(% 
7?3/?3?E:=@<:?<4 5E=@7/;C63/@1A9@7B/>?7;431@32C7@6 4?=
3::37F/ 3::37F/ >3?7?@/;@1A9@7B/>?3::37F/ /;2&72? :<23>/@39E>3?7?@/;@
&72? /;2&6/;2C39 :<23>/@39E?A?13=@7093/;2&/86/7F/  &72? !7?> /;2!7?> 
?A?13=@70931A9@7B/>?
'  
2A9@=9/;@>3/1@7<;<4 5E=@7/;C63/@1A9@7B/>?/5/7;?@?@3:>A?@3D=>3??32/?@63@6>333=723:7<9<5
71/9=/>/:3@3>?%&($/;2>B/9A32A>7;5

/;2

5><C7;5?3/?<;?

&3/?<; =723:7<9<571/9=/>/:3@3>?
A9@7B/>
&/86/
7F/  
3::37F/ 
3::37F/ 
3::37F/ 
&72? 
&72? 
&72? 
&6/;2C39 
!7?> 
!7?> 
&   

%&/
5S
10S
5R
10MR
TrR
20S
5MS
5MR
10MR
60S
40S
-



($0
72.3±2.30
115.6±1.71
28.0±1.15
55.0±1.73
24.0±0.86
255.0±4.38
59.3±1.73
37.0±1.09
50.0±1.15
1275.0±4.04
765.0±2.59
9.02

>B/9A31
0.055±0.0006
0.097±0.0023
0.017±0.0017
0.064±0.0012
0.017±0.0017
0.107±0.0085
0.064±0.0012
0.041±0.0012
0.041±0.0115
0.126±0.0058
0.116±0.0115
0.028

%&/
10S
10S
20R
20MR
10R
40S
10MS
10MR
10MS
90S
90S
-



($0
123.6±2.88
153.0±1.84
53.0±0.86
95.0±1.73
33.0±0.86
505.0±4.73
110.6±1.73
58.0±1.09
95.0±1.15
1675.0±4.04
1500.0±5.19
10.85

>B/9A31
0.097±0.0006
0.097±0.0012
0.064±0.0012
0.084±0.0029
0.038±0.0017
0.120±0.0115
0.062±0.0023
0.040±0.0006
0.089±0.0012
0.171±0.0058
0.146±0.0115
0.013

%&/ = Final rust severity, ($0 = Area under disease progress curve and >B/9A31 = Rate of disease
increase.
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'  
;/@<:71/916/>/1@3>?<4 5E=@7/;C63/@1A9@7B/>??@3:?7;431@32C7@6
4?=2A>7;5

?3/?<;
;/@<:71/9?@3:16/>/1@3>?/;2
C63/@1A9@7B/>?
&/86/
7F/  
3::37F/ 
3::37F/ 
3::37F/ 
&72? 
&72? 
&72? 
&6/;2C39 
!7?> 
!7?> 

'6718;3??<4=723>:7?
G
6.7
7.19
7.8
7.2
8.15
7.34
6. 8
7.5
7.62
6.7
6.8

'6718;3??<4
5><A;2@7??A3G
226.3
233.2
249.6
257.7
269.4
263.6
254.7
221.6
271
232.9
224.8

'6718;3??<4
=69<3:G
20.32
22.5
20.9
21.64
23.5
22.35
23.18
23.67
20.84
20.92
24.4

7/:3@3><4DE93:B3??39G
18.72
21.61
19.4
19.9
22.76
21.65
22.9
24
19.2
22.25
23.6



>3/ A;23> 27?3/?3 =><5>3?? 1A>B3
($ /;2 >/@3 <4 27?3/?37;1>3/?3 >B/9A3
The lowest values of AUDPC were recorded with
Gemmeiza-12 (24.0 and 33.0), Gemmeiza-10 (28.0
and 53.0), Sids-13 (37.0 and 58.0), Shandwel-1 (50.0
and 95.0) and Gemmeiza-11 (55.0 and 95.0), during
2014/2015 and 2015/2016 growing seasons, respectively. On the other hand, the highest values were
recorded with Misr-1 (1275.0 and 1675.0), Misr-2
(765.0 and 1500.0) and Sids-1 (255.0 and 505.0),
during the two growing seasons, respectively (Table
1). Similar results were recorded with [25] who
stated that line 102091 recorded the lowest level of
AUDPC, whereas the highest levels of AUDPC were
recorded with Chozi and Duma to stem rust. Interestingly, rate of disease increase (r-value) of cultivars,  Gemmeiza-12 (0.017 and 0.038),
Gemmeiza-10 (0.017 and 0.064), Sids-13 (0.041 and
0.040), Shandwel-1 (0.041 and 0.089) and
Gemmeiza-11 (0.064 and 0.084) were significantly
decreased as compared to other cultivars. On the
other hand, Misr-1 (0.126 and 0.171), Misr-2 (0.116
and 0.146) and Sids-1 (0.107 and 0.120) cultivars
recorded the high levels of r-value, during the two
seasons, respectively (Table 1).

;/@<:71/916/>/1@3>?<4 5E=@7/;C63/@
1A9@7B/>?7;431@32C7@6 4?=
 The stem anatomical structures among the 11
cultivars were summarized in (Table 2) and their
transverse sections illustrated in Figs 2 and 3. The
stem characters of wheat plants consist of the epidermis layer, the sclerenchyma tissue and the ground
tissue as well as vascular bundles. The vascular bundles are collateral and distributed in ground tissue. It
is evident that anatomical parameters such as thickness of epidermis (μ), thickness of ground tissue (μ)
and thickness of phloem tissue (μ) were decreased in
susceptible cultivars and producing many sori as
well as huge amounts of spores (Figs 2A, B, F and
3D, E). However, xylem vessel diameters (μ) were
increased in susceptible cultivars. In this aspect, [26]
reported that change in diameter of vessels have an

essential role in the adaptation under unfavorable
conditions. The cultivars resistant to moderately resistant showed increment in epidermis, ground tissue
and phloem tissue thickness (Figs 2C, D, E and 3A,
B, C). This reduction in anatomical characters under
infection may be due to the injurious effects of "
   f.sp. !! on cell division, chlorophyll concentration and enzymes activity as well as
growth stages of wheat plant [1].
7?@<163:71/9 /;/9E?7? <4 >3/1@7B3 <DE53;
?=3173? %#& /;2 23@3>:7;/@7<; <4 /;@7<D72/;@
3;FE:3?/1@7B7@E<45E=@7/;C63/@1A9@7B/>?7;
431@32C7@6 4?=Reactive
·oxygen species such as superoxide (O2 ) and hydrogen peroxide (H2O2) were visualized as purple and
brown discoloration, respectively in 11 Egyptian
wheat cultivars. The discoloration significantly decreased in resistant cultivars,  Gemmeiza-10,
Gemmeiza-12, Sids-13 and Gemmeiza-11 compared
with the susceptible cultivars,  Misr-1, Misr-2
(Fig. 4). Interestingly, when levels of ROS mainly
O2·- and H2O2 were measured quantitatively, similar
results were obtained in which proved that ROS levels were significantly decreased in all the resistant
and moderately resistant cultivars, while it was increased in the susceptible cultivars (Figs 5A and B).
These results are supported with the results obtain
previously in which proved that resistance or the induced of resistance are conjugated with the early accumulation of ROS and up-regulation of antioxidant
enzymes later after the inoculation of infection with
the pathogen. However, the high levels of ROS later
after infection resulted in susceptibility and programmed cell death [1, 27, 28, 29]. Catalase (CAT)
activity and peroxidase (POX) were significantly increased in resistant wheat cultivars (Gemmeiza-10,
Gemmeiza-12,
Sids-13,
Gemmeiza-11
and
Shandwel-1) as compared to susceptible cultivars,
 Misr-1, Misr-2 and Sids-1 (Figs 5C and D). On
the other hand, Polyphenoloxidase (PPO) activity
was significantly decreased in resistant wheat cultivars with compared to susceptible ones namely
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Misr-1, Misr-2 and Sids-1 (Fig. 5E). The up-regulation of antioxidants protects plant cell against oxidative burst caused by ROS. This explains that resistant
cultivars up-regulated the antioxidant scavenging
enzymes [7].



 " #!"!

agreement with those obtained by [2, 27]. It is evident from Figs 6B and C that chlorophyll a and b
concentrations increased in the resistant and moderately resistant wheat cultivars (Gemmeiza-10,
Gemmeiza-11, Gemmeiza-12 and Sids-13) compared to the susceptible cultivars (Sakha-94, Giza171, Sids-1, Misr-1 and Misr-2), during the two seasons. Interestingly, shandwel-1cultivar showed increase concentration of chlorophyll a and b as well
(Figs 6B and C). It seems that shandwel-1cultivar
showed the lowest value of electrolyte leakage and
high concentration of chlorophyll a and b, this is unexpected resulted in which contradictory with the
AUDPC and ROS levels as well as antioxidant enzyme activities. Therefore, we should follow up
these cultivars which on the border of resistance
breakdown. The high concentrations of chlorophyll
correlated with the degrees of resistance. Similar results were recorded by [10] in related to squash
plants infected with downy and powdery mildew as
well as in wheat cultivars inoculated with "
! as described by [1]. Conversely, chlorophyll a and b concentrations were decreased in susceptible wheat cultivars; this reduction of chlorophyll may be due to the spread of the pathogen hypha
in wheat cells, which reduces chlorophyll pigments
and the number of chloroplasts in the mesophyll tissue [1].

931@><9E@393/8/53169<><=6E99//;2169<
><=6E99 0 1<;13;@>/@7<;? <4 5E=@7/; C63/@
1A9@7B/>?7;431@32C7@6 4?=
 The electrolyte leakage was significantly increased in susceptible wheat cultivars compared to
resistant cultivars. The highest values were recorded
with Sakha-94, Giza-171, Sids-1, Misr-1 and Misr-2
cultivars, whereas the resistant cultivars, 
Gemmeiza-10, Gemmeiza-11, Gemmeiza-12 and
Sids-13 as well as Shandwel-1 showed the lowest
values of electrolyte leakage. These results may be
due to the susceptibility or resistance wheat cultivars
to " f.sp. !! (Fig. 6A). The increment of electrolyte leakage in susceptible wheat
cultivars than the resistant one because "
 f.sp. !! depends deeply on the host to
obtain vital elements and compounds. This result
perhaps due to the plasma membrane of the susceptible cultivar was affected by the fungal inoculation,
while the plasma membrane of the resistant cultivar
was not affected under infection. These results are in


(% 
'>/;?B3>?3?31@7<;?<4C63/@1A9@7B/>??@3:?&/86/7F/  3::37F/ 
3::37F/ 3::37F/ &72? 7;<1A9/@32C7@6 4?=2A>7;5

5><C7;5?3/?<;!/5;7471/@7<;+

3@/79?=723>:7?'><A;2@7??A3))/?1A9/>0A;293&A;293?63/@6
$6'$69<3:@7??A3+)+E93:B3??39/;2&?=<>3?
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'>/;?B3>?3?31@7<;?<4C63/@1A9@7B/>??@3:?&72? &72? &6/;2C39 !7?> 
!7?> 7;<1A9/@32C7@6 4?=2A>7;5

5><C7;5?3/?<;
!/5;7471/@7<;+

3@/79?=723>:7?'><A;2@7??A3))/?1A9/>0A;293&A;293?63/@6
$6'$69<3:@7??A3+)+E93:B3??39/;2&&=<>3?



(%
11A:A9/@7<;<4>3/1@7B3<DE53;?=3173?%#&><C;27?1<9<>/@7<;<46E2><53;=3><D723A==3>><C
/;2=A>=9327?1<9<>/@7<;<4?A=3><D7239<C3>><C7;?@3:?<4 5E=@7/;C63/@1A9@7B/>?7;<1A9/@32
C7@6 4?=
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3B39?<4>3/1@7B3<DE53;?=3173?%#&-?A=3><D723/;26E2><53;=3><D723./;2/1@7B7@73?<4
/;@7<D72/;@3;FE:3?1/@/9/?3'=3><D72/?3$#+/;2=<9E=63;<9<D72/?3$$#7;
?@3:?<4 5E=@7/;C63/@1A9@7B/>?7;<1A9/@32C7@6 4?=


,7392 1<:=<;3;@?It was cleared from (Figs
6D and E) that effect of stem rust disease on 1000
kernel weight (g) and grain yield (ton/hectare) of 11
Egyptian wheat cultivars, during 2014/2015 and
2015/2016 growing seasons, the cultivars,  Misr1, Misr-2 and Sids-1 recorded the lowest values of
1000 kernel weight (g) and grain yield (ton/hectare)
followed by Sakha-94 and Giza-171, during the two
seasons under study, respectively. On the other hand,
Gemmeiza-10, Gemmeiza-11, Gemmeiza-12, Sids13, and shandwel-1 recorded the highest values of
1000 kernel weight and grain yield (ton/hectare),
during the two seasons. These results were consistent with the findings of [23] who showed that the
yield losses ranged from 2.47% in Misr-2 to 6.29%
in Sids-12 in the first season, while in the second season the yield losses ranged from 1.96 % in

Gemmeiza-7 to 8.21 % in Misr-1, where these cultivars were moderately resistant. Therefore, these results explain the emergence of virulent races of the
pathogen in the two seasons under study. The mean
grain yield losses were ranged between 5.6% and
66.3% and were highly correlated to final disease severity (%) and the area under disease progress curve
(AUDPC) of wheat stem rust [25]. The reduction of
1000 kernel weight and grain yield in susceptible
cultivars may be due to the harmful effect of "
  f.sp. !! on growth characters,
chlorophyll concentrations and enzyme activities of
wheat cultivars. These results are in agreement with
many researchers under biotic and abiotic stress [1],
[2], [30 - 35].
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931@><9E@393/8/5369<><=6E99/69<><=6E9901<;13;@>/@7<;?:5 54>3?6C3756@

83>;39C3756@/;25>/7;E7392@<; 631@/>3<4 5E=@7/;C63/@1A9@7B/>?7;<1A9/@32C7@6
4?=
#" (&#"&

It can be concluded that Misr-1 and Misr-2 cultivars are susceptible to stem rust disease in spite of
they were resistant to the new virulent race Ug99.
These cultivars are grown in many countries all over
the world, which have emerged as this race and they
are still grown in Egypt. Consequently, it can be recommended replacement these susceptible cultivars
by resistant cultivars such as Gemmeiza-10,
Gemmeiza-11, Gemmeiza-12, Shandwel-1 and Sids13 which recorded the maximum values of studied

characters mainly chlorophyll concentrations, enzymes activity and grain yield as well as significantly decreased the final rust severity (%). According to our knowledge we are the first who recorded
that Misr-1 and Misr-2 cultivars which resistant to
stem rust fungus became susceptible and the resistance was broken. Our results suggested giving
more attention of annually evaluation for these cultivars to avoid epidemic infection and resistance
breakdown of wheat cultivars infected with stem rust
all over the world.
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quantity of abscisive acid in the stem after cells division indicates the ending of cells production.
Cambial activity depending on sites conditions
has also been researched in fir plantations [12]. Obtained results of this paper deduced that intensity of
cambial activity depends a lot on stems position in
the population. It started earlier and lasted longer by
dominant stems.
Based on some papers [13], it has been established that cambial activity lasts longer by stems
with wider than by the others with narrower growth
rings, so duration of cambial activity depends a lot
on growth rate.
Radial increment changes have often been
caused by changing of hydrological conditions in the
environment [14], [15].
Processes of cambial reactivation are related to
light and temperature control [16], [17].
Some papers [18] established that different species from the same genus react very plastically to
changed environmental conditions and it is related to
its phenotypic reaction. Another paper [19] related to
Douglas-fir, that is also deciduous conifer like bald
cypress, concluded that Douglas-fir is not resistant
on air-pollutants influence.

The paper shows the differences in growth
rings width between bald cypress stems grown on
two alluvial sites in Serbia – Veliko ratno ostrvo and
Backa Palanka. Performing this anatomical research
included falling of overall six trunks (3 from one and
3 from another location). After that, appropriate
wood cross-sections were made and they served for
making permanent anatomical preparations. Obtained results proved a big dependence between radial increment from one side and available water
content together with nutrients content on the other
side. It caused a very significant correlation between
growth rings width and qualitative site features.
Bearing on mind this fact, it was established that Veliko ratno ostrvo is more suitable for bald cypress
growing. As for behavior of radial increment with
ages, there are some differences between these locations, first of all because stems from Veliko ratno ostrvo still did not reach its culmination.


(' "#
bald cypress, growth rings width, Veliko ratno ostrvo,
Backa Palanka, soil

$"#$ #

*2-+;: 7. ;0- 9-:-)9+0 Research of wood
anatomy structure means choosing of representative
stems that have to satisfy some criterias: generative
origin, good health and physiological state, absence
of any technical deformation. Bald cypress stands
with these characteristics are located in Backa Palanka and Veliko ratno ostrvo – therefore these two
locations have been chosen as objects of the research.
The aim of the paper was to determine radial
increment of bald cypress stems on two alluvial sites
whose soil characteristics differ a bit between each
other.
Veliko ratno ostrvo is protected natural area situated between 1169 and 1172 km of the river Danube flow. It is characterized by flat orography with
an average height of about 72 m above the sea level.
There are three zones established inside this location:

$" %$ 
In the paper [1], cambial activity and ending of
that process has been researched. On the other hand,
some papers [2] claim that cambial activity finishes
first on the top and later at the base of the stem. However, the others described more intensive ending of
cambial activity at the base during the autumn, and
after that the process gradually expands to the top of
the crown [3], [4], [5].
[6], [7] explained that reactivation of cambium
occurs as a result of produced auxine quantity in the
young shoots and this causes xylem production. This
processes regulate xylem growth [8], [9].
Some papers connect growth speed, and the
ending of xylogenesis, with climate and physiological factors. [10] concluded that growth rate culminates during the summer, when photoperiod reaches
maximum, while the others [11] found that high
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)*79);79@ >793 Wood cross-sections were
brought to the Lab of Wood Anatomy of Faculty of
Forestry from Belgrade University. There was done
insight in its macroscopic structure and permanent
anatomical preparations making. Before permanent
anatomical preparations were made, some wood segments with the length equal to the cross-section diameter and width of about 8 mm were cut off [23].
These segments were taken in following directions –
north-south or east-west.

zone of nature preservation, zone of recreation and
zone of tourisms.
The soil belongs to alluvium with different texture and it was used for agriculture production in the
past. The stand is between 25 and 35 years old [20]
with satisfied radial and height dimensions.
Backa Palanka is the only location in Serbia
where exists seed stand of bald cypress. There are
currently 111 trunks with an average age of about 70
years [21]. Based on some papers [22], for bald cypress in Backa Palanka could be deduced following:
- it is very important, not only decorative, but
also forest species suitable for planting on  ) 
habitats
- in Serbian environment, bald cypress belongs to fast-growing species and is one of rare conifers used for lowland areas afforestation
- this population is significant seed base, not
only because of seed quantity and quality, but also
because of superior plus stems present there
- natural regeneration of bald cypress depends on hydrological conditions

#;<,@ )9-) 077:16/ 7. ;0- :;-5: Overall
six stems (three from one and three from another location) had to be fallen in order to perform appropriate morpho-anatomical analysis. Bearing on mind
that position of the stem plays an important role, it
was needed to avoid samples surrounded by many
others, then these situated at the edge of the stand,
and these completely free from another individuals,
because it could negatively affect to both radial and
height increment. Selection of representative stems
contributes a lot to determining of radial increment
very precisely.
After desirable stems were fallen, their age was
calculated by growth rings counting at the base.
Stems from Veliko ratno ostrvo were 36, 34 and 29
years old. On the other side, samples from Backa
Palanka were much older – 54, 74 and 74 years old.

97:::-+;176:/916,16/. This operation needs
to be done in order to make not only growth rings as
more visible as possible, but also the border between
each other, as well. This has a big influence on permanent anatomical preparations quality. Some structural mistake present in the wood, that is hard to diagnosticate on the usual cross-section, by grinding
performing can be eliminated.
)316/ 7. 8-95)6-6; )6);751+)4 89-8)9)
;176: Depending on research type, preparations
could be temporar or permanent. For this research,
permanent anatomical preparations were made in all
anatomical directions – transversal, radial and tangential. With regard to the fact that bald cypress belongs to soft woods, it was not necessary softening
on high temperatures. Sliding microtome „Reichert“
was used for making permanent anatomical preparations in all directions. Growth rings width was measured on these preparations in two perpendicular directions [24]. Obtained medium value from these
measurements is actually desirable growth rings
width.
"#%$##%## 
As for growth rings width, it depends on many
factors: soil, climate, orography, site. Species with
wider growth rings are marked as fast-growing species, and these with narrow growth rings are slowgrowing species. Individuals grown completely free
will have increased radial increment because of the
lack of competitive vegetation [21]. Contrary, individuals surrounded by numerous neighbours will
have an intensive growth in the height.
Based on results in Table 1, for average growth
rings width at two heights on two different locations,
it can be deduced that growth rings are on average
wider at Veliko ratno ostrvo than in Backa Palanka.
This is directly connected to, before all, soil texture
that determines quantity of available water to the
plants. Soil on Veliko ratno ostrvo is characterized
by presence of two texture classes – sandy loam and
loam – that contain a big quantity of physiologically
available water. On the other side, sand and loamy
sand are two the most common texture classes in
Bačka Palanka, so therefore is content of available
water to the plants much lower.

$)316/ 7. ;0- >77, +97:::-+;176: Before
stems were fallen, an appropriate side of the world
was labeled. After falling down process, it was necessary to take the wood cross-sections in order to
have an insight in a wood macro-structure. Crosssections were taken on two heights – on the base (0.3
m) and on the breast height (1.3 m). Its thickness was
about 2 cm. Thereafter, cross-sections were cut
through the radius off due to performing all necessary measurements on the segment including n
growth rings from the pith to the bark.
$)316/7.:714:)584-:In order to perform appropriate pedological research, pedological profiles
were open on both locations. There were overall 4
profiles opened – 3 on Veliko ratno ostrvo and 1 in
Backa Palanka. The main purpose of soil samples
taking was determining of soil texture and its chemical features.
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49.90

 
 





1.50
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23.90 22.70
53.40
22.20 24.70
53.10
7.70
12.60
79.70
!-,747/1+)4897.14-6<5*-9
24.20 26.50
49.30
24.80 24.90
50.30
22.50 25.80
51.70
!-,747/1+)4897.14-6<5*-9
23.60 26.00
50.40
22.20 27.70
50.10
22.30 26.50
51.20
)B3)!)4)63)
!-,747/1+)4897.14-6<5*-9
19.30 19.40
61.30
2.90
6.50
90.60
7.00
8.00
85.00
9.10
8.50
82.40

This was confirmed by the author [25] who did
a research in the protected part of the Danube river
alluvium and obtained results are very similar. Content of physiologically available water depends on
different texture classes [25] – 25.97 % for sandy
loam, 24.10 % for loam, 12.31 % for sand, and 15.89
% for loamy sand.
[26] researched soil features influence on the
growth of poplar cultivars at unprotected alluvium of
the Danube river. Obtained relations about available
water content between some texture classes were
similar – 36.2 % for sand, 40.2 % for loamy sand,
42.6 % for sandy loam, and 45.8 % for loam. Bigger
values obtained in this paper compared to [25] are
caused by the fact that this zone was not protected,
so flooding of the Danube river affects a lot these results.
Results obtained for growth rings width of bald
cypress on both locations are very similar to [25] and
[26]. Bald cypress needs the soil optimaly provided
with the water and the adequate oxygen exchanging,

7=-9)44+4)@

$-?;<9-+4)::


46.60
46.90
20.30

sandy loam
sandy loam
sandy loam

50.70
49.70
48.30

loam
loam
loam

49.60
49.90
48.80

loam
loam
loam

38.70
9.40
15.00
17.60

sandy loam
sand
loamy sand
loamy sand







as well. Based on above mentioned facts, it can be
concluded that wider growth rings are going to be
formed on the soil with bigger quantity of available
water.
Bigger growth rings width on average, and bigger radial increment in a whole, depend a lot on soil
fertility more expressed on the soil of Veliko ratno
ostrvo. Content of some fractions (dust, clay, N, humus, P2O5, K2O) showed in the Table 2 and 3 confirms this claim.
Growth rings width are decreasing with the
height, so therefore are growth rings wider on the
base than on the breast height (figures 1-4). [27]obtained the same results by "(& %(' T. They
namely concluded that growth rings width by the individuals grown on sites with good quality features
firstly decrease from the base to the 2 m height, after
that it gradually goes up to the central part of the tree,
and from it to the top of the crown, growth rings
width decreases again.

308

#"

  $  





  !



$ 
0-51+)4-);<9-:7.$0-#714:

,-8;0

8

7=-9)44
humuse
N
%
&-41379);677:;9=7
!-,747/1+)4897.14-6<5*-9 
7.64
13.93
0.88
13.50
1.50
0.39
13.49
0.65
0.27
!-,747/1+)4897.14-6<5*-9 
10.06
8.61
0.96
13.38
1.55
0.38
15.47
1.12
0.29
!-,747/1+)4897.14-6<5*-9 
8.82
10.05
1.02
12.63
3.47
0.64
14.02
2.69
0.54
)B3)!)4)63)
!-,747/1+)4897.14-6<5*-9 
5.62
9.76
0.40
8.43
0.41
0.01
10.68
0.41
0.01
10.24
0.48
0.01

)

+5

H2 O

KCl

 
 
 

7.40
8.00
8.01

6.99
7.22
7.53

 
 
 

7.42
7.85
7.96

7.01
7.32
7.30

 
 
 

7.44
7.62
7.69

7.00
7.17
7.19

 
 





7.91
8.83
8.83
8.66

7.54
8.38
8.31
8.00





-):@)=)14)*4-
P2 O 5
K2 O
mg/100g

9.13
3.84
2.42

38.18
11.25
5.94

25.22
10.87
5.65

8.96
4.12
3.91

25.07
10.48
8.64

27.47
13.68
11.90

9.85
5.39
5.02

38.18
25.76
20.14

31.00
21.62
18.17

14.22
18.41
17.87
20.40

23.43
1.04
0.00
0.00

11.54
2.68
2.02
1.70

%" 
7+);176&-41379);677:;9=7  5

Growth rings width by Pančić spruce (
#!#%)from National Park „Tara“ shows that, on
the breast height, it varies from 0.5 mm to 1.5 mm,
with an average value of about 0.8 mm [28]. On the
other side, by fir from Veliki Jastrebac mountain,
values of growth rings width are between 2 mm and
7 mm, depending on soil qualitative features, and its
average value is about 4.5 mm [29]. Based on obtained results, it can be concluded that growth rings
by bald cypress are much wider then by Pančić
spruce and similarly wide to fir.
[30] claimed that radial increment is not the
same at all heights of the trunk – by all spruces
grown in the dense environment, growth rings width
falls from the base to the minimum occurance situated between 1 m and 12 m height, then it rises to the
beginning of the crown, and after occurance of the
maximum, one more reduction follows. [31] noticed
by locust tree that radial increment increases in the

first 5-9 growth rings from the pith, and after that it
gradually falls. [27] concluded that growth rings
width rises going to the top of the crown, that is incompatible with results obtained for bald cypress
[21]. As for thinning influence on growth rings structure by Japanese larch, [32] established that application of thinning measures causes increasing of the
overall growth rings width.
Obtained results for bald cypress from Veliko
ratno ostrvo show that minimal values of growth
rings width occur in the first 10 growth rings from
the pith, that can be related to gradual radial increment; maximal values of growth rings width are present in the final growth rings; an expressed increasing of the radial increment is remarkable after 30
age; extreme values of the growth rings width coincide almost completely apart from the stem number
2 (Figures 1-2).
On the other side, there are some different
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tendencies recorded in Bačka Palanka (figures 3-4) –
maximal values of growth rings width are much bigger at Veliko ratno ostrvo; by individuals from Bačka



  !



Palanka, minimal values of the width occur in the final growth rings; in Bačka Palanka, culmination of
the radial increment reaches at about 60 age and after
that comes to reduction.
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As for the radial increment of bald cypress from
two alluvial sites in Serbia, it can be deduced:
- growth rings width depends a lot on soil texture and its chemical features, as well
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- bald cypress needs to be provided with optimal quantity of available water and oxygen
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types of tobacco are defined by different criteria such
as region of production, agricultural practices, curing
method as well as the morphological and chemical
characteristics [3]. These tobaccos (mainly flue-cured, burley, dark fired, dark air cured and oriental types) have been shown to be characteristically different in chemical composition. Moreover, the leaves
at different position of stalk also differ in terms composition. The chemical composition of the leaves depends on the varietal and biological characteristics of
the plants, but the effect of the climate and soil is the
most significant [4].
Oriental tobacco is grown in many countries
world-wide. Turkey is particularly famous for its oriental or aromatic tobaccos. Tobacco, as being one of
the most important crop species in Turkey, is widely
grown in many different environments. The varieties
grown in Aegean Region are well known as Izmir
(Turkish) type tobaccos. One of the important characteristics of Turkish tobacco is its aroma. Also,
Turkish tobaccos are known to have low nicotine
content. They have poor burning quality and low filling values. In spite of these undesirable qualities,
they are highly valuable in the international markets
because of their blending capability. Aegean type of
tobaccos account for two thirds of the annual tobacco
leaf production of the country and for 85-90% of total tobacco export [5]. Aegean tobaccos sold in the
foreign markets are used in blends by the factories,
in where they sorted and blended from tobaccos
purchased from different growing districts. Tobacco
growing districts and localities are also important,
because they take part in exportation process of the
tobacco, and affect the quality of the products. Aegean Region, as the manipulation center, is one of
the most important oriental tobacco markets of the
world [6].
As explained before, it is known that Aegean
Region in Turkey produces the high quality oriental
tobacco. Therefore, it seems to be necessary to
analyze the contents of some important chemical
compounds of Aegean Region tobaccos in Turkey;
in this context, it was also the main objective of this
investigation.

Turkey is known as a producer of high quality
oriental tobacco which is very suitable for the ecological and social structure. These tobaccos have been
widely grown in several regions of Turkey for centuries as a practice of family agriculture. The study
was carried out in Gordes, Tavas, Kirkagac and
Esme provinces where play an important role in tobacco production of Aegean Region in the growing
period of 2008-2009 and 2010. In this research, ten
tobacco farmers which are known to show differences in terms of the tobacco quality and yield were
identified. The 1st, 2nd and 3rd priming leaves of tobacco plants from ten different farmers have been
harvested separately. The samples were taken from a
tobacco bale in a way that each priming was represented as a related quality group. Total alcaloid (nicotine), total reducing sugar, crude ash, calcium, potassium and magnesium contents of tobaccos were
analyzed. The results for all analyzes showed that
there were significant differences among tobacco
samples analyzed in different years, priming groups
and provinces. After three years of measurement and
monitoring, total alcaloid (nicotine), total reducing
sugar, crude ash, calcium, potassium and magnesium
contents were measured as 0.42-0.83%; 12.9-22.8%;
9.7-22.0%; 1.05-4.47%; 0.94-2.54%; 0.16-0.57%,
respectively.

(&!"
Aegean Region, Izmir type tobacco, chemical component,
nicotine, element

#!$#
Tobacco is one of the most widely cultivated
non-food crops in the world [1]. It has been studied
extensively because of its scientific uniqueness; its
economic importance in society; the health consequences of tobacco use; the economic and political importance of the industry it produced due to its ability
to generate massive revenues with the governmental
regulations [2]. And therefore it needs to be controlled from seed germplasm to its incorporation into tobacco products as cigarettes, cigars, pipes etc. Many
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#6:)3)3+)361,51+6:15-+65:-5:96.:6*)++63-)<-9):,1..-8-5:781415/9:)/-915
68,-9#)<)9182)/)+)5,#)<)9786<15+-9

Years
2008
2009
2010
Mean

1st
0.44
0.42
0.45
0.44c
Year
ns

Gordes
2nd
3rd
0.57
0.83
0.68
0.81
0.65
0.82
b
0.64
0.82a
Prm
YxP
0.074**
ns

Mean
0.61
0.64
0.64
0.63

1st
0.49a
0.47b
0.42b
0.46b
Year
0.042*

Tavas
2nd
3rd
0.51a
0.47a
0.59a
0.58a
0.58a
0.61a
0.56a
0.55a
Prm
YxP
0.042** 0.073**

Mean
0.49b
0.55a
0.54a
0.53

1st
0.54
0.43
0.33
0.43
Year
0.111*

Kırkagac
2nd
3rd
0.53
0.69
0.65
0.76
0.50
0.58
0.56
0.68
Prm
YxP
0.111**
ns

Mean
0.59a
0.61a
0.47b
0.56

1st
0.49a
0.47b
0.42b
0.46b
Year
0.042*

Esme
2nd
3rd
0.51a
0.47a
0.59a
0.58a
0.58a
0.61a
0.56a
0.55a
Prm
YxP
0.042** 0.07**

Mean
0.49b
0.55a
0.54a
0,53

n.s.: not significant. Values with common letters do not differ significantly.
* p < 0.05.
** p < 0.01.
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#6:)38-,;+15/9;/)8+65:-5:96.:6*)++63-)<-9):,1..-8-5:781415/9:)/-91568,-9#)<)9182)/)+
)5,#)<)9786<15+-9

Years
2008
2009
2010
Mean

Gordes
1st
2nd
3rd
a
b
13.8
17.6
21.2b
12.9a
19.1a
22.8a
13.0a 18.5ab
22.4ab
13.2c
18.4b
22.1a
Year
Prm
YxP
ns
0.717** 1.242**

Mean
17.5
18.3
18.0
17.9

1st
19.4
19.4
20.4
19.7b
Year
ns

Tavas
2nd
3rd
22.2
23.0
22.1
23.1
22.3
23.1
a
22.2
22.0a
Prm
YxP
0.894**
ns

Mean
21.5
21.5
21.9
21.6

1st
17.2a
15.4a
15.2a
15.9c
Year
1.31**

Kırkagac
2nd
3rd
23.5a
25.4a
21.3a
21.6b
16.8b
19.8b
20.5b
22.3a
Prm
YxP
1.31**
2.270**

Mean
22.0a
19.4b
17.3c
19.6

1st
16.8
15.7
15.0
15.8c
Year
ns

Esme
2nd
3rd
20.1
22.0
20.6
23.2
21.5
22.7
b
20.7
22.6a
Prm
YxP
1.011**
ns

Mean
19.6
19.8
19.7
19.7

n.s.: not significant. Values with common letters do not differ significantly.
** p < 0.01.



#!"#"

using TOTEM STAT statistical software [12]. The
mean differences were compared by the least significant difference (LSD) test [13].

The research was carried out in Gordes, Tavas,
Esme and Kırkagac provinces of Aegean region
where tobacco is very popular in the period of 2008,
2009 and 2010. In this study, ten tobacco farmers
which are known to show differences in terms of the
tobacco quality and yield were identified. Tobacco
samples were taken from each bale of a specific producer during the “tobacco marketing” period by the
experts in Gordes, Tavas, Esme and Kırkagac working for Tobacco Industry. 1st (low), 2nd (middle) and
3rd (upper) leaves of tobacco plants from each producer have been harvested separately. After these leaves are cured in the sun, they were baled in a way
that each bale represent a specific priming. Sampling
were made from these tobacco bales in a way that
each sample represent low, middle and upper priming as a quality group. The amount of samples taken from each priming of each producer is 100 g.
Tobacco seeds used in Gordes and Tavas was Sarıbaglar while it was Akhisar-97 in Esme and Kırkagac. In 2008, the first year of this study, 120 tobacco
samples and in 2009, 120 samples and 2010, 120
samples as well, totally, 360 tobacco samples in different quality groups are studied.
Total alcaloid (nicotine) [7], total reducing sugar [8], [9], total nitrogen [10], crude ash [11], magnesium, calcium and potassium contents [10] were
determined spectrophotometrically.

":):19:1+)3 )5)3=919Data from the experiment
were subjected to analysis of variance (ANOVA)

!"$#""$""

1+6:15-+65:-5:The results for nicotine content are presented in Table 1. Nicotine content was
affected by YxP (year and priming) interaction
(p<0.01) in Tavas and Esme provinces. There were
significant differences among the primings (p<0.01)
concerning the nicotine content in all provinces.
However, year effect was found significantly important (p<0.05) in Tavas, Kirkagac and Esme districts.
The highest nicotine (0.83%) was found at the 3rd
primings in Gordes whereas the lowest (0.42%) was
determined at the 1st primings in Gordes, Tavas and
Esme provinces. According to three-year results,
average nicotine contents in Gordes (0.63%) was
higher than other provinces. Nicotine is a natural
compound found in tobacco plants. When a cigarette
burns, a small portion of the nicotine in the tobacco
enters and becomes a component of the smoke [14].
Aromatic or oriental tobaccos are characterized by
their low content of nicotine and that nicotine is correleted with mildness when the tobaccos are smoked
[15]. Nicotine content differs both according to the
primings and to the varieties. Besides, heredity and
environmental conditions also influence the nicotine
level of tobacco [16]. Increased nicotine rate is not
particularly required for quality tobaccos. Nicotine
rate increases from the lower part of the plant to the
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upper part [17]. Nicotine content is very important
for smoking quality and its rate should be low (about
0.51-0.85%) [18]. Nicotine rate of Aegean tobaccos
were found to be between 0.25-2.32% and our results
were similar to previous studies [19], [20], [21], [22],
[23], [24], [25], [26], [27], [28].

#6:)38-,;+15/9;/)8+65:-5:There was significant YxP interactions (p<0.01) in total reducing
sugar contents of Gordes and Kırkagac provinces.
Sugar content ranged from 12.9 to 22.8 % in Gordes,
and from 15.2 to 25.4% in Kirkagac districts in three
years. Effect of reducing sugar was also significant
on primings (p<0.01) for all provinces and its average content in our study was varied between 19.423.1% in Tavas and 15.0-23.2% in Esme. Considering the priming groups, the lowest reducing sugar
was found at the 1st primings in all provinces (Table
2). Smoke from a good quality tobacco is pleasing to
both taste and smell while causing less irritation
comparing to lower quality. The sugar and nicotine
ratio is frequently used as a basis for evaluation related to strength or smoothness of tobacco. The tobacco itself should have a balanced composition
between carbonhydrates and nitrogenous components [16]. Mildness or sharpness and aromaticity
can be expressed when the sugar content is high and
nicotine rate is low. There was an inverse relationship between the proportion of nicotine and reducing
sugar for oriental tobacco plant, and increasing the
amount of reducing sugar is known to have a positive
impact on tobacco quality [9]. To some of the researchers, sugar contents were found to be 8.2-15.1%
[20]; 7.8-33.7% [22]; 11.8-12.2 % [26]; 6.03-7.36 %
[28]; 15.4-25.0% [29]; 4.38-18.44% [30]. Although
these given values by scientist varied within large limits, a good quality Izmir type of tobacco must have
more than 15.0% [9]. The results related to sugar
content in our study were found to be higher in contrast to the [20], [26], [28]. The contents of sugar in
the leaves of the Aegean tobaccos are considered to
be at normal level.

8;,-)90+65:-5:In Table 3, the YxP interaction effect was not significant on crude ash.
However the ash content varied significantly at priming groups of each district (p<0.01). Year effect

was also statistically significant in Tavas and Kirkagac (p<0.01).
According to the average three-year results,
crude ash rate was decreased when the stalk position
was raised. The highest average ash content obtained
from the 1st primings being 20.5% in Gordes, followed by Tavas as 17.7%, Kirkagac as 18.9% and
Esme as 16.2%, respectively. The mean value for the
lowest ash was found to be at the 3rd primings in
Esme (10.4%). The amount of ash constituents is directly correleted with the rate of burn. There was a
reciprocal relationship between leaf quality and the
ash content in oriental tobaccos [31]. Ash content
decreases from the lower part of the plant to the upper part [22]. The presence of the major metallic
anions certainly impacts (for example, magnesium
and potassium accelerate) the burning characteristics
of tobacco leaf and the ash-holding properties of cigarettes. Phosphorous and chloride tend to slow the
burning process. In fact, high chloride levels provide
negative characteristics both for burning and taste
[32].
Our results were changed between 9.7% and
22.0%. Similar or higher results were found by the
other scientists [20], [26], [27], [33].

)3+1;4+65:-5:There was significant differences in YxP interaction (p<0.01) on calcium level
in Gordes, Kirkagac and Esme locations in which
calcium levels were ranged between 1.16 to 2.94 %;
1.19 to 4.47% and 1.74 to 4.08%, respectively. In
Tavas province, the effect of YxP interaction was not
significant but the effect of year and primings were
important (p<0.01). The highest average calcium
content was obtained at the 3rd primings as 1.81% in
Tavas (Table 4).

When the calcium is at excess level in the soil,
tobaccos with enclosed morphology are produced
and this affects the quality of broad-leafed tobaccos
[34], [35]. In calcium deficiency, growth, development and the quality parameters are affected adversely as they may also be affected by the other elements. In this research, obtained values of calcium
content were in accordance with the other scientific
sources [6], [9], [36], [37].
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Years
2008
2009
2010
Mean

1st
18.6
20.9
22.0
20.5a
Year
ns

Gordes
2nd
3rd
12.9
10.6
14.8
10.6
14.7
11.1
14.1b
10.8c
Prm
YxP
1.55**
ns

Mean
14.0
15.4
15.9
15.1

1st
19.1
16.8
17.2
17.7a
Year
1.78**

Tavas
2nd
3rd
16.6
12.9
14.7
10.7
14.1
10.5
15.1b
11.4c
Prm
YxP
1.78**
ns

Mean
16.2a
14.0b
13.9b
14.7

n.s.: not significant. Values with common letters do not differ significantly.
** p < 0.01.
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1st
20.0
17.8
18.8
18.9a
Year
1.87**

Kırkagac
2nd
3rd
17.6
14.9
14.1
11.4
15.3
12.2
15.7b
12.8c
Prm
YxP
1.87**
ns

Mean
17.5a
14.4b
15.5b
15.8

1st
16.7
16.6
15.3
16.2a
Year
ns

Esme
2nd
3rd
13.4
10.1
14.6
11.2
12.9
9.7
13.6b
10.4c
Prm
YxP
1.973**
ns

Mean
13.4
14.0
12.6
13.3
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Years
2008
2009
2010
Mean

1st
1.16c
1.18c
1.17c
1.17c
Year
0.16**

Gordes
2nd
3rd
2.21b
2.94a
2.01b
2.61a
2.10b
2.26b
2.11b
2.60a
Prm
YxP
0.16** 0.27**

Mean
2.10a
1.93b
1.84b
1.96

1st
1.05
1.06
1.07
1.06c
Year
0.07**

Tavas
2nd
3rd
1.45
1.73
1.57
1.93
1.48
1.78
b
1.50
1.81a
Prm
YxP
0.07**
ns

Mean
1.41b
1.52a
1.44b
1.46

1st
1.22c
1.21c
1.19c
1.21c
Year
0.16**

Kırkagac
2nd
3rd
3.10a
4.47a
1.96b
2.40b
1.80b
2.51b
2.29b
3.13a
Prm
YxP
0.16** 0.28**

Mean
2.93a
1.86b
1.83b
2.21

1st
1.90c
1.74c
1.86c
1.83c
Year
0.28**

Esme
2nd
3rd
2.92b
4.08a
2.18b
2.73b
2.16b
2.63b
2.42b
3.14a
Prm
YxP
0.28** 0.48**

Mean
2.97a
2.21b
2.21b
2.46

n.s.: not significant. Values with common letters do not differ significantly.
** p < 0.01.
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Years
2008
2009
2010
Mean

1st
1.18
1.31
1.23
1.24a
Year
ns

Gordes
2nd
3rd
1.68
2.21
1.84
2.20
1.51
1.96
b
1.68
2.12c
Prm
YxP
0.17**
ns

Mean
1.69
1.78
1.57
1.68

1st
0.94
0.97
0.99
0.97c
Year
ns

Tavas
2nd
3rd
1.27
1.98
1.31
1.97
1.38
2.04
b
1.32
1.99a
Prm
YxP
0.09**
ns

Mean
1.39
1.42
1.47
1.43

1st
1.23
1.22
1.20
1.22c
Year
ns

Kırkagac
2nd
3rd
1.68
2.54
1.56
2.34
1.65
2.28
b
1.63
2.39a
Prm
YxP
0.27**
ns

Mean
1.82
1.71
1.71
1.74

1st
1.23
1.09
1.05
1.69a
Year
0.08**

Esme
2nd
3rd
1.58
2.27
1.45
1.88
1.53
2.04
b
1.47
1.54b
Prm
YxP
0.08**
ns

Mean
1.12c
1.52b
2.06a
1.57

n.s.: not significant. Values with common letters do not differ significantly.
** p < 0.01.
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1st
0,19
0,21
0.21
0.21c
Year
ns

Years
2008
2009
2010
Mean

Gordes
2nd
3rd
0.36
0.57
0.33
0.51
0.40
0.53
b
0.36
0.54a
Prm
YxP
0.05**
ns

Mean
0.37
0.35
0.38
0.37

1st
0.17
0.16
0.17
0.17c
Year
0.05*

Tavas
2nd
3rd
0.25
0.36
0.31
0.53
0.31
0.45
b
0.29
0.45a
Prm
YxP
0.05**
ns

Mean
0.26b
0.34a
0.31ab
0.30

1st
0.18
0.19
0.19
0.19c
Year
ns

Kırkagac
2nd
3rd
0.33
0.49
0.35
0.45
0.35
0.49
b
0.34
0.48a
Prm
YxP
0.03**
ns

Mean
0.33
0.33
0.34
0.33

1st
0.17
0.18
0.16
0.17c
Year
ns

Esme
2nd
3rd
0.25
0.33
0.29
0.39
0.26
0.36
b
0.34
0.48a
Prm
YxP
0.03**
ns

Mean
0.25
0.29
0.26
0.27

n.s.: not significant. Values with common letters do not differ significantly.
* p < 0.05.
** p < 0.01.



6:)991;4+65:-5:The effect of YxP interaction was not significant on potassium level in any
provinces. However the effect of priming was statistically significant (p<0.01) on potassium content in
every locations. The highest potassium was determined at the 3rd primings as 2.39% in Kirkagac province whereas the lowest was found in the 1st primings as 0.97% in Tavas district (Table 5).
Increasing the potassium contents of Aegean
tobaccos without decreasing the quality should be
one of the prime objectives for tobacco farmers. By
this way, the potassium contents of the blends in
commercial tobacco bales would also increase the
tobacco quality. When the potassium content was below 3% it adversely affects the burning quality. Potassium also affects the leaf properties when it is at
deficient level in soil [38]. In other studies, potassium contents in Aegean tobaccos were found to be
changed within the ranges of 1.08-2.81% [6], 0.673.55% [36], 0.81-3.86% [37] and 1.32-2.32% [38].
In our study, the content of potassium was found to
be higher than [38] but similar to those indicated in
other researches.

)/5-91;4+65:-5:In Table 6, the effect of
priming was statistically significant in every district
(p<0.01) but year effect was found statistically important only in Tavas (p<0.05). The highest average
magnesium content was determined at the 3rd primings (0.54%) in Gordes whereas the lowest was recorded at the 1st primings (0.17%) in Tavas and
Esme. There were not any significant differences under YxP interaction for magnesium levels in any provinces.
Magnesium is one of the important quality characteristics of tobacco leaves related with tobacco
burning abilities. High ash content is usually associated with magnesium deficiency [6]. The magnesium contents in previous studies were found to be
0.29-1.41% [36], 0.28-3.10% [37] and 0.28-0.92%
[39]. In a similar study, the magnesium contents in
A, B and Kapa grades were 0.9%, 1.32% and 2.33%
[40]. Magnesium content is higher in the lowest leaves and decreases regularly with each emerging
complete higher leaf until the percentage at the top
is about one-half of that in the bottom leaves [16].
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The average magnesium level of oriental type of tobacco leaves was obtained as 4.5% [41]. In our
study, the concentrations of magnesium are found to
be normal for Aegean Region tobaccos.
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The chemical composition of the Aegean Region tobaccos leaves varied according to the priming
groups, provinces, years and the farmers. Significant
differences among the provinces and primings were
determined. The contents of some chemical components in the leaves of the Aegean tobacco were in
accordance with the data given in other scientific sources and they were found to be within the limits
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The triazoles are the most efficient group of antimycotic drugs. They inhibit ergosterol biosynthesis, the predominant cell membrane component
sterol in fungi, by binding to the lanosterol 14Į-demethylase (CYP51) encoded by the cyp51 gene [4].
Since the 1970s, propiconazole, diniconazole, triadimefon, triadimenol, tebuconazole and other azoles
were widely used to prevent phytopathogenic fungi.
Resistance has appeared in infected crops and has
become more serious over the last few years [5, 6].
However, culture methods usually underestimate the
presence of resistance because pathogenic fungi that
harbour a resistance mechanism are commonly resistant to multiple triazoles [7, 8]. Current research
is mainly focused on clinical fungicides but rarely on
agricultural fungicides. Information regarding the
mechanisms of sensitivity or resistance to the triazoles can be used to establish effective measures for
the management of drug resistance, which consequently reduce the environmental pollution.
In the current study, the sensitivity of M. grisea
to diniconazole, tebuconazole, triadimenol, triadimefon and propiconazole was tested using fortynine isolates collected from different regions in
China. Insensitive and hypersensitive isolates were
screened to analyse the genetic background, nucleotide sequence and expression of the cyp51 genes,
aiming to illuminate the mechanisms of sensitivity
or resistance of M. grisea to triazoles.

ABSTRACT


In the last few years resistance to azole fungicides has appeared in infected crops and has become
more serious. Our aim was to analyse the reasons underlying the progressive decrease in the effectiveness of azole fungicides in controlling Magnaporthe
grisea, the causal agent of rice blast. Forty-nine isolates of M. grisea were isolated from Hubei, Hunan,
Jiangsu and Heilongjiang provinces in China. Their
sensitivity to five sterol demethylation inhibitors,
such as diniconazole, tebuconazole, triadimenol, triadimefon and propiconazole was measured. Three
insensitive isolates (HM2, CY3 and CY6) and three
hypersensitive isolates (CY8, YA10 and 101301)
were characterised to elucidate the sensitivity mechanism to triazoles. Through a comparison of M13
fingerprinting, CYP51 sequences and expression,
the results indicated that the genetic background of
M. grisea isolates and CYP51 expression are conserved. However, the substitution of S312L in SRS4
of M. grisea CYP51F2 may contribute to the sensitivity difference of M. grisea to triazoles.

KEYWORDS:
Magnaporthe grisea, CYP51, sensitivity, triazole


INTRODUCTION



MATERIALS AND METHODS

Magnaporthe grisea is a plant pathogenic fungus that causes rice blast, the most devastating disease in cultivated rice. Outbreaks of rice blast disease are a serious problem in China and other ricegrowing regions of the world [1], causing significant
food and economic losses every year. Using chemical fungicides is the most common method to effectively control the pathogen and minimise disease severity [2]. The reliance on fungicides and strong selection pressures imposed by their widespread use
has resulted in the emergence of resistant strains[3].
The more resistant strains, the more chemical agents,
and the vicious circle of environmental pollution are
formed.


Measuring sensitivity of M. grisea to triazoles. A total of forty-nine isolates of M. grisea collected from Hubei, Hunan, Jiangsu and Heilongjiang
provinces of China. To measure the sensitivity of M.
grisea to triazoles, diniconazole, tebuconazole, triadimenol, triadimefon and propiconazole (Key Laboratory of Pesticide and Chemical Biology
(CCNU), Wuhan, China) were dissolved in DMSO
at a sensitive baseline concentration (Table 1) according to the Fang et al. report [9] and the preliminary results of our laboratory. These were then added
to PDA medium (200 g/L potato, 20 g/L glucose and
15 g/L agar) after sterilization. A 5-mm fungus block

320

© by PSP

Volume 27 ± No. 1/2018 pages 320-326

Fresenius Environmental Bulletin

Kit (Tiangen, China), then ligated into the pMD19T vector (TaKaRa, China) and transformed in Escherichia coli DH5a. The positive clones were sequenced by TSING KE Biological Technology (Wuhan, China). The DNA sequences and deduced
amino acids were aligned using the ClustalX V2.0
[11].

was obtained from the edge of a 7-day-old colony of
each isolate, and then inoculated into PDA medium
that were modified with each triazole at the test concentrations. Each experiment was repeated three
times. When cultured for 7 days at 28°C, each of the
inhibition ratio was calculated according to the previous study [9]. The data were analysed with the
nearest neighbour method using SPSS19.0 software
to screen out insensitive and hypersensitive isolates.


Analysis of the expression of cyp51 genes.
The isolates were grown for 2 days in CM medium
[12] at 28°C, 200 rpm. Mycelia were then harvested
by centrifugal filtration for RNA extraction using an
E.Z.N.A.® Fungal RNA Kit (Omega, USA) accordLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV7KHQJRI
each RNA sample was used for reverse transcription
using the oligo (dT)18 primer with a RevertAid H
Minus First Strand cDNA Synthesis kit (Fermentas,
Canada). The expression level of cyp51F1 and
cyp51F2 were determined by real-time PCR using
the primers cyp51-EX-F1F + cyp51-EX-F1R and
cyp51-EX-F2F + cyp51-EX-F2R (sequences shown
in Table 2).
The real-time PCR were conducted in Stepone
Plus (ABI, USA) using the SYBR® Green PCR Master Mix (Toyobo, China). The reaction conditions
were as follows: an initial preheat for 3 min at 94°C,
followed by 30 cycles at 94°C for 15 s, 55°C for 15
s, 72°C for 20 s. Once amplifications were completed, melting curves were obtained based on a
standard protocol. At the same time, PCR amplificaWLRQVZHUHSHUIRUPHGZLWKWKHSULPHUSDLUȕ-tubulin)ȕ-tubulin-R (sequences shown in Table 2) as a
reference, due to the constitutive expression of betatubulin. Amplification of each sample was repeated
three times. Finally, expression of cyp51 in each isolate was calculated via the 2íǻǻ&7method. Analysis
of group differences was done using SPSS software.

M13-PCR fingerprinting. To determine possible mechanisms of M. grisea sensitivity to triazoles, genetic fingerprinting of these sensitive and
hypersensitive isolates was conducted using the M13
primer [10] (sequence shown in Table 2). Genomic
DNA was extracted using a Fungal DNA Kit
7LDQJHQ&KLQD 7KH3&5FRFNWDLOV ȝ/ FRP
prised 20 pM of the M13 primer, 100 ng DNA and
ȝ/ of 2 × Es Taq Master Mix (ComWin Biotech
Co., Ltd, Beijing, China). Amplification conditions
were as follows: 94°C for 3 min, followed by 30 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 1
min 30 s, finally 72°C for 10 min. The amplified
fragment was analysed by running on a 1.5% agarose
gel electrophoresis with a 100-bp DNA ladder
(TaKaRa, China).


Analysis of the DNA sequence of cyp51 genes.
Based on the sequence of cyp51 genes of M. grisea
deposited at NCBI (http://www.ncbi.nlm.nih.gov/),
two primer pairs, cyp51-F1F + cyp51-F1R and
cyp51-F2F + cyp51-F2R (sequences shown in Table
2) were designed to amplify the full sequence of
cyp51F1 gene and cyp51F2 gene, respectively, from
M. grisea. The reaction conditions were as follows:
98°C for 5 min, followed by 30 cycles of 98°C for
10 s at, 54°C for 15 s and 72°C for 2 min, finally
72°C for 10 min. The PCR products from each isolate were purified using a TIANgel Midi Purification

7$%/(
7KHWHVWFRQFHQWUDWLRQRIWULD]ROHV
7ULD]ROH
7HVWFRQFHQWUDWLRQ ȝJPO

3URSLFRQD]ROH


'LQLFRQD]ROH


7HEXFRQD]ROH


TABLE 2
Primers used in this study
Primers
M13
F\S))
F\S)5
F\S))
F\S)5
cyp51-EX-F1F
cyp51-EX-F1R
cyp51-EX-F2F
cyp51-EX-F2R
ȕWXEXOLQ)
ȕWXEXOLQR

Nucleotide sequence
¶GAGGGTGGCGGTTCT ¶
¶7**$7***&&77&7$&$**$&$ ¶
¶&**$$77&&777$*&*&&7&7&&&$*7$$ ¶
¶&&*$7$7&$7**&777&77&77&&& ¶
¶&&*&7&*$*77*7&$77&7$&*&$*7&77&* ¶
¶7&&*$7&$$&7&&$77&7&& ¶
¶*$**&&*7$7&&*7$$7&$$ ¶
¶ ACTC*7&&$7&&$&7&&$7& ¶
¶CCGTAGCCGTAATCGACAAT ¶
¶&*$*$&&77&7*&$77*$&$ ¶
¶&&$7*$$*$$*7*&$*$&*$ ¶
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FIGURE 1
Cluster analysis of inhibition ratio with nearest neighbor method using SPSS19.0 software

fragments was obtained (Fig. 2). Thus, they essentially shared the same M13 genotypes.

RESULTS
Sensitivity of M. grisea to triazoles. According to the growth inhibition at the sensitive baseline
concentration of five fungicides, the forty-nine isolates could be divided into different categories (Fig.
1). Three isolates (CY8, YA10 and 101301) were
very sensitive to triazoles with a significantly higher
inhibition ratio than other isolates. The growth inhibition ratio of these three isolates to tebuconazole
was 100%. In addition, the other four triazoles also
had a higher rate of growth inhibition for these three
isolates. Thus, these three isolates were designated
as hypersensitive isolates. On the contrary, isolates
(HM2, CY3 and CY6) were selected due to their insensitivity to triazoles. The growth inhibition ratios
of isolate HM2, CY3 and CY6 to diniconazole were
only 23.86%, 20.73% and 25.53%, respectively, and
<50% to the other four triazoles.

DNA sequence of cyp51 gene. The DNA sequences of the cyp51F1 gene from these six isolates
by PCR amplified using primer pair cyp51-F1F +
cyp51-F1R were identical to the isolate 70-15,
whose genome sequence has been verified. However, the cyp51F2 gene by PCR amplified using primer pair cyp51-F2F +cyp51-F2R was different between these isolates. Compared with the amino acid
sequence of CYP51F2 from the six isolates, both insensitive isolates HM2 and CY6 had a replacement
of L (TTG) for S (TCG) at amino acid position 312
(Fig. 3). All three hypersensitive isolates and one insensitive isolate CY3 did not carry this mutation.
In the sequences of known cyp51 genes, the
corresponding residue S312 in CYP51F2 of M.
grisea is contained in the SRS4, which is located in
the C-terminal part of the I-helix, forming the right
wall of the substrate-binding cavity [13].


Genetic background analysis. After gel electrophoresis of the M13 PCR products for each of
these six isolates, a relatively simple profile of DNA

Expression of cyp51 gene. Real-time PCR
analysis revealed the hypersensitive isolates CY8
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/YA10 and the insensitive isolates HM2/CY3. Furthermore, the cyp51F2 expression was even higher
in hypersensitive isolates (Fig. 4b). For instance, the
cyp51F2 expression in the hypersensitive isolates
CY8 /YA10 was significantly higher than in the insensitive isolate HM2/CY3.

and YA10 have a significantly higher level of total
cyp51 expression (P < 0.05) and that the level of
cyp51 expression in insensitive isolate CY6 is significantly lower (P < 0.05) (Fig. 4c). The cyp51F1 expression in the six isolates is not statistically different (Fig. 4a). For example, there was no significant
difference between the hypersensitive isolates CY8

FIGURE 2
M13 fingerprinting analyses are shown on a 1.5% agarose gel.
M: 100bp marker 1:HM2 2:CY3 3:CY6 4:CY8 5:YA10 6:101301

FIGURE 3
Alignment of sequences of the CYP51F2 of these six isolates and the isolate 70-15 (XM_003710827).
Only the insensitive isolate HM2 and CY6 had a replacement of L (TTG) for S (TCG) at amino
acid position 312.

FIGURE 4
The expression levels of cyp51 genes. Each bar represents a mean of three experiments.
Different letters indicate significant differences between different isolates (P < 0.05)
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family and necessary for enzyme activity [13].
Therefore, these findings suggest that the S312 in
CYP51 of M. grisea may contribute towards maintaining the three-dimensional structure and that the
mutation S312L reduces sensitivity of CYP51 from
M. grisea to triazoles.
Previous reports have also suggested that the
amount of target enzyme in the resistant strains may
be increased due to upregulation of the gene. The increased level of cyp51 expression was found to be
responsible for triazole resistance in the plant pathogen M. graminicola [18]. Similarly, an analysis of
triazole-resistant isolates of Bumeriella jaapii
showed that a 5-12 fold increase in the levels of
cyp51 expression correlated with a truncated nonlong terminal direct repeat [19]. Nevertheless, the results obtained in this study showed that the expression of cyp51 may not be directly related to the resistance of M. grisea to triazole fungicides because
there was no significant difference in the expression
of cyp51 between the hypersensitive and insensitive
isolates.
Based on previous reports, both cyp51F1 and
cyp51F2 in M. grisea contributed to ergosterol biosynthesis, and cyp51F2 was required for efficient conidiogenesis, full virulence and mediating triazolesensitivity [20]. Real-time PCR assays showed that
the cyp51F1 expression did not vary in the six isolates (Fig. 5a), whereas the cyp51F2 expression was
higher in hypersensitive isolates (Fig. 5b). It was further illustrated that the cyp51 expression quantity did
not contribute to the triazole-sensitivity difference.
The sensitivity mechanisms of plant pathogenic fungi to azole drugs may be more complex.
Except amino acid substitutions that can decrease the
affinity of triazoles to the target enzyme, some researches have demonstrated that the sensitivity of
pathogenic fungi to triazoles may be related to ATPbinding cassette transporters [21]. Continuing efforts
are required to understand the mechanism of drug
sensitivity of the rice blast fungus M. grisea to
CYP51 inhibitors in China are required.

DISCUSSIONS


The increasing emergence of azole resistance
in fungi can be attributed to the prolonged usage of
agricultural azole fungicides in crop protection.
However, the complex nature of resistance mechanisms in fungal species is still not fully understood.
In the present study, three possible mechanisms, including the fungal genetic background and the sequence and expression of CYP51, were analysed in
insensitive and hypersensitive M. grisea isolates.
The genetic background was compared by PCR of
M13 phage, which was used as a universal marker to
rapidly generate a DNA fingerprint from distinct taxonomic groups. M13 fingerprinting has been used to
genetically characterise both the Sporothrix
schenckii [14] and Histoplasma capsulatum populations [15]. In the present study, the similar M13 genotypes among the hypersensitive and insensitive isolates showed that the genetic background is not the
reason for the differences in sensitivity of M. grisea
in China to CYP51 inhibitors.
Another possible mechanism of drug resistance
in fungi is mutations in the target enzyme. Amino
acid substitutions and deletions in CYP51s resulting
in resistance or sensitivity changes to triazoles have
been identified in several fungal pathogens of humans and plants. V136A/C, A379G and I381V have
been found in highly resistant Mycosphaerella
graminicola isolates [16]. To date, more than 140
different amino acid alterations related to azole resistance have been identified in CYP51 of C. albicans. In this study, the substitution of S312L in
SRS4 from M. grisea CYP51F2 occurred in the insensitive M. grisea isolates. Furthermore, a multiple
sequence alignment showed that the position corresponds to the T315 in C. albicans (Fig. 5), and the
change T315A in CYP51 of C. albicans reduced the
affinity of the enzyme to the azole antifungals ketoconazole and fluconazole [17]. In addition, the residue S312 is close to the unique triplet of the CYP51
family -HT/SS-, which is conserved in the CYP51

FIGURE 5
Conservation in the SRS4 of CYP51s. A CYP51 signature -HT/SS- is written below the alignment.
And the position S312 (marked inۂ
 )ۂin M. grisea is corresponding to the T315 in C. albicans.
The Genebank numbers of CYP51 from M. graminic, C. albicans, rat, human, M. tubercul (Mycobacterium tuberculosis) and Rice were AAP81934.1, XP_716761.1, NP_037073.1, NP_000777,
WP_003898577.1 and NP_001067991.1, respectively.
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are complex; such soils have been classified as special soil. In the Guangzhou area, granite residual
soils are widely distributed and thickly covered. During the constructions of urban railway traffic and
municipal engineering structures, the granite residual soil layer is frequently chosen as the bearing stratum of the foundations or the traversing layer. However, the soils distinctly exhibit a disintegration phenomenon once the soils are immersed in water, resulting in engineering problems, e.g., quicksand and
collapse. Therefore, the physical and mechanical parameters of granite residual soils, especially the
shear properties, should be accurately measured.
Since the shear strength of clay was proposed
by C. A. Coulomb (1773), researchers have paid
more attention to the relevant theory and testing
methods. The Mohr-Coulomb strength theory provided some insight on the shear strength. Based on
this theory, the direct shear apparatus was first used
to test the shear strength, thereby enabling more engineering problems to be solved [2-7]. To consider
the real stress state, the triaxial apparatus has been
widely applied in many research works and engineering survey designs [8-10]. With development of
suction theory, increasing numbers of direct shear
apparatuses and triaxial apparatuses were able to
control the matric suction [11-13]. In addition, more
research studies involving an in situ direct shear apparatus were reported [14, 15]. However, the testing
accuracy of each apparatus remains elusive. Therefore, the study of the shear properties of granite residual soil is significant.
In this paper, the shear strengths obtained via
laboratory tests (QS, CQS, UDS, TS and UTS) and
in situ tests (ISS and ISM) were contrastively analysed. X-ray diffraction (XRD) was performed to test
the mineral composition of each layer soil. Scanning
electron microscope (SEM) imaging and X-ray tomography (performed at the X-ray imaging and biomedical application beam line (BL13W1) of the
Shanghai Synchrotron Radiation Facility) studies
were simultaneously conducted on the typical shearing samples. The samples of each layer were characterized using different methods to determine  and .
Through reconstruction of the 3D micro-structures

Granite residual soils are formed via the physicochemical interactions of granites in a warm and
humid environment and are widely distributed and
thickly covered in the Guangzhou area. The waterswelling and water-disintegration of granite residual
soil directly influence the physical and mechanical
properties, especially the shear properties. In this paper, testing methods (including direct shear apparatus, triaxial apparatus, unsaturated shear apparatus,
unsaturated triaxial apparatus, in situ shear test and
in situ inverse analysis) were applied to analyse the
shear strength. The results showed that the shear
strengths obtained using direct shear apparatuses
were normal and useful after repeated tests (the values  and obtained with CQS (quick shear after
consolidation) were similar to UDS (unsaturated-direct shear) but slightly larger than QS (quick shear).
Irregular phenomena existed in the results of (triaxial
test) and UTS (unsaturated triaxial test), with several
values of  being far less than for QS, CQS and UDS
(unsaturated-direct shear). The  value obtained with
ISS was similar to QS, and the value of was similar
to CQS and UDS. The values of testing points C and
D obtained with ISM (in situ monitor) were similar
to those obtained with ISS (in situ tests) but larger
than the regular values obtained with TS and UTS.
Comparing the triaxial and unsaturated-triaxial tests,
the results of ISS, CQS, QS and UDS were more reasonable. In addition, the credibility of the results
could be reasonably sequenced as ISS > CQS > UDS
> QS > ISM > UTS > TS.


+)#%&
shear strength, granite residual soil, in situ tests, XRD,
SEM, X-ray computed tomography
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Granite residual soils are formed via the physicochemical interactions of granites in a warm and
humid environment [1] Affected by the mother rock,
the mechanical properties of granite residual soils
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and tests of the mineral composition of granite resid9=5>?>1=>=The stress shovels (A1 to A6, …
ual soil, the factors influencing the shear strength of
F1 to F6) were attached to the steel frames, and the
granite residual soil were analysed.
scotch tape was used to ensure that the stress shovels
were stable, as shown in Figure 2-c. Next, the frames
were installed in the pre-drilling holes with a depth
of 3.5 m and diameter of 15 cm, and the distance
!'% &"!'#&
from the foundation edge to the hole edge was 50

cm. Six inclinometer pipes (A to F) were installed in
'1=> =5>1 The test site was located in Zengthe pre-drilling holes with a depth of 5 m and diamcheng (N23°17′15.14″, E113°35′22.43″), Guangeter of 20 cm, and the distance between the foundazhou, as shown in Figure 1. The investigation data
tion edge and the hole edge was 20 cm. After the
revealed that granite residual soils were widely displumb line was adjusted, all the holes were backtributed in this area. The natural water content was
filled with mud balls composed of the granite residtested for different samples of each layer, and the avual soil. The backfilled soil was consolidated for 15
erage value for each layer ranged from 14% to 18%.
d (Figure 2-B).
The soil is characterized as tan and of hard-plastic
Once the foundation was excavated comtype. Once it absorbed water, the granite residual soil
pletely,
the initial values of the stress shovels were
was easily disintegrated. In this experiment, the testobtained.
Meanwhile, the in situ shear test was iming site was divided into three Areas. Area I was preplemented using a homemade shear apparatus
pared for in situ monitoring of the soil pressure and
(shown in Figure 2-a). During the in situ monitor
measuring the deflection. Area II was prepared for
(ISM), the soil pressures and deflection of each layer
collecting samples (direct shearing and triaxial sam(1 m, 1.5 m, 2 m, 2.5 m, 3 m, and 3.5 m) were tested
ples); a foundation ditch is planned to be excavated
with Readout (YJ204) and Inclinometers (CX-3C),
in the area. Area III was prepared for in situ shear
tests.
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'1=> ;<59/5;71 The shear strengths obtained
via laboratory tests (QS, CQS, UDS, TS and UTS)
and in situ tests (ISS and ISM) were contrastively
analysed (Figure 3). X-ray diffraction (XRD) was
performed to test the mineral composition of each
layer of soil. Scanning electron microscope (SEM)
imaging and X-ray tomography (completed in X-ray
imaging and biomedical application beam line
(BL13W1) of the Shanghai Synchrotron Radiation
Facility) studies were simultaneously performed on
typical samples [12, 16]. The samples of each layer
were characterized using different methods to determine  and . When the shearing experiments were
completed, according to the test program, the samples were tested using XRD and X-ray scanning.
Through reconstruction of the 3D micro-structures
and tests of the mineral composition of granite residual soil, the factors influencing the shear strength of
granite residual soil were analysed.

respectively, every 2 h. The soil pressure is calculated using the following equation:
(1)
 =  (  02 −   2 )
where  is the soil pressure, MPa; is the calibration coefficient, MPa / F; 0 is the testing frequency; and i is the initial frequency.
The deflection of the inclinometer pipe is calculated using equation (2):

 =    2 ) ⋅  3   2  + 5 2 −  3 ) / 120 

(2)
where  is the active soil pressure, kPa; is the
depth of the testing point; is the depth of the foundation;  is the elasticity modulus of the inclinometer pipe; and  is the inertia moment of the inclinometer pipe.
The active soil pressure is calculated using
equation (3):

 = γ ⋅  ⋅   − 2 ⋅  ⋅  

(3)

wherea is the coefficient of active soil presπ

ϕ

4

2

%&( '&"&(&&#"

sure,   =  2 ( − ) ;  is the density of soil, kN/m3;
 is the cohesion, kPa; and is the internal friction
angle, °.
Combining equations (1) ~ (3), the values of
and are finally calculated.

-.:<->:<C>1=>=The samples were collected
in PVC tubes (length of 1 m), and both ends of the
tube were plugged with the PVC caps. Next, the
tubes were transferred into refrigerators for storage
at the temperature of 4 °C. In the laboratory, the PVC
tube was carefully cut using an electric saw. The previous work showed that the soil in the PVC tube was
hardly disturbed during the sawing process (10 seconds). Next, the soils were processed into standard
samples for direct shear (60 mm diameter and
20 mm height) and triaxial experiments (39.1 mm
diameter and 80 mm height). The laboratory tests included the following: quick shear (QS), quick shear
after consolidation (CQS), unsaturated-direct shear
(UDS), triaxial test (TS) and unsaturated-triaxial test
(UTS).

$-<>5/7105=><5.?>5:9Figure 4 shows that the
soil gradually becomes predominantly comprised of
sand particles for deeper layers. For example, the
particle range between 0.25 to 0.125 mm was approximately 30% for Layer 6, whereas the particle
range between 0.25 to 0.125 mm was 7% for Layer
1. The main reason for this gradual change was that
the weathering degrees of these layers were different
from top to bottom. According to the unified soil
classification system (particle size > 2 mm in the
range from zero to 20%) [17], all layers of the granite
residual soil were categorized as sandy clay soil,
which seemed unreasonable. To study the shear
strength of each layer, the classification should comprehensively consider the effects of particle size and
the plastic. Based on integrated classification, the
layers of granite residual soil were categorized as
sandy-silt clay, sandy clay, sandy clay, sandy clay,
silty-clay sand and silty sand.

(% 
'1=>;<59/5;71-2<:9>@51A:2>412:?90->5:9;5>.7->1<-7@51A:2>412:?90->5:9;5>
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*%>1=>TheXRD test was performed using
the X-ray powder diffractometer (D-MAX
2200VPC) at Sun Yat-Sen University, Guangzhou.
The XRD results showed that the main mineral compositions of granite residual soil were quartz (SiO2),
kaolinite (Al2Si2O5(OH)4), and small amounts of free
ferric oxide (such as goethite ( -FeO(OH)), hematite
( -Fe2O3) and ferric oxide (Fe3O4)), as shown in Figure 5. With the depth increasing, the content of
quartz was found to increase gradually, indicating
that the weathering degree was different from top to
bottom. In addition, the changing rule was similar to

the particle distribution from the top layer to the bottom.

&41-<=><193>436 groups of the shear strength
of granite residual soil were obtained using each of
the following: direct shear apparatus, direct shear apparatus (consolidation), unsaturated shear apparatus,
uniform triaxial apparatus, unsaturated apparatus, in
situ shear apparatus and in situ monitor (Figure 6).
Considering the long test process, the number of
samples for the unsaturated triaxial tests was only 6
(testing Point C).
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The test results obtained with direct shear apparatuses were found to be normal and useful after
repeated tests, as shown in Figure 6. The Figures
show that the values of  and obtained with CQS
were similar to those from UDS but slightly larger

than those from QS. The main reason for this observation was that if the shearing process with UDS was
longer than QS by even one day, then the sample under study actually underwent a consolidation process
under the normal load. The principle of the UDS
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were backfilled with mud balls composed of the
granite residual soil, and the backfilled soil was consolidated for 15 d.) and layered methods, were performed. In addition, the results showed that the in
situ methods were valid.

method was similar to that of CQS.
An irregular phenomenon was observed in the
results of TS and UTS, with several values of  being
far less than those obtained with QS, CQS and UDS;
some of the  values were even less than 10. In this
work, as the object was granite residual soil, the existence of sandy particles led to the surfaces of the
particles exhibiting some defects, e.g., voids on the
surface, resulting in eccentric force during the testing
process.
The value of  obtained with ISS was similar to
that obtained with QS, and the value was similar to
that from CQS and UDS. The perfect accordance indicated that the in situ shear test was more reasonable. The values of testing points C and D obtained
with ISM were similar to those from ISS but larger
than the regular values obtained with TS and UTS.
All the regular values indicated that  and 
were gradually decreasing and increasing, respectively, from Layer 1 to Layer 6. In addition, the obvious changes were observed between Layers 3 and
4, indicating that the soil classifications were different. Unexpectedly, the values of ISM were changing
regularly compared with those of other methods. The
main reason for this observation might be that reasonable methods, including hole filling (the holes

&!-9-7C=5=The granite residual soils were
mainly composed of dispersive sand particles and
clay particles (tabular shape) with directional distribution. In particular, the clay particles were mainly
composed of flocculated structures, which were distributed in a lamellar stacking configuration (Figure
7). During the transferring and treating processes of
the granite residual soil, the flocculated structures
were more sensitively disturbed, leading to changes
in the shear strength. The main reason for this behaviour was that the clay was mainly composed of aluminium oxide and ferric oxide, which were constantly deposited in the contacts between particles as
cementation [18]. The disturbance of the deposition
resulted in the shear strength decreasing for the clay
soil in the same layer. These characteristics caused
the distribution of the soil particles to be different
from each other for the same layer. However, with a
higher clay content of the granite residual soil, the
parameter  of shear strength was higher.

(%
&!;4:>:3<-;4=:2>413<-95>1<1=50?-7=:57
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envelopes and closely bound with the bridges (Fig!:<;4:7:3C-9-7C=5=Twelve 1.5-cm diameure 9). The envelopes and bridges were mainly comter specimens of typical granite residual soil were
posed of sesquioxide and kaolinite. Because of the
distinctly visualized and analysed using the opencementation of the envelopes and bridges, the granite
source Avizo software, as shown in Figure 8. Beresidual soil of the top layers had higher cohesion.
cause of the drying treatments performed on the samThe existence of cementation reasonably accounted
ples before the scanning process, all the visible pores
for the shear strength of the clay samples. The
were air-filled in this study. The 3D images show
smaller the soil particle was, the higher the cohesion
that the internal microstructures are composed of
was. The shear strength of sandy-silt clay, sandy clay
grains (red) and gas (violet). From the top layer to
and silty-clay (top layers) were easily vulnerable to
the bottom layer, the particle sizes were obviously
a disturbance. However, a certain degree of strength
enlarging. The soil particles became more angular,
was recovered after a period of time, indicating that
the shapes became more irregular, and the surface
the strengths of the top layer soil tested using differbecame coarser from top to bottom, indicating that
ent apparatuses were similar. The main reason for
the internal friction angle increased with the depth
this observation was that the soils had certain thixotincreasing gradually. For example, Figure 8-C5
ropy, causing the shear strength to increase after the
shows that irregular and large particles existed in the
sample collection process via the drilling method
sample, and the shearing result showed that the co(the in situ results were larger than those with QS).
hesion was far less than that of the others. Figure 8Compared with loess, the microstructures and
C1 shows that the particles were homogeneous, indiengineering properties of the soil were directly influcating that the cohesion of the sample was higher
enced by the climatic conditions. In South China, althan that of the other samples.
ternating warming and wetting periods cause the disThe main mineral compositions of the soil were
persive particles of granite residual soil to turn into
quartz, kaolinite, and small amounts of free ferric oxaggregates, resulting in the particle distribution beide (such as goethite, hematite and ferric oxide). As
ing different from that of the other layers [1]. In adsesquioxides, Fe2O3 and Al2O3 directly affected the
shear mechanics. The particles were surrounded by
dition, this difference is the main reason that the
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shear strength of granite residual soil is variable. In
situ soil cannot be easily processed into standard
testing samples, especially for triaxial and unsaturated-triaxial samples, resulting in the more abnormal shear strength measurements. From a comparison of the triaxial and unsaturated-triaxial tests, the
results of ISS, CQS, QS and UDS were more reasonable. In addition, the credibility of the results could
be reasonably sequenced as ISS > CQS > UDS > QS
> ISM > UTS > TS.
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The layers of the granite residual soil were categorized as sandy-silt clay, sandy clay, sandy clay,
sandy clay, silty-clay sand and silty sand.
The testing results obtained with QS were
found to be normal and useful after repeated tests
(the values of  and obtained with CQS were similar to those from UDS but slightly larger than those
from QS). An irregular phenomenon was observed
in the results of TS and UTS, with several values of
 being far less than those from QS, CQS and UDS.
The value of  obtained with ISS was similar to that
obtained with QS, and the value of was similar to
that obtained with CQS and UDS. The values of testing points C and D obtained with ISM were similar
to those from ISS but larger than the regular values
obtained with TS and UTS. Comparing the triaxial
and unsaturated-triaxial tests, the results of ISS,
CQS, QS and UDS were more reasonable. In addition, the credibility of the results could be reasonably
sequenced as ISS > CQS > UDS > QS > ISM > UTS
> TS.
Using the X-ray computed tomography
method, twelve 1.5-cm diameter specimens of typical granite residual soil were distinctly visualized
and analysed with Avizo. From the top layer to the
bottom, the particle sizes were obviously enlarging.
The soil particles became more angular, the shapes
became more irregular and the surface became
coarser from top to bottom, indicating that the internal friction angle increased with the depth increasing
gradually. The main mineral compositions of the
granite residual soil were aluminium and ferric oxide; these minerals directly affect the shear mechanics. Because of the cementation of envelopes and
bridges, the granite residual soil of the top layers had
higher cohesion. The existence of cementation reasonably accounted for the shear strength of the clay
samples. The shear strengths of sandy-silt clay,
sandy clay and silty-clay (top layers) were easily vulnerable to disturbances; however, a certain degree of
strength was recovered after a period of time, indicating that the strengths of the top soil layers tested
with different apparatuses were similar.
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Colorectal cancer, which is the third most common cancer type worldwide and the fourth leading
cause of cancer-related death is accounting for over
one million new cases per year [6]. However, most
gastrointestinal system cancers are highly related
with dietary habits and therefore they are regarded as
preventable [7]. The cytochrome P450 (CYP)
monooxygenase system has a key role in toxicity and
carcinogenesis by bioactivating a variety of xenobiotics including drugs, food additives, industrial solvents and pollutants to highly reactive and mutagenic
metabolites [8]. Despite, the main function of CYP
enzymes is detoxication of xenobiotics, many CYP
isoforms catalyze the metabolic activation of procarcinogens to their ultimate carcinogenic forms [9].
CYP 1A1, 1A2, 2E1 and 3A4 are the most prominent
CYP isoforms expressed in colon tissue [10]. Glutathione S-Transferases (GSTs) are the phase II detoxifying enzymes metabolizing the electrophilic substrates containing carbon, nitrogen and sulfur atom
by conjugation reaction with endogenous tripeptide
glutathione (GSH) resulting in less reactive and more
water soluble products [11]. NQO1 is, another phase
II detoxifying enzyme, an obligate two-electron reductase which protect against natural and exogenous
quinones reduced to hydroquinones in a single twoelectron step. Antioxidant enzyme glutathione peroxidase (GPx), catalyzes the reduction of hydrogen
peroxides to water and alcohols at the expense of
GSH [12]. It protects the organism from oxidative
damage by reducing fatty acid hydroperoxides,
H2O2, phospholipid hydroperoxides and cholesterol
hydroperoxides [13]. It was reported that GPx knockout mice were highly susceptible to oxidative stressors [14]. Cardiovascular diseases and stroke incidences have been found highly increased in the absence of GPx [15]. In this context, inhibition of the
CYP1A1, CYP1A2 and CYP2E1 enzymes while activation of GSTP1, NQO1 and GPx enzymes might
be accepted as a promising cancer chemoprevention
strategy. In this study, hence, we aimed to elucidate
the modulatory effects ethanolic extract of Anatolian

ABSTRACT
Propolis, which is a complex resinous material
has diverse pharmacological and biological properties. Phase I and II enzymes are responsible for detoxication and elimination of activated carcinogens,
acting as important biomarkers for chemoprevention. Among them, cytochrome P450s plays a prominent role in metabolic activation of xenobiotics.
This study was designed to investigate the in vitro
modulatory effects of Anatolian propolis and its phenolic contents; caffeic acid, quercetin and p-coumaric acid on the mRNA expression levels of CYP1A1,
CYP1A2, CYP2E1, NQO1, GSTP1 and GPx in human colorectal adenocarcinoma HT-29 cells. Analysis results revealed that the propolis extract and its
major phenolic contents; caffeic acid and quercetin
suppressed the mRNA expression levels of
CYP1A1, CYP1A2 and CYP2E1 between the range
of 1,66 and 4,55 fold, while p-coumaric acid did not
show remarkable effects on the enzymes aforementioned. On the other hand, the extract and all phenolics increased the mRNA expression levels of antioxidant enzymes; NQO1, GSTP1 and GPx between the
range of 1,51 and 9,85 fold. This preliminary study
demonstrates that phenolic content rich-Anatolian
propolis modulates the gene expression of the enzymes involved in xenobiotics activation and detoxication pathways.

KEYWORDS:
Propolis, phenolics, cytotoxicity, phase I and II enzymes

INTRODUCTION
Propolis has been used in traditional medicine
for thousands of years due to its antioxidant [1], antimicrobial [2], anticancer [3], antifungal [4] and
antiinflammatory [5] activities.
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Cell culture studies. Cell preparation and
culturing. HT-29 human colon adenocarcinoma
cells were obtained from the ATCC (American Type
Culture Collection, LGC Promochem, UK). HT-29
FHOOVZHUHJURZQLQDPHGLXP0F&R\V¶V$FRQWDLQ
ing 10% fetal bovine serum (FBS) and 1% penicillinstreptomycin (Pen Strep) solution. Cultures were incubated at 37°C with 5% carbon dioxide (CO2) and
95% humidity in incubator. Studies of the cell culture were performed in Metisafe Class II Safety Cabinet.

propolis (EEP) on CYP1A1, CYP1A2 and CYP2E1,
GSTP1, NQO1 and GPx enzymes in human colorectal adenocarcinoma HT-29 cells.

MATERIALS AND METHODS
Chemicals. Compounds for cell culture studies
ZHUH 0F &R\¶V 5A medium with L-Glutamine
(Lonza, Belgium), Na-pyruvate (Lonza, Belgium),
PBS (Lonza, Belgium), Dimethyl sulfoxide (Appli
Chem, Germany), Trypan blue (Biological Industries, Israel), RIPA Buffer (Cell Signalling Technology, USA), Nuclease-Free Water (Hyclone, USA),
XTT Cell Proliferation kit (Biological Industries, Israel), cDNA Synthesis Kit (Thermo Scientific,
USA), Fast Start Universal SYBR Green ROX
(ROCHE, Switzerland). All primers were designed
ZLWK1&%,%/$67DQGSXUFKDVHGIURP,RQWHN øV
tanbul, Turkey). Standard phenolic compounds were
purchased from Sigma- Aldrich (USA).

Cell viability assay (XTT assay). Cell proliferation tests were performed measuring the cellular
metabolic activity by colorimetric 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H tetrazolium-5-carboxanilide (XTT) assay [17]. Cells were plated at a
concentration of 1x105 cells/mL into 96-well culture
plates and allowed to adhere overnight at 37 °C. After 24 h, cells were treated with different concentrations of extracts (10-60 μg/mL), quercetin (10-50
μg/mL), p-coumaric acid (50-250 μg/mL) and caffeic acid (50-250 μg/mL) for 48 h. After the incubation time, anti-proliferative effects of the agents were
evaluated by XTT cell proliferation kit (Biological
Industries, Israel). Absorbance was measured at 415
nm with Multiscan GO microplate reader (Thermo
Scientific, USA). Controls were treated with DMSO
alone (0.2%). Results were expressed as IC50
(μg/mL) values and presented as mean ± SD of three
independent experiments, each in triplicate.

Extract preparation. The propolis samples
ZHUH REWDLQHG IURP D ORFDO EHHNHHSHU IURP 0X÷OD
Province of Turkey. Extraction procedure was performed according to the procedure previously described by (Bilsel and Gören, 2010) with some modifications [16]. Propolis samples (10 g) was ground
and incubated with ethanol (100 mL of 70 %) in the
absence of bright light, at room temperature, with
moderate shaking. This process was applied three
times. In order to get ultra-dry powders, the ethanol
extract was concentrated under vacuum with rotary
evaporator (Heidolph, Germany) and then freeze
dried (Christ, Germany). The extracted powder was
weighed and stored at -20°C in brown bottle until
further use.

RNA isolation, cDNA synthesis and quantitative real time PCR. HT-29 cells were plated in 6
well plates as 250.000 cells/mL for each well and incubated for 24 hours in CO2 incubator at 37oC. The
following day, medium was refreshed and the cells
were treated with proplis extract and phenolic compunds at the concentrations of IC50 (μg/mL) values
and incubated for 48 h. After incubation, isolation of
total RNA from HT-29 cells were performed according to GeneJet RNA Prufication Kit (Thermo Scientific USA). The isolated RNA was quantified by
measuring the absorbance at 260 nm and its purity
and quality was evaluated by measuring the 260/280
nm ratio. Reverse transcription of RNA to cDNA
was performed DFFRUGLQJ WR 5HYHUW$LG )LUVW
Strand cDNA Synthesis Kit (Thermo Scientific
USA) according to manufacturer protocol. The
syntesized cDNA was kept and stored at -80 oC for
further use.
The effects of EEP, caffeic acid, p-coumaric
acid and quercetin on the gene expressions of HT-29
cells was studied by quantitative Real Time PCR
(qRT-PCR) using Corbett Rotor Gene 6000 (Corbett
Life Science, Concorde, NSW, Australia).

Identification and quantification of phenolics by LC-MS/MS. Ethanol extract of propolis was
characterized for its phenolic contents using an Agilent 1200 series liquid chromatography which
equipped with a microdegasser, autosampler and diode array detector (DAD), which was connected to
an Agilent 6460 triple ion trap mass spectrometer via
an electrospray interface. Separation was achieved
on a Zorbax SB-C18 column (2.1 x 50 mm x 1.8
μm), at a flow rate of 0.3 mL/min, at 35 oC, using as
solvent A (0.05% formic acid + 5 mM ammonium
formate) and solvent B (methanol) as a mobile phase.
A gradient system was performed and running time
was 13 min. The DAD recorded the spectra from 180
to 800 nm. Standards were prepared in the range of
0.031 to 10 ppm. The extract was dissolved in methanol and filtered (0.22 μm) to get final concentration
of 1 mg dw/mL. Injection volume into the LC±
MS/MS instrument was 5 μL. Agilent G3793AA
MassHunter Optimizer software was used in the
evaluation of the data.
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TABLE 1
Primer pairs for amplification, annealing temperature and size of the PCR product
Genes
GAPDH
CYP1A1
CYP1A2
CYP2E1
GPX-4
NQO1
GSTp1

Sequences (5´± 3 ´)
)ĺ*$*&*$*$7&&&7&&$$$$7
5ĺ**&7*77*7&$7$&77&7$7**
)ĺTACCTCAGCAGCCACCTCCAAG
5ĺ**&&&7*$77$&&&$*$$7$&&
)ĺ$7*&7&$*&&7&*7*$$*$$&
5ĺ*77$**&$**7$*&*$$**$7
)ĺ$*&*&7*&7**$&7$&$$**
5ĺ&&7&7**$7&&**&7&7&$7
)ĺGAGGCAAGACCGAAGTAAACTAC
5ĺ&&*$$&7**77$&$&***$
)ĺ7&&*&&&&&$$&77&7*
5ĺ7&7*&*7***&&$$7$&$
)ĺ&&7$&$&&*7**7&7$777&&&
5ĺ&$**$**&777*$*7*$*&

Annealing Temp. (oC)

Size of PCR product (base pair)

60

197

63

121

60

96

62

184

60

100

56

63

60

136

TABLE 2
Phenolic compositions of EEP by LC-MS/MS
Compounds
Content (μg/g dw)
Chlorogenic acid
0.313±0.012
Caffeic acid
10.63±0.009
p-Coumaric acid
3.55±0.064
Gallic acid
<LOQ a
Epigallocatechingallate
<LOQ
Epicatechin
<LOQ
Myricetin
<LOQ
Quercetin
4.99±0.001
Luteolin
0.79±0.007
Kaempferol
4.04±0.023
Results are means ± SD, (n=3) aLOQ= limit of quantification

TABLE 3
IC50 values of EEP and major biaoctive phenolics for cytotoxicity testing
Test compounds
IC 50 (μg/mL)
Ethanolic extract
20.2±1.32 a
Quercetin
29.7±1.08
Caffeic acid
149.1±2.34
p-Coumaric acid
174.7±2.33
a
Values followed in the same column differ significantly at p < 0.05.

RESULTS

10 μL of final reaction mixture containing 1.6
μL cDNA (50-100 ng), 0.2 μL of 10 μM forward primer, 0.2 μL of 10 μM reverse primer, 5 μL of Maxima®SYBR Green qPCR Master Mix (Fermentas,
Glen, Burnie, MD) and 3 μL of Rnase free distilled
water. In order to check genomic DNA contamination NTC (no template control) was used during the
reaction. As an internal standard, GAPDH was used.
The qRT-PCR program consisted of the following
cycling profile; initial melting at 95 °C for 10 min,
amplification and quantification program repeated
40 times containing melting at 95 °C for 20 s, annealing at 58-62°C (depending on the gene) (Table 1), for
30 s and extension at 72 °C for 20 s. In order to confirm the PCR product, melting curve analysis of the
amplification product was carried out at the end of
each amplification reaction.

Phenolic composition of EEP by LCMS/MS. Figure 1 displays the phenolic components
of the EEP by LC-MS/MS analysis.
LC-MS/MS analysis revealed that the most
abundant phenolic compounds in the extract were
caffeic acid, quercetin, kaempferol and p-coumaric
acid, respectively (Table 2). On the other hand, myricetin, epicatechin, epigallocatechin gallate and gallic acid was detected qualitatively in the EEP.
Antiproliferative activities. HT-29 colorectal
adenocarcinoma cells were treatred seperately with
EEP and its major phenolic compounds caffeic acid,
p-coumaric acid and quercetin for 48 h. EEP and its
major phenolics demonstrated concentration-dependent cytotoxicity (Fig 2).
EEP exhibited high cytotoxic activity against
the HT-29 cells with an IC50 value of 20,2 μg/mL. As
for phenolics, quercetin displayed the highest cytotoxic activity against the HT-29 cells with its lower
IC50 value of 29.7 μg/mL, followed by caffeic acid
(149.1 μg/mL) and p-coumaric acid (174.7 μg/mL),
respectively (Table 3).

Statistical analysis. Statistical analyses were
performed by student t-test using GraphPad Prism
version 6 statistical software package for Windows.
All results were expressed as means with their Standard Devation ± (SD). p<0.05 was chosen as the minimum level for significance.
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FIGURE 1
LC-MS/MS chromatogram of standard phenolics (A): 1; gallic acid, 2; chlorogenic acid, 3; caffeic acid,
4; epigallocatechin gallate, 5; epicatechin, 6; p-coumaric acid, 7; myricetin, 8; quercetin, 9; luteolin, 10;
kaempferol; and EEP (B): 1; caffeic acid, 2; p-coumaric acid, 3; quercetin, 4; luteolin, 5; kaempferol.

FIGURE 2
Concentration dependent cytotoxic effects of EEP, quercetin, caffeic acid and p-coumaric acid against HT29 cell lines for 48 h treatment. Values are mean ±SD from three independent measurements, (n=3).
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FIGURE 4
Effects of EEP, p-coumaric acid (p-CA), caffeic
acid (CA), and quercetin (Quer) treatment for 48
h on NQO1), GSTP1 and GPx mRNA expression
in HT-29 cells. Alterations in mRNA expression
was analyzed by using qRT-PCR. Results are
presented as the mean from three independent
H[SHULPHQWV Q DQGH[SUHVVHGDVUHODWLYH
mean ± SD. Significantly different from control
by two-WDLOHG6WXGHQW¶VW-test (*p<0.05, **
p<0.005, **p<0.005 and ns; not statistically significant). Effects of agents on mRNA levels of the
tested genes were normalized to housekeeping
GAPDH mRNA. Fold of inhibition was calculated by the following formula: 2 -¨¨&W, where
¨¨&W¨&W WUHDWHG í¨&W FRQWURO ¨&W
WUHDWHG ¨&W &<3V í¨&W *$3'+ ¨&W FRQ
WURO ¨&W &<3V í¨&W *$3'+ 

FIGURE 3
Effects of EEP, p-coumaric acid (p-CA), caffeic
acid (CA), and quercetin (Quer) treatment for 48
h on CYP1A1, CYP1A2 and CYP2E1 mRNA expression in HT-29 cells. Alterations in mRNA expression was analyzed by using qRT-PCR. Results are presented as the mean from three indeSHQGHQWH[SHULPHQWV Q DQGH[SUHVVHGDVUHO
ative mean ± SD. Significantly different from
control by two-WDLOHG6WXGHQW¶VW-test (*p<0.05, **
p<0.005, **p<0.005 and ns; not statistically significant). Effects of agents on mRNA levels of the
tested genes were normalized to housekeeping
GAPDH mRNA. Fold of inhibition was calculated by the following formula: 2 -¨¨&W, where
¨¨&W¨&W WUHDWHG í¨&W FRQWURO ¨&W
WUHDWHG ¨&W &<3V í¨&W *$3'+ ¨&W FRQ
WURO ¨&W &<3V í¨&W *$3'+ 
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cardiovascular disorders, rheumatoid arthritis, neurodegeneration and cancer are among the oxidative
stress related diseases [28, 30]. Among all the diseases, cancer is the third leading cause of death
worldwide, which is account for 7.6 million deaths
for 13% of all deaths recorded in 2008 [31]. Because
of many side effects of chemotherapeutic drugs, the
search for new chemotherapeutic agents from natural
products has increased in recent years since these
compounds have low side effects [32]. In this context, propolis has been the subject of many studies
demonstrating the satisfactory results for anticancer
activity in several cancer cell lines [33, 34].
Antiproliferative activities of seven distinct
propolis samples from southwestern Serbia on human colon cancer cell line HCT-116 were reported
to exhibit dose-and time-dependent inhibition of
growth of HCT-116 cells [35]. In addition, cytotoxic
effects of chloroform, hexane and ethanol fractions
of propolis sample from Portugal were evaluated
against human colon cancer cell line HCT-15. Moreover, Chinese and Brazilian propolis induced apoptosis in human colon carcinoma cells [36]. In prostate
cancer cells, tumor necrosis factor-related apoptosis
inducing ligand (TRAIL) is prominently triggered by
propolis extract from Poland [37]. Among the flavonoids, quercetin prevents the cell growth with cytotoxic activity [33, 38], reduce cell proliferation [39]
and induce apoptosis [40]. Caffeic acid phenethyl ester was demonstrated to have ability of inhibition of
cell proliferation [41] and induce apoptosis [42].
These compounds exert their actions on key mechanisims involved in cancer pathogenesis. In initial
stages, phenolics prevent or inhibit metabolic activation of carcinogens, while in progression phases they
induce apoptosis, inhibit angiogenesis, cancer cell
proliferation and tumor metastasis [43]. The
PI3K/Akt and MAP Kinases pathways are frequently
constitutively activated in colorectal cancer (CRC)
and components of these pathways are important
molecular targets for CRC treatment [44]. In this
context, the major phenolic compounds; quercetin,
caffeic acid and p-coumaric acid or their synergism
with other minor phenolics might contribute at least
partially antiproliferative effects against HT-29 cells
[28, 33].
CYP1A1/1A2 have been well known to be the
main members of CYP1A family that could be induced by PAHs, and also involved in the metabolic
activation of PAHs and heterocyclic amines [45].
Upon the metabolism of PAHs by CYP1A family
generates reactive products which irreversibly bound
to the protein and DNA that leads to toxic and carcinogenic events [46]. At this context, inhibition of
CYP1A1/1A2 mRNA expressions by EEP and its
major bioactive components may lead to reduction
or prevention of the onset of many diseases, especially cancer, because of their roles in the formation
of such reactive products. Similarly, CYP2E1 has a

Effects of EEP and its major phenolics on
mRNA expressions of CYP1A1, CYP1A2,
CYP2E1, NQO1, GSTP1 and GPx enzymes in
HT-29 cells. The data presented in Fig. 3 and 4 indicate that treatment of HT-29 cancer cells with EEP
and its major bioactive phenolic compounds caused
remarkable changes in the mRNA expressions of
CYP1A1, CYP1A2, CYP2E1, NQO1, GSTP1 and
GPx enzymes. Treatment of the HT-29 cells with
EEP for 48 h decreased the mRNA expressions of
CYP1A1, CYP1A2 and CYP2E1 as 2.33-fold, 2.51fold and 2.63-fold, respectively compared to control
group. Caffeic acid, one of the main bioactive components of EEP, decreased the mRNA expressions of
CYP1A1, CYP1A2 and CYP2E1 as 1.66-fold, 4.55fold and 2.04-fold, respectively compared to control
group. Besides, quercetin decreased the mRNA expressions of CYP1A1, CYP1A2 and CYP2E1 as
2.27-fold, 2.63-fold and 1.96-fold, respectively. As
for p-coumaric acid, it did not exhibit any remarkable changes on the mRNA expressions of CYP1A1,
CYP1A2 and CYP2E1 when compared to the control
group (Fig. 3).
Treatment of HT-29 cells with the EEP increased NQO1, GSTP1 and GPx mRNA expressions
as 3.98-fold, 2.71-fold and 1.88-fold, respectively
compared to the control group. Caffeic acid also increased the NQO1, GSTP1 and GPx mRNA expressions as 2.96-fold, 1.62-fold and 1.51- fold, respectively compared to the control group. In addition,
quercetin increased the NQO1, GSTP1 and GPx
mRNA expressions as 2.48-fold, 9.85-fold and 2.08fold, respectively compared to the control group.
However, p-coumaric acid did not exhibit any considerable effect on NQO1 and GPx mRNA expression while decreased the GSTP1 mRNA expression
as 1.81-fold compared to the control group (Fig. 4).

DISCUSSION
Recently, many studies have been carried out
on propolis extracts due to their rich phenolic composition and diverse biological activities [18-20].
Propolis, which is used traditionally in different parts
of the world is recognized as a significant source of
phenolics having many pharmacological properties
[21]. Phenolics are multifunctional in the sense that
they may act as reducing agents, hydrogen atom donators and also singlet oxygen scavengers. Besides,
certain phenolic compounds have ability on chelating transition metal ions, which may induce Fentontype oxidation reactions in their free states [22, 23].
LC-MS/MS results exhibit similarity with other literature reports [24, 25]. However, some differences
in compositions of propolis may be variable due to
the differences in plant type, climate and environmental conditions [26, 27].
A wide variety of diseases such as diabetes,
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changes in vascular tone and structure [56]. As a conclusion, combining the induction of NQO1, GSTP1
and GPx by phenolic rich EEP might help to eliminate toxic metabolites and ROS from cells and thus
play an early crucial defense against carcinogenesis.

wide range of exogenous substrates such as industrial solvents, protoxins and procarcinogens [47]. In
addition, some drugs such as acetaminophen, chlorzoxazone and methoxyflurane are metabolized by
CYP2E1. Thus, inhibition of CYP2E1 can prevent
the conversion of such procarcinogens to their carcinogenic forms such as acrylamide, nitrosamine,
phenol and benzene. In some cases, the modulation
of these enzymes might be attributed to the other minor bioactive phenolic compounds and/or their synergistec effects with major phenolic compounds in
the EEP [48]. Consequently, the inhibitory mechanisms of EEP and its major phenolic components;
quercetin and caffeic acid on CYP1A1/1A2 and
CYP2E1 might be regarded as a protective effect due
to the probable suppression of the tumor formation
which is induced by PAHs, drugs and other carcinogens.
Phase II drug-metabolizing enzymes convert
the xenobiotics or active chemical carcinogens to
less toxic or inactive metabolites for the elimination
readily from the body [49]. Free radicals also known
as ROS are produced as a result of various enzyme
catalyzed reactions including CYPs. Any imbalance
between the production of ROS and cellular antioxidant capacity or a reduction in this capacity, oxidative stress may occur. NQO1 is one of the crucial enzymes in the defense system against ROS [50].
NQO1 also plays an important function in the antioxidant and cancer preventing processes [51]. In addition, NQO1 induction might reduce the formation
of the semiquinone radicals, which are the products
of quinones metabolized by CYP enzymes. Furthermore, increased NQO1 activity was demontrated to
reduce oxidative DNA damage and also prevent estrogen-induced breast cancer by decreasing the levels of 17b-estradiol (E2)-quinones which capable of
interacting with DNA [52].
GSTs metabolize the electrophilic substrates,
which contain carbon, nitrogen and sulfur atom by
conjugation reaction with endogenous tripeptide glutathione (GSH) resulting in less reactive and more
water soluble products [53]. Some of the drugs including cisplatin and carmustine are substrates of
GSTP1 and GSTM1 enzymes, respectively and they
are excreted by conjugation with glutathione [50].
The importance of GSTs enzyme for inactivating
chemical carcinogens was reported in a study with
1UIWUDQVFULSWLRQIDFWRUGH¿FLHQWPLFH [54].
GPx has been long known that it is the first step
of defense against ROS. The main function of GPx
is to reduce H2O2 and organic ROOH to water and
alcohols (ROH). Increased levels of GPx activity
may lead to enhance the resistance against ROS. It
was reported that GPx1-overexpressing mice were
reported to more resistant to paraquat-induced lethality than GPx1 knockout mice [55]. Furthermore, increased levels of GPx have protective role for cardiovascular diseases because ROS cause significant

CONCLUSION
The current state of our knowledge indicates
that the selective induction of carcinogen-detoxifying enzymes and suppression of xenobiotic activation enzymes may be a useful approach for inhibiting
carcinogenesis in chemoprevention. This preliminary study demonstrated that EEP and its major bioactive compounds quercetin and caffeic acid have
modulatory effects on the expression of the enzymes
which are involved in xenobiotics activation and detoxication pathways. However, future studies are
still require to enlarge the possible effects of the investigated compounds on different cancer cell lines.
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To pass the excess water and floodwaters from
upstream to downstream of the dams, a structure
called "spillway" is used. This structure is vital and
integral as they should be ready for operation at any
moment. Stepped spillways are introduced as a viable option for improvement of spillways facing problem when flowing the possible maximum flow rate.
Stepped spillways consist of stairs which start near
the crown and continue to lower heels. Increase of
roughness leads to a uniform and continuous distribution energy of the flow over the spillway. This is
of great benefit for designers as there is no longer
need to the toe of the spillway to create facilities reducing flow energy such as stilling basins. In this
study, to increase the roughness on the stepped spillway, barriers are used to increase the energy dissipation. For experimental tests, a flume with a 90 degree
bend was used in Islamic Azad University of Ahvaz
(IAU-A) and several different types of barriers on
the stepped spillway in three shapes with three different lengths and widths as well as using barriers
individually and in combination, with 5 different
flow rates, a total of 140 tests were performed. After
analyzing the results, it was found that in the stepped
spillway combined with respectively a triangular,
rectangular, and trapezoidal barrier, a decrease in
dissipation and energy loss is observed. An increase
in the length and width of the barriers results in an
increase in dissipation and energy loss. The two-step
barriers have the highest energy dissipation and loss.
By combining barriers on the two-stair stepped spillway, there is an average of 14.4 percent increase in
energy dissipation. Based on the observations, rise in
the Froude number from 0.32 to 1.71 leaded to a decrease in dissipation and energy losses.



Each dam is composed of a large number of
side structures, one of the most important of which
is spillway. The spillways are often used for flood
discharge in large dams. Usually, spillways should
be able to evacuate a volume of water equal to the
largest possible flood in the catchment area of the
dam in a short time. Thus said it is generally accepted that the hydraulic design of spillways is of
great importance. These are important hydraulic
structures playing a major role in the stability of
dams. Among these spillways, the stepped spillway
at the toe of a dam is one of the widely seen energy
dissipation structures in hydro-power projects [17].
Stepped spillway is composed of stairs started close
to the crest and will continue to lower heels. In this
type of spillways, due to the significant impact of
stairs on the dissipation of the energy, the flow has
been increased. Energy dissipation in stepped spillway is done along the spillway due to the water flow
contacting the stairs. Thus, less energy must be dissipated at the end of the spillway, resulting in energy
dissipation structures with smaller dimensions. Dissipation of kinetic energy from the spillway flows of
dams is one of the most critical topics in hydraulic
structures. The bigger the kinetic energy transferred
to the downstream of spillway, stilling basin constructed will be bigger or more measures should be
considered for its energy dissipation. As a result, operating and maintenance costs as well as the dam stability will be affected. Due to the surface friction, the
velocity will be lower than the above number, and
finally, the ratio of the actual velocity to maximum
velocity of the flow depends on the type of duct
through which the fluid passes. This reduction in velocity will cause dispersion of part of the flow energy. So, if we can disperse energy of the flow over
the weir uniformly and continuously by increasing
the roughness, there will be no additional need to install facilities reducing flow energy such as stilling
basins in the spillway toe. One way to increase the
roughness is to create stairs on spillways: this type
of spillway is referred to as stepped spillway (Figure
1). The significant impact of stepped spillway on energy dissipation has attracted more attention to this
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Barriers, stepped spillway, energy dissipation, physical
model.
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type of spillways, because more energy is dissipated
in comparison with smooth spillways. Stairs are effective in the development of large roughness, and
hence in energy dissipation and will result in elimination or large reduction in dimensions of energy
dissipation structures in the downstream.



 " #!"!

over-flow, through-flow, and under-flow breakers in
stepped spillways and evaluated their effects on energy dissipation. The dimensional analysis was used
to correlate the different parameters affecting the
studied phenomena. They showed that the stepped
spillway with breakers type has dissipated more energy than the classical stepped spillway type.
Rostami, H. et al., Gharibvand, R. et al. and
Rouzegar, J. et al. investigate length of morning
glory spillway and labyrinth spillways with physical
modeling. [15, 23, 24]. Abbasi S, and Kamanbedast,
A.A. [2], investigated the effect of changes in dimension and the hydraulics of stepped spillways for maximization of energy dissipation. They were among
the first researchers to use flow3D to obtain a solution based on the method for the flow analysis of
stepped spillways.
Shirali et al. (2017) [26] evaluated the morning
glory spillway using physical modeling System; one
with a bell shaped opening, another with a modern
square shaped opening. The result shows measured
pressure at various points on both spillways based on
a non-dimensional Froude number. By changing the
shape of the cross section, its direct effect on the
pressure and cavitation indices; in as such that with
the change in the form of the upper cross section
from a bell shaped form to a square shape at a specific flow rate and specific points, the pressure increased while the extent of cavitation decreased;
also, with the increase in flow rate the amount of
pressure increased. Erfanian and Kamanbedast
(2013) [13] in a study on the dike dam of Gotvand,
found the appropriate place for the control of cavitation using the Flow-3D software. Kamanbedast and
Gholizdeh (2012) [17] simulated the slope of the
downstream in throwing water on the flush spillways
using the Flow-3D software. Kamanbedast (2012)
[18] examined the flow in lotus spillways using neural networks, and the results indicated a positive performance of artificial neural networks in the hydraulic simulation.
This subject is of great importance and many
works can be found in this area. However, one of the
distinctive methodological advantages of this study
over the conventional methods is the inclusion of
disparate geometry of the barriers on stairs. For this
purpose, a parametric study is conducted on experimental models. These parameters are including the
deformation effects of barriers on energy dissipation
and loss, effect of changes in the length and width of
the barriers on energy dissipation and loss, the effect
of installing barriers on different stairs on energy dissipation and loss, the effect of the Froude number on
energy dissipation and loss. Looking at the literature
review it seems reasonable as all of these parameters
are not considered comprehensively. Overall, this
paper has led to several new findings which are developed according to multitude experimental studies.
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Studies on hydraulic model of stepped spillways shows that energy dissipation in stepped spillway toes was up to 84%. Also, the energy loss in this
kind of spillway has been about 75% more than nonpeak stepped spillways. Horner (1969) [14] was the
first who began scientific research on stepped spillways. The most important studies in this field belongs to Chanson (1994) [6, 7], which relationship
has provided a relation to determine the amount of
energy loss in stepped spillways with horizontal
stairs in the blade flow regime. Also Chamani and
Rajaratnam (1994) [5] through research on the blade
flow, presented a relationship in terms of the number
of steps used to estimate the energy dissipation in the
horizontal stairs. Chinnarasi, C., Wongwisess (2006)
[11] proposed a relationship to determine the amount
of energy loss in stepped spillways with reverse or
threshold slope stairs as well. The important issue for
researchers in this field, is increasing the effectiveness of steps in the rate of flow energy dissipation.
Sarhang et al. (2014) [16] used a smoothed particle
hydrodynamics, (SPH), method to investigate the
pressure distribution on steps located in the non-aerated flow region of a stepped spillway for different
discharges typical of skimming flow conditions. In
addition, they presented the pressure pattern and the
positions/magnitudes of the maximum and minimum
pressure values. Tabbara et al. (2005) [27] used finite
element software to predict the main characteristics
of the flow. They predicted water surface profile
over the entire length of the spillway was in close
agreement with the experimentally measured water
surface profile. They suggested that energy dissipation was also comparable to the experimentally attained values. Abdel et al. (2017) [1] investigated the
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(D<1>;228;B=13591>Most researchers have
pointed to two different flow regimes (in terms of the
energy dissipation mechanism) called Nappe and
skimming regimes. The first type occurs in low flow
rates and high step heights and the second type happens in spillways with high flow rates and low step
heights (Essery and Horner -1971[14], Rajatnam1990, Chanson -1994, Chamani and Rajaratnam1999) [5, 6, 7, 10]. These two flow regimes are observed in Fig 2. In this figure, the horizontal length
and the vertical height of the stairs are shown with 
and , respectively.
Based on the results of the tests conducted on
stepped spillways with a wide range of changes in
slope, it can be said that a drop from Nappe flow regime to the skimming flow occurs almost at

 /  =

that the Nappe flow regime takes place at the low
flow rates and high step heights. Energy dissipation
is achieved due to contact of jet stream with air, mixing jets on each step and finally, due to the formation
of a complete or incomplete hydraulic jump on each
step. In the skimming flow regime, steps act such
great roughness against the flow. In this type of regime, a false bed is formed which connects the end
threshold of successive steps to each other. Eddy
currents are formed beneath this false bed. Much of
the energy dissipation in this type of regime is resulted by creating swirling currents below the false
bed (Chanson, 1994b and Rajatnam, 1990)[6,7,8]. In
this type of regime, there are three distinct areas: the
area with smooth flow 3 and without air, the developing area 4, and fully developed area 5 (see Fig3).
In this type of regime, there are three distinct areas:
1. Area with smooth flow and without air;
2. Developing area;
3. Fully developed area
The flow is smooth and air free in the beginning
and over the spillway. With the growth of the turbulent boundary layer and reaching the water surface,
the air enters to the downstream stairs and the
amount of turbulence reaches to peak. In case of the
long spillway, the flow becomes foamy and the fluid
appears as white water on the spillway toe (Zarsky
and Korchovski, 1997) [28].

0.8 (Rajaratnam, 1990). [8, 9]

";?1>;:"-<<1-:0>75995:328;B=13591>
Generally, the total height of the spillway in Nappe
flow regime can be divided into a number of vertical
waterfalls. Therefore, depending on the horizontal
length of the step, the flow can be complete or incomplete hydraulic jumps hitting successive steps.
Experimental tests conducted by Salmasi [3] showed
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tion of vertical tilt axis and stepped spillway are presented, on which the different hydraulic parameters
were specified. Fig(4).
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And generally, the continuity and momentum
equations in incompressible fluid flow can be expressed as follows:

∂ ∂ 
+
=0
∂
∂

(1)

∂  ∂
∂' ∂
+
+
( ρ    ) = −
∂ ∂ 
∂ ∂ 

Where,  is the time,

 is



⎡
∂ ∂ 
⎢(μ + μ  )  +
∂  ∂
⎢⎣

591:>5;:-8 -:-8D>5> ?; 01?1=95:1 1:1=3D
8;>>1>For this purpose, it is necessary to determine
the parameters affecting the energy dissipation. According to previous studies, the energy dissipation in
stepped spillways ΔΗ depends on the following
items (Chanson, 1994) [9].
Η 0 is the total energy of upstream spillway, 

⎤ (2)
⎥
⎥⎦

is the velocity component,

the component coordinate,

ρ is the density,

μ is dynamic viscosity, and μ is the turbulent vis-

is spillway unit width flow rate,  is the step height,
 is the step length, ρ  is the density of the fluid;

cosity

:1=3D05>>5<-?5;:5:A1=?5/-8><588B-D>-:0
?58?-C1>The energy dissipation is the energy difference between the upstream spillway energy and vertical slope tilt axis with its downstream energy (toe)
at the place of depth formation before the hydraulic
jump (initial depth), shown as follows:

⎛
2 ⎞
Δ =   − 1 = (1.5  +   ) − ⎜⎜  − 1 ⎟⎟
2 ⎠
⎝

σ



is the rough-

ness coefficient of the spillway bed; is the number
of steps, μ is dynamic viscosity of the fluid; and 
is the acceleration due to gravity. So the relationship
between these quantities is as follows:

 (ΔΗ, Η 0 , , ,  , ρ , σ ,   ,  , μ ,  ) = 0

(3)

⎛ ΔΗ Η
⎞

σ
μ
⎜
, 0, , ,
,  ,
,⎟ = 0
2
⎜     ρ  
⎟
ρ   3
⎝
⎠

Also, the relative energy dissipation is defined
as follows:
⎛
2 ⎞
⎜⎜  − 1 ⎟⎟
2 ⎠

Δ   −  1
(4)
=
= 1− 1 = 1− ⎝



1.5  +  
In the above equations,   is the total energy

(5)
(6)

By neglecting the effect of the fluid viscosity

μ and surface tension σ and performing some operations on the mentioned parameters, dimensionless
parameters influencing energy losses in stepped
spillway can be rewritten as follows:
(7)
ΔH/H0=f (Se, h'/L', h/L, Fr)
The research includes evaluating the Froude
number, use of triangular, trapezoidal and rectangular barriers, changes in the length and width of the
barriers, using barriers in step 1, step 2 and simultaneously in two steps. Tab(1),Fig(5). Variables include:
1. Experiment with five different flow rates (five
variables)

in the spillway upstream, 1 is energy in the toe and
before the hydraulic jump,   is the total height of
the spillway,  is step height,

is surface tension of the fluid,

  and 1 are the

critical depth and the depth before the hydraulic
jump, respectively, and 1 is the average velocity
before the hydraulic jump. In Figure 4, the cross-sec-
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2. Using barriers in three forms (three variables)
3. Change in the width and length of each barrier
(three variables)
4. Using barriers in 3 places (three variables); the total experiment with the control experiments in the
physical model is 140. Moreover, barrier specifications are given in Table 2.
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path (to create a uniform and developed flow) is direct, its floor is made of metal sheets with a thickness
of 3 mm and a wall thickness of 10 mm of Plexiglas
and a length of 4.5 m, which reduces the effect of
wall roughness and hydraulic phenomena are visible
in the chamber, the outlet path is direct, the floor is
made of metal sheet with a thickness of 3 mm and a
wall thickness of 10 mm of Plexiglas with a length
of 2.5 meters, flume bed is made as a fixed bed and
without slope and in the range of performance precision as horizontally (Fig. 6).
After the flume tank, a slide valve has been
considered for regulating the input flow of the flume
and a 90 degree triangular weir for measuring input
flow and a slide valve at the beginning of the intake
side to open and cut the input flow to the intake side
as well as the 90 degree triangular weir at the end of
the flume to measure the output of flow of the flume
of metal sheet. It is worth noting that to prevent the
entry of waves to the channel, a mesh grid has been
used after the first spillway (Fig. 7).

!(& '"!(#'
To conduct an experimental investigation, a
flume was used in IAU-A University with the following specifications. Input and output channels of
the flume built, are open-walled rectangular with
Plexiglas sheet wall, so that the length of input direct
channels in the beginning of the flume and output at
the of the flume, are respectively, 4.5 and 2.5 m; the
width and height of the flume are respectively 0.5
and 0.6 meters, and body of the flume is placed in
0.7 meters height from the ground surface. The inlet
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5 flow rates

h'/ L’
3

Barrier position
3

Barrier shape
3
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For circulation of water in the experimental
flume according to the desired flow rate, a centrifugal pump with the power of 11 kW, and a suction
and deliverability pipe diameter of 6-inch was used.
Pump suction height is approximately 2 meters and
its deliverability height is about 6 m and the maximum portable pump flow rate is 60 liters per second
(Figure 8). Samples of stepped spillways with barriers constructed are given in Figure 9.

The results of this research includes the evaluation of the Froude number, use of barriers with various forms of changes in the length and width of the
barriers, change in the place of barriers and their impact on energy loss. For this purpose, the results are
classified in four different parts:
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1. Deformation effects of barriers on energy dissipation and loss
2. The effect of changes in the length and width of
the barriers on energy dissipation and loss
3. The effect of installing barriers on different stairs
on energy dissipation and loss
4. The effect of the Froude number on energy dissipation and loss
Performing the tests, the data needed to analyze
the results were taken, which are shown in the charts
below. In the following, the results of the relative
loss in different Froude numbers and the ratio of (h
'/ L') in combination of stepped spillway with a variety of barriers has been evaluated.
As can be seen in Figure 10, stepped spillway
combined with all the barriers on the first step, we
are seeing an increase in energy loss compared to the
control. According to the results, it can be found that
the triangular barriers had the greatest energy dissipation, and trapezoidal barriers had the lowest energy dissipation due to reduced turbulence. Stepped
spillway combined with the barriers with reduction
of in the first step (h '/ L'), we are seeing an increase



 " #!"!

in energy loss. Also, it can be seen well that with increasing Froude number from 0.32 to 1.71, the relative loss has decreased which is due to submergence
of stairs below the water surface and reduction of the
roughness of the stairs and increasing phenomenon
of air entry, which affects the energy dissipation.
As can be seen in Figure 11, stepped spillway
combined with all the barriers in the second step, we
are seeing an increase in energy loss compared to the
control. According to the results, it can be found that
the triangular barriers had the greatest energy dissipation and barriers with trapezoidal shape were with
the lowest energy dissipation due to reduced turbulence. In stepped spillway combined with the reduction of barriers in the second step we are seeing an
increase in energy loss with the reduction of (h'/L').
Also, it can be seen that with increasing Froude number from 0.32 to 1.71, the relative loss has decreased.
This is due to the fact that submergence of stairs below the water surface and reduction of the roughness
of the stairs and increasing phenomenon of air entry,
which affects the energy dissipation.
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As can be seen in Figure 12, in the stepped
spillway combined with all the barriers in two steps,
we see an increase in energy loss. According to the
results, it can be seen well that the triangular barriers
had the greatest energy dissipation and barriers with
trapezoidal shape had the lowest energy dissipation
due to reduced turbulence. In stepped spillway combined with barriers in two steps, with a reduction of
ratio (h '/ L') we are seeing an increase in energy loss.
Also, it can be seen well that with increasing Froude
number from 0.32 to 1.71, the relative loss has decreased, due to submergence of stairs below the water surface and reduction of the roughness of the
stairs and the increasing phenomenon of air entrance,
which affects the energy dissipation.
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barriers had the maximum energy dissipation and
trapezoidal barriers had the lowest energy dissipation due to reduced turbulence. Triangular barriers
caused an average of 15.9% increase in energy dissipation, rectangular barriers on average 13.7% increase in energy dissipation, and trapezoidal barriers
an average increase of 11.2 percent of the energy dissipation compared to the control model.

A-8@-?5;:;2?411221/?;2?41/4-:315:?41
81:3?4 -:0 B50?4 ;2 .-==51=> ;: 1:1=3D 05>>5<-
?5;:-:08;>>As can be seen in Figures 14 to 16, in
stepped spillway combined with all the barriers we
are seeing an increase in energy loss compared to the
control. In the stepped spillway combined with barriers with a reduction of ratio (h'/L'), we are seeing
an increase in energy loss. On average, with a reduction of (h'/L') from 1 to 0.4, an increase in energy
dissipation and loss from 19 to 12.2 percent has been
achieved.

A-8@-?5;: ;2 ?41 1221/? ;2 ?41 /4-:31 5:
2;=9 ;2 .-==51=> ;: 1:1=3D 05>>5<-?5;: -:0 8;>>
As can be seen in Figure 13, in stepped spillway
combined with all the barriers we are seeing an increase in energy loss compared to the control. According to the results, it can be seen that triangular
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;:1:1=3D05>>5<-?5;:-:08;>>In this section, the
impact of installing barriers on different steps on energy dissipation and loss are examined.
As can be seen in Figure 17, in the stepped
spillway combined with all the barriers in each step,
we see an increase in energy loss. According to the
results, it can be found well that barriers have the
greatest energy dissipation and loss in two steps. By
combining barriers on two stairs of stepped spillway,
we see an average of 14.4% increase in energy dissipation compared to our control. Single barriers in the
first and second steps have energy dissipation closer
to each other, which in the first step due to higher
upstream energy, we have more energy dissipation
than the second step. By combining the first step we
see on average, 5.8% in stepped spillway and barriers on the second stair, 4.8% increase in energy dissipation compared to the control.

tests. Based on the observations, the most critical results are drawn as following:
1. Stepped spillway combined with respectively triangular, rectangular and trapezoidal barriers, we are seeing a decrease in energy dissipation
and loss. Barriers triangular caused an average
15.9% increase in energy dissipation, rectangular
barriers on average 13.7 percent increase in energy
dissipation and trapezoidal barriers on average 11.2
percent energy dissipation than the control model.
2. By increasing the length and width of the
barriers we are seeing an increase in dissipation and
energy loss. By reducing the ratio (h'/L') we are seeing an increase in energy loss. On average, by reducing (h'/L') from 1 to 0.4, an increase in energy dissipation and loss from 19 to 12.2 have been observed.
3. Barriers in the two steps mode had the highest energy dissipation and loss. By combining barriers on the two stairs of stepped spillway, we observed on average 14.4% increase in energy dissipation compared to the control. Barriers in the single
mode in the first and second steps have energy dissipation closer to each other, which in the first step due
to higher upstream energy, has more energy dissipation than the second step. By combining the first step
in stepped spillway combined with barriers, an average of 5.8% and barriers on the stairs, an average of
the 4.8% increase were achieved in energy dissipation compared to the control.
4. By increasing the Froude number from 0.32
to 1.71, a decrease in dissipation and energy loss is
observed due to submergence of steps under the water surface and reduction of the roughness of the surface and increase in the intensity of the air penetration phenomenon, which affects the energy dissipation.

A-8@-?5;:;2?411221/?;2?41=;@01:@9
.1=;:1:1=3D05>>5<-?5;:-:08;>>In this section,
the effect of the Froude number on energy dissipation and loss is evaluated.
According to Figure 18 it can be seen that with
increasing Froude number from 0.32 to 1.71, we see
a decrease in energy dissipation and loss due to submergence of stairs below the water surface and reduction of the roughness of the stairs and increasing
phenomenon of air penetration, which affects the
dissipation energy.
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Stepped spillway combined with barriers can
increase the energy dissipation. According to this, in
this study, a combination of stepped spillway with
different barriers in the triangular, trapezoidal and
rectangular forms with different sizes and installation on various steps is considered in experimental
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REMOVAL OF METALS AND MICROPOLLUTANTS
IN MBR AND CAS SYSTEMS IN AN INDUSTRIAL ZONE
WASTEWATER
Oktay Ozkan, Ibrahim Uyanik*
Faculty of Engineering, Department of Environmental Engineering, Erciyes University, Kayseri, Turkey

basic pollution parameters and prevention of extraordinary wastes. These WWTPs are mostly conventional treatment plants and treated water is not reused.
Membrane bioreactor technology is considered
as the most suitable technology for reuse or recycle
of wastewater for decades [2]. It has advantages over
conventional treatment plants; better water quality,
good disinfection, small reactor volumes and small
footprint. However, tertiary treatment is necessary
after aerobic and anaerobic MBRs or membrane filtration to purify micropollutants for reuse [3].
There are many researchers comparing MBR
and conventional treatment plants about micropollutants [4-7]. Metal and micropollutant removals are of
concern for industrial wastewater that must be considered as emerging pollutants [8, 9]. Since most of
them are carcinogenic, micropollutants and some
metals should be monitored in WWTPs [10, 11].
Radjenovic et. al. [12] stated that pharmaceuticals can be better removed in MBR than CAS. They
also found that from the aspect of sludge, MBR has
advantages for cost reduction with less sludge, less
contaminated sludge, and less risk of pollution. Another study [13] conducted about the difference between MBR and CAS showed that, for easily biodegradable compounds, MBR is not different than
CAS. However, MBR was quicker to respond variable influent loads, while sensitive to operational variables such as HRT. A comparison study is also
made about endocrine disrupting compounds
(EDCs) with both flat sheet (FS) and hollow fiber
(HF) membranes [4]. Alkylphenols and BPA removals showed no significant difference between MBR
and CAS while phthalates were better removed in
MBR except bis (2-ethylexyl) phthalate (BEHP)
since BEHP was not easily biodegradable.
Eliminating the micropollutants in an industrial
zone wastewater is a novel subject in Turkey, since
there is little study about these trace compounds [1416]. Because it is not feasible to analyze a broad
spectrum of micropollutants, different types of them
can be selected. Ibuprofen was selected as a pharmaceutical compound, triclosan was selected as a personal care product and 4 other types of compound
groups were selected as industrial pollutants; bisphenol-A (BPA), phthalates, polycyclic aromatic

ABSTRACT
A laboratory scale membrane bioreactor
(MBR) was used with three different flat sheet (FS)
membrane modules treating a high strength real industrial zone wastewater. Both the MBR and the
conventional activated sludge (CAS) system treating
carbon, nitrogen and phosphorus were compared in
terms of metals and micropollutants removal. Different types of micropollutants were selected; ibuprofen as a pharmaceutical, triclosan as a personal
care product and four other pollutants as industrial
ones: bisphenol-A (BPA), phthalates, polycyclic aromatic hydrocarbons (PAHs) and polychlorinated
biphenyls (PCBs). Ibuprofen and BPA removal results were consistent with the literature which were
higher than 99%. PAHs are removed efficiently both
in WWTP and the MBR. However, the MBR performed better than WWTP for many PAH types. No
PCBs were detected in all analysis. This study
showed that while MBR was a good option for PAHs
and some phthalates, there is little or no difference
between MBR and CAS for the most of the pollutants.

KEYWORDS:
MBR, industrial wastewater, micropollutants, removal

INTRODUCTION
Reuse of industrial wastewater is necessary for
water-stressed countries like Turkey since treated
water is discharged to the environment according to
discharge standards regulated. Therefore, reuse of
water is not the subject if conventional wastewater
treatment plants are sufficient enough to meet the
discharge standards.
Organized industrial zones (OIZs) are very
common in Turkey to manage and minimize the environmental problems within these regions. There
are nearly 300 organized industrial zones all over
Turkey that of 81 cities and one third of them have
their own wastewater treatment plant (WWTP) [1].
They have their own wastewater management rules
such as obligation of pre-treatment, limitation of
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hydrocarbons (PAHs) and polychlorinated biphenyls
(PCBs). Ibuprofen has an extensive use in drugs as
analgesic. BPA is used as a plastic raw material and
found in consumer goods and in plastics. Triclosan
is an antibacterial agent used extensively in detergents, toothpaste, and cleaning agents. Phthalates are
used also in plastics as plasticizers to increase flexibility, transparency, and longevity. PAHs can result
from the incomplete combustion of fossil fuels like
wood, oil, and coal. PCBs are chemically stable and
used as additives like plasticizers and flame retardants.
In this study, laboratory scale membrane bioreactor was operated with three different FS membranes to treat high strength mixed industrial
wastewater. Selected metals and micropollutants removal were evaluated for both the membrane bioreactor (MBR) and conventional activated sludge
(CAS) system.

active volume. During the operation of the MBR,
three different FS membranes were used (Table 1).
The MBR system was initially inoculated with return
activated sludge line of the KOIZ WWTP. In order
to adapt the activated sludge from the treatment
plant, infinite sludge retention time was initially chosen with flat sheet (FS) ultrafiltration (UF) membrane. UF membranes had different molecular
weight cutoff (MWCO) values. MWCO of first UF
membrane was 10 kDalton (kDa), while the other
one was 250 kDa. Polyethersulfone (PES) and polyvinylidene difluoride (PVDF) membranes were used
in the study and the operating conditions were shown
in Table 1.
The parameters were recorded and controlled
by a software. Reactor temperature kept constant at
25 ± 3 oC. The transmembrane pressure, temperature, reactor levels, influent/permeate flow, dissolved oxygen (DO) concentration and pH were continuously recorded by a programmable logic control
(PLC) system. DO was maintained at above 3 mg/l
by continuous aeration in order to mix the reactor.
Physical washing of the module was performed by
removing it from the reactor and washing only with
tap water. With a soft sponge, the sludge layer was
gently cleaned in the same direction. The module
was washed again with water and taken into operation. Chemical washing of the module was done after
physical washing procedure was applied. In chemical washing procedure, the module was waited for 1
hour in a 300 mg /L NaOCl solution and in a H 2SO4
solution (pH 2).

MATERIALS AND METHODS
Kayseri Organized Industrial Zone WWTP.
Kayseri organized industrial zone (KOIZ) is chosen
in this study as it is the nearest OIZ in the area and it
has advanced WWTP treating C, N, and P (Fig. 1).
Primary sedimentation effluent of KOIZ wastewater
was used as feed. Although KOIZ mostly consists of
furniture industry, its wastewater is originated
largely from textile, paper, recycle, metal, and mixed
industrial wastewater with variable pollution loading
rates throughout the year. The character of the
wastewater is similar to a high strength municipal
wastewater since municipal characteristics of
wastewater aside from daily necessities of 7.000
workers of about 1.000 firms. The only water source
is groundwater in the zone and about 30.000 m3 of
wastewater is produced.

Analytical methods. Metals and micropollutants were measured 3 times in this study when each
membrane was in operation at steady state conditions. Therefore, each time, one sample was taken
from the effluent of MBR, two other samples were
taken from the WWTP; one from the effluent of the
primary clarifier, the other from the effluent of the
final clarifier (before discharge). A total of nine samples represents 4 important points; WWTP and MBR
influent, WWTP effluent, and MBR effluent.

Membrane bioreactor. The laboratory scale
cylindrical MBR is designed of 25 liters with 20 L

FIGURE 1
KOIZ wastewater treatment plant scheme.
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TABLE 1
Membranes and MBR operating conditions.
Module

Material

Pore
size (μ)

Operation days

SRT
(day)

Actual
SRT(day)

MLSS
(g/L)

HRT
(hour)

Area
(cm2)

Filtr. mode
(min)

UF 10
kDa

PES

0.1

60



-

7.2 ±0.2

40.1

545

10:1

MF

PVDF

0.24

UF 250
kDa

PVDF

0.44

60
30
60
30

40
20
40
20

39.3
18.9
40.2
21.2

8 ± 0.7
9 ± 1.2
8.2 ± 0.6
13 ± 1.5

27.7
18.6
17.4
12.3

690
1100
1080
1080

5:1
10:1
10:1
10:1

TABLE 2
Selected micropollutants and their properties.
Compound Class
Endocrine disruptor
Pharmaceutical
Personal care product

Phthalates

PAHs

PCBs

Compound
Bisphenol-A
Ibuprofen
Triclosan
Methylphthalate
Ethylphthalate
Dibuthylphthalate
Benzylbutylphthalate
Bis(2-ethylhexyl)phthalate
Di-n-octylphthalate
Naphthalene
Methylnaphthalene
Ethylnaphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenantrene
Anthracene
Dimethylphenantrene
Monomethylphenantrene
3,6-Dimethylphenantrene
Fluoranthene
Pyrene
Monomethylpyrene
Chresene
Benz[a]anthracene
Benz[b]fluoranthene
Benz[k] fluoranthene
Benzo[e]pyrene
Benzo[a]pyrene
øQGHQR>FG@S\UHQH
Dibenzo[a,h]antrecene
%HQ]R>JKÕ@SHU\OHQH
ƍ-Trichlorobiphenyl
ƍƍ-Tetrachlorobiphenyl
ƍƍ-Pentachlorobiphenyl
ƍƍ-Pentachlorobiphenyl
ƍƍƍ+H[DFKORURELSKHQ\O
ƍƍ Hexachlorobiphenyl
ƍƍƍ+HSWDFKORURELSKHQ\O
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Acronyms
BPA
IBU
TCS
MP
EP
DBP
BBP
BEHP
DOP

B[a]A
B[b]F
B[k]F
B[e]P
B[a]P
I[c, d]P
D[a, h]A
%>JKÕ@3
PCB28
PCB52
PCB101
PCB118
PCB153
PCB138
PCB180

Molecular formula
C16H15O2
C13H18O2
C12H7C13O2
C10H10O4
C16H22O4
C19H20O
C24H38O4
C24H38O4
C10H8
C11H10
C10H7C2H5
C12H8
C12H10
C13H10
C14H10
C14H10
C16H14
C15H12
C16H14
C16H10
C16H10
C17H12
C18H12
C18H12
C20H12
C20H12
C20H12
C20H12
C22H12
C22H12
C22H12
C12H7C13
C12H6C14
C12H4C15
C12H4C15
C12H4C16
C12H4C16
C12H4C17
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two more times, and the resulting Dichloromethane
phases were combined. After the volatile fraction
were separated, analysis results were obtained in
GC-MS-MS (Agilent). Ibuprofen analysis was performed according to EPA 1694. BPA was adapted
according to this method. Accordingly, the pH of 1
L sample was brought to 1.9 with HCl. The sample
was filtered through SPE cartridge and the remaining
extract in the cartridge was recovered with methanol.
The ibuprofen in the recovered 12 mL methanol was
evaporated with 1 mL of nitrogen. Analysis results
were obtained in LC-MS-MS (Shimadzu).

Metal constituents were analysed via ICP-MS
device (Dionex ICS-3000) for Cobalt (Co), Copper
(Cu), Boron (B), Zinc (Zn), Mangan (Mn), Aluminum (Al), Silver (Ag), Chromium (Cr+3), Iron (Fe),
Sodium (Na), Cadmium (Cd), and Calcium (Ca).
The measurement of the sample was as follows: ionization of the sample by argon plasma reached to a
temperature of 10,000 oC by electromagnetic induction; separation of ionizing elements by mass spectrometry, and measurement of element concentrations by an electron multiplexing detector. The metal
analysis of the past dated for the KOIZ was also carried out with metal measuring kits (Hach).
Phthalates, PAHs and PCBs were analyzed by
'Thermo TSQ8000 evo Triple Quadrupole according
to EPA 8270D method. Ibuprofen and Bisphenol-A
(BPA) analyzes were carried out in the device named
'Thermo / Dionex Ultimate 3000' according to the
EPA 1694 method. PAH and PCB pollutants analyzed are given in Table 2 with their molecular
weights and acronyms. Before the analysis, samples
were shipped in the cold chain that was kept at 5 degrees in amber bottles with a teflon lid. 1 liter sample
then was placed in the separating funnel. The pH was
brought to 1.9 with sulfuric acid. Then, surrogate
standards were added. And then it is shaked with 60
mL of dichloromethane and poured into the sample
that is separated. The pressure was released via shaking for 2 minutes. The phase was separated by waiting for 15 minutes. The dichloromethane phase was
separated and taken into another receptacle. The separation of the remaining sample with the above-mentioned Dichloromethane addition was carried out

RESULTS
KOIZ WWTP performance. KOIZ WWTP
has an advanced treatment technique with anaerobic,
anoxic, and aerobic treatment processes. Kayseri
OIZ wastewater is like a municipal wastewater in
terms of biological treatability; however, it has a
high chemical oxygen demand (COD), mixed liquor
suspended solids (MLSS) and heavy metal load.
KOIZ WWTP performance is shown in Table 3. The
results show that the removal rates of main pollutants
of wastewater such as COD, total phosphorus (TP)
and total nitrogen (TN) were above %93, %99 and
%88 respectively. Metal removals in KOIZ WWTP
take place in primary sedimentation tanks as precipitates since removal mechanism are known to be pH
dependent. Almost 99% of metals are removed in
this process.

TABLE 3
KOIZ WWTP characterization.
Parameters
COD (mg/L)
MLSS (mg/L)
Total Nitrogen (TN)
Total Phosphorus (TP)
Cu (mg/L)
Zn (mg/L)
Pb (mg/L)
Fe (mg/L)
Cr (mg/L)

Influent
1,233 ± 67
1,190 ± 90
27 ± 9
4 ± 1.3
4.8 ± 0.7
1.2 ± 0.3
0.8 ± 0.2
13.9 ± 2.9
1.6 ± 0.2

Effluent
82 ± 7.4
29 ± 3.1
3 ± 1.0
0.1 ± 0.1
0.20 ± 0.03
0.20 ± 0.03
0.20 ± 0.03
0.20 ± 0.06
0.03 ± 0

TABLE 4
MBR performance of FS membrane modules.
Parameters
pH
EC (ms/cm)
COD (mg/L)
BOD (mg/L)
NO2-N (mg/L)
NO3-N (mg/L)

MF module
Influent
Effluent
6.5 ± 0.4
6.9 ± 0.4
5.0 ± 0.8
5.9 ± 0.7
430 ± 110
34.5 ± 14.7
310 ± 68
0
<0,01
0
<0,01
2.6 ± 2.3

UF 10 kDa module
Influent
Effluent
7.1 ± 0.36
7.9 ± 0.4
4.8 ± 0.92
5.1 ± 1.1
471 ± 228
39.5± 22.3
211 ± 75
0
0
0
<0.01
3.5 ± 2.1

360

UF 250kDa module
Influent
Effluent
8.4 ± 0.2
7.6 ± 0.2
4.1±0.6
4.2 ± 0.4
618 ± 155
37.6 ± 13.4
345 ± 78
0
<0,01
0
<0,01
6.2 ± 3.8
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FIGURE 2
Flux-pressure profile of MF membrane module.
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FIGURE 3
Flux-pressure profile of UF 250 kDa membrane module.

MBR performance. The recovery of the basic
parameters of the 3 different membrane types operated in the MBR system is shown in Table 4. As seen
in Table 4, COD and biological oxygen demand
(BOD) removal efficiencies of 3 different membrane
species are similar. In all membranes, over 91%
COD removal efficiency is achieved. pH is stable in
the effluent remaining between 7 to 9. Influent EC of
the wastewater is between 4.1 to 5.1, but effluent EC
is between 4.2 to 5.9; showing that EC of the influent
are lower than that of the effluent. This may be due
to the oxidation of some ionized pollutants. The oxidation reduction potential (ORP) of the reactor remains relatively stable at 255±76, 203±79 and
290±90 mV for UF (10 kDa), MF and UF (250 kDa)
membranes, respectively.
Beginning with a UF (10 kDa) membrane module (545 cm2 membrane area) increased pressure and
decreased flux (L/m2.h) because of the low membrane area. The membrane area of this large reactor
was not in consistent with literature as stated in la-

boratory scale studies [17, 18]. After physical cleaning, pressure increased sharply (data not shown)
again. This membrane was operated 60 days and
COD removal rates were higher than 91% and MLSS
was stable between 7.0 to 7.2 g/L at a flux of 6.5 ±
1.8.
MF membrane was in operation for 60 days
with one membrane module (690 cm2), and another
30 days of operation with two new modules (1100
cm2). First membrane module was chemically
cleaned two times and pressure increase was nearly
the same; a sharp increase in 30 days (Fig. 2). New
modules were operated for 30 days and flux was stable for these days and critical flux was not seen. In
the beginning of the operation with these modules
there was a trouble about foaming and loss of the
sludge and anaerobic conditions prevailed (between
days 58-66). This problem was solved with changing
activated sludge and chemical cleaning of membrane
module. Average hydraulic retention time (HRT)
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was 19 hours when SRT was 20 days in this operation period. MLSS was between 8.0 to 10.0 g/L as
shown in Table 1.
After optimizing the membrane area, a new UF
250 kDa membrane module was began to operate.
This module was shown the best performance as
compared to other two membranes. Physical cleaning of this membrane gave similar results before the
cleaning of membrane (Fig. 3). Flux rates of as high
as 17 LMH were seen when it was operated at 20
days of SRT and 12 h of HRT (data not shown).
Membrane exchanges gave important data
about how it can be operated with little trouble in a
pilot or full-scale application. Therefore; it was
noted that UF 250 kDa membrane was the best membrane in optimum operation conditions for this
wastewater.

precipitation or adsorbtion on biomass. A review
study [19] about removal mechanisms of pollutants
from aqueous solutions stated that adsorbtion by microorganisms (biosorption), complexation by microbial aggregates, solid-liquid separation (flocculation
and precipitation), and ion exchange were the main
mechanisms takes place in biological treatment.
Since biological treatment process was the main
treatment step in our study, achieving better MBR
removals were because of complexation and ion exchange. The sludge layer on the membrane surface
can filter such complexes due to their high molecular
weight while WWTP could not be efficient to do
that. Metals that could not be removed after sedimentation tank were not removed also due to these
reasons. In biological treatment, metal biosorption
occurs in aeration tank, complexes may form and ion
exchange may occur.

Metal removals. It could be noted that most of
the metals were removed in the WWTP at very high
efficiencies at primary sedimentation tanks. Metals
and minerals were analyzed for each operated membrane module and given on Table 5. The MBR was
found to have better removal efficiencies than the
CAS WWTP in many parameters. The results indicated that during operation of the UF 10kDa and MF
membranes, similar removal efficiencies were obtained except for Aluminium. However, the UF
250kDa membrane module was generally achieved
lower removal efficiencies. Mn was completely removed from all membrane types, while an average
of 64% removal was obtained at WWTP. Average
Al removal was 42% in CAS; while it was 96.5, 49.1
and 45.6% for UF 10k, MF and UF 250k membranes
respectively in the MBR. Since the membrane pore
sizes increases from the beginning (UF 250 kDa has
largest pore size), removal rates were expected to decrease but some metals acted vice versa. Ferrous and
Bohr were one of these pollutants removed somehow
by a different mechanism like complex formation,

Micropollutant removal performance. Micropollutant analysis results of the MBR and the
WWTP influent were given in Table 6. Phthalates
were not given since their standards were not provided. Removal rates calculated from their responses. Each membrane operation represents one
sampling in April, July, and October of 2016. Therefore different characterization of the wastewater
could be observed since there might be seasonal differences. For example, ibuprofen had its lowest concentration in July because its use as pharmaceutical
for headaches is low in summer. Plastic additives
(BPA, Phthalates and PCBs) must be related to plastic and plastic recycle industry according to their
working capacity.
These results show and give an opinion that micropollutants existence in an industrial WWTP and
its removal rates were in consistency with the literature or not. However their removal rates both in the
MBR and the WWTP is much more important to
choose a process in future treatment constructions.

TABLE 5
Metal removal efficiencies in MBR and WWTP.
Parameter
Ca
Mg
Fe
Mn
Ag
Zn
Ni
B
Cu
Na
Al
Sr
Cr+3
Cd

MBR-UF10k
Removal (%)
26

MBR-MF
Removal (%)
21

MBR-UF250k
Removal (%)
20
6.2
57
100
0.0

WWTP Average
Removal (%)
14
5
11
64
1

MBR Average
Removal (%)
22
2.0
23
100
1

7
100
1

6.5
100
1.2

2.0

2.4

6.1
4.0

9
1

3.5

96
10
58
< 0,01

49.1
9.2
36.5
< 0.01

45.6
6.1
41.7
< 0.01

42
9
35
14

64
8
45
22
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TABLE 6
Influent micropollutant concentrations.
Compound Class
PVC additive
Pharmaceutical
Personal Care Product

Micropollutant
BPA
Ibuprofen
Triclosan
Naphthalene
Methylnaphthalene
Ethylnaphthalene
Acenapthylene
Acenaphthene
Fluorene
Phenantrene
Anthracene
DImethylphenantrene
Monomethyllphenantrene
3,6dimetilphenantrene
PAHs
Fluoranthene
Pyrene
Monomethylpyrene
Chresene
Benz[a]anthracene
Benz[b]fluoranthene
Benz[k] fluoranthene
Benzo[e]pyrene
Benzo[a]pyrene
øQGHQR>FG@S\UHQH
Dibenzo[a,h]antrecene
%HQ]R>JKÕ@SHU\OHQH
ƍ-Trichlorobiphenyl
ƍƍ-Tetrachlorobiphenyl
ƍƍ-Pentachlorobiphenyl
PCBs
ƍƍ-Pentachlorobiphenyl
ƍƍƍ+H[DFKORURELSKHQ\O
ƍƍ+H[DFKORURELSKHQ\O
ƍƍƍ+HSWDFKORURELSKHQ\O
All concentrations are ng/L

April 2016
221,874
3,574
200
443
93.8
25.3
115
0
40.7
101.6
87.1
46.1
39.6
0
112.7
60.3
27.5
48
60.7
92.5
84.1
44.4
54
68.3
38.8
60.1
0
0
0

July 2016
78,830
40
7.0
14.7
2.54
1.44
2.84
93.29
1.4
5.03
3.06
4.48
3.75
0.67
7.8
3.57
2.36
3.35
2.52
4.55
3.72
2.47
2.43
1.72
0.78
2.21
0.02
0.12
0.001

November 2016
41,720
860
13.3
126
120.4
158.4
26.8
1,562
52.6
82.3
117.8
113
26.7
8.1
498
1,605
16.7
14.1
81
49.7
62.3
66.1
47.3
101.1
NF
1,084
1.3

0

the MBR and the CAS (Fig. 4). Ibuprofen content of
the raw wastewater was interesting to analyze for
VHDVRQV ,Q -XO\¶V VXPPHU  VDPSOH LEXSURIHQ ZDV
0.04 μg/L while it was 220 μg/L in March (spring).
This was due to the increasing use of drugs in spring.
BPA removals also stated that complete removal takes place in MBRs both in hollow fiber
(HF) and flat sheet (FS) membranes [24]. BPA
ranges are given in this study as industrial, mixed,
and domestic wastewater as; from 1.92 to 11.1 μg/L,
from 1.32 to 7.36 μg/L, and from 2.26 to 5.37 μg/L,
respectively. In KOIZ WWTP as a mixed industrial
wastewater, BPA ranges from 41.7 to 220.8 μg/L
(TABLE 6) that is 20 times higher than that of an
industrial effluent. This high BPA content is due to
the plastic recycle industry wastewater that contains
20-30% of raw wastewater in KOIZ.
Triclosan is partially removed by aerobic biological degradation [25]. Triclosan is a hydrophobic

Removal rates of micropollutants in the
WWTP and the MBR are given in Fig. 4. Efficiencies are the average for MBRs and WWTP. At first
glance, phthalates are better removed in WWTP than
MBR in many phthalate types. Also, lowest removal
efficiencies are observed in only phthalates. PAH removals are better in the MBRs than the WWTP.
BPA and ibuprofen were almost completely rePRYHGLQDOPRVWDOO0%5¶VDQGHYHQFonventional
treatment plants [20, 21]. Qarni et. al. [22] stated that
some pharmaceuticals were completely removed
with CAS system including paracetamol and ibuprofen. Complete removal of ibuprofen was also
stated in another study [23] and this compound was
not accumulated in the sludge, it was either biodegraded or transformed. Also, similar removal efficiencies were reported between MBR and CAS system for ibuprofen [24]. In this study, ibuprofen was
almost completely removed in all 6 samples both in
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UF 250 kDA membrane showed better performance
for the most of the pollutants except some phthalate
types although it had the largest pore size (Fig. 5). In
addition, MF membrane had better removal rates
than the other membranes for most of the PAH types
operated in MBR.
Micropollutant removals were examined and
these solutions could be observed:
' BPA and ibuprofen were completely removed in both MBR and CAS regardless of the module used. Therefore biological removal mechanism
was enhanced as in the previous studies.
' BPA concentration reached concentration
as high as 222 μg/L.
' Triclosan was not consistent in all analysis
and changed concentration in all analysis. However,
about 20% higher removal rates were observed in
this study.
' Phthalates were partially removed in both
MBR and CAS. MethylPhtalate had obviously
higher removal rates in the CAS than the MBR (80.0
- 28.5%). EthylPhtalate, bis2EthylHexylPhtalate and
BenzylButylPhtalate have high removal rates in both
systems (> 90, > 90 and > 80 %, respectively).
DibuthylPhtalate and nOctylPhtalate were partially
removed 46.5-18.0, respectively.
' PAHs were removed in both MBR and
CAS. In some PAH types MBR had higher removal
rates than CAS.
' PCBs were not detected in the wastewater
in all analysis except for some measurement less
than 1 ng/L.
' A large scale of industrial applications and
seasonal variations caused high concentration
ranges.

compound and removal efficiency of it with MBR
treatment was 46-82% in one study [24]. Another
study [26] showed that triclosan concentrations
ranges from 60 to 1300 ng/L in a resort town and removal rates varied between 35 to 95%. In our study;
varied concentrations of triclosan were observed between 7.0 to 200.0 ng/L; with ranging removal rates
73 to 100%. In these studies triclosan was known as
being adsorbed onto sludge.
Phthalate types are MP, EP, DBP, BBP, DEHP,
and nOP. Lowest removal efficiency is observed in
nOP in this study, however, in 6 different phthalates
types lowest removal efficiency was 77% in BBP in
a leachate treatment in an MBR [27]. Removal
mechanism of DEHP was adsorption while the removal mechanism of BPA and several other phenolic compounds were biodegradation. Another
study conducted in Spain showed very high removal
rates for DBP, and BBP (almost complete), whereas
DEHP removals were low (between 20-80%). This
study showed low removal efficiencies when it was
compared to literature especially for DBP.
PAH types of KOIZ wastewater were found to
be low when comparing to other industrial
wastewaters. NAP, for example, was 4.50 ± 3.0 μg/L
in Spain industrial wastewater [28], while it was 4.5
± 0.6 for a leachate treatment [27]. This study found
NAP between 15 to 440 ng/L in three samplings.
PCBs were not found in the analysis. It was in trace
amount, only PCB 52 was 1.3 ng/L, other PCBs were
lower than 0.5 ng/L. PAH removals were better in
MBR than CAS as in some other studies [28, 29].
However, removal rates were greater for the WWTP
and some MBR effluent analysis in our study.
Micropollutant removal of MBR and KOIZ
WWTP generally showed similar performance as
shown in Fig. 4. However, when the MBR performance was investigated in terms of membrane types,
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FIGURE 4
Micropollutants removal efficiencies of MBR and WWTP.
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FIGURE 5
Micropollutants removal efficiencies of each membrane modules.

CONCLUSION

[2] Judd, S. (2015) The status of industrial and
municipal effluent treatment with membrane
bioreactor technology. Chemical Engineering
Journal. 305, 37-45.
[3] Amin, M.M., Bina, B., Hajizadeh, Y., Ebrahimi,
A., Ghanbari, R. (2015) Feasibility of Lab-Scale
Vacuum-Driven Submerged Hollow Fiber
Anaerobic Membrane Bioreactor (sAnMBR)
For The Treatment of Synthetic Acidified
Wastewater. Fresen. Environ. Bull. 24, 22202231.
[4] Cases, V., Alonso, V., Argandoña, V.,
Rodriguez, M., Prats, D. (2011) Endocrine
disrupting compounds: A comparison of
removal between conventional activated sludge
and membrane bioreactors. Desalination. 272,
240-245.
[5] Kruglova, A. Kråkström, M., Riska, M., Mikola,
A., Rantanen, P., Vahala, R., Kronberg, L.
(2016) Comparative study of emerging
micropollutants removal by aerobic activated
sludge of large laboratory-scale membrane
bioreactors and sequencing batch reactors under
low-temperature
conditions.
Bioresource
Technology.
[6] Sipma, J., Osuna, B., Collado, N., Monclús, H.,
Ferrero, G., Comas, J., Rodriguez-Roda, I.
(2010)
Comparison
of
removal
of
pharmaceuticals in MBR and activated sludge
systems. Desalination. 250, 653-659.
[7] Bernhard, M., Müller, J., Knepper, T.P. (2006)
Biodegradation of persistent polar pollutants in
wastewater: Comparison of an optimised labscale membrane bioreactor and activated sludge
treatment. Water Research. 40, 3419-3428.
[8] Jiang, J.-Q., Zhou, Z., Sharma, V. (2013)
Occurrence, transportation, monitoring and
treatment of emerging micro-pollutants in waste
water²a review from global views.
Microchemical Journal. 110, 292-300.

Organized industrial zone (OIZ) wastewater
was examined in both MBR and CAS in order to investigate metal and micropollutant removals. Three
different FS membrane modules showed little difference among them. Metal removal occurred in the primary sedimentation tank of the WWTP and little or
no removals occurred in biological treatment stages.
Complete removal of ibuprofen and BPA were seen
in both treatment systems. Concentration ranges
were observed between samples due to large variety
of industrial applications and seasonal variations.
Phthalates were partially removed in all MBR operations and the WWTP. PAHs were removed efficiently in many PAH types with MBR and no PCBs
were detected in sampling period. For a reuse option
of this wastewater; a further nanofiltration (NF) or
reverse osmosis (RO) treatment should be applied
after i) ultrafiltration membrane pre-treatment of
wastewater treatment plant (WWTP), ii) MBR treatment of this wastewater.
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2

that has been developed over the last decades, and it
features multiple prominent technological advantages, such as 24-hour all-weather capability,
high-deformation sensitivity, and high-resolution.
Therefore, InSAR complements other techniques
such as precise levelling and global positioning
system (GPS) for subsidence monitoring. Currently,
differential InSAR (DInSAR) has been widely applied in monitoring surface deformation [1-4].
Atzori et al. [5] used X-band COSMO-SkyMed and
C-band ENVISAT SAR data with DInSAR to examine the seismic GHIRUPDWLRQRI/¶$TXLODLQFHntral Italy, and they integrated DInSAR data with 30
GPS site displacements to constrain inversion models for fault dislocation. The best fit fault plane was
in very good agreement with the results of CMT
(centroid moment tensor) solutions. Tomás et al. [6]
used TerraSAR-X data and DInSAR to investigate
the deformation of La Pedrera Dam deformation in
Spain, and their results showed a good agreement
with other studies. Ge et al. [7] used the C-band
ENVISAT ASAR and L-band ALOS PALSAR data
to monitor the land subsidence of Bandung Basin,
West Java province, Indonesia, and good correlations were observed between DInSAR results and
GPS survey data.
Traditional DInSAR focuses on single pair of
InSAR images for deformation detection. Factors
such as temporal/spatial decoherence and atmospheric phase interference often affects the formation
of interferograms. X-band SAR data and DInSAR
are affected by temporal and spatial decoherence,
which could lead to unreliable deformation results
[8]. To overcome these problems, advanced DInSAR technologies, such as Persistent Scatterer (PS)
[9] and Small Baseline Subset Interferometric Synthetic Aperture Radar (SBAS-InSAR) [10] have
been developed. The PS method generally requires a
large quantity of SAR images; otherwise, severe
decoherence, originated from over-stretched temporal and spatial baselines, is likely to occur. Otherwise, the nonlinear deformation phase cannot be
separated from the noise and atmospheric delay
phase and reliable deformation results cannot be

ABSTRACT
Overexploitation of groundwater has become a
major geological hazard all over the world especially in Changzhou City, China, which brought
about land subsidence and finally affected the development of urbanization in this area. In this paper,
we used X-band COSMO-SkyMED SAR data acquired from 2011 to 2012 and Small Baseline Subset Interferometric Synthetic Aperture Radar
(SBAS-InSAR) to monitor spatially and temporally
land subsidence/rebound information in Changzhou
City. The InSAR result indicated that land subsidence occurred in area around the urban center (parts
of Xinbei District and Wujin District), with the
maximal subsidence rate of 49 mm/year at Xinbei
District and 70 mm/year at northeast portion of
Wujin District, respectively. The central urban districts (e.g., Zhonglou, Tianning, Qishuyan, etc.)
exhibited a slight land rebound at an uplift rate of 4
mm/year. Levelling and GPS measurements were
used to validate the InSAR measurements. The
comparison result showed that InSAR measurement
had a good agreement with levelling data, and the
errors were less than 2 mm. Groundwater data was
use to investigate the inducement of land deformation. We found that Groundwater withdrawal in
the central urban districts has been generally prohibited since 2000, which has resulted in stabilization of land subsidence and produced a rebound in
groundwater levels. However, excessive exploitation of groundwater still persists in the surrounding
areas where considerable levels of subsidence occurred.

KEYWORDS:
COSMO-SkyMed, land subsidence, SBAS-InSAR, levelling, groundwater

INTRODUCTION
Interferometric Synthetic Aperture Radar
(InSAR) is an advanced remote sensing technology
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plementation of the policy limiting groundwater
exploitation. Therefore, in this study, we utilized the
SBAS-InSAR technique and X-band COSMO-SkyMed SAR data to derive the land subsidence/rebound time-series in Changzhou to study the
dynamic evolution of land subsidence and rebound
before and after the implementation of subsidence
control, and to analyze the causes of subsidence.

obtained [9]. However, a small quantity of SAR
images is not a problem for the SBAS-InSAR
method. Moreover, SBAS-InSAR limits the geometric decoherence resulted from long baselines;
therefore, the processing of SAR data can utilize an
unlimited amount of SAR interferometric pairs to
enhance the sampling rate in temporal space [10].
The SBAS-InSAR technique has been successfully
applied to studies of surface deformation events
caused by geological disasters, such as volcanic
deformations, landslides, and urban ground deformation [10-12]. Lubitz et al. [13] applied TerraSAR-X data and SBAS-InSAR to monitor the
surface deformation of the Staufen area in southwestern Germany, and they obtained experimental
data that were consistent with the results of the levelling survey. Calò et al. [14] used the X-band
COSMO-SkyMed SAR data and SBAS-InSAR to
successfully monitor the landslide in the Ivancich
area in central Italy. Hu et al. [15] used C-band
ENVISAT ASAR data and SBAS-InSAR to survey
land subsidence in Beijing, and they obtained results
that were comparable with the levelling data.
Changzhou is a city located at the lower
reaches of the Yangtze River in Jiangsu province,
China. It is a main component of the Suzhou-Wuxi-Changzhou area, one of the most economically developed areas in China. As a consequence of such development and excessive
groundwater exploitation since 1980s, this area has
suffered from severe land subsidence. The land
subsidence has been controlled by limiting
groundwater extraction since 1996 [16]. Currently,
fewer studies were performed to evaluate land subsidence in Changzhou city using InSAR technology,
especially how the subsidence and rebound evolve
spatially and temporally before and after the im-

STUDY AREA AND DATASETS
Study area. To monitor land subsidence/ rebound evolution using the SBAS-InSAR technique
and COSMO-SkyMed SAR data, we take Changzhou of Jiangsu providence, China as a representative case. Changzhou City sits on an alluvial plain of
the Taihu Lake area in southern Jiangsu Province,
the hinterland of the Yangtze River Delta (Figure 1).
Its geographic ORFDWLRQ LV Ûǯ1-Ûǯ1 DQG
Ûǯ(-Ûǯ(, with Taihu Lake to the south
and Wuxi city to the east. Changzhou is among the
most economically developed regions in the Yangtze River Delta, and it is characterized by a dense
population and numerous towns. The urban region
of Changzhou contains the Xinbei, Zhonglou,
Tianning, Qishuyan and Wujin districts (Figure 1),
with complex geological conditions. The topography of the area was mainly shaped by the late
Mesozoic Yanshan orogeny. However, the region
has also accommodated frequent tectonic movements and features a low level of peneplanation; thus,
it has a ubiquitous presence of paleotopography. In
addition, the Changzhou region is characterized by a
tremendous variation of geological structures and

FIGURE 1
(a) Location of the study area. (b) Red polygon denotes area under the SAR images including the major
urban areas of Changzhou: Xinbei, Zhonglou, Tianning, Qishuyang, and northeast portion of Wujin.
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were between January and July of 2012. All images
for this study were of HH polarization and from the
ascending orbit. The look angle at the image center
was about 26°, and the imaging mode was Stripmap.
The Stripmap mode has two sub-modes: HIMAGE
and PingPong. All images for this study were of
HIMAGE mode. In the HIMAGE mode, the configurations of the radar transmitting and receiving
antenna do not change over time, satellites can receive the full Doppler beam width from every
ground scatter, with a pattern width approximately
40 km. Currently, the X-band COSMO-SkyMed
SAR data have been successfully applied to the
detection
of
surface
deformations
with
sub-centimeter accuracy [5], [14].

boasts a sophisticated genesis of Quaternary sediments, manifested by the development of multiple
sand aquifers and soft clay layers. Hence, the region
was bestowed with abundant groundwater during
various geological historical stages. In particular, the
second confined aquifers, buried between 70-160 m
below the ground surface, boasts a high water content, excellent water quality and wide distribution;
therefore, it is the major aquifer of groundwater
exploitation in Changzhou [17].
Changzhou is within a temperate climate zone
of abundant rainfall and dense river network. Over
the past several decades, its urban and rural areas
have witnessed phenomenal economic growth,
which has been accompanied by severe pollution of
the surface water and general decline of the water
quality of rivers. Correspondingly, the phreatic aquifer, which is the below-ground water table that is
mainly supplied by surface water infiltration, has
also been contaminated. Therefore, both civilian and
industrial water use depends more and more on
ground water extraction.

Levelling and GPS Measurements Data.
Three second-order levelling stations (labeled as
L1-L3) (Figure 5) located in Tianning, Xinbei and
Wujin are used to monitor land subsidence in
Changhzou, with the observation once every two
years. The levelling survey data is from September
2006 to September 2014 (Figure 6). Moreover, one
GPS station (labeled as G1) (Figure 7) is also used to
monitor land subsidence in Xinbei district, and the
GPS survey data is from 21th July 2011 to 14th July
2012 (Figure 11). Levelling data are used to validate
the InSAR results, and GPS data are used to explain
the groundwater level change.

SAR Data. COSMO-SkyMed is a high- resolution radar satellite constellation that was jointly
developed by the Italian space agency and defense
department, and it is composed of four synthetic
aperture radar satellites. COSMO-SkyMed acquires
X-band images (wavelength of 3.1 cm), and is more
sensitive to urban land deformation detection than
the C-band (5.6 cm wavelength) and L-band (23.5
cm wavelength) radars [8]. The COSMO-SkyMed
image data feature high spatial resolution, wide
coverage, selectable angles of incidence and multipolarity; the image features used in conjunction with
the precise orbital data allow for repeat-track interferometry in the monitoring of surface deformations.
In this study, we acquired 12 single-look complex
slant (SCS) (L1A) data from the X-band SAR1 and
SAR3 satellites that cover the study area (Table 1).
The five SAR3 images were between July and December of 2011, whereas the seven SAR1 images

Groundwater Data. One monitoring well
(labeled as W0) (Figure 7) is used to monitor the
groundwater level change in Xinbei district,
Changzhou, and the survey data of W0 is from 20th
January 2006 to 20th December 2012 (Figure 12). In
addition, there are five wells (labeled as W1-W5)
(Figure 7) applied to extract groundwater of the
second confined aquifer for industrial use. The
groundwater level data of W1-W5 is from 15th
August 2011 to 15th August July 2012 (Figure 10).
All groundwater level data were used to explain the
reasons of land surface deformation.

TABLE 1
CSK SAR acquisitions from the ascending orbits
Number

Satellite

Orbit

Date

Perpendicular Baseline (m)

1
2
3
4
5
6
7
8
9
10
11
12

SAR3
SAR3
SAR3
SAR3
SAR3
SAR1
SAR1
SAR1
SAR1
SAR1
SAR1
SAR1

14810
15284
15758
16232
16943
25001
25475
25949
26423
26897
27371
27608

21-Jul-2011
22-Aug-2011
23-Sep-2011
25-Oct-2011
12-Dec-2011
20-Jan-2012
21-Feb-2012
24-Mar-2012
25-Apr-2012
27-May-2012
28-Jun-2012
14-Jul-2012

268
-520
87.8
-77.1
207
-372
305
-130
-916
-38.2
-778
0
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system of azimuth-range (x, r), the interferometric
phase of a pixel (x, r) in the differential interferogram i can be expressed as follows [10]:

Groundwater level. One monitoring well
(labeled as W0) (Figure 7) is used to monitor the
groundwater level change in Xinbei district,
Changzhou, and the survey data of W0 is from 20th
January 2006 to 20th December 2012 (Figure 12). In
addition, there are five wells (labeled as W1-W5)
(Figure 7) applied to extract groundwater of the
second confined aquifer for industrial use. The
groundwater level data of W1-W5 is from 15th
August 2011 to 15th August July 2012 (Figure 10).
All groundwater level data were used to explain the
reasons of land surface deformation.

GIi ( x, r ) I (t B , x, r )  I (t A , x, r )
|

4S

O

[d (tB , x, r )  d (t A , x, r )] 

4S

O

u

BAi 'Z
r sin T

[Iatm (t B ,x,r )  Iatm (t A ,x,r )]  'I

(2)

where Ȝ is the center wavelength of the imaging
radar system, d (t B , x, r ) and d (t A , x, r ) represent

SRTM DEM. The Shuttle Radar Topography
Mission (SRTM) is a NASA mission conducted in
2000 to obtain elevation data for most of the world.
It is the current dataset of choice for digital elevation
model data (DEM) since it has a fairly high resolution (about 90 meters) and near-global coverage
(from 56° S to 60° N). SRTM DEM has been publicly released in 2003, and revised many times. Data
used for this study is the version 4.1 [18]. SRTM
DEM was used to remove the topographic phase of
interferometric phase.

the relative displacement in the direction of the radar
line of sight (LOS) at times tB and tA, respectively.
BAi 'Z is the phase resulted from the DEM (or
r sin T

height) error 'Z and the vertical component BAi of
baseline orbit separation between the SAR image
pair, and its value is directly proportional to BAi and
inversely proportional to slant range r, and it is associated with local incidence angle ș.
[Iatm (t B ,x,r )  Iatm (t A ,x,r )] is the difference of the

METHOD

atmospheric delay phase of pixel (x, r) at times tA
and tB, and ǻ I represents other noises.

SBAS-InSAR principle. SBAS-InSAR is a
newly developed DInSAR-based time-series analysis method that was first proposed by Berardino et al
[10]. Over the past decade, SBAS algorithm has
been improved constantly and widely used in surface deformation studies [11, 13, 14, 19, 20]. In the
analysis, all SAR images are subject to random
combinations and form interference pairs.
Supposing there are SAR images with N+1
scenes covering the same area with acquisition times
of t0, t1 «WN, and an image from each scene can form
an interference pair with at least one image of another scene. The SAR images whose vertical baselines are below the threshold of small baseline condition are grouped together to generate a total of L
candidate images and M differential interferograms.
M satisfies the following inequality (assuming N is
an odd number) [10]:
N 1
§ N 1 ·
dM d N¨
¸
2
© 2 ¹

After phase unwrapping, the linear deformation
and DEM error phase can be used to construct a new
SBAS linear equation [10]:
[ B, C ] pc GI

(3)

where B is an M × N matrix, and C is the coefficient matrix related to the space-baseline distance. pc is given by
pc [v 'Z ]T

(4)

where v represents the phase-value matrix of
the average deformation rate.
The linear deformation phase and DEM errors
are removed from the interferogram to generate the
residual phases, which now include the atmospheric
delay phase, non-linear deformation phase and
decoherence noises. Subsequently, filtering is performed based on the different temporal and spatial
properties of the residual phases, thereby separating
the non-linear deformation phase and atmospheric
delay phase. Finally, time series deformation results
can be obtained by applying a least square (LS)
method [19] or singular value decomposition (SVD)
rule to all of the unwrapped interferograms.

(1)

If all of the differential interferograms are
correctly unwrapped, they can be calibrated by a
highly coherent point (x0, r0) that is stable or whose
deformation magnitude is known. )RU D VSHFL¿F
interferogram i.e., after the removal of the flat earth
and topographic phases, and assume tB > tA (tA , tB are
the two acquisition dates of the co-registered image
pair for the interferogram i), then in a coordinate
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atmospheric delay phase were separated from the
data [10].

SBAS-InSAR processing. The SBAS is used
to divide the generated SAR data into several groups.
Based on the principle of SBAS network construction as well as the temporal/spatial decoherence, we
set the threshold of the spatial vertical baseline at
200 m and that of the temporal baseline at 300 days.
Thus, a total of 16 interferometry pairs (or interferograms) were constructed (Figure 2) and each
intereferogram contains 3 subsets.
Each interferometry pair that meets the temporal and spatial criteria was processed to form a
DInSAR interferogram using the two-tracked
method, which mainly consists of image registration
and baseline estimation, interferogram generation,
coherence coefficient calculation, external DEM
simulation, precise baseline estimation based on
precise orbits and control point data, interferogram
adaptive filtering calculation [21], phase unwrapping and refinement and reflattening. To dampen the
noises, boost coherence, and examine the deformation at a relatively large scale, interferograms
were subject to a multi-look treatment using 11
azimuth looks and 10 range looks. The minimum
cost flow algorithm is applied for phase unwrapping
[22].

RESULTS AND ANALYSES
Time evolution of land deformation. Figure
3 shows the time series of monthly accumulated
deformation from July 2011 to July 2012 for the
Changzhou region. In general, the monthly change
of ground deformation was not obvious, and the
spatial distribution of land subsidence in the region
shows great variability. Land subsidence mainly
occurred in the north-eastern and south parts of
Changzhou.

FIGURE 2
Distribution of small-baseline pairs.
The unwrapped phases of 16 differential interferometry pairs were processed as follows. First,
the differential interferometric phase was used to
estimate the linear deformation phase of the study
area. Then the linear deformation phase was transformed to a LOS directional deformation rate. Subsequently, the linear deformation phase and residual
topographic phase were removed from the original
differential interferometric phase before the residual
phase was phase unwrapped and the SVD (singular
value decomposition) was used to solve the
non-linear deformation phase, which culminated in
the generation of a cumulative deformation
time-series phase. To estimate the atmospheric delay
phase, the data were subjected to high-pass (HP)
filtering in the time domain followed by low-pass
(LP) filtering in the space domain; subsequently the

FIGURE 3
Deformations (LOS direction) in Changzhou at
11 considered dates with respect to 21th July
2011.
Figure 4 shows the time series of areas (unit:
km2) with subsidence and rebound within the whole
Changzhou city and each if its districts. From July
2011 to July 2012, the area with subsidence expanded slightly (Figure 4a). The area with subsidence within Xinbei district changed significantly
from July 2011 to August 2011, then decreased with
time and reached a minimum in January 2012 (Figure 4b). In Zhonglou, Tianning and Qishuyan districts (Figure 4c-e), much more area showed rebound than subsidence, and the area of rebound
within Tianning and Qishuyan districts first increa-
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FIGURE 4
The change trend of ground deformation area in Changzhou (Xinbei District,
Zhonglou District, Tianning District, Qishuyan District, Wujin District).
2012 (Figure 6). Much more subsidence was observed in the area around Niutang and Hutang towns
(Figure 5). From Figure 6, we can see that the
maximum cumulative subsidence at location P3
within Niutang town and location P4 within Hutang
town reached 27 mm and 20 mm, respectively, both
occurred in July 2012 (Figure 6).

sed, and then remained stable (Figure 4d-e), indicating the subsidence in these districts were well
controlled. The settlement area showed an increasing trend in Wujin district, the rebound area increased in the beginning and then decreased gradually (Figure 4f), indicating subsidence control needs
to be enhanced in this district. These observations
should provide valuable feedback to the policy
maker for subsidence control and environmental
remediation.
Figure 5 shows the spatial distribution of the
cumulative LOS displacement in Changzhou from
21th July 2011 to 14th July 2012. The subsidence
was observed in Niutang, Hutang and Zhenglu
towns in Wujin district (Figure 5). While rebound
was observed along a northwest-southeast belt including Zhonglou, Tianning and Qishuyan districts
(Figure 5), the south-east part of Xinbei district
around Longhutang sub-district showed subsidence
while most of the northern and north-western parts
showed rebound (Figure 5). Figure 6 shows the
temporal evolution of the accumulated LOS displacement at selected locations (P1 ± P4) where
subsidence was observed (Figure 5). The cumulative
subsidence of Longhutang sub-district (P1) reached
10 mm in July 2012 (Figure 6). The subsidence of
location P2 within the Zhenglu town reached a
maximum cumulative amount of 12 mm in July

FIGURE 5
Cumulative displacement (LOS direction)
in Changzhou from 21th July 2011 to 14th July
2012.
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FIGURE 6
Cumulative displacements at locations P1-P4 in
the subsidence zone.

FIGURE 7
The spatial distribution of the average LOS
displacement velocity in Changzhou urban area.

FIGURE 8
The levelling survey data of second-order
levelling stations (L1-L3) from September 2006
to September

Spatial distribution of land subsidence in
Changzhou. Figure 7 shows the distribution of
mean deformation velocity in Changzhou. The A, B,
and C zones maintained certain subsidence rates.
Zone A showed a mean subsidence rate of +8
mm/year for the Longhutang sub-district. Zone B
formed a short subsidence belt with east-west strike
and had a mean subsidence rate of +5 mm/year at
Zhenglu Town. Zone C displayed a relatively high
mean subsidence rate of +9.7 mm/year at Niutang
Town and +13 mm/year at Hutang Town. Most of
the areas in Zhonglou, Tianning, and Qishuyan districts developed a certain level of rebound, and the
uplift rate was approximately 3 mm/year (Figure 7).
As the subsidence areas were built-up area, we
speculated that land subsidence of these area might
be caused by building load [29].

Validation of the SBAS-InSAR-derived results. Figure 8 shows the levelling survey data of
second-order levelling stations (L1-L3) from September 2006 to September 2014. Polynominal model
was applied to fit the levelling survey data at the
L1-L3 stations, and the absolute error was less than
2.0 mm between the SBAS-InSAR results and the
fitting model (Table 2). We can see that the agreements between SBAS-InSAR results and levelling
survey are reasonably good even the data points
from the levelling survey are not as many as we
hoped. This may indicate that the subsidence/rebound rates as estimated from SBAS-InSAR
are reasonable, or at least not contradict to the levelling survey.
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printing, dyeing and textile) were developed swiftly,
which caused massive exploration of groundwater
resource in the surrounding towns and villages. Such
exploration gradually surpassed the mining quantity
of central urban districts. Thus, Changzhou experienced a drastic groundwater withdrawal during this
period. After 1994, the local government realized the
potential environmental damage due to excessive
exploitation of groundwater and formulated a series
of rules and regulations to restrict groundwater extraction [16, 26, 28]. Miao et al. [23] discovered that
in Changzhou, changes in the confined water level II
correlated well with the land subsidence trend and
excessive withdrawal of groundwater was the most
critical factor leading to large-scale land subsidence
in the city.

TABLE 2
Deformation results of SBAS-InSAR from 21th
July 2011 to 14th July 2012 compared with
levelling data.
Points

SBAS-InSAR
(mm)

Levelling
(mm)

Error
(mm)

L1
L2
L3

5.0
-1.9
0.5

3.0
0.1
-1.0

2.0
-2.0
1.5

DISCUSSIONS
The historical land subsidence in Changzhou. According to the historical levelling survey
data, land subsidence in Changzhou started in the
1970 and reached 50.63 mm/year between 1979 and
1983, with the maximal subsidence up to 100mm
[16]. Between 1984 and 1991, there was a subsidence rate of 40-50 mm/year that led to a maximal
cumulative subsidence of 949 mm in some of the
central urban areas [16]. The average subsidence
rate was about 40mm/year between 1993 and 1998
[16]. Since 1996, the government started limiting
groundwater withdrawal [23]. Land subsidence in
Changzhou slowed a slowdown since 2000, at which
time a subsidence rate of approximately 25mm/year
was observed [16]. After 2004, except for the eastern
part of Changzhou, land subsidence had been effectively curbed, and a slight rebound occurred in some
areas, and the rebound area gradually expanded. By
2007, urban land subsidence basically stopped [16].
From 21th July 2011 to 14th July 2012 in this
study, land subsidence still occurred in parts of
Xinbei District and Wujin District, and the average
subsidence rate was 7 mm/year at subsidence area
(Figure 7) of Xinbei District and 15 mm/year at
subsidence area (Figure 7) of Wujin District. In
addition, there was a slight rebound at an uplift rate
of 4 mm/year in central urban districts (e.g.,
Zhonglou, Tianning, Qishuyan, etc.).

FIGURE 9
A sketch of the vertical cross-section of confined
Ϩ-ϫ. confined aquifer)
aquifers in Changzhou (Ϩ
[23].

The relationship between land deformation
and groundwater exploitation. Figure 9 showed a
sketch of the vertical cross-section of confined aquifers in Changzhou, which had abundant confined
groundwater resources [23, 24, 27]. In the urban
areas of Changzhou, the second-deep confined aquifer was the main layer of groundwater extraction
and the volume of groundwater exploitation has
reached a considerable scale since the 1980s [23]
(Figure 9). The mining of deep confined aquifer was
at minimum before 1960, but it was significantly
enhanced during 1960-1970 when the social and
economic development began to accelerate and led
to insufficient urban water supplies. Between 1970
and 1994, large water-consumption industries (e.g.,

Since 2000, exploitation of groundwater has
been prohibited in Changzhou city, and measures
were taken to recharge the depleted areas. Since
2005, a widespread increase of groundwater level
has been recorded [16]. Since then, subsidence
slowed down in Zhonglou, Tianning, and Qishuyan
districts and a slight land rebound was even observed [17], [23]. From 2002 to 2009, Wujin had
experienced a rapid industrial development that has
led to a tremendous need of groundwater, lowering
the groundwater table and deteriorating the land
subsidence [24].
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Festival. The big change of water level in these wells
(W1-W5) and monitoring station (G1) (Figure 7)
showed that the sharp rise of groundwater level
correlated well with GPS survey results (Figure 10,
Figure 11).
It was observed that the area with subsidence
expanded from July 2011 to July 2012 in the northern part of Wujin district (Figure 4f, Figure 5). This
phenomenon might be caused by the over exploitation of the groundwater [25, 26]. Figure 12 showed
the change of groundwater level of the second confined aquifer from 20th January 2006 to 20th December 2012 in the monitoring station W0 (Figure 7)
and the deformation of levelling survey data in L2
(Figure 7) monitoring station from September 2006
to September 2012. The groundwater level maintained an upward trend (Figure 12), which had a
good agreement with the levelling result. Between
July 2011 and July 2012, the subsidence/rebound
zone stayed basically stable, which was directly
associated with the relatively stable groundwater
level caused by the banning of groundwater exploitation and implementation of recharge measures
(Figure 4a, Figure 12).

FIGURE 10
The groundwater level of confined aquifer
exploitation wells (W1-W5) from July 2011 to
July 2012.

FIGURE 11
The deformation curve of GPS monitoring
station (G1) from 21th July 2011 to 14th July
2012.
Figure 10 shows the groundwater levels of the
confined aquifer exploitation wells (W1-W5) (Figure 7) from July 2011 to July 2012. The wells
(W1-W5) were applied to exploit confined water for
industrial production and the groundwater level of
these wells was recorded. In Figure 10, the trend of
water level in W1-W4 was basically stable, but there
was a big change in February 2012. And the
groundwater level of W5 had also a big rise in
February 2012. The groundwater level suddenly rose
to a high level, and then the water level dropped to
the previous level (Figure 10). Moreover, Figure 11
shows the deformation curve of GPS monitoring
station (G1) (Figure 7) from 21th July 2011 to 14th
July 2012. The GPS monitoring station (G1) was
located in the northern part of Xinbei district (Figure
8). G1 had an obvious rebound in March 2012, and
then it began to drop in April 2012. The sharp rise of
groundwater level in February in these wells
(W1-W5) (Figure 7) may be related to factory suspension during the holidays of the Chinese Spring

FIGURE 12
The level change trend of confined aquifer ϩ in
groundwater level monitoring station (W0) and
the deformation of levelling station (L2).

CONCLUSION
In this study, we employed a time series of
COSMO-SkyMed images from July 2011 to July
2012 and SBAS-InSAR technology to successfully
derive the land subsidence sequence and mean velocity of deformation around the Changzhou city.
We then analyzed the temporal and spatial distributions of the land deformations. Overall, the land
deformation in the city displayed a pattern of rebounding in the central urban districts and sinking in
the surrounding districts because of shift of ground
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DISCRETE ELEMENT MODELING OF BALLASTED
RAILWAY TRACK WITH SILTY-CLAY-SUBGRADE UNDER
CYCLIC LOAD
Xiaojun Che*, Zhihua Zhang, Zhida Li, Xiedong Zhang
School of Transportation, Wuhan University of Technology, Hubei, Wuhan, 430063, China

ment section of railway track leads to speed restrictions and poor comfort of passengers, even accidents.
Many models of railway tracks have been investigated as the focus in recent times [1-4]. They
figured out that the railway track behavior plays an
important role in studying track deterioration under
normal load and cyclic load, especially in deformation and maintenance. The mechanisms of railway including rail, sleeper, ballast and subgrade are
complicated of cyclic load.
Controlling the safety of railway is to minimize
the accumulated settlement of track, and the settlement can originated from several sources including
the rail-self deformation, sleeper deterioration, ballast contraction and the subgrade settlement. When
the model is under the cyclic load, sleeper¶VDELOLW\
to distribute live loads to the sub-foundation is essential at the study stage [5]. The settlement contributions of ballast are prior to other layers owing to
its crushing and lateral spreading [6-7]. Suiker ASJ
[8-9] has proposed a ballast model under a moving
load, it indicated that the ballast as a discrete model
is significantly different from continuous elastic one,
and the subgrade has a large deformation. Consequently, the railway tracks may damage under small
load fluctuation.
In view of [10-15], it can be concluded that: (1)
for ballast properties, researchers have done a great
quantity of works to investigate the deformation,
breakage and stress under different external load, including laboratory tests and numerical simulations.
(2) As far as the conducted models, different materials of sleepers and ballast in realistic shapes have
been developed to analyze the contact and sliding resistance of the interface between them in theory and
numerical tests.
Unfortunately, it should be noted that the partial investigations of ballasted railway track, such as
the system of rail-sleeper and the system of sleeperballast, were based on one of assumptions that the
subjacent subgrade has no deformation as well as in
good condition. As we know, however, subgrade
plays a crucial role in the stability of ballasted railway track, especially silty clay situation,deforming
both vertically and laterally along the columnof layers under railway track that are not taken into account by most of preexisting numerical simulations.

ABSTRACT
Subgrade plays a crucial role in the stability of
ballasted raiway track, affecting the settlement and
deformation of tracks. Silty clay with its high plasticity and low strength should be payed more attention which contained in railway construction in some
engineering. However, current tests and numerical
simulations for the behaviour of ballsted railway
track are focus on the ballast and sleeper, which is
incomplete that subgrade is not taken into account.
Therefore, it is necessary to conduct a sleeper-ballast-subgrade system for investigating the effect of
subgrade mechanism on railway track.A two-dimensional ballasted railway tracks model utilizing the
discrete element method (DEM) with PFC is proposed to analyze the dynamic characteristics of the
concrete sleeper, clustered ballast and the soft soil
deposit under the cyclic load. Analyses are done to
reveal the micro-scale interaction in each layer while
taking into account the effects of rebounded stress
came from the bedrock in the bottom of the model.
It shows that the velocity of particles decreases with
the depth locations increases which have a large
phase lag. As cyclic load progressed, the settlement
of rail gradually increases with different accumulate
rate by increasing the cyclic loading numbers. The
densifications of different layers are accompanied by
the shear modulus increasing where the interaction
stresses reach equilibrium states.

KEYWORDS:
ballasted railway, discrete element method, cyclic load,
shear modulus, dynamic characteristics

INTRODUCTION
Railways are integral to the transportation system of many countries around the world. Therefore,
it is necessary to control the safety of their design
geometry during their life or more, besides, the economic perspectives of railway tracks are incontrovertible to be taken into account, especially when the
railway track designed on soft-soil subgrade. With
the prolonged period operation, however, the settle-
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In order to give a full-scale perspective of ballasted railway track, subgrade with silty clay properties is considered in this paper that a two-dimensional microscale model is proposed to analyze the
dynamic characteristics of ballasted railway tracks
caused by cyclic load. A finite layer of soft soil deposit resting on the bedrock is modeled as a collection of discrete particles in a small scale gradation.
The ballast stones are modeled as clusters which
bond different numbers of particles together resting
on the proof layer. The macro-mechanical properties
of proof layer are modeled as non-bond sand. The
concrete sleeper is idealized as an oblong assembly
with expansive lumped particles. The system is subjected to a cyclic load applied to the rail top, the responses of sleeper, ballast and soil deposit were captured. The purpose of this paper is trying to analyze
the components of deformation, and the micro properties of each layer. It is novel that the ballasted railway track modelconsidering subgrade is conducted
by using discrete element method due to the lack of
study in numerical simulations for railway engineering in recent years.And thus to provide an unrivalled
understanding of the sleeper-ballast-subgrade system influenced by the train.

by the timing train acting on the rail are simultaneously.
Sleeper modelling. Sleeper as the first apparatus under the loads can disperse most of them on
the ballast uniformly. Concrete materials was instead
of the wood sleeper when cohesiveness and stiffness
are considered. Non-ballast track has been used for
high-speed railway now that the concrete sleeper
connects on the concrete foundation with many fasteners. In ballasted railway track, the deformation of
the sleeper can be neglected due to its high stiffness
in ideal conditions, and its DEM model consists of
continuous particles contact each other with expansion command, shown in Figure1. The Kelvin-Voigt
model (Kelvin-Voigt model: spring-dashpot in parallel) is regarded as contact model in sleeper, a
spring and a damping in each contacted particles represent stiffness and bond, respectively, which is
shown in Figure 5 (b, c). The forces is calculated by
the stiffness, viscosity and displacement of KelvinVoigt section:

f

r Kkuk r Ck u k

(1)

Where Kk , Ck are the stiffness and the viscosity of the Kelvin-Voigt model, respectively. Their relationship is shown in Figure 5 (b). uk is the dis-

DEM MODELLING

placement of the Kelvin model. u k is the first derivative of the displacement.
By using a central difference approximation of
the finite difference scheme for the time derivation,
and taking average value for uk and f :

The discrete element method (DEM) has been
used to simulate the ballasted railway track with
equivalent experiments. The first numerical approach is assembling particles together to realize a
realistic particle shape method [16-18]. In DEM, the
granular material is considered as an assembled particles or spheres interacting by force-displacement
law and Newton-second law [19]. This two laws let
the balls and contacts translate force and moment,
different deformations caused by them, simultaneously. Many embedded contact models have been
utilized to simulate railway track in different aspects.

ukt 1  ukt
1 Kk (ukt 1  ukt ) f t 1  f t
(2)
[
r
]
't
Ck
2
2
The contact between cyclic load track and concrete sleeper is complex, the reason in additional impact load acting on the upper sleeper, there is only
spring interacting between them, shown in Fig 4 (a).

Rail modelling. A rail structure maintenance
depends on the mechanical behavior under the influence of cyclic loads, the simplest representation of a
continuous linear foundation is the Winkler model
[20]. Other scholars considered the shortcoming of
Winker model and took into account the interaction
between the ties [21]. The material of Rail track in
reality is steel mental which is unchangeable at fine
condition. However, the tracks will be deformed after a long time with the large deformation of the subgrade in specific geology. Depends on previous
VFKRODUV¶VWXGLHVWKHUHDUHVHYHUDOW\SHVRIGHWHULR
ration of the track based on the damage source, causing different failure models. In the two-dimensional
model of DEM, the track is modeled asa big size particleof high stiffness seen as a steel ball, and its diameter is 0.05 m.Therefore the cyclic loads caused

(a)

(b)
FIGURE 1
(a): Sleeper model in DEM; (b) Illustration of
the sleeper model
Ballast modelling. In recent years, the high
speed railway which without ballast has developed
faster and faster. However, the mechanics of track
and concrete foundation should be more sensitive by
cyclic load in high speed. The ballasted railway track
depends on that the ballast can disperse the impact
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load as well as reducing the force transferring into
the subgrade, therefore has been available in many
bad geology.
As is well-known, the railway ballast material
is rock which has different shape. It is a recognized
problem that the difficulty to capture completely the
irregular shape of real rock, and different approaches
have been used to obtain their reliable results [22]
based on the macro mechanism. Some of them have
restored the shape of ballast rock successful, however, their contributions were taken for time-consuming ways [23].

Nc

mu

mfg  ¦ fc

(3)

c 1

IT

Nc
N

¦r u f
c

(4)

c

c 1

Where u and T are translational and rotational
displacement vectors, m is particle mass, I is particle moment of inertia, Nc is number of contacts
with surrounding entities, fc is the interparticle
force at contact, rc is vector connecting the center
of the particle to the location of the contact c , and
fg is gravitational acceleration vector.

(a)

(b)
FIGURE 2
(a): The ballast layer in DEM; (b): Illustration of
a cluster with three particles

FIGURE 3
Schematic configuration of ballasted railway
model

In this study, ballast stones are modeled using
different quantity of particles bonded together as real
stones, shown in Fig 2, the tight coefficient of multi
clusters is 0.8. The simplicity idea is the basic way
to deal with the complicated problem. But each cluster separates from another with only spring between
them and without bond. Therefore, the contact model
in the ballast has two contents: Kelvin-Voigt model
and Kelvin model (Kelvin model: spring only),
shown in Fig 4 (a). The deformation in the ballast
consists of the fracture in over-strength cluster and
dislocation between adjacent clusters.
Subgrade modelling. Foundation is the basic
insurance to control the deformation which mostly
depends on its quality. The soft soil has been hardsolved problem in the world due to its low strength
and strong plasticity. It locates along Yangtze River
basin and lakes in China, therefore should be handled with consolidating and some proof materials before laying the ballast or concrete foundation on. The
establishment of multi-layer soil is based on Boussinesq theory [24]. In DEM, the proof material is
FRQVLGHUHG DV VDQG ZKLFK KDV WKH VDQG¶V SURSHUW\
The thickness of the proof material is 0.15m, horizontally laid on the soft soil. The soft soil is simulated by non-unified-size particles (particle radii is
0.03-0.05) which have contact bond and friction angle consistent with that of silty clay. And its depth is
4.5 m. These particles are subjected to gravity and
interparticle contact forces. The motion of a discrete
particle is dictated by the momentum equations:

(a)

(b)

(c)
FIGURE 4
(a) Coupled contact model of ballasted railway;
(b) (c) Mechanical entities comprising the Kelvin
model

As a conclusion, the railway track model with
soft soil subgrade is plotted in Figure 3. The size of
this model is 10m*5.25m (width*height).
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DYNAMIC LOAD

COMPUTATIONAL SIMULATIONS

Many scholars have studied the dynamic mechanism in different areas, the dynamic load they executed most were sinusoidal or cosinoidal functions
acting on structures in laboratory or numerical tests.
LIM W L. [25] simulated the cyclic loads on ballast
with trigonometric function, and the railway facility
tests were conducted in experiments. In this study,
the cyclic load is based on the research by Gao, et al
[26]. conducted which applied sinusoidal cyclic
load. The load formula is shown as follows:
F (t ) F 0 > 1  sin(2S ft  S / 2)@ (5)

Assumptions. The interaction between each
layer, settlement and shear modulus at different
depths in DEM model of ballasted railway tracks are
considered in this paper. To derive the analytical solution, the following assumptions have been made:
(1) For the purposes of stress computation, the
particles are assumed tobe of unit thickness and have
no deformation themselves.
(2) The subgrade material and geology along
the track direction are assumed to be invariant.
(3) The soil deposit with finite depth in this paper is anisotropic and with the micro-parameters of
silty clay.

Where F 0 is the half peak value of stress,
which equals 2000 N; f is the frequency, the value is
5 Hz; t is the time-steps.
During the dynamic loading process, downward load is always excited, the sinusoidal load is
shown in Figure 5. To simulate the dynamic time
which consistent with that in situ, the time-steps and
time step should be synchronous. Each step time 't
in DEM was about 1h10-7-1h10-5s, it is calculated
as:
m
(6)
't
K
Where m is the mass of the particle and K is
the stiffness of the particle.

Numerical ballasted railway model. Depends
on the sinusoidal load acting on the rails, the simulations of dynamic characteristics of ballasted railway
are conducted. The analyzed model is assumed to be
composed of four layers with different materials:
sleeper with concrete material, ballast with rock material, sub-ballast with sand material seen as proof
layer and the soil deposit with soft soil material, from
top to down, respectively, shown in Figure 6. The
stiffness of lateral walls is assumed to be the same as
WKHSDUWLFOHV¶LQZKLFKVXFh boundaries is seen as the
expansion of real soil foundation, and the stiffness of
the bottom wall is ten-times more than soil deposit's
which seen as the bedrock.



FIGURE 5
The sinusoidal dynamic load

FIGURE 6
Ballasted railway and foundation as modeled in DEM simulations
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TABLE 1
Micro-macro parameters in ballasted railway model
Soil deposit
Diameter
Normal stiffness
Shear stiffness
Density
Porosity
Friction coefficient
Normal strength of contact bond
Shear strength of contact bond
Height of soil deposit
Computation parameters
Gravity
Time step for DEM
Sub-ballast
Diameter
Normal stiffness
Shear stiffness
Porosity
Density
Friction coefficient
Height
Ballast
Particle numbers of Clusters
Normal stiffness
Shear stiffness
Density
Friction coefficient

0.04m to 0.08m
1.62×107N/m
1.62×107N/m
2150 kg/m3
0.15
0.296
4.2×104 Pa
4.2×104 Pa
4.5m
9.81m/s2
1×10-7 to 1×10-5s
0.03m
1×106N/m
1×106N/m
0.12
1560 kg/m3
0.5
0.15m
1 to 3
1×107N/m
1×107N/m
2650 kg/m3
0.4

Ballast
Normal strength of parallel bond
Shear strength of parallel bond
Normal stiffness of parallel bond
Shear stiffness of parallel bond
Parallel bond radius multiplier
Cluster Diameter
Cluster internal damping factor
Tight coefficient
Sleeper
Diameter
Normal stiffness
Shear stiffness
Density
Friction coefficient
Normal strength of parallel bond
Shear strength of parallel bond
Normal stiffness of parallel bond
Shear stiffness of parallel bond
Parallel bond radius multiplier
Multiplier factor
Height
Rail
Normal stiffness
Shear stiffness
Friction coefficient
Density

5×105 Pa
5×105 Pa
1×107 N/m
1×107 N/m
1.0
0.15m
10
0.8
0.02m
1×106N/m
1×106N/m
2180 kg/m3
0.5
5×108N/m
5×108N/m
1×109N/m
1×109N/m
1.0
1.2
0.25m
5.2×1010N/m
5.2×1010N/m
0.0
2630 kg/m3

ertheless, it is necessary to find out the dynamic contact mechanism between each layer because of different micromechanical properties.

The soil subgrade is a box filled of particles
with a width of 10m and a height of 4.5m. The micro
parameters of the filled particles are the same as
those of silty clay that have been tested from experiments. The sub-ballast material is coarse gained sand
as the proof layer in real project with a height of
0.15m. The ballast stones are difficult to restore the
shape of rock in situ and its approach was proved to
be a time-consuming way [27]. In DEM simulations,
the clusters are generated by cluster codes randomly
distributing on the top of sub-ballast with gravity.
The dimension of the ballast stones with a height of
0.35 m are bigger than specified in which their large
pores and irregular shapes. The micro-mechanical
properties of ballast are assumed as those of granite
rock separated from each ballast composed of different quantity of particles. The concrete sleeper with
expansion generate method resting on the ballast.
Because of the asperous surface of ballast, it is necessary to level the top of ballast in order to generate
the squared sleeper, the height of the sleeper after expansion is 0.25m. The micro parameters of each
layer is shown in Table 1.
The micromechanical parameters in each layer
should be calibrated to simulate the macro-response
of dynamic characteristics efficiently. For a material
with known macro-properties and simple packing arrangement, its micro-parameters may be calculated
from the commonly measured macro-properties
[28,29]. For a sample with different materials, nev-

CONCLUSIONS
The interaction analysis between ballast and
soft soil deposit, the concrete sleeper and ballast, and
the whole model are conducted to investigate the dynamic characteristics influenced by cyclic load acting upon the rail. Besides, the presented simulations
consider the interaction stress rebounded from the
bedrock in the bottom. As cyclic load progresses, the
normal settlement of rail increases to be a certain
value as the permanent deformation and then vibrates in a small scale amplitude of 0.5 mm which
represents the soft soil deposit has been densified.
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The existing Fo-LongGang tunnel was considered as a controlling project in an industrial park.
The field leveling above would be flatted by means
of outdoor medium-deep hole blasting, with only
about 20 meters distance from blasting site to vault.
Therefore, calculation for optimizing explosive
charge was defined as the key technology of controlled blasting, which was aimed to guarantee structure safety, to increase efficiency, to shorten the construction period at the same time. In this paper, the
vibration and stress character of tunnel section was
obtained through numerical analyses method by LSDYAN under different conditions such as explosive
charge and spreading distance, and the comparative
analysis was implemented between numerical analyses and the formula given in the specification,
which could be valuable in similar situation.



tion velocity of particle, this formula mainly considers the impact of gunpowder volume and blasting
distance, site terrain, taking consideration of the geological condition by decay factor, and it doesn’t
consider the construction’s property, about the safety
impact issue on specific and complicated structure,
blasting vibration still need to have the precise blasting vibration simulation analysis according to the
construction’s property [7, 8].

740+)9574,/1+There is a flat field project, the
landform is mountain slope, the geology is simple,
the stone is main consist of sandstone and mudstone,
rigidity rate is f=4~6, the rock stratum is stable and
no underground water, thus, planning to take the
measure of blasting control. Under this blasting field,
there is an operating tunnel (Fo-LongGang tunnel),
and there is only 20m from this blasting field to the
top of tunnel. The tunnel is designed with up and
down separated double channel, six lanes both side.
The left length of this tunnel is 905m, mile No. is
from K12+380 to K13+285, the right length is 902m,
mile No. is from K12+393 to K13+295. The main
stratum of this tunnel is Jurassic middle shaximiao
formation, the sort of the rock is mudstone, sandstone. The entrance and top of the tunnel are covered
with the fourth generation upgraded Qedl and Colluvium. The exit of the tunnel is deeply cover with the
fourth generation Qedl, the part land of the tunnel
body is distributed with the fourth new Qhml. There
is no landslide, collapse, debris flow, ground cracks
and any bad situations in the area of tunnel. 
The two channel of Fo-LongGang tunnel are
both rock tunnel, the levels of surrounding stone are:
(1) tunnel entrance section, mudstone, surrounding
stone are level V; (2) tunnel body section 1, mudstone, surrounding stone are level IV; (3) tunnel
body section 2, the most is mudstone, slight sandstone is in the middle stratum, the level of surrounding is level IV; (4) tunnel body section 3, sandstone
and surrounding are IV; (5) tunnel body section 4,
mudstone and surrounding stone are IV; (6) tunnel
body section 5, sandstone and surrounding stone are
IV, (7) exit tunnel section, sandstone or soil and surrounding stone are V.
The main design data of Fo-LongGang tunnel
is shown in Table 1.

%# 
Underlying Tunnel, Finite Element, Vibration Velocity,
Blasting Control, Stress Character



!"!
Outdoor medium-deep hole blasting is widely
used in ground flatted, road excavation and some infrastructure constructions [1-3]. Comparing with it,
the research of outdoor medium-deep hole blasting
is still in backward stage, the main damage of safety
issue is the damage to construction by blasting seismic wave. Scholars specialize in the research of production mechanism and control measure. Recent
years, more and more issues that flat blasting caused
the instructions’ damage have happened. Many project cases have indicated, it may cause the unnecessary loss of human and property if ignore the damage
impact from blasting vibration and properly take the
measure of blasting control [4-6]. About the calculation of the vibration velocity, our country used
widely the USSR Sadaovsk formula, and wrote into
<< Blasting Safety Regulation >> (GB6722-2014),
as the experienced formula for calculating the vibra
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Initial lining
Anchor pole

Lining type
S5-1

D25 grouting bolt L=4m
(column) 60×120 (circle)

S5

D25 grouting bolt L=4m
(column) 80×120 (circle)

S4-1

φ22 grouting bolt L=3.5m
(column) 80×120 (circle)

S4

φ22 grouting bolt L=3.5m
(column) 100×120 (circle)

V level
surrounding stone

IV level
surrounding stone

III level
surrounding stone

S3-1
S3

φ22 grouting bolt L=3m
100×120
φ22 grouting bolt L=3m
120×120

Second lining
Arch, Wall
60cmC30
Waterproof
steel-concrete
55cmC30
Waterproof
steel-concrete
50cmC30
Waterproof
steel-concrete
45cmC30
Waterproof
steel-concrete
40cmC30
Waterproof steel-concrete
35cmC30
Waterproof steel-concrete

Inverted arch
60cmC30
Waterproof
steel-concrete
55cmC30
Waterproof
steel-concrete
50cmC30
Waterproof
concrete
45cmC30
Waterproof
concrete
/
/

'1):1'9+*7+8:19It is shown in Fig. 1, chose
the node of tunnel model importance parts, unit data
to have the analysis, point A, E separately represents
the arch springing position on same lining of FoLongGang tunnel, Point B, D separately represents
the hance on same lining, point C represent the arch
apex position on same lining of Fo-LongGang tunnel.

Establishing 3D Model to have the calculation
by ANSYS/LS-DYNA software according to the
most disadvantageous lining structure section, LSDYNA is the General explicit dynamic analysis program, it is suitable for solve the nonlinear dynamicimpacting problem of the high speed collision from
2D, 3D nonlinear structure, blasting and metal forming. The model takes the tunnel vertical as X axis,
vertical upward as Y axis, z axis is along with the
direction of tunnel excavation. Because the stone’s
weight would have the effect on tunnel’s structure as
the Fo-LongGang tunnel has 20m depth, gravitational acceleration has been put on the model upside,
the depth of model upside would be built according
to the actual data. In order to decrease the impact of
border effect, 6 times tunnel wide is for left and right
borders, 3 times tunnel height is for below border. It
is un-reflected fixed border on four sides and bottom
of this calculated model, the displacement is zero for
each border, the surface is freedom-border. The unit
of Finite Element model takes hexahedron unit, the
unit type of surrounding stone and tunnel lining is
Solid164 unit, the quantity is 58838unit. The material composition includes stone material that is made
up with IV, V level surrounding, anchor pole, material, second-lining concrete material. The blasting
load of shallow and medium-depth hole is made as
blasting load pressure curve (triangle pulse load) to
simply exert on the excavation face through the
blasting shock wave theory and blasting gas expansion theory. The peak load value on triangle curve is
confirmed according to the calculated conversion
from the stone density, stone longitudinal wave velocity, explosive density, explosive blasting velocity,
blasting distance and some data. The calculated time
of this model is the next data: loading time is 10ms,
unloading time is 100ms, and the simulated resolving time is 0.5s.

!.+ )'1):1'9/43 7+8:19 4, ;/(7'9/43 ;+14)/9=
Under the blasting vibration with different distance
from tunnel, different explosive quantity, calculate
the maximal vibration velocity on existing different
nodes of lining of Fo-LongGang tunnel. The result is
shown from Table 2 to Table 5.
!.+5'9.):7;+4,;/(7'9/43;+14)/9=Getting
the path curves of three directions’ vibration Velocity
and resultant velocity from A-E node of tunnel lining
when the blasting distance is 30mm, explosive volume is 80kg. The vibration velocity will arrive at the
peak in extreme in short time when the node is under
the effect of blasting wave in an actual blasting vibration, and prompt decrease and will arrive at peak
again until the next blasting wave.
!.+ (/--+89 897+88 '3'1=8/8 The main stress
and path curve of every node on tunnel lining could
be got according to the calculation result. Biggest
main tresses are all less than 1.6MPa for the existing
lining of Fo-LongGang tunnel when the blasting distance is 20 m and explosive volume is less than 20
kg; blasting distance is 30 m and explosive volume
is less than 65 kg; blasting distance is 40m and explosive volume is less than 100 kg; blasting distance
is 50 m and explosive volume is less than 130 kg.

388

#"

  $ 

 





  !





"
!.+*/897/(:9/434,)7:)/'134*+439.+1/3/3-4,443-'3-9:33+1
!
!.+)'1):1'9/43;+14)/9=4,)7:)/'134*+439:33+11/3/3-<.+3(1'89/3-*/89'3)+/82
Explosive volume
(kg)

Site
Node A
Node B
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E

10

20

30

X axis
0.506
0.688
0.692
0.359
0.355
0.944
1.389
1.394
1.070
0.764
2.337
3.592
3.562
2.816
2.230

Y axis
1.483
1.975
1.933
1.205
1.089
2.138
3.182
3.084
1.665
2.032
6.198
8.474
8.194
6.290
5.886

Vibration Velocity cm/s
Z axis
0.747
0.938
0.934
0.742
0.479
1.449
2.130
2.111
1.460
1.284
3.674
5.294
5.492
3.365
3.880

Resultant Velocity
1.736
2.292
2.255
1.460
1.241
2.750
4.073
3.989
2.459
2.522
7.574
10.618
10.488
7.669
7.394

! 
!.+)'1):1'9/43;+14)/9=4,)7:)/'134*+439:33+11/3/3-<.+3(1'89/3-*/89'3)+/8 2
Explosive volume
(kg)

50

65

80

Site
Node A
Node B
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E

X axis
0.8289
1.1339
1.1801
0.8322
0.6536
0.8863
1.285
1.2957
0.7286
0.8477
1.8429
2.2487
2.611
1.6012
1.9428

Y axis
1.4103
1.8805
1.9587
1.175
1.5034
2.202
3.536
3.5259
2.5888
2.3229
4.0024
5.5002
5.0611
3.2619
3.3474
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Vibration Velocity (cm/s)
Z axis
Resultant Velocity
1.4977
2.2179
2.0002
2.9703
2.0251
3.0545
1.2859
1.9305
1.2975
2.0907
1.1936
2.6569
1.6787
4.1198
1.648
4.1021
0.8556
2.8222
1.034
2.6802
4.0323
5.9728
3.3715
6.832
5.7614
8.1009
3.9789
5.3884
4.3025
5.7872
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!.+)'1):1'9/43;+14)/9=4,)7:)/'134*+439:33+11/3/3-<.+3(1'89/3-*/89'3)+/8 2
Explosive volume
(kg)

Site
Node A
Node B Point
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E
A Node
B Node
C Node
D Node
E Node

80

100

120

X axis
0.562
0.8584
0.8571
0.5583
0.5696
1.0703
1.5248
1.5925
0.7625
0.9531
3.0063
4.2458
4.0788
3.0074
2.4317

Vibration Velocity (cm/s)
Y axis
Z axis
Resultant Velocity
1.5329
1.0549
1.9438
2.4574
1.5363
3.0226
2.353
1.5787
2.9603
1.5368
0.9347
1.8834
1.5465
1.0647
1.9621
2.8746
1.8506
3.5824
3.8639
2.4319
4.8134
3.7439
2.4128
4.7302
2.6755
1.5315
3.1758
2.7628
1.9056
3.4889
5.8661
6.0216
8.928
9.6849
7.5317
12.9827
9.4511
7.4511
12.7075
7.0797
4.8471
9.0918
5.4196
4.9904
7.7582

! 
!.+)'1):1'9/43;+14)/9=4,)7:)/'134*+439:33+11/3/3-<.+3(1'89/3-*/89'3)+/8 2
Explosive volume
(kg)

110

130

150

Site
Node A
Node B
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E
Node A
Node B
Node C
Node D
Node E

Vibration Velocity (cm/s)
Y axis
Z axis
Resultant Velocity
0.5727
0.5004
0.7975
0.7824
0.6802
1.0849
0.7764
0.7025
1.0985
0.4174
0.4926
0.6797
0.5041
0.5209
0.7545
1.9528
2.6768
3.4842
3.216
3.376
4.925
3.1147
3.3619
4.8632
2.2238
1.7585
3.0895
1.763
1.9397
2.7696
9.8761
0.4193
10.3807
13.1857
0.6754
13.9902
12.8681
0.7063
13.7117
9.1784
0.5198
9.808
8.8591
0.42
9.4292

X axis
0.24
0.3195
0.3322
0.2124
0.2094
1.0774
1.5862
1.6269
1.2278
0.8943
3.1694
4.6267
4.6823
3.4182
3.2015

!.+'3'1=8/84,)'1):1'9/437+8:19According
to the <blasting safety regulation> GB 6722- 2014
introduction, get the blasting vibration velocity on
the basis of different distances and different explosive volume when have the calculation to the vibration velocity on the existing lining of Fo-LongGang
tunnel by Sadaovsk formula. And, according to the
trial explosive result, the parameter value in formula
is: K=230, a=1.60. The blasting vibration velocity is
shown as drawing 5 by finite element simulate calculation and Sadaovsk formula calculation separately. It could be seen that the vibration velocity calculated by finite element simulation is smaller than
safety regulation, it prefers to conservative to control
the explosive volume through the vibration calculated by safety regulation.

tunnel is feasible, the calculation result conforms
with the characteristic of structural mechanics. This
way for evaluating the blasting construction of project to existed constructions has some reference values on safety impact.
(2)Calculated the particle’s vibration velocity
by the experienced formula from our < blasting
safety regulation > (GB6722-2014), mainly consider
the explosive volume and blasting distance, rather
than the characteristic of structural mechanics, compared with the result of Finite Element simulation,
this way is more conservative, prefer to safety, and
the safety extra coefficient is bigger when the shorter
distance and small explosive volume.
(3)The vibration velocity of Finite Element
simulation is bigger than the particle’s vibration velocity calculated by the experienced formula from
our < blasting safety regulation > (GB6722-2014).
Hence, to control the explosive volume for the complicated structure when having the calculation of
blasting vibration, the results should be compared
with between Finite Element simulation and blasting
safety regulation.

" 

(1)The analytic way of having numerical
method in this article for vibration effect that was
caused by plat field blasting on existing bellowed
390
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Distance

20

30

40

50

Explosive
volume

The velocity calculated by finite element simulation (cm/s)

10
20
30
50
65
80
80
100
120
110
130
150

2.2921
4.0731
10.6175
3.0545
4.1198
6.832
3.0226
4.8134
12.9827
1.0985
4.925
13.9902

The main stress calculated by
finite element simulation
(MPa)
0.9
1.3
1.3
1.1
1.3
1.2
1.5
1.6
1.6
1.3
1.3
1.6
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HYBRID PERFORMANCE AND HETEROSIS IN
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key with 3 887 324 tonnes (3.55%), Brazil with 2
163 501 tonnes (1.97%) and Egypt with 1 894 738
tonnes (1.7%) are being the large world producers
(FAOSTAT, 2015). Turkey used to be the second
world producer of watermelon before Iran took
over in the recent years and Adana ranked the first
with 18.7% for watermelon production followed by
$QWDO\D,]PLUDQG'L\DUEDNÕU
Mini-watermelon is a new product line in
much of the developed world, the number of studies
partaining to its production is quite small [3, 4, 5,
6]. However, the growing and use of mini watermelon has been tremendous all over the world. The
small size and light weight of the mini watermelon
has been mentioned as a reason for quick spread
[3]. Mini-watermelon as a segment of the watermelon market has increased in value because of its
reasonably portable size. Normally the size ranges
between 1.5 - 4 kg. Breeders have shifted to miniwatermelon due to market preferences that show
commercial market prefers smaller watermelons
that are suitable for single individuals or smaller
families [7].
Heterosis refers to the exhibition of the greater
biomass, speed of development, fertility and yield
of a progeny of crosses between two varieties or
species than both parents [8, 9]. Studies conducted
by [10, 11, 12], have indicated the presence of
heterosis in watermelon and its importance in hybrid production. It is the phenotypic effect which
has been defined as the performance of the descendents [13]. Heterosis evaluation on particular
genotypes gives a good way to build up population
with favourable traits. Therefore, heterosis is very
important and useful gate way for watermelon
breeding. As stated by [14], the first report of an
outstanding hybrid of watermelon, developed by
FURVVLQJµ$VDKL<DPDWR¶DQGµ0L\DNR¶DQGFKDUDcterized by earliness, high yield, disease resistance
and transportability, was in 1951 by Yanagisawa
and Hosono. [15], studied heterosis in fruit yield in
diallele crosses of watermelon. [16], studied heterosis and combining ability on yield and quality components of watermelon. Other researches on heterosis evaluation has focused on seedless watermelon
[17, 18]. However, no research has been reported to
determine heterosis in mini-watermelon.

ABSTRACT
Twenty-one mini watermelon [Citrullus lanatus (Thunb.) Matsumura & Nakai] hybrids and
their 6 parents were grown at Experimental area of
the Department of Horticulture, Faculty of Agriculture, University of Cukurova in Turkey with the
aim of assessing heterosis in plant and fruit parameters as well as total fruit yield. Performance of
hybrids was compared with their parents in stem
length, stem diameter, number of nodes, flowering
time, total yield, fruit weight, fruit height and diameter, rind thickness and total soluble solid content.
According to the research results there was no significant difference in stem length and stem diameter; however, all other investigated traits were
found significantly different among hybrids and
parents. Percentage heterosis was assessed in all 9
traits and maximum positive heterosis (95.38%)
was obtained in hybrid 29 × 1 for number of nodes
followed by 82.58% in hybrid 21 × 29 for total fruit
yield. The highest negative heterosis (-39.65%) was
found in hybrid 29 × 1 for total fruit yield and followed by -37.04%, for fruit weight in hybrid 21 ×
19.
Favourable performance and heterosis values
obtained in this study indicates that miniwatermelon can become an important crop in terms
of production in quantity, quality and monetary
value in the near future.

KEYWORDS:
+\EULGYLJRU)ÕK\EULGEUHHGLQJIUXLW\LHOGWUDLWVTXDOity

INTRODUCTION
Watermelon (Citrullus lanatus L., Cucurbitaceae) is an important vegetable crop grown almost
in every region in Turkey [1, 2].
Watermelon is a good source of income for
many growers and also for the national economy
due to its high monetary value. World production of
watermelon is led by China with 72 943 838 tonnes
(66.7%), Iran with 3 947 057 tonnes (3.61%), Tur-
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FIGURE 1
Closed male and female flower buds by using clips (A and B) female flower covered with a bag after
artificial cross pollination (C) and mature fruits before harvesting (D)

Therefore, this research was performed to assess the performance of 21 mini-watermelon hybrids and their 6 parents and to estimate heterosis
for stem length (SL), stem diameter (SD), number
of nodes (NN) total fruit yield (TFY), fruit weight
(FW), fruit height (FH), fruit diameter (FD), fruit
rind thickness (FRT) and total soluble solids (TSS)
content.

and female flower buds were isolated in the afternoon one day before anthesis (Figure 1A, B). Hand
cross pollination was conducted in the next morning and the female flowers were then covered immediately after pollination with a cellophane bag
and labelled (Figure 1C). Hand cross pollination
was begun in May and continued for two months,
21 F1 hybrids were obtained (15 × 1, 15 × 19, 15 ×
21, 15 × 29, 19 × 1, 19 × 15, 19 × 21, 19 × 29, 21 ×
1, 21 × 15, 21 × 19, 21 × 29, 29 × 1, 29 × 15, 29 ×
19, 29 × 21, IBA × 1, IBA × 15, IBA × 19, IBA ×
21, IBA × 29). Mature fruits (Figure 1D) were
harvested; the seeds were extracted, dried and
stored at 4ɨC.
In the second year, both 6 parents and 21 hybrids were grown in the field to evaluate and compare their performances. Seeds were sown on 19
January 2015 at the Antalya Tarim Seed Company
and the seedlings were transplanted on 26 March
2015 to open field of the Department of Horticulture, Faculty of Agriculture, University of Çukurova, under low plastic tunnels at a spacing of 2 m ×
0.3. Plants were arranged in a randomized complete
block design with 3 replications. Total plot area
was 6 m² and 10 plants were planted in every block.
Transparent plastic of 0.25 mm thickness was used
to cover all plots as low tunnels. All plants were
irrigated with drip irrigation system. Fertilizers
were regularly applied with a total fertilizer ratio of
15 : 10 : 15 kg/da (N : P2O5 : K2O). Phosphorus
fertilizer was applied as entire base fertilizer; N and
KO one-TXDUWHU ѿ RIEDVHIHUWLOL]HUWKHUHPDLQLQJ

MATERIALS AND METHODS
This study was carried out at the Experimental
area of the Department of Horticulture, Faculty of
Agriculture, University of Cukurova, Turkey, for
two successive years, 2014 and 2015. In the first
year 6-time selfed (S6) 6 mini-watermelon lines (1,
15, 19, 21, 29 and IBA) which have good performances and characteristics were used as parent
materials. Some of the best characteristics exhibited
by parental lines were high fruit yield, thick main
stem, early female flower initiation, good fruit
shape (oval) and rind pattern, good flesh colour
(red) and high total soluble solids content [19]. The
seeds of these parental lines were sown on 11 February 2014. Seedlings were transplanted on 28
March 2014 when they reached 2 - 3 true leaf stage
and grown in glass greenhouse in a double row
spacing of (1 m - 0.5 m) × 0.5 m. Plants were
trained by their main stem and pruned regularly.
Crosses of the parents were made to obtain miniwatermelon F1 hybrids. During hybridization male
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age 68.95 days). ,Q%RQDQ]D)Õ FRQWURO IORZHULQJ
for first male, female and 50% male and female
flowers were observed after 58, 62, 61 and 67 days,
respectively.
Average values of main stem length, main
stem diameter, number of nodes on the main stem,
total yield and other fruit parameters analyzed in
mini-watermelon hybrids, parents and Bonanza F1
(control) are presented in Table 2. In terms of
length and diameter of the main stem all hybrids,
parents and control were not significantly different
at 5% level, however the longest stem was found in
hybrid IBA × 15 (176.33 cm) and the shortest stem
length was obtained from parent 1 (100.33 cm). The
thickest stem was observed in parent 1 (10.84 mm)
and the thinnest in hybrid 15 × 19 (7.65 mm). IBA
× 15 resulted in highest number of nodes (29),
while lowest number of nodes on the main stem
was found in parent 1 (17).
Total fruit yield and fruit parameters of miniZDWHUPHORQ K\EULGV SDUHQWV DQG WKH %RQDQ]D )Õ
(control) are presented in Table 2. Analysis of variance indicated that total fruit yield was significantly
different among hybrids, parents and control at the
5% level. The average fruit yield of the 21 hybrids
was found 2.56 kg/m2. The highest total fruit yield
was obtained in the hybrid 19 × 15 (4.12 kg/m²) and
lowest total fruit yield was obtained in hybrid 29 ×
1 (1.55 kg/m²). Among the parents the total fruit
yield was ranged between 1.49 - 3.42 kg/m². BoQDQ]D)Õ FRQWRO UHVXOWHGLQWRWDOIUXLW\LHOGRI
kg/m².
Regarding average fruit weight it was found
significantly different among hybrids, parents and
control at the 5% level. The heaviest fruits were
obtained in parent 21 (3106.6 g) and among the
hybrids 19 × 15 (2715.5 g), 19 × 29 (2708.87 g)
and 21 × 29 (2666.63 g) had the highest values. The
lowest average fruit weight was observed in hybrid
15 × 1 (1073.53 g). The highest average fruit height
(19.83 cm) was obtained from parent 1 followed by
hybrid 19 × 15 (18.35 cm) and lowest value (13.20
cm) was obtained from hybrid 15 × 1. The average
fruit diameter was significantly different among
parents, hybrids and Bonanza F1 (control). The
highest value (16.70 cm) was obtained from hybrid
19 × 29 while lowest (12.37 cm) from parent 29.
According to the variance analysis, the average fruit
rind thickness was found to be significantly different among the hybrids, parents and control. While
the thickest fruit rind (9.8 mm) was measured in
hybrid 21 × 19, thinnest fruit rind (4.23 mm) was
obtained in parent IBA. Most of the hybrids
reached the desired total soluble solids (%) content,
the highest TSS (11.61%) was found in parent 1
followed by 11.19% in hybrid IBA × 1 and the
lowest TSS (7.62%) was measured in hybrid 19 ×
21. Photographs of the fruits of the hybrids, parents
DQG%RQDQ]D)Õ FRQWURO DUHSUHVHQWHGLQ)LJXUH

applied at 3-week intervals with irrigation. During
experimentation, pesticides were applied against
anthracnose, whiteflies and aphids. In April, at
different intervals, holes were made on the plastic
tunnels to allow air exchange, and on 11 May 2015
the tunnels were completely removed. Experimental
plots were visited everyday to observe and record
dates to first and 50% male and female-flower
initiation, also on 03-04 June 2015, 3 plants were
selected randomly from every plot to measure their
main stem length (cm) by using measuring tape,
main stem diameter (mm) by using a digital caliper
(Mitutoyo CD-15D) and number of nodes on the
main stem were counted.
Mature fruits were harvested three times (03
July, 8 July and 13 July 2015). All fruits were
weighed in each plot independently to determine
total yield (kg/m2). Three fruits from each replicate
were selected for analysis. Fruit weight was measured using weighing balance (g), fruit height (cm)
and fruit diameter (cm) were measured by using a
ruler, fruit rind thickness (mm) was measured by
using a digital caliper (Mitutoyo CD-15D), and fruit
total soluble solids content (%) was determined by
using a digital refractometer (ATAGO Pocket PAL3l). Percentage heterosis was calculated by using
the following formula [20, 21].
Hab (%) = [(F1ab ± Mp (F1ab))/ Mp (F1ab)] x 100
Where; Hab is the heterosis of the ab cross; F1ab is
the mean of the ab cross; and Mp (F1ab) is the midparent [(Parent 1 + Parent 2) / 2] of the ab cross.
Data were subjected to one-way analysis of
variance (ANOVA) in order to determine genotype
effects of hybrids. The means and calculated standard deviations are reported. Significant differences
between means were evaluated by using LSD multiple range test at P $OVR WKH µ&RUUHODWLRQ
FRHIILFLHQWV¶EHWZHHQDOOPHDVXUHGSDUDPHWHUVZHUH
calculated. All statistical analyses were performed
by using SAS statistical software (v9.00, SAS Institute Inc., NC 27513-2414, USA).

RESULTS
During crossing of parents to get hybrids, the
average fruit set ratio was found 89%. Days to first
and 50% male and female flower initiation are
given in Table 1. While first male flowers were
observed after 54 days on 19 × 1, 21 × 1, and IBA ×
15 hybrids, hybrids 29 × 19 and 29 × 21 were observed to have late flower initiation, 62 days after
transplanting. First female flowers were opened
early on the 15 × 21 hybrid, 59 days after transplanting, and hybrid 21 × 15 observed to have lateflowering for female flowers, 68 days after transplanting. In hybrids, 50% male flowers were
opened between 56 - 66 days after planting (average 60.57 days); also 50% female flowers were
opened between 66 - 74 days after planting (aver-
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TABLE 1
Days to first and 50% male and female flowers in mini-watermelon (Number of days since transplanting)
Genotypes
15 × 1
15 × 19
15 × 21
15 × 29
19 × 1
19 × 15
19 × 21
19 × 29
21 × 1
21 × 15
21 × 19
21 × 29
29 × 1
29 × 15
29 × 19
29 × 21
IBA × 1
IBA × 15
IBA × 19
IBA × 21
IBA × 29
Hybrid means
1
15
19
21
29
1BA
Parent means
%RQDQ]D)Õ

Days to first male flower
58
59
55
57
54
59
59
55
54
56
57
56
55
60
62
62
55
54
58
59
58
57.24
52
58
60
57
55
53
55.83
58

Days to first female flower
62
65
59
63
61
65
65
65
65
68
67
64
66
64
64
63
66
64
61
65
61
63.95
60
66
62
65
63
57
52.17
62

Days to 50% male flower
61
65
59
59
61
61
61
60
56
58
61
58
57
65
64
65
62
60
60
60
59
60.57
55
67
62
61
58
55
59.67
61

Days to 50% female flower
66
71
73
67
67
68
68
68
69
71
70
73
69
67
67
74
68
68
68
69
67
68.95
63
69
66
69
67
65
66.5
67

TABLE 2
Mean performance on 9 parameters of hybrids and parents of mini watermelon
Genotype
1
15
19
21
29
IBA
Means
15x1
15x19
15x21
15x29
19x1
19x15
19x21
19x29
21x1
21x15
21x19
21x29
29x1
29x15
29x19
29x21
IBAx1
IBAx15
IBAx19
IBAx21
IBAx29
Means
Bonanza
LSD 5%

SL (cm)
100.33
131.33
103.67
101.11
110.11
122.67
111.54
138.78
144.22
141.67
135.11
153.22
157.78
133.89
130.11
136.00
127.89
137.22
135.11
121.83
117.00
128.11
123.56
142.11
176.33
132.33
145.33
115.11
134.86
105.50
-

SD (mm)
10.84
10.47
10.02
9.23
10.15
10.01
10.12
9.41
7.65
9.75
9.81
10.08
9.42
10.64
9.64
9.65
8.44
10.49
10.45
10.23
8.90
9.13
10.00
10.23
9.65
10.20
10.45
9.62
9.54
9.60
-

NN
17.00 b
21.78 ab
20.78 ab
18.67 b
18.56 b
19.11 b
19.31
24.22 ab
22.89 ab
24.89 ab
22.22 ab
24.67 ab
25.11 ab
25.22 ab
24.33 ab
25.22 ab
22.78 ab
24.11 ab
22.00 ab
20.50 ab
19.67 ab
22.33 ab
21.67 ab
25.00 ab
29.00 a
20.00 ab
22.67 ab
17.89 ab
22.84
18.83 b
9.829

FW (g)
1802.17 b-f
1299.97 ef
2124.40 a-f
3106.63 a
1088.87 ef
1199.93 ef
1770.33
1073.53 f
1733.33 b-f
2388.87 a-d
1539.97 def
2424.40 a-d
2715.53 ab
2120.00 a-f
2708.87 ab
1744.40 b-f
2119.97 a-f
1646.67 b-f
2666.63 abc
1446.63 def
1599.97 c-f
2097.73 a-f
1408.83 def
1762.40 b-f
1275.53 ef
1933.30 b-f
2153.97 a-e
1479.97 def
1906.69
1657.73 b-f
1078.885

FH (cm)
15.42 ab
13.58 b
18.31 ab
19.83 a
13.16 b
13.25 ab
15.59
13.20 b
15.21 ab
17.91 ab
15.49 ab
18.00 ab
18.35 ab
16.27 ab
17.83 ab
16.52 ab
17.77 ab
14.94 ab
15.72 ab
14.04 b
15.11 ab
16.31 ab
15.09 ab
15.05 ab
14.10 b
16.81 ab
17.40 ab
14.32 b
15.97
15.33 ab
5.407

FD (cm)
14.81 a-c
13.82 a-c
14.70 a-c
13.92 a-c
12.37 c
13.31 a-c
13.82
12.84 bc
14.30 a-c
15.71 a-c
14.24 a-c
16.22 ab
16.42 ab
16.44 ab
16.70 a
13.93 a-c
14.73 a-c
13.83 a-c
14.79 a-c
13.62 a-c
14.00 a-c
14.91 a-c
12.93 bc
14.75 a-c
13.51 a-c
15.52 a-c
15.75 a-c
13.82 a-c
14.71
14.04 a-c
3.656

FRT (mm)
6.46 a-d
5.20 a-d
8.62 a-d
9.54 ab
5.04 bcd
4.23 d
6.52
5.51 a-d
7.07 a-d
7.75 a-d
6.54 a-d
9.12 a-c
7.78 a-d
9.62 ab
8.06 a-d
7.57 a-d
7.82 a-d
9.81 a
8.25 a-d
5.73 a-d
6.18 a-d
8.62 a-d
9.04 a-c
6.74 a-d
6.16 a-d
6.83 a-d
8.34 a-d
5.52 a-d
7.53
4.55 cd
4.611

TSS (%)
11.61 a
8.94 b-e
9.05 b-e
9.52 a-e
9.94 a-d
10.53 abc
9.93
8.94 b-e
9.75 a-e
8.72 cde
10.61 abc
9.06 b-e
9.24 b-e
7.62 e
9.29 b-e
9.00 b-e
8.43 cde
9.68 a-e
9.55 a-e
9.88 a-e
9.48 a-e
8.95 b-e
7.84 de
11.19 ab
9.72 a-e
10.9 abc
10.57 abc
10.26 abc
9.43
10.06 a-d
2.311

TFY (kg/m2)
3.42 a-d
2.41 b-f
2.70 a-f
1.49 fg
1.70 efg
1.83 efg
2.26
2.14 def
2.60 b-f
2.26 c-f
2.54 b-f
3.74 a-c
4.12 a
1.81 efg
2.37 c-f
3.10 a-e
2.70 a-f
2.52 b-f
2.91 a-f
1.55 g
2.00 d-g
2.81 a-f
2.08 def
2.08 def
2.61 b-f
3.87 ab
2.17 def
1.84 efg
2.56
2.76 a-f
1.494

SL: Stem Length, SD: Stem Diameter, NN: Number of Nodes, FW: Fruit Weight, FH: Fruit Height, FD: Fruit
Diameter, FRT: Fruit Rind Thickness, TSS: Total Soluble Solids and TFY: Total Fruit Yield
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FIGURE 2
Photographs of the developed seeded mini-ZDWHUPHORQK\EULGVFRQWURO%RQDQ]D)ÕDQGSDUHQWVWDNHQ
during the project implementation.

ly out of 21 hybrids. More negative heterosis values
were also obtained in traits such as stem diameter
(SD) and total soluble solid (TSS) content that had
15 and 11 negative values out of 21. The highest
positive heterosis values among hybrids were
95.38% for NN, 82.58% for TFY, 71% for TFY
and 61.49% for TFY obtained in hybrid 29 × 1, 21
× 29, IBA × 19 and 19 × 15 respectively. The highest negative heterosis values were found in TFY as

Estimation of heterosis was the paramount
aim of this research. Although the degree of heterosis varied among hybrids, positive heterosis values
were determined in all 9 traits (Table 3). Mostly
positive heterosis values were found in stem length
(SL), number of nodes (NN), fruit weight (FW),
fruit height (FH), fruit diameter (FD), fruit rind
thickness (FRT) and total fruit yield (TFY) that
obtained in 19, 19, 15, 13, 16, 18 and 16 respective-
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termined in hybrid 19 × 21 and lowest value (14.34%) was found in hybrid 21 × 15. Regarding
number of nodes (NN) heterosis percentage ranged
between -5.01% (IBA × 29) and 95.38% (29 × 1)
For the fruit weight (FW), fruit height (FH), fruit
diameter (FD), fruit rind thickness (FRT) and total
soluble solid content (TSS), the highest and lowest
heterosis percentages respectively obtained in 19 ×
29 (68.61%) and 21 × 19 (-37.04%); 15 × 29
(15.89%) and 21 × 19 (-21.65%); 19 × 29 (23.36%)
and 15 × 1 (-10.28%); IBA × 15 (30.58%) and 15 ×
1 (-5.55%); 15 × 29 (12.34%) and 29 × 21 (19.42%).

-39.65% and in FW as -37.04%, -32.84% and 30.79% determined in hybrids 29 × 1, 21 × 19, 29 ×
21 and 15 × 1 respectively. Maximum heterosis
percentage values for total fruit yield (TFY) as the
most important trait among others were 82.58%,
71%, 61.49%, 38.25%, 30.45% and 30.08% observed in hybrids 21 × 29, IBA × 19, 19 × 15, 21 ×
15 and IBA × 21 respectively. The highest heterosis
values for stem length (SL) were obtained in hybrids 19 × 1, IBA × 15 and 21 × 1 (50.22%, 38.85%
and 35.02% respectively) and the lowest value (3.08%) obtained in hybrid 19 × 15. In stem diameter (SD) highest heterosis value (10.53%) was de-

TABLE 3
Estimation of percentage heterosis on 9 traits of mini watermelon hybrids
Genotype
15 x 1
15 x 19
15 x 21
15 x 29
19 x 1
19 x 15
19 x 21
19 x 29
21 x 1
21 x 15
21 x 19
21 x 29
29 x 1
29 x 15
29 x 19
29 x 21
IBA x 1
IBA x 15
IBA x 19
IBA x 21
IBA x 29

SL
(cm)
19.81
22.74
21.89
11.92
50.22
34.28
30.77
21.73
35.02
10.04
34.02
27.93
15.78
-3.08
19.85
16.99
27.45
38.85
16.94
29.89
-1.10

SD
(mm)
-11.66
-25.31
-1.07
-4.85
-3.31
-8.05
10.53
-4.36
-3.83
-14.34
8.94
7.87
-2.49
-13.67
-9.43
3.18
-1.82
-5.74
1.86
8.56
-4.51

NN
24.93
7.57
23.08
10.19
30.59
18.02
27.89
23.73
41.43
12.64
22.25
18.21
95.38
-2.48
13.56
16.42
38.46
41.85
0.28
20.00
-5.01

FW
(g)
-30.79
1.24
8.42
28.93
23.49
58.60
-18.95
68.61
-28.93
-3.78
-37.04
27.12
0.08
33.95
30.57
-32.84
17.41
2.05
16.31
0.03
29.32

FH
(cm)
-8.98
-4.61
7.22
15.86
6.76
15.11
-14.66
13.31
-6.27
6.41
-21.65
-4.71
-1.74
13.01
3.63
-8.55
5.00
5.08
6.53
5.17
8.42

FD
(cm)
-10.28
0.29
13.27
8.73
9.94
15.16
14.92
23.36
-3.03
6.20
-3.34
12.47
0.18
6.87
10.13
-1.65
4.93
-0.43
10.81
15.71
7.59

FRT
(mm)
-5.55
2.22
5.06
27.59
20.91
12.58
5.91
17.95
-5.38
6.10
8.00
13.07
-0.29
20.56
26.15
23.99
26.18
30.58
6.30
21.13
19.02

TSS
(%)
-13.01
8.35
-5.51
12.34
-12.28
2.72
-17.95
-2.21
-14.84
-8.68
4.27
-1.85
-8.28
0.37
-5.72
-19.42
1.07
-0.15
5.07
5.49
0.29

TFY
(kg/m2)
-26.57
1.74
15.52
23.54
22.16
61.49
-13.62
7.74
26.13
38.25
20.32
82.58
-39.65
-2.61
28.04
30.45
-21.05
22.98
71.00
30.08
3.97

SL: Stem Length, SD: Stem Diameter, NN: Number of Nodes, FW: Fruit Weight, FH: Fruit Height, FD: Fruit
Diameter, FRT: Fruit Rind Thickness, TSS: Total Soluble Solids AND TFY: Total Fruit Yield.
TABLE 4
Correlation coefficients among 9 parameters of 21 mini watermelon hybrids and 7 parents.

SL (cm)
SD (mm)
NN
FW (g)
FH (cm)
FD (cm)
FRT (mm)
TSS (%)
TFY (kg/m2)

SL (cm)

SD (mm)

NN

1.00

0.25ns
1.00

0.86**
0.22ns
1.00

FW
(g)
0.11 ns
0.03 ns
0.07 ns
1.00

FH
(cm)
0.12 ns
-0.12 ns
0.14 ns
0.73**
1.00

FD
(cm)
0.24 ns
0.05 ns
0.21 ns
0.64**
0.71**
1.00

FRT
(mm)
0.12 ns
-0.06 ns
0.22 ns
0.54*
0.59**
0.47*
1.00

TSS
(%)
-0.20 ns
0.02 ns
-0.30 ns
-0.13 ns
-0.18 ns
-0.09 ns
-0.32 ns
1.00

TFY
(kg/m2)
0.31*
-0.03 ns
0.15 ns
0.33*
0.38*
0.39*
0.24 ns
0.08 ns
1.00

**, * and ns: Significant at 0.01, 0.05 probability levels and non-significant, respectively. SL: Stem Length, SD:
Stem Diameter, NN: Number of Nodes,
FW: Fruit Weight, FH: Fruit Height, FD: Fruit Diameter, FRT: Fruit Rind Thickness, TSS: Total Soluble Solids
AND TFY: Total Fruit Yield.
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er rind than 0.7 mm and TSS value lower than 10%.
The TSS content ranged from 7.6% to 11.6% with
an average value of 9.43%. These results are inline
with that of [29] who did research on grafted and
ungrafted mini watermelon and obtained average
TSS value of 9.5% for ungrafted mini watermelons
and 10.2% for grafted. [5, 19] reported similar
values with our study, however, our results were
higher than those reported by [30] who applied
different levels of irrigation and obtained 8.5%
TSS.
Positive and negative heterosis percentages
were found in all traits at different levels among
hybrids, however, the number of hybrids having
positive heterosis values were more than having
negative values for each trait except SD and TSS.
Positive heterosis values varied between 0.03% in
hybrid IBA × 19 and 95.38% in hybrid 21 × 29 for
NN. The highest positive heterosis values among
hybrids were 95.38% for NN, 82.58% for TFY,
71% for TFY and 61.49% for TFY obtained in
hybrid 29 × 1, 21 × 29, IBA × 19 and 19 × 15 respectively. Positive heterosis values were obtained
mostly in NN, SL, FRT, TFY, FD, FH and FW
traits.
Heterosis in different traits were revealed by
previous studies in watermelon. Heterosis effect in
traits such as SL, SD, FW, FH, FD, TSS and TFY
were studied in triploid watermelons by [17, 18].
Positive heterosis were found in FW, SL, TSS and
TFY. In another report [15] investigated the extent
of heterosis for yield and its contributing traits in 28
F1 hybrids developed by the crosses of 8 parental
lines and reported appreciable heterosis over better
and standard parents for all of the traits studied.
In this research we also determined high positive and significant correlations between NN with
SL, FH with FW and FD, FRT with FW, FH and
FD traits are the most important traits for plant
biomass and fruit yield. The highest significant
correlation value (r = 0.86) was obtained between
SL and NN. These traits with significant correlations can be used as guidelines in breeding programmes to increase fruit yield and quality. [31]
estimated genotypic, phenotypic and environmental
correlations in watermelon. They found an increase
in the number of fruits per plant was correlated with
a reduction in fruit weight and fruit size, and an
increase in fruit weight was associated with an
increase in fruit size, thickness and sugar content.
In conclusion, this study aimed to determine
performance and heterosis effect in yield, plant and
fruit traits among mini-watermelon hybrids candidates. In average hybrid candidates attained better
performances in terms of total fruit yield, stem
length, number of nodes and fruit weight traits than
their parents. Since these traits are good indicators
of increased production and economic value, and
the nature of fruits characteristics such as portable
size and weight of the fruit, reasonable yield and

In the current study, high positive significant
correlations among the mean values of studied traits
despite the presence of negative correlations (Table
4). NN showed the highest positive and significant
correlation with SL (r = 0.86) at 5% level. Other
high positive correlations were obtained in FH with
FW and FD (r = 0.73 and r = 0.71 respectively).
Also positive significant correlations among the
traits were observed between FRT and FW, FH, FD
(r = 0.54, 0.59 and 0.47 respectively). TFY showed
positive and significant correlations at 1% level
with FW, FH and FD (r = 0.33, 0.38 and 0.39 respectively). Negative correlations with non significant difference observed more in TSS trait with SL,
NN, FW, FH, FD and FRT (r = -0.2, -0.3, -0.13, 0.09 and -0.2 respectively).

DISCUSSION
Watermelon breeding is mainly focused on
characteristics such as yield, biotic and abiotic
stress resistance, fruit shape and size, rind patterns
and nutritional value [22, 23, 24], explained the
importance of watermelon as has made the fruit to
be more competitively priced compared with other
dessert fruits.
The quality of mini-watermelon is measured
by early ripening, high yield, resistance to stress,
etc. [25]. According to [5], the method of selecting
mini-watermelon cultivars is sensory evaluation of
fruit size and fruit quality (soluble solids, flesh
colour, rind thickness, etc.). Similarly, in our study
we developed 21 mini-watermelon hybrid candidates and evaluated their performance in comparison with their parents for yield, plant characteristics
and fruit quality traits. In the current study the total
fruit yield ranged between 1.55 kg/m2 and 4.12
kg/m2 with an average of 2.51 kg/m2. Our results
are in consistent with [19] who obtained highest
yield of 4.09 kg/m2 and lowest yield of 1.13 kg/m2
in mini watermelons. However, [26, 27] have reported mini watermelon fruit yield up to 5.7 kg/m2.
In our study the fruit weight ranged between 1 and
3.1 kg. Highest fruit weights were found in parent
21 and hybrids 19 × 15, 19 × 29 and 21 × 29
(3106.63, 2715.53, 2708.87 and 2666,63). [19]
obtained similar fruit weight values with our study
as ranged between 1.1 and 3.5 kg per fruit. The fruit
height and diameter ranged between 13 - 17 cm in
height and 12 - 17 cm in diameter with an average
of 15 cm height and 13 cm diameter. Our study
results are in accordance with the results of [28,
19], who obtained 12 - 14 cm and 14 - 23 cm height
and 12 - 13 cm and 12 - 17 cm diameter respectively. Fruit rind found to be negatively correlated with
total soluble solid content.
Hybrids resulted from IBA crosses resulted in
thin rind (0.5 - 0.6 mm) and had the TSS value
between 10% - 11%, while other hybrids had thick-

399

© by PSP

Volume 27 ± No. 1/2018 pages 393-401

Fresenius Environmental Bulletin

[10] Yildirim, M., Gezginc, H., Paksoy, A.H.
(2014) Hybrid performance and heterosis in F1
offspring of triticale (× Triticosecale Wittm.).
Turkish Journal of Agriculture and Forestry.
38, 877-886.
[11] Nandpuri, K.S., Kumar, J.C., Dhillon, G.S.
(1974) Heterosis in watermelon. The Punjab
Horticultural Journal. 14, 75-83.
[12] Brar, J.S., Sukhija, B.S. (1977) Hybrid vigor in
inter-varietal crosses in watermelon (Citrullus
lanatus (Thunb) Mansf.). Indian Journal of
Horticulture. 34, 277-283.
[13] Gusmini, G., Wehner, T.C. (2004) Heterosis
for yield in a watermelon hybrid. Cucurbit Genetics Cooperative Report. 27, 43-44. Retrieved 16 October 2016 from cuke.hort.ncsu.edu/cgc/cgc27/cgc27-10.pdf
[14] Mayo, O. (1980) The theory of plant breeding.
Oxford University, Oxford, 293p.
[15] Rai, N., Rai, M. (2006) Heterosis breeding in
vegetable crops. NIDA. Pitam Pura, New Delhi, India.
[16] Dadwadiya, G., Singh, S.P., Singh, S.P. (2009)
Heterosis diallel crosses of watermelon (Citrullus lanatus Thunb). Journal of New Agriculture. 20, 101-105.
[17] Singh, S.P., Dadwadia, G., Annapurna (2009)
Analysis of heterosis and combining ability
status among diallel set of hybrids for yield and
quaity traits in watermelon (Citrullus lanatus
Thunb). Vegetable Science. 36, 323-326.
[18] Souza, F.F.d., Queiroz, M.A.d. and Dias,
R.d.C.d.S. (2005) Heterotic effects in triploid
watermelon hybrids. Crop Breeding and Applied Biotechnology. 5, 280-286.
[19] Liu, Y., Liu, T.G., Ren, H.F., Wang, P.C.,
Wang, L., Tan, M. (2011) Combining ability
and heritability analysis of main agronomic
traits in seedless watermelon. China Cucurbits
and Vegetables. 24, 6-10.
[20] Sari, N., Solmaz, I., Tarim, G., Gocmen, M.,
Simsek, I. (2016) Characterization and agronomic traits of some mini watermelon lines.
Acta Horticulturae. 127, 479-484.
[21] Sari, N., Yetisir, H., Ekbic, E., Gok, P. (2003)
.DYXQODUGD ELWNL ER\X YH J|YGH oDSÕ ]HULQH
KHWHUR]LV HWNLVL ,9 6HE]H 7DUÕPÕ 6HPSR]\uPX %LOGLUL .LWDEÕ -20 September 2002,
8OXGDJ 8QLY %DVÕPHYL %XUVD -10 (In Turkish).
[22] Cho, Y.I., Park, C.W., Kwon, S.W., Chin, J.H.,
Ji, H.S., Park, K.J., McCouch, S., Koh, H.J.
(2004) Key DNA markers for predicting heterosis in F-1 hybrids of japonica rice. Breed Science. 54(4), 389-397.
[23] Gusmini, G. and Wehner, T.C. (2007) Heritability and genetic variance estimates for fruit
weight in watermelon. Hort Science. 42(6),
1332-1336.

sugar content, hybrid mini-watermelons will probably become an important crop in the near future.
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CHARACTERIZATION OF UROPATHOGENIC
ESCHERICHIA COLI STRAINS: ANTIBIOTIC RESISTANCE
PATTERNS, DETECTION OF ESBL GENES AND
INTERACTIONS BY LYTIC PHAGES
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tract, which consists of the digestive system structures (oral cavity, esophagus, stomach, intestines,
rectum, and anus). Although most E. coli are harmless commensal bacteria, some groups of E. coli are
the causative agents of many enteric infections, including diarrhea, dysentery, hemolytic uremic syndrome, and bladder and kidney infections worldwide
[1, 2].
E. coli is genotypically and phenotypically diverse [3]. Wide varieties of molecular and physiological tools have been employed for characterization at the strain or isolate level [4]. In addition, a
wide variety of genome-based taxonomic techniques
have been developed such as pulsed-field gel electrophoresis (PFGE), amplified-fragment length polymorphism (AFLP), and amplification of repetitive
bacterial DNA elements (REP-PCR). Other typing
systems are based on sensitivity to specific chemicals, including antibiotics, plasmid profiling, ribotyping, and the production of or sensitivity to bacteriocins and bacteriophages (lysotyping or phage typing) [5]. Phage typing provides long-term and internationally comparable surveillance data. This technique for enteric pathogens has been and still is being used successfully to characterize disease-causing
agents for epidemiological investigation and surveillance [6-8].
Extended-VSHFWUXP ȕ-lactamases (ESBLs) capable of degrading extended-spectrum cephalosporins and monobactams are among the most relevant
determinants of resistance emerging worldwide in
the Enterobacteriaceae [9, 10]. Because ESBL-producing strains often exhibit multidrug resistance, including resistance to aminoglycosides and fluoroquinolones, the therapeutic options associated with
these strains are fairly limited. More than 300 different ESBL gene variants have been described [11].
The identification of ESBL-producing strains has
great importance in the treatment of infections
caused by these strains, and treatment costs will be
reduced, and mortality and morbidity will decrease
[12].
This study was therefore designed to determine
phenotypic diversities, susceptibility to antibiotics,
and extended spectrum beta-lactamase producing

ABSTRACT
In this study, 97 Escherichia coli strains isolated from urinary tract infections were evaluated in
terms of phenotypic diversity, susceptibility to sixteen antibiotics, and extended spectrum of beta lactamase (ESBL) characteristics. The bacteriophage
interactions was used to identify the relations of the
E.coli isolates. Results showed that 21 of the 76 typable strains revealed 19 different phage types. Phage
types of 21 strains could not be determined. Antibiotic susceptibility tests, performed against sixteen
antibiotics, showed that although the isolates reYHDOHG  GLIIHUHQW W\SHV RI UHVLVWDQFH SUR¿OHV WKH
strains showed the greatest resistance to cephalothin(54.6%), followed by tetracycline (53.6%), nalidixic acid(44.3%), and aztreonam and ofloxacin
(29.8%). There was no resistance to amikacin and
meropenem, and all strains were susceptible to meropenem. ESBL detection conducted by double disc
synergy and multiplex polymerase chain reaction
methods showed that 13 of 97 (13.4%) strains were
ESBL-producing. Of the 13 ESBL-producing isolates, two carried blaCTX-M, six blaTEM, five blaOXA,
and one blaTEM and blaSHV at same time. We concluded that lytic phages could not be successful for
typing the strains phenotypically. The monitoring of
antimicrobial resistance levels and antimicrobial usage in humans should be an integral part of the prevention and control of antimicrobial resistance.

KEYWORDS:
Uropathogenic E. coli, phage typing, antibiotic resistance,
ESBL genes, multiplex PCR

INTRODUCTION
Escherichia coli (E. coli), belonging to the
Escherichia genus and a well-known member of the
Enterobacteriaceae family, is a member of the fecal
coliform group of bacteria. Enterobacteriaceae are
commonly referred to as the enteric bacteria, or bacteria that can survive in the gastrointestinal (GI)
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TABLE 1
Characteristics of the lytic bacteriophages used in the present study
Phage
PhiX174
MS2
T1
T2
T3
T4
T5
T6
T7

DSM no
DSM 4497
DSM 13767
DSM 5801
DSM 16352
DSM 4621
DSM 4505
DSM 16353
DSM 4622
DSM 4623

Genetic specification
Single stranded DNA phage
Single stranded RNA phage
Double stranded DNA phage
Double stranded DNA phage
Double stranded DNA phage
Double stranded DNA phage
Double stranded DNA phage
Double stranded DNA phage
Double stranded DNA phage

Host strains
Escherichia coli DSM 13127
Escherichia coli DSM 5695
Escherichia coli DSM 613
Escherichia coli DSM 613
Escherichia coli DSM 613
Escherichia coli DSM 613
Escherichia coli DSM 613
Escherichia coli DSM 613
Escherichia coli DSM 613

FIGURE 1
Distribution of the patients according to age group and gender
glucuronide) agar medium (Merck, Darmstadt, Germany) was used to verify of identification. Plates
were incubated at 35°C for 4 h. After the resuscitation of strains had taken place, plates were transferred and incubated at 44°C for 22 h. Bluish green
colonies were determined as E. coli [1].

characteristics of 97 uropathogenic E. coli (UPEC)
strains isolated from urinary tract infections (UTI).
The specific objectives of this study were (i) to display the similarities and differences among E. coli
strains by using T series, MS2 and phiX174 phages;
(ii) to assess the resistance levels to some antibiotics
and reveal antibiotic resistance profiles; (iii) to determine ESBL genes in ESBL-producing strains.

Bacteriophages. The nine lytic coli phages
were purchased from German Collection of Microorganisms and Cell Cultures (DSMZ, Deutsche
Sammlung von Mikroorganismen und Zellkulturen)
GmbH, Germany. The collection numbers, names,
and properties of the phages were given in Table 1.
The resuscitation of lyophilized phages was
SHUIRUPHG LQ DFFRUGDQFH ZLWK WKH PDQXIDFWXUHU¶V
protocol. The phages were propagated on semisolid
agar on their specific propagating strain. After propagation, each phage preparation is tested to verify its
lytic reaction and specificity on a set of phage typing
control strains. The phage titer was determined on
corresponding propagating strains. The recommended titer for typing phage lysates were 107±109
and phage solutions adjusted as described
Chirakadze et al. [5]. The routine test dilution (RTD)
or optimal titer provides the most clear and stable
lytic reaction by diluting out potential interfering biological materials in the phage lytic reaction. The
RTD of the each phage solutions were determined
according to Ahmed et al. [13].

MATERIALS AND METHODS
Collection of E. coli strains. Ninety seven E.
coli strains isolated from urine samples belonging to
unrelated outpatients with urinary tract infections
and were collected from Public Hospitals in Konya
City center during May 2013-July 2014. Demographic distributions of the patients (age, gender)
were shown in Figure 1.
The collected samples were inoculated in sterile Petri dishes containing ready prepared EMB agar
and blood agar media and incubated at 37°C for 18±
24 hours. After incubation, metallic green colonies
on EMB agar were isolated for suspicion of possible
E. coli and transferred to another EMB plate. The
isolated colonies were subcultured and purified for
characterization. The isolated bacteria were identified according to BerJH\¶V0DQXDORI'HWHUPLQDWLYH
Bacteriology. Chromocult TBX (Tryptone Bile X-
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cephalothin (30 μg), cefuroxime (30 μg), ofloxacin
(10 μg)]. A 12 cm Mueller-Hinton Agar (MHA) medium plate was swabbed with BHI (Brain Heart Infusion) broth inoculated with E. coli and incubated
to a turbidity of 0.5 McFarland standards. Sixteen
commercially prepared antimicrobial agent disks
were placed on the inoculated plates. The plates were
incubated at 35°C for 18 to 20 h. The diameters (in
millimeters) of the clear zones of growth inhibition
around the antimicrobial agent disks, including the 6
mm disk diameter, were measured using a ruler.
Zone diameters were interpreted using guidelines
from the CLSI [14]. E. coli ATCC 25922 was used
for quality control. In addition, multiple antibiotic
resistances (MAR) indexing of E. coli strains were
determined according to Krumperman [15].
All samples were screened for the production
of an ESBL by the double disc synergy test (DDST)
as described by Aladag et al. [12]. The strains were
pre-incubated in brain heart infusion broth (BHIB) at
37°C and the optimal density of 0.5 McFarland
standards. This bacterial suspension was swabbed
with sterile cotton on to a Mueller-Hinton agar medium. The antagonistic tests were conducted with antibiotic discs of amoxicillin/clavulanic acid (20/10
ȝJ DQGFHIRWD[LPH ȝJ FHIWD]LGLPH ȝJ DQG
FHIWULD[RQ ȝJ ZHUHSODFHGDWDGLVWDQFHRIDERXW
4 cm apart from each other and incubated. After incubation a clear extension of the edge of the inhibition zone of any of the antibiotics towards the disk
containing clavulanic acid-CA  ȝJ  ZDV LQWHU
preted as positive for ESBL production.

Preparation of bacterial culture and phage
typing. In phage typing experiments, log phase cultures of host strains are used. For this reason the logarithmic growth curve of the host strain was drawn.
Each strain was sub-cultured to be phage typed onto
a Luria-Bertani (LB) agar plate to obtain isolated
colonies. After this step the bacteria incubated at
37°C overnight. A small amount from each colony
was picked and inoculated to LB broth. These culture tubes were incubated in a shaker incubator at
37°C and 140 rpm until the culture became slightly
turbid. A one milliliter volume of the cultures were
taken in every 30 min and optic densities were measured at 600 nm wavelength. Phage typing method
was performed according to Chirakadze et al. [5]
with some modification. Briefly, a dried phage agar
plate were flooded with the phage broth cultures arising appropriate turbidity levels using a disposable
transfer pipette to produce a bacterial lawn of the test
strain. Then broth culture was removed from the agar
surface by tilting the agar plate and sucking the broth
up at the lowest point with a sterile Pasteur pipette.
The plates were allowed to dry thoroughly covered
on the bench top for approximately 10 min. A multichannel pipette containing 10 μl of the appropriate
typing phages, at RTD, was used to dispense solutions. The phage drops were allowed to dry on the
phage agar plate for a maximum of 15 min with the
lid ajar. The sterility was checked with the process
with a plate that has not been inoculated with bacteria on the phage preparations. The dried plates were
inverted and incubated at 37°C overnight. The next
day plates were examined and the reaction of each
phage was entered. The plates were read with the
help of hand lens (x10) through the bottom of the
plates using and oblique illumination. The phage
typing descriptions were as follows: 1. CL (Confluent lysis), 2. <CL (Less than confluent lysis), 3. SCL
(Semi-confluent lysis), 4. <SCL (Less than semiconfluent lysis), 5. <<SCL (Much less than semiconfluent lysis), 6. OL (Opaque lysis), 7. <OL (Less
than opaque lysis), 8. <<OL (Much less than opaque
lysis), 9. +++ (>80-100 plaques), 10. ++ (40 - 80
plaques), 11. + (20 - 40 plaques), 12. ± (5-20
plaques), 13. 1P to 5P (1 to 5 plaques), 14. ± (no lysis). The cut-off line was used of two plus (++)
which was under 80 plaques. Two plus (++) and less
lytic reaction is considered negative while (+++) and
above is positive phage reaction [13].

Isolation of Genomic DNA. ESBL producing
E. coli isolates were inoculated in 5 ml of Brain
Heart Broth after overnight incubation at 37°C, DNA
was extracted modifying the method described by
Ausubel et al. [16].
TABLE 2
Primer sets used to determine ESBL genes
Primers

3ULPHUVHTXHQFH¶ĺ¶

CTX-M IV F

GACAAAGAGAGTGCAACGGATG
TCAGTGCGATCCAGACGAAA
AGTGCTGCCATAACCATGAGTG
CTGACTCCCCGTCGTGTAGATA
ATTATCTACAGCAGCGCCAGTG
TGCATCCACGTCTTTGGTG
GATGAACGCTTTCCCATGATG
CGCTGTTATCGCTCATGGTAA

CTX-M IV R
TEM F
TEM R
OXA F
OXA R

Antibiotic susceptibility and ESBL producing test. The standard Kirby-Bauer disk diffusion
method was used to determine the antibiotic sensitivity profiles of the E. coli isolates [14] for 16 antiPLFURELDO DJHQWV >PHURSHQHP  ȝJ), aztreonam
 ȝJ  FLSURIOR[DFLQ  ȝJ  QRUIOR[DFLQ  ȝJ 
WHWUDF\FOLQH  ȝJ  QHWLOPLFLQ  ȝJ  DPR[LFLO
OLQFODYXODQLF DFLG  ȝJ  FHIWD]LGLPH  ȝJ 
FHIWULD[RQ ȝJ , FHIRWD[LPH ȝJ , amikacin (30
μg), nalidixic acid (30 μg), lomelofloxacin (10 μg),

SHV F
SHV R

Size
(bp)
501

431

296

214

'HWHFWLRQRIȕ-lactamase genes by Multiplex
PCR. Thirteen E. coli isolates were confirmed for
blaCTX-M blaTEM, blaSHV and blaOXA encoding genes
using suitable primer sets (Table 2) [17].
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TABLE 3
Reactions of the E. coli strains with the typing phages at routine test dilution
Strain No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

T1 (10-6)
±
±
±
1P TO 5P
±
±
±
±
OL
1P TO 5P
±
OL
OL
1P TO 5P
±
±
1P TO 5P
±
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
±
1P TO 5P
±
+
+
±
+
±
±
±
±
+
±
±
1P TO 5P
±
+++
1P TO 5P
TK
1P TO 5P
±
1P TO 5P
±
+++
±
±
±
±
OL
±
±
++
1P TO 5P
+
±
±
OL
±
±
±
-

T2(10-4)
±
1P TO 5P
±
±
±
±
+
±
±
1P TO 5P
OL
CL
1P TO 5P
1P TO 5P
±
1P TO 5P
±
1P TO 5P
±
±
±
+
+
±
±
+
±
±
±
±
±
1P TO 5P
±
1P TO 5P
±
++
±
+
±
1P TO 5P
±
±
1P TO 5P
±
+
±
±
±
OL
1P TO 5P
±
+
1P TO 5P
+
1P TO 5P
±
±
±
OL
±
±
+
-

T3(10-7)
±
±
±
OL
1P TO 5P
+
±
1P TO 5P
±
CL
OL
±
±
1P TO 5P
1P TO 5P
1P TO 5P
±
±
±
+
+
±
±
+
1P TO 5P
+
++
+
±
±
±
±
1P TO 5P
±
±
±
±
+
+
±
±
++
1P TO 5P
+
±
1P TO 5P
±
±
±
++
±
1P TO 5P
++
±
±
1P TO 5P
1P TO 5P
±
±
±
1P TO 5P
+++
-

T4(10-5)
1P TO 5P
1P TO 5P
OL
1P TO 5P
1P TO 5P
OL
CL
1P TO 5P
±
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
±
±
±
±
±
±
±
1P TO 5P
±
±
±
±
±
1P TO 5P
++
+++
1P TO 5P
±
1P TO 5P
1P TO 5P
+
1P TO 5P
±
1P TO 5P
±
OL
OL
±
±
1P TO 5P
±
±
±
1P TO 5P
±
1P TO 5P
OL
±
1P TO 5P
-

T5(10-5)
±
1P TO 5P
1P TO 5P
OL
±
1P TO 5P
±
SCL
OL
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
±
±
1P TO 5P
1P TO 5P
±
1P TO 5P
±
±
±
±
1P TO 5P
±
1P TO 5P
±
±
1P TO 5P
±
±
1P TO 5P
1P TO 5P
±
±
±
±
1P TO 5P
1P TO 5P
±
+++
±
±
±
OL
1P TO 5P
±
±
1P TO 5P
±
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
OL
+++
+
-

T6(10-6)
1P TO 5P
±
±
1P TO 5P
OL
1P TO 5P
1P TO 5P
±
±
±
+++
OL
+
1P TO 5P
±
1P TO 5P
1P TO 5P
±
1P TO 5P
1P TO 5P
±
±
1P TO 5P
±
±
±
+
±
±
+
+
+
+
±
++
±
1P TO 5P
±
±
±
+
±
±
±
++
±
±
±
1P TO 5P
OL
±
OL
1P TO 5P
±
+
±
+
±
±
1P TO 5P
±
±
OL
±
±
1P TO 5P
-

T7(10-6)
<<SCL
±
+
+
+
±
±
±
1P TO 5P
+
OL
1P TO 5P
±
±
±
1P TO 5P
±
±
±
±
±
±
+
±
+
+
+
+
+
+
+
+
+
+
±
+++
+
±
±
±
+
±
±
+
±
+
++
+
+
±
±
±
OL
±
+
±
++
1P TO 5P
+
±
±
±
OL
±
1P TO 5P
+
-

MS2 (10-5)
1P TO 5P
±
±
1P TO 5P
±
1P TO 5P
1P TO 5P
±
1P TO 5P
1P TO 5P
±
++
+++
1P TO 5P
1P TO 5P
+
±
1P TO 5P
1P TO 5P
1P TO 5P
1P TO 5P
+
±
±
±
±
±
±
±
±
+
±
+
1P TO 5P
+++
±
±
±
1P TO 5P
+
+
±
±
±
±
+
1P TO 5P
±
±
OL
OL
OL
1P TO 5P
1P TO 5P
±
±
±
1P TO 5P
±
±
1P TO 5P
±
OL
±
1P TO 5P
±
-

3+;ø -6)
±
±
±
±
±
1P TO 5P
1P TO 5P
±
±
SCL
OL
CL
1P TO 5P
±
±
+
1P TO 5P
±
1P TO 5P
1P TO 5P
1P TO 5P
±
±
±
1P TO 5P
+
1P TO 5P
±
1P TO 5P
±
+
±
1P TO 5P
+++
±
±
1P TO 5P
±
±
±
±
+
±
++
1P TO 5P
±
OL
OL
±
±
±
±
1P TO 5P
±
±
1P TO 5P
+++
OL
±
±
-

CL (Confluent lysis), <CL (Less than confluent lysis), SCL (Semi-confluent lysis), <SCL (Less than semi-confluent lysis), <<SCL (Much
less than semi-confluent lysis), OL (Opaque lysis), <OL (Less than opaque lysis), <<OL (Much less than opaque lysis), +++ (>80-100
plaques), ++ (40 - 80 plaques), + (20 - 40 plaques), ± (5-20 plaques), 1P to 5P (1 to 5 plaques), ± (no lysis).
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TABLE 4
The 19 lytic patterns detected among 76 E. coli strains examined
Lyso
Strain
types
No
I
6
II
7, 96
III
10
IV
15, 87
V
19
VI
20
VII
22
VIII
23
IX
50
X
56
XI
68
XII
72
XIII
73
XIV
74
XV
75
XVI
88
XVII
90
XVIII
91
XIX
94
* : Rutin Test Dilution
ז: Positive reaction
༦: No reaction

T1 (10-6)*

T2 (10-4)

T3 (10-7)

T4 (10-5)

T5 (10-5)

T6 (10-6)

T7 (10-6)

༦
༦
༦
ז
ז
ז
༦
༦
༦
ז
ז
༦
ז
༦
༦
༦
༦
༦
༦

༦
༦
༦
༦
༦
ז
ז
༦
༦
༦
༦
༦
ז
༦
༦
༦
ז
༦
༦

༦
ז
༦
༦
ז
ז
༦
༦
༦
༦
༦
༦
༦
༦
༦
༦
༦
༦
༦

༦
༦
ז
༦
༦
ז
ז
༦
༦
ז
༦
༦
ז
༦
ז
༦
༦
ז
༦

༦
༦
ז
༦
ז
ז
༦
༦
༦
༦
ז
༦
༦
༦
ז
༦
ז
༦
ז

༦
༦
ז
༦
ז
ז
༦
༦
༦
༦
༦
ז
༦
༦
ז
༦
ז
༦
༦

ז
༦
༦
༦
༦
ז
༦
༦
ז
༦
༦
༦
༦
༦
ז
༦
ז
༦
༦

MS2
(10-5)
༦
༦
༦
༦
༦
ז
༦
༦
ז
༦
༦
ז
ז
༦
ז
༦
ז
༦
༦

PHXI17
4 (10-6)
༦
༦
༦
༦
༦
ז
ז
༦
ז
༦
༦
ז
ז
༦
༦
ז
ז
༦
༦

IV was exhibited by the numbered 15 and 87. Apart
for these two phage types, the remaining types were
each represented by one strain. These strains were
determined as 6, 10, 19, 20, 22, 23, 50, 56, 68, 72,
73, 74, 75, 88, 90, 91, and 94. The results showed
that the phage types were different from each other
and that most of the strains did not demonstrate the
same phage reaction. It was seen that T1, T4, T5 and
PHXI 174 were the most frequently encountered
phage lysing strains among the phage types, while
T3 was the least seen phage.

A Multiplex PCR was performed in 10μ volume contaning 1x PCR assay buffer with 1,5 mM
MgCl2  SPRO RI HDFK G173¶V   SPRO HDFK
primers, 2 unitsef Taq DNA polimerase (Fermentas)
and 2μl of the template DNA. The thermal cycler
(Techne Gradient) conditions were as follows; 94°C
for 5 min, followed by 30 cycles of 94°C for 1 min,
56°C for 1 min and 72°C for 1 min and final extension of 5 min at 72°C. The PCR products were separated by electrophoresis in 2% (w/v) agarose gel for
1 hour at 100 mV and visualized using a gel documentation system. Size of PCR amplicons was calculated by comparison to molecular weight size
marker (Gene Ruler Ladder SM0371, Fermentas)

TABLE 5
Antibiotic susceptibility patterns of E. coli
isolates.
Antibiotics

RESULTS
TE**
NET
ATM
AK
CIP
NA
NOR
LOM
KF
MEM
CXM
CRO
CAZ
CTX
AMC
OFX

Phage Types. The main results of phage typing
of 97 E. coli strains isolated from urinary tract infections are shown in Table 3.
Strains showing a pattern that did not conform
to any of the recognized phage types were considered atypical (AT). In our study, all the strains that
showed phage reaction were considered as AT. According to this table, 21 of the 97 strains (21.64%)
did not give any phage reaction and they were asVLJQHG DV ³QR O\VLV´ 7KH UHPDLQLQJ  VWUDLQV
(78.36%) revealed different lysis types, ranging from
at least one lysis plaque to clear lysis. According to
Ahmed et al. [13] two plus (++) and less lytic reaction is considered negative while (+++) and above is
positive phage reaction. Thus, a total of 21 of the 76
strains were considered to have a positive phage reaction; these strains and phage types are presented in
Table 4.
Twenty-one E coli strains exhibited 19 different phage types in this study. While Phage type II
was revealed by the numbered strains 7 and 96, type

*

R*%
(n)

I%
(n)

S%
(n)

53.6 (52)
1.03 (1)
29.89(29)
0
24.74 (24)
44.32(43)
24.74(24)
26.80 (26)
54.63 (53)
0
27.83 (27)
28.86 (28)
23.71 (23)
28.86 (28)
21.64 (21)
29.89 (29)

38.14 (37)
4.12 (4)
4.12 (4)
7.21 (7)
2.06 (2)
0
1.03 (1)
10.30 (10)
29.89 (29)
0
3.09 (3)
4.12 (4)
20.61 (20)
16.49 (16)
16.49 (16)
1.03(1)

8.24 (8)
94.84 (92)
65.97 (64)
92.78(90)
73.19 (71)
55.67 (54)
74.22(72)
62.88 (61)
15.46 (15)
100 (97)
69.07 (67)
67.01 (65)
55.67 (54)
54.63 (53)
61.85 (60)
69.07 (67)

R: Resistant, I: Intermediate, S: Susceptible
7( WHWUDF\FOLQH  ȝJ  1(7 QHWLOPLFLQ  ȝJ  $70
D]WUHRQDP ȝJ $.DPLNDFLQ(30 μg), CIP: ciprofloxacin (5
ȝJ 1$QDOLGL[LFDFLG J 125QRUIOR[DFLQ ȝJ /20
lomelofloxacin (10 μg), KF: cephalothin (30 μg), MEM:
PHURSHQHP ȝJ &;0FHIXUR[LPH J &52FHIWULD[RQ
 ȝJ  &$= FHIWD]LGLPH  ȝJ  &7; FHIRWD[LPH  ȝJ 
$0& DPR[LFLOOLQFODYXODQLF DFLG  ȝJ  2); RIOR[DFLQ 
μg)

**
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TABLE 6
Antibiotic resistance patterns and ESBL genotypes of uropathogenic E. coli strains
Resistotype
I

Antibiotic Resistance Profiles 
TE

8

% Percentage
of Resistance
10.4

II

OFX

5

6.5

II
IV
V
VI
VII
VIII
IX
X
XI
XII
XIII

CRO
CIP
KF
ATM
TE, NA
TE, KF
TE, AMC
TE, CAZ
KF, AMC
TE, KF, AMC
TE, KF, NA

1
1
1
1
4
4
1
1
1
3
7

1.3
1.3
1.3
1.3
5.2
5.2
1.3
1.3
1.3
3.9
9.1

XIV
XV
XVI
XVII
XVIII
XIX
XX
XXI
XXII
XXIII
XXIV
XXV
XXVI
XXVII
XXVIII
XXIX
XXX
XXXI
XXXII
XXXIII
XXXIV

ATM, KF, CAZ
TE, KF, NA, AMC
TE, KF, NA, ATM
KF, ATM, CXM, CRO, CTX
TE, KF, NA, CIP, NOR, LOM
TE, KF, NA, CXM, CRO, CTX
TE, NA, CIP, NOR, LOM, OFX
TE, KF, CRO, CAZ, CTX, AMC
KF, ATM, CXM, CRO, CTX, AMC
KF, NA, CIP, NOR, LOM, OFX
KF, ATM, CXM, CRO, CAZ, CTX
NA, CIP, NOR, LOM, OFX, AMC
KF, NA, ATM, CXM, CRO, CAZ, CTX
TE, KF, NA, CIP, NOR, LOM, OFX
TE, KF, NA, CIP, NOR, LOM, CAZ
KF, ATM, CXM, CRO, CAZ, CTX, AMC
TE, KF, NA, ATM, CXM, CRO, CTX, AMC
TE, KF, NA, ATM, CIP, NOR, LOM, OFX
TE, KF, NA, ATM, CXM, CRO, CAZ, CTX
KF, NA, ATM, LOM, CXM, CRO, CAZ, CTX
TE, KF, NA, ATM, LOM, CXM, CAZ, CTX,
AMC
TE, KF, ATM, CXM, CRO, CAZ, CTX, AMC,
OFX
KF, NA, CIP, NOR, LOM, CXM, CRO, CTX,
OFX
KF, NA, ATM, CIP, NOR, LOM, CXM, CRO,
CTX, OFX
TE, KF, NA, ATM, NOR, LOM, CXM, CRO,
CAZ, CTX, OFX
KF, NA, ATM, CIP, NOR, LOM, CXM, CRO,
CTX, AMC, OFX
KF, NA, ATM, CIP, NOR, LOM CXM, CRO,
CAZ, CTX, OFX
TE, KF, NA, ATM, CIP, NOR, LOM, CXM,
CRO, CAZ, CTX, OFX
TE, KF, NA, ATM, CIP, NOR, LOM, CXM,
CRO, AMC, CTX, OFX
TE, KF, NA, ATM, CIP, NOR, LOM, CXM,
CRO, CAZ, CTX, AMC, OFX
TE, KF, NA, ATM, CIP, NOR, LOM, CXM,
CRO, CAZ, CTX, AMC, OFX, NET

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

1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
2.6
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3

10, 17, 42,
50, 57, 66,
75, 85
14, 46, 62,
84, 95
9
47
84
93
1, 5, 26, 27,
3, 40, 67, 81,
73,
83
63
23, 24, 72,
29, 35, 38,
53, 64, 69, 90
77
88
94
36
13
21
45
48
37
28, 59
86*
54
4*
20
91
87
18
97
33*
2*
32

1

1.3

74

1

1.3

25*

1

1.3

31

0.625

1

1.3

82

0.687

1

1.3

68*

OXA

0.687

1

1.3

30*

TEM

0.687

4

5.2

TEM (97), OXA (8,
44), CTX-M (80)

0.750

1

1.3

8*, 44*, 80*,
97*
65

5

6.5

OXA

1

1.3

16*, 61*, 76,
92, 96
71

XXXV
XXXVI
XXXVII
XXXVIII
XXXIX
XL
XLI
XLII
XLIII
XLIV

No

Strain no

ESBL gene(s) detected by PCR

MAR
index
0.062

0.062
0.062
0.062
0.062
0.062
0.125
0.125
0.125
0.125
0.125
0.187
0.187

TEM
TEM

TEM
TEM, SHV

0.187
0.250
0.250
0.312
0.375
0.375
0.375
0.375
0.375
0.375
0.375
0.375
0.437
0.437
0.437
0.437
0.500
0.500
0.500
0.500
0.562
0.562

CTX-M

0.562

0.750
0.812
0.875

* ESBL (+) strains  See Table 5 for explanation of antibiotic abbreviations

Antibiotic resistance phenotypes of E. coli
isolates. A total of 97 E. coli isolates were screened

for evaluation of their sensitivities against 16 antimicrobial agents (Table 5).
These isolates were grouped into 44 categories,
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highest MAR index was revealed by the strain numbered 71 and was determined as 0.875. A total of 38
strains of resistance-types XV to XVIL had an index
value higher than 0.2. According to Krumperman
[15], it is claimed that strains having an index value
higher than 0.2 have come from a location in which
antibiotics are intensively used; in other words 38
strains had been isolated from locations in which the
antibiotics have been used intensively [1].

according to the occurrence of different individual
antibiotic resistances as well as the co-occurrence of
combinations of different resistance phenotypes (Table 6). While 77 of the 97 strains (79.38%) were resistant to at least one of the antimicrobial agents, 60
of the resistant strains (77.92%) were multidrug reVLVWDQW UHVLVWDQWWRDQWLELRWLFV 6HYHQWHHQVWUDLQV
were resistant to only one antibiotic. Twenty
(20.62%) of the isolates were not resistant to any of
the antibiotics. Cephalothin is the antibiotic to which
greatest numbers of E. coli isolates were resistant, at
a ratio of 54.63%, followed by tetracycline (53.6%),
nalidixic acid (44.32%), ofloxacin and aztreonam
(29.89%), ceftriaxone and cefotaxime (28.86%), cefuroxime (27.83%), lomelofloxacin (26.80%),
ciprofloxacin and norfloxacin (24.74%), respectively (Table 5). It was revealed that amikacin and
meropenem were the most effective antibiotics. No
resistance to these antibiotics was observed. Apart
from these two, the strains were highly sensitive to
netilmicin (94.84%), followed by amikacin
(92.78%), norfloxacin (74.22%), ciprofloxacin
(73.19 %), cefuroxime and ofloxacin (69.07%), respectively.
In this study 44 different resistance-types were
determined among the resistant strains (Table 6).
The most prevalent resistance pattern among the
strains was resistance-type I (Tetracycline); the distribution percentage of this profile was 10.4%, followed by resistance-type VIII (9.1%), resistancetype II and resistance-type XLIII (6.5%), resistancetype VII, VIII and XLI (5.2%), resistance-type XII
(3.9%), and resistance-type XXIII (2.6%) (Table 6).
Apart from these types, each profile was presented by one strain, and the distribution percentage
of these strains was 1.3%. The multiple antibiotic resistance (MAR) index of the strains which were resistant only to Tetracycline, Ofloxacine, Ceftriaxone, Ciprofloxacin, and Cephalothin was 0.062. The

ESBL phenotypes and PCR detection of bla
bla SHV, bla OXA and bla TEM genes. In this
study it was found that 13 E. coli strains (13.40%)
produced ESBL in the double discs synergy test.
While ESBL-producing strain numbers were low
(13.40%), these strains were resistant to at least six
or more antibiotics as expected. The strains numbered 16 and 61 were resistant to 13 antibiotics;
strains numbered 8, 44, 80, and 97 showed resistance
to 12 antibiotics, followed by strains numbered 68
and 30, which were resistant to 11 antibiotics. Figure
2 shows the antibiotic resistance strain numbers of
ESBL-producing and non-ESBL-producing E. coli.
According to this table, ESBL-producing
strains showed the highest antibiotic resistance to
Cefuroxime,
Ceftriaxone,
Cefotaxime,
and
Cephalothin in 13 strains (100%); Aztreonam and
Nalidixic acid in 12 strains (92.3%); Ceftazidime in
11 strains (84.6%); Lomelofloxacine in 10 strains
(76.9%), respectively. But all of the ESBL-producing strains were sensitive to Netilmicin, Amikacin,
Meropenem (100%). Non ESBL-producing strains
showed the highest antibiotic resistance to
Tetracycline in 45 strains (53.5%); Cephalothin in 40
strains (47.6%); Nalidixic acid in 31 strains (36.9%);
Ofloxacine in strains (23.8%), respectively. ESBLproducing and non ESBL-producing E. coli strains
showed the highest sensitivity to Meropenem and
Amikacin.
CTX-M,

FIGURE 2
Resistant strain numbers of E. coli isolates ESBL producing and ESBL non-producing
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FIGURE 3
Image of ESBL genes, confirmed in ESBL-producing E. coli strains (2, 4, 8, 16, 25, 30, 33, 44, 61, 68, 80,
86, 97 numbered strains) on agarose gel. Gene Ruler Ladder was used as size marker
(SM0371, Fermentas).
by two strains. We found no correlation between the
lysotype and the pattern of resistance to antibiotics.
Strains representing the same lysotype did not show
the same resisto-types and the antibiotic resistance
patterns were different from each other. There are
some published data on phage typing of many bacterial genera including Bacillus [18], Burkholderia
[19], Campylobacter [20], Clostridium difficile [21],
Corynebacterium [22], Enterobacter [23], Escherichia [13,24-27], Listeria [28], Pasteurella [29],
Proteus [30], Pseudomonas [31], Salmonella, [32],
Serratia [33], Shigella [34], Staphylococcus [35],
Streptococcus [36], Vibrio [37], Yersinia [38], etc.
Marsik and Parisi [26], reported that 66.1% of the
454 UPEC isolates were phage typable. Parisi et al.
[27] determined that phage typable rate of E. coli
strains isolated form urinary and nonurinary samples
were 79.2% in California, 92% in Minnesota, 84.4%
in Ohio, 87.7% in Pennsylvania, 73.4% in West Virginia. Ahmed et al. [13] determined 14 different
phage types among 98 E. coli O157 H7 serotype.
Similarly Leotta et al. [39] reported that 73 shigatoxin producing E. coli O157 (STEC) strains were
typable by phage type 49 (PT49) with the rates of
34% in Argentina, 45% Australia, 83% New Zealand. In our study UPEC strains showed 19 different
phage types and typability rate was 78.36%. But in
the present study the standard type phage sets were
not used. Only lytic T phages (T1 toT7), phix 174
and MS2 phages were used to typing of the strains.
So our typing method was atypic (AT) and lysotype
numbers were used to show the differences of phage
reactions. Although all these studies showed that the
phage typing method is still reliable and important in
epidemiological studies, in our study T phages, MS2
and phiX174 phages did not reveal good typability
among UPEC strains.
Antibiotic resistance in Gram-negative pathogens is a global concern that contributes to higher

ESBL genes (blaCTX-M, blaTEM, blaSHV, blaOXA)
were confirmed by the Multiplex PCR method in 13
strains which tested positive for ESBL producing in
the phenotypic ESBL double discs synergy test. The
results of the detection of ESBL-encoding genes by
PCR are shown in Table 6. The primers used in this
analysis are specific for gene encoding CTX-M,
7(0 6+9 DQG 2;$ ȕ-lactamases. Amplicons of
the expected size, about 501 bp, 431 bp, 296 bp and
214 bp were observed (Figure 3).
Of the 13 ESBL-producing isolates two (numbered 25 and 80) carried blaCTX-M; six carried blaTEM
(numbered 4, 30, 33, 86, and 97); five carried blaOXA
(numbered 8, 16, 44, 61, and 68); and one carried
blaTEM and blaSHV (2 numbered strains) at same time
(Figure 2). The most common enzyme was blaTEM.

DISCUSSION
As mentioned before, E. coli is phenotypically
and genotypically diverse. Although there are many
molecular typing methods such as PFGE, RAPD,
AFLP, MLST etc., some phenotypic analyses are
still being used in epidemiological studies. Phage
typing is a rapid, economical, reliable, and reproducible technique requiring no specialized equipment
[18]. In this study phage typing by different sets of
lytic coli phages was performed to determine the diversity of 97 UPEC strains. The results showed that
21 strains did not reveal any phage reaction. According to cut off value 76 UPEC strains, revealing positive phage reaction, were manifested 19 different
lysotypes. As indicated previously, these strains
were atypical so phage type numbers were not standard. We reported them only in this study to show the
difference in phage reactions. It was concluded that
UPEC strains were phenotypically diverse and only
two lysotypes (type II and type IV) were represented
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cHIHSLPH FLSURÀR[DFLQ DQG OHYRÀR[DFLQ  
In our study amikacin and meropenem were the most
effective antimicrobial agents and susceptibility to
FHIRWD[LPH FHIWULD[RQH FHIWD]LGLPH RÀR[DFLQ
(54.63 %, 67.01 %, 55.67 %, 69.07 %, respectively)
were conVLVWHQWZLWKWKHDXWKRUV¶UHVXOWV. But rate of
ESBL-producing strains (67%) determined by Lu et
al. [46] were higher than ours (13.40%). Many researches which were performed in 2012-2013 period
showed that rate of ESBL-producing E. coli strains
were increasing in worldwide. In Australia this rate
was determined as 15%, in Kazakhstan 19%, in Japan 26%, in Malaysia and Philippines 27%, in Singapore 28%, in Korea 29%, in Thailand 30%, in Vietnam 60% and in China 63% [47], in India 57.2%
[48]. When Turkey was evaluated in terms of the rate
of ESBL-producing Enterobacteriaceae members by
the period of 2007-2013, Azap et al. [49] determined
ESBL-producing rate as 11%, Yilmaz et al. [50]
20.2%, Kizilca et al. [51] 43%, Azap et al. [52]
23.5%, Aladag et al. [12] 55%. In the present study,
rate of ESBL-producing strains was determined as
13.40% and this ratio was lower than the previous
studies performed in Turkey. In Europe Kahlmeter
and Poulsen [53] revealed that this rate was 0.7%, in
Switzerland 1.1% [54], in Italy 42.1% [55]. According to this situation, ESBL-producing rates in European countries were lower than those of Turkey except for Italy. The main reasons of the higher antibiotic resistances are overuse and misuse of antibiotics
and horizontal transfer of the resistance genes among
bacteria belonging to Enterobacteriaceae. In our
study 6 of 13 ESBL-producing strains expressed
blaTEM (46.1%) genes and 5 strains revealed blaOXA
(38.4%), two of them are carried blaCTX-M (15.38%).
Only one strain had blaSHV (with blaTEM) genes. The
occurrence of several ȕ-lactamases genes has been
reported, but blaTEM, blaSHV, blaOXA, and blaCTX-M type ESBLs genes are the most predominant [56].
Kiratisin et al. [57] revealed that blaCTX-M, blaTEM,
and bla SHV genes expressed with ratios of 87.3%,
77% and 3.8% in 235 strains of ESBLs producing E.
coli. A few strains were found to carry the blaOXA
gene. It was reported that CTX-M gene became most
frequent ESBL gene instead of TEM and SHV genes
in Europe. Other types of ESBL such as PER, GES,
IBC and some OXA types also exist. The ESBL production is much less frequent in Europe than in Latin
America and Asia, and even less frequent in the Pacific than in North America [58, 59]. In Norway and
Portugal, the CTX-M is the ESBL enzyme most frequently found in E. coli [60]. In Italy, the prevalence
of E. coli producers of ESBL has also increased with
a predominance of TEM (45.4%), SHV-12 and the
emergence of CTX-M and PER. Few of these studies
reported the type of ESBL produced by these strains
and some showed the presence of TEM, OXA, SHV
and emergence of CTX-M [60]. In Turkey, Bali et al.
[61] demonstrated that blaTEM, blaSHV, blaCTX-M ratios

health care costs and death rates, treatment failures,
and a longer duration of clinical illness. Because so
many bacterial infections are treated with antibiotics,
many bacteria have evolved ways to resist the killing
mechanism of antibiotics. For E. coli, antibiotic resistance has become more common, which is due in
part to the overuse and misuse of antibiotics. Moreover, E. coli can serve as reservoirs of resistance
genes [40], which have been efficiently exchanged
not only with each other but also with other enteric
pathogens of humans and animals. Worldwide, the
prevalence of Enterobacteriaceae that produce extended-VSHFWUXPȕ-lactamase or carbapenemase enzymes continues to increase at alarming rates [41].
The spread of resistance, and especially multiple antibiotic resistances, among different enterobacteria is
generally caused by the presence of transferrable
plasmids and their transference among one another.
Because the prevalence of resistance in commensal
E. coli is a useful indicator of antibiotic resistance in
bacterial isolates from humans and environment,
routine monitoring of antibiotic resistance of E. coli
provide data for antibiotic therapy and resistance
control [42].
In this study antibiotic resistance levels of the
E. coli strains isolated from UTI was evaluated. In
Table 5 it was seen that 54.63% resistance was determined against cephalothin, followed by 53.6%,
tetracycline, 44.32% nalidixic acid, 29.89%.ofloxacin and aztreonam. *QGR÷GX HW DO >@ reported
that cephalothin resistance was with a rate of 51.82%
among 137 clinical UPEC strains and 87.6% of the
total isolates were resistant to one or more of the
tested antimicrobial drug in Australia. In a study
conducted by Bijapur et al. [44], high rates of resistance were found with ampicillin (91.66%), cefuroxime (82.29%), cefotaxime (79.16%), ciprofloxacin (75%), among the E. coli isolates. However,
imipenem (0% resistance), meropenem (0%) appeared to have retained greater activity. Although cefuroxime and cefotaxime resistances were low in our
study (27.83% and 28.86%, respectively), there were
no resistance against meropenem and amikacin. Our
results showed consistency with the results of
*QGR÷GXHWDO [43] and Bijapur et al. [44]. Kudinha
et al. [45] revealed that 47.63% of the 953 E. coli
isolates were resistant to tetracycline and 33.47% of
them were resistant to cephalothin. Also researchers
determined that 6.4% of the total isolates were
ESBL-producing strains. However in our study
ESBL producing strains rate was 13.4% and resistance to cephalothin and tetracycline were higher
than results of Kudinha et al. [45]. Lu et al. [46] reported that total of 1762 strains, Enterobacteriace
family members (995 E coli strains), isolated from
UTI were evaluated for their susceptibility to antibiotics in Asia/Pacific Region and they were determined that amikacin was the most effective antimicrobial agent to the strains. These isolates were less
susceptible to cefotaxime, ceftriaxone, ceftazidime,

410

© by PSP

Volume 27 ± No. 1/2018 pages 402-414

Fresenius Environmental Bulletin


and the monitoring of antimicrobial usage in humans
should be an integral part of the prevention and control of antimicrobial resistance.

in 65 ESBL-producing Enterobacteriaceae members were 73.43%, 21.87%, and 17.18%. CTX-M ratios were similar to those in our study. In a study conducted by Gorgec et al. [62] the frequency of CTXM, TEM, OXA-2 group, PER, SHV and OXA-10
group beta-lactamase genes were found as 89.5%,
59.2%, 15.8%, 14.5%, 11.8% and 3.9%, respectively, among E. coli isolates. PCR analyses of the
isolates demonstrated that 25 harbored CTX-M and
TEM genes together, while 20 harbored only CTXM and two harbored only TEM genes. Khorshed and
Arslan [63] reported that 22 of 106 E. coli isolates
(20.75%) were phenotypically positive for ESBL,
while 63 (59.43%) of the E. coli isolates were determined to be positive for ESBL by multiplex PCR.
Although CTX-M, TEM and OXA genes were detected in that study, SHV gene did not find in any of
the strains. In our study prevalence of blaCTX-M,
blaTEM, blaOXA, blaSHV genes were determined as
15.38%, 46.1%, 38.4%, and 7.7%, respectively.
When compared to Khorshed and Arslan [63] results, SHV gene was found in only one strain in our
study. While the frequencies of CTX-M and TEM
genes determined by Gorgec et al. [62] were higher
than our results, their OXA and SHV ratios were
consistent with our rates.
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sects was emphasized, and their damage to some culture plants was pointed out.
It is stated that more than 40 species of  
 Kolenati, 1857 genera are distributed in the
Middle Eastern countries and around [10, 11, 12, 13,
14, 15], and it is reported that 10 species of it are
found in Turkey [6, 7, 9, 10, 11, 16, 17,18]. The
faunistic and morphological properties of this genus
were pointed out in the publications of researchers
such as [6, 7, 8, 9, 10, 15, 16, 17, 18, 19].
Since there is not enough information about 
   Fieber, 1876, one of the species
of this genus, the findings obtained from the studies
conducted in Izmir province on the morphological
properties of the eggs, nymphs, and adults of this
species, and its distribution and some biological
properties in nature are included in this article.

This study was carried out in 2005-2008 in order to determine the distribution, some morphological and biological properties of    
Fieber, 1876 (Hemiptera: Cicadidae) in fruit orchards in Izmir province of Turkey. The survey was
carried out in 98 orchards in 17 districts of Izmir to
determine its spread. Observation on biology was
made in the orchards of Kemalpaşa and Bornova districts. As a result of the study, it was determined that
  adults started to appear after the first
week of June, the density was very low. 
  was mostly found on cherry, olive, peach,
almond, fig, grapevines and on some weeds. It has
been determined that females leave their eggs in a
batch of 9-10 pieces of tissue per year into annual
shoots of fruit trees. The egg hatching starts at the
beginning of August and egg hatching is 30-40 days
after the egg laying. One generation has been completed after three years



%#$ %!$
The specimens of the adult and pre-adult periods of      and cherry (
) trees compose the material of the study.

%2/ ./</:637+<387 80 <2/ 68:9285813-+5
9:89/:<3/; 80        Specimens,
which were collected from nature and brought to the
laboratory to reveal the morphological properties of
the adult, egg, last nymph, and nymph shed skins of
    were examined under the stereoscopic microscope, and necessary morphometric
measurements were performed on the color and patterns of it, and its head, thorax, abdomen, and wing
structure. The measurements were performed using
a caliper and micrometer on 20 male and 20 female
individuals, and the study of [20] was used to determine the distinctive properties such as the color, pattern, and size.

3;<:3,=<387 In order to determine the distribution of cicadas, surveys were carried out in a total
of 98 orchards in 17 districts of Izmir province between May-August of 2005-2006. Trees that were in
a number to represent the orchard and herbaceous
plants in the orchards were observed. Individuals in

)(!#$
Cherry, Cicadidae, bioecology, distribution,   
 , Izmir.

 %#!&%! 
Cicadas (Hemiptera: Cicadidae) are insects that
are large-sized, have stout bodies, and are known for
their sound producing males, have more than 1500
species in the world, have 162 species of 38 genera
in the Palearctic Region, and over 30 species in Turkey [1]. Most of the cicadas are found in trees and
shrubs, and bushes and grapevines, and some species
are found in annual plants. Females pierce the
branches and trunks of plants with their ovipositors,
lay their eggs, and the wounded branches usually
cause significant damage since they dry. Their
nymphs feed on the roots of plants and prevent some
plants from growing, and cause them to be weak and
lose productivity [1].
In the studies conducted on cicadas in Turkey
[1, 2, 3, 4, 5, 6, 7, 8, 9] the importance of these in
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the adult period found on the trees and nymph shed
skins under the tree crowns were counted, and herbaceous plants and individuals in the adult period on
the trees were collected with netting. If any adult,
nymph, or nymph shed skins of pests are determined
in the orchards checked, it is accepted that the orchard is infected.

38581@ The observations on the biology of 
   were made in the orchards in Kemalpaşa and Bornova districts.

%36/+7..=:+<38780<2/+.=5</6/:1/7-/
The observations on the biology of this species were
made in the test orchards at least twice a week in
May-August when the adult emergence density was
high, and when it was first observed in nature and
how long this period lasted were tried to be determined.

/7;3<3/;80<2/+.=5<+>+35+,353<@In order to
determine the adult density in the orchard, one
wooden crate, which was 160x25x10 cm (0.4 m2) in
size, covered with a fly net, of which base was open,
and which could also be described as an emergence
observation crate, was placed under the crown projection of each of the 10 trees in the 3 orchards in
Kemalpaşa district. Due to these crates, the adult
emergence on the soil under the tree crown projection could be observed directly.
Furthermore, with a second method, 10 trees
were marked before the first adult emergence in the
same orchards, and throughout the adult emergence
process, below the crowns, trunks, and branches of
the trees were checked once a week, and the last-period nymph shed skins of the adults were counted
and removed from that environment, and information about the adult density was obtained. This
process was continued until the adult emergence was
completed and the number of adults per tree was determined.

11 5+@371 +7. /11 2+<-2371 The adults of
    (n=4) were enabled to lay eggs
on two Prunus mahaleb saplings that were grown in
concrete pans in a branch crate in the orchard of Bornova Plant Protection Research Institute in 2005,
then, the hatching date of these eggs and the time that
took for the nymphs to pass to the soil and become
adults were determined.

the antenna is six-segmented, black, and threadlike;
the head width (n=20) is 6.20±0.39 mm in males and
6.76±0.38 mm in females (Figure 1).

+

,
&# 
     3/,/:+.=5<6+5/
++7.0/6+5/,
The mesothorax is yellow and has yellow spots
that are inverted m-shaped; there is a yellow line between the prothorax and mesothorax; mesoscutellum, pronotum, and head are yellowish patterned;
the wing vessels are yellow; the parts where the wing
vessels connect to the thorax are yellowish; wing
vessels are yellow and parts, where the wing vessels
connect to the thorax, are yellowish; round-winged;
wingspan is 54.47±4.61 mm in males (n=12) and
56.56±2.30 mm in females; the body length is
28.68±2.28 mm in males (n=12) and 29.25±1.15 mm
in females; legs are yellow, with black spots on them,
and there are three teeth on the frontal femur. The
abdomen is yellow on the ventral and black on the
dorsal.

#$&%$ $&$$!

8:9285813-+5 9:89/:<3/; 80    
   .=5< The adults are yellowish black.
There are three red ocelli, two brownish black honeycomb eyes, and yellowish patterns in the head; the
clypeus is of yellowish color, and it has parallel
black stripes on it; the stylet length is 4.80-5.00 mm;

%2/ 5+;<9/:38. 7@692 ;2/. ;437 Light
brown thorax and abdominal segments are separated
by a black line on the dorsal; height is 22.76±0.87
mm in males (n=10) and 23.33±1.18 mm in females;
width is 6.67±0.31 mm in males (n=10) and
7.05±0.22 mm in females (Figure 2).
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%2/5+;<9/:38.7@692It is greenish brown;
the abdomen is cream at the beginning of the fifth
nymph period; abdominal segments are separated by
the dorsal with short and black stripes; as the nymph
grows, the abdomen grows bigger; the distance between the brownish black lines in the abdomen expands; the head, pronotum, and mesothorax get
greenish, the mesothorax is black-spotted; the body
color becomes dark brown when the time of emergence from the soil gets closer; honeycomb eyes are
pinkish red; eyes are red before the emergence, then
turn purple; the last-period nymph height is
21.16±0.44 mm (n=10), and nymph width is
6.07±0.31 mm (Figure 3).


&# 
%2/7@692;2/.;43780     
3/,/: 



11 The height of the eggs is bigger than the
width and fusiform; the length (n=20) is 1.80±0.07
mm, and width is 0.35±0.03 mm; they are of milkywhite color when first laid, become reddish-pink as
they grow; there are red dots on the two sides of the
tip in the nymph emergence period, and they have an
indentation on the tip (Fig. 4).

3;<:3,=<387 It was reported by Lodos and
Kalkandelen (1981) that      is
found in countries such as Iran, Israel, Sweden, Italy,
Cyprus, Lebanon, Hungary, Poland, Romania, Portugal, Russia, Sardinia, Sicily, Slovakia, Syria, Turkey, Ukraine, Yugoslavia, Greece [6], and it is found
in Giresun, Gümüşhane, Izmir (Bergama, Bornova,
Çeşme-Ilıca, Karaburun), Konya, Muğla and Sivas
provinces in Turkey. It was determined that 
  species is found in 43% of a total of 98
orchards examined in Izmir province where the
study was conducted (Table 1).
During the examinations,   nymphs
were observed in the cherry tree roots, and the adults
were observed on cherry, olive, peach, almond,
Prunus mahaleb, and fig trees, and grapevines and
some weeds. It was reported in previous studies that
this species was collected from apricot, citrus, and
olive trees, and various weeds [6].



&# 
%2/5+;<9/:38.7@69280     
3/,/: 


38581@ %36/ +7. .=:+<387 80 <2/ +.=5<
/6/:1/7-/The emergence time of the adult  
 varied by years and their emergence
was generally observed to occur after the first week
of June (Table 2). [6] indicate that adults of this species are collected in the period from the beginning of
May to the end of July.
In the studies carried out to reveal the latest observation date of the adult      in
nature, any clear findings could not be obtained due
to the fact that they are rare and few in number. However, these nymph shed skins were found in the orchard in Kemalpaşa and Yukarı Kızılca village in
2005 and 2006 during the second and third weeks of
July, and these findings are partially in line with the
reports of [6].

&#
%2//11+7./11-5=;</:80     
3/,/: %23;6=;<,/=7./:93-<=:/
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3;<:3-<;?2/:/     3/,/: 3;08=7.37A63:9:8>37-/37
+7.<2/:+</;80370/-</.8:-2+:.;
3;<:3-<
Bayındır
Bergama
Beydağ
Bornova
Buca
Dikili
Karaburun
Kemalpaşa
Kiraz
Kınık
Menemen
Menderes
Ödemiş
Selçuk
Tire
Torbalı
Urla
%8<+5

%2/7=6,/:80-2/-4/.
8:-2+:.;7=6,/:
8
2
4
5
2
1
4
47
5
2
1
2
5
2
4
2
2


%2/7=6,/:80370/-</.8:
-2+:.;7=6,/:
0
0
2
3
0
1
2
30
0
0
0
1
0
1
1
0
2


%2/03:;<8,;/:>+<387.+</
08 June
21 June
15 June
11 June



%2/:+</80370/-</.8:
-2+:.;
0.00
0.00
50.00
60.00
0.00
100.00
50.00
63.83
0.00
0.00
0.00
50.00
0.00
50.00
25.00
00.00
100.00


% 
%2/03:;<8,;/:>+<387.+</;+7.95+-/;80     3/,/: 37

)/+:;
2005
2006
2007
2008







%2/03:;<8,;/:>+<38795+-/
Urla (Balıklıova)
Kemalpaşa (Center-Çayırlar cluster)
Kemalpaşa (Kızılüzüm)
Kemalpaşa (Bağyurdu)

/7;3<3/; 80 +.=5< Due to the low density of
    , there were not many specimens of it in the samplings performed at weekly intervals.
On June 26 and July 4, 2006, six adults of this
species were identified on olive trees and weeds on
the side of an orchard in Kemalpaşa (Center-Çayırlar
cluster). In the nymph shed skin counts performed at
the bottom of trees in the orchard in Kemalpaşa and
Yukarı Kızılca Village, it was observed that in the
year of 2005, a total of 7 nymphshed skins were obtained in 10 trees, and no adult emergence was recorded in the emergence observation crates placed on
the soil. In 2006, only 2 nymph shed skins were identified in 10 trees, and no adult emergence was observed neither in the emergence observation crates.
In the following years, it was not also possible to obtain any adults and nymph shed skins.
On July 6, 2005, a total of 120 last-period
nymph shed skins were counted in 10 trees in the orchards of Kızılüzüm village of Kemalpaşa district,
and this value represents the highest density for 
 observed during the study. During the surveys, there was no noticeable density of this species
in other orchards, and these findings reflect that this
species is found in local areas and that the adult numbers in nature also show significant differences over
the years.

+




,
&#
     3/,/: B;+/11;
<2+<?3552+<-2,/115+@371+.=5<+7.3<;.+6
+1/<8<2/,:+7-2
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11 5+@371 +7. /11 2+<-2371. Since the pest
density is generally low in the orchards under observation, no information was obtained on when and to
which host it lays eggs. However, it was determined
from the observation performed in Prunus mahaleb
saplings picked from the test orchards and grown in
concrete pans in branch crates in Bornova Plant Protection Research Institute that the females laid eggs
in an upside down position and 9-10 eggs were found
in an egg cluster, and eggs were laid in two rows
(Figure 5).
Eggs laid on the Prunus mahaleb shoots on July
9, 2005, by adult females were found to hatch on August 7. This hatching continued for 12 days and
ended on August 19th. Thus, it was determined that
the incubation period of the eggs lasted for about one
month.
Furthermore, two adults were obtained in July
2008 from Prunus mahaleb and    
plants in the concrete pans where the nymphs that
left the eggs on August 7, 2005, were obtained.
These data also reveal that this species gives birth
every three years, based on the observations on a
small number of individuals, and it is paralleled by
the report stated by [1]that the nymph periods of cicadas range from 2 to 5 years.

 !( %$
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DEPENDING ON NITRIC OXIDE APPLICATION UNDER
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MDA content than Sönmez cultivar. NO demonstrated a reduced or counteractive effect on the Cdinduced increase in the activities of some typical
antioxidant enzymes. These results indicate that
SNP has great application potential for improving
the growth of plants under heavy metal stress such
as Cd toxicity.

ABSTRACT
Wheat cultivars chosen for their cadmium
(Cd) tolerance (Sönmez-2001) and sensitivity
(Quality) were grown in Hoagland solution for 5
days and then they were treated with 50, 100 and
200μM sodium nitroprusside (SNP), a NO donor,
with 9 mM Cd. Samples were taken at 24th and 72nd
hours after the administration. In the present study,
when examining changes in activities of antioxidant
enzymes (SOD, CAT, APX, and GST) which are
known as internal defense systems built up by
cultivars against Cd stress, these enzymes were
observed to pose different responses compared to
Cd and Cd+SNP administrations. Malondialdehyde
(MDA) concentration in plant tissues were also
determine comparatively in order to find out lipid
peroxidation. The obtained results showed that Cd
stress significantly increased lipid peroxidation,
superoxide dismutase (SOD), catalase (CAT),
ascorbate peroxidase (APX) and glutathione Stransferase (GST) activities. This increase was
found to be higher at various rates in different
treatments in sensitive cultivar Quality compared to
tolerant cultivar Sönmez-2001.
Cd+SNP treatments increased antioxidant
enzyme activities throughout the applications
compared to cadmium. This increase was
determined to be significant especially in Quality
cultivar and thus substantially reduced Cd toxicity.
Some Cd+SNP treatments lead to decline in
enzyme activities and decrease in lipid
peroxidation. In Sönmez cultivar, Cd+100μM SNP
treatment decreased catalase activity at 24th and
72nd hours compared to cadmium treatment;
Cd+50μM SNP reduced GST activity at 72nd hour
in both cultivars. Cd+SNP treatments increased
MDA levels identified at 24th and 72nd hours in
Quality cultivar compared to cadmium treatment;
but it led to decrease MDA levels in Sönmez
cultivar. This decrease was found as 46.40% in Cd+
100μM SNP treatment and 51.43% in Cd+ 200μM
SNP treatment at 72nd hour. Based on the decrease
in MDA level in Sönmez cultivar, especially at 24 th
hour, Quality cultivar was found to have higher

KEYWORDS:
Triticum aestivum, Cadmium stress, Nitric oxide, Antioxidant enzymes, MDA

INTRODUCTION
Cadmium (Cd) is a non-essential heavy metal
with high toxicity to plants, animals and humans
due to its large solubility in water [1]. This element
is highly mobile in the soil-plant system which
allows its easy entry into vegetables and can impair
several vital processes, result in poor growth and
low economic yield of plants, and cause toxic effects on human health through the food chain [2, 3].
Antioxidant enzyme activities that convert
ROS (reactive oxygen species), resulting from
heavy metal stress and reaching up to high
concentrations, into harmless compounds function
as the most important resistance mechanisms that
are effective against oxidative stress in plants [4].
Cadmium is the most toxic heavy metal inducing
oxidative stress [5] and leading to extremely
important damages in overall plant metabolism [6].
It is certain that excessive metal intake has effects
on activities of antioxidant enzymes. However,
there are different results indicating that this effect
would be increase [7-9] or decrease [10-12] of
enzyme activities.
Oxidative stress is closely associated with excessive production of reactive oxygen species
(ROS) that damage macromolecules, such as lipids,
proteins, and nucleic acids, leading to metabolic
and physiological disorders in cells [13]. To scavenge ROS production, plants have developed enzymatic and nonenzymatic antioxidant mechanisms
depending upon plant species, age, and growth
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enous NO in reducing cadmium toxicity in two
wheat cultivars that are different in terms of Cd
tolerance. Therefore, in this study, the effects of Cd
and Cd+SNP on the contents of antioxidant
enzymes (SOD, CAT, APX, and GST) and
Malondialdehyde (MDA) concentration in cadmium sensitive and tolerant wheat seedlings under Cd
stress were investigated comparatively.

conditions [4]. Excess ROS could be cleared by
antioxidant enzymes like superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase
(APX), glutathione peroxidase (GPX), glutathioneS-transferase (GST) and nonenzymatic antioxidant
such as ascorbic acid (AsA), which reduce glutathione and other molecules capable of quenching
ROS. Increased levels of ROS, lipid peroxidation
and activities of antioxidant enzymes have been
described in plants exposed to copper [14], aluminium [15] and cadmium [16].
Nitric oxide (NO) is a bioactive molecule that
functions in numerous physiological processes in
plants including plant growth and development. It
has also been suggested that NO protects plants
against both biotic and abiotic stress. Exogenous
application of the NO donor, sodium nitroprusside
(SNP), enhanced plant tolerance to drought [17],
salinity [18], high temperatures [19], chilling [20]
and oxidative stress [21].
On the other hand in the recent decades, an increasing number of studies have reported the effect
of SNP on alleviating heavy metal toxicity in plants
[22-24]. NO provides protection against heavy
metal toxicity due to its ability to act as antioxidant
and scavenge ROS [25, 26]. Application of SNP
improves Cd tolerance in peanut [12], maize
[27]and barley [28]. All these studies demonstrated
that NO, not other compositions, from SNP decomposition is responsible for the SNP-mediated improvement in Cd tolerance. In relation to heavy
metal stress, it was shown that exogenous NO reduces harmful effects of Cd toxicity in wheat, rice
and perennial ryegrass [29, 26, 23, 24].
However, NO is a reactive nitrogen species,
and its effects on different cells are either protective
or toxic, depending on its concentration and the
position of action [30]. It has also been reported
that low and high amounts of NO can accelerate
and inhibit growth [31].
NO can neutralize heavy metal induce ROS in
two ways, first being a free radical it can directly
react with ROS and neutralize them [32] and second being a signaling molecule, it may stimulate
antioxidant system to abate oxidative stress
[30]. NO exerts protective functions against oxidative stress through mechanism such as inhibition of
lipid oxidation, neutralizing free radicals, activation
of antioxidant status and functioning as a signaling
molecule in the cascade of events leading to changes in gene expression [20].
Recently an increasing number of articles have
reported the effects of exogenous NO on alleviating
heavy metal toxicity in plants but knowledge of
physiological mechanisms of NO in alleviating
heavy metal toxicity is quite limited, and some
results contradict one another. Nonetheless, the
influence of exogenous NO on Cd stress tolerance
in plants is not yet fully understood. The present
study was carried out to assess the impact of exog-

MATERIALS AND METHODS
Plant material, growth conditions, and
treatments. Wheat (Triticum aestivum L.) cultivars
Sönmez-2001 and Quality were used in the study
due to their sensitive and tolerant characteristics at
the early seedling stage, respectively, to Cd stress
determined by preliminary experiment [33].
While the most tolerant cultivar was Triticum
aestivum L. cv. Sönmez-2001, the most sensitive
cultivar was Triticum aestivum L. cv. Quality Culture media including different concentrations (5μM
- 16mM) of Cd were prepared by adding CdSO4 to
½ N Hoagland culture solutions in this study [34].
The greatest difference between cultivars was determined in 9 mM CdSO4 concentration, and afterwards this concentration was used in the study.
Solution groups used in the study were Hoagland (Control); 9 mM CdSO4 (Cd); 9 mM CdSO4
+ 50μM SNP; 9 mM CdSO4 + 100μM SNP; 9 mM
CdSO4 + 200μM SNP.
Analyses. Seeds were germinated under dark
conditions at 25±2 oC on humidified filter paper
with Hoagland culture solution for 5 days.
Following the germination of seeds, 5day-old
seedlings were administered with 9 mM CdSO4 and
sodium
nitroprusside
(SNP)
at
different
concentrations (50, 100 and 200μM). Samples were
taken at 24th, and 72nd hours after the
administration. After the experiments were carried
out on 3 replicates.
Extraction and assay of antioxidant enzymes. SOD Enzyme Activity Measurement.SOD
was measured according to Sairam et al. [35]. SOD
activity was measured by recording a decrease in
optical density of nitroblue tetrazolium (NBT). 3 ml
of assay mixture consisted of 13 mM methionine,
25 mM nitroblue tetrazolium chloride, 0.1mM
EDTA, 50mM phosphate buffer (pH 7.8), 50 mM
sodium carbonate and 0.1 ml enzyme. Reaction was
initiated with the addition of riboflavin and kept
under two 15W fluorescent lamps for 15 minutes.
Reaction was stopped by closing the light and using
assay mixture without enzyme, giving the
maximum coloration, as control. Complete assay
mixture, which was not illuminated, was used as
blank. SOD activity of one unit was defined as the
amount of enzyme needed to cause 50% inhibition
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0.1% (w/v) TCA. Proteins were precipitated by
treating 1 mL of supernatant, which was
homogenized with Tris buffer, with 10% perchloric
acid (HClO4) and supernatant was analyzed in the
HPLC device by taking into autosampler vials after
centrifuging the mixture at 5000 rpm for 5 minutes.
Shimadzu brand HPLC system (Kyoto Japan)
was used for the analysis. Mixture of 30 mmol
KH2PO4 and methyl alcohol (with 82.5%-17.5%
H3PO4 at pH=4.0) was used as mobile phase, ODS4 HPLC column (150 mm x 4.6- ȝP  DV WKH
column. Flow rate of mobile phase was assayed as
1 ml/min, wavelength of PDA detector as 244 nm
[40]. The results were calculated via Class VP 6.26
software (Shimadzu, Kyota Japan) according to
calibration curve prepared from standard mixtures.
The results were given in (nmol/mL).

of NBT at 560 nm and was expressed in
Umg/protein.
Catalase Enzyme Activity Measurement.
Catalase enzyme activity was determined according
to Aebi [36]. Plant tissues were homogenized
within a solution including 50 mM Tris±HCl
(pH7.8) buffer with 0.1 mM EDTA, 0.2% (v/v), 0.1
mM EDTA, 0.2% (v/v) Triton X-100, 5 mM DTT
and 0.2% PVPP (w/v), after grinding in liquid
nitrogen. Homogenate was centrifuged at 13.000g
4oC for 25 minutes. Supernatant was used to
measure the enzyme activity. Catalase activity is
based on measurement of decrease occurring in
absorbance associated with degradation of H2O2 in
the presence of enzyme. Assay was conducted via
spectrophotometer according to decrease in H2O2
concentration at 240 nm by adding 1 mL phosphate
buffer with 1 mL hydrogen peroxide onto 2 mL
sample taken from supernatant. The measurement
continued for 60 seconds with 15 seconds of
intervals. Enzyme activity was determined as
Umg/protein.

Statistical analysis. Statistical variance analysis of the results was performed and compared
using least-significant differences (LSD) at 5%
level. Results are represented as mean ± SD. The
experiments were performed with three replicates.

Ascorbate Peroxidase (APX) Enzyme
Activity Measurement. Ascorbate peroxidase
activity was determined according to Nakano and
Asada [37]. 0.5 gr of plant samples were
homogenized in 50 mM 10 mL potassium
phosphate buffer (pH 7.6). After being centrifuged
the homogenate at 20.000 g for 15 minutes, the
DVVD\ PL[WXUH ZDV SUHSDUHG LQFOXGLQJ  ȝ/
phosphate buffer (pH 7.6 ȝ/P0 ('7$
and 12 mM H202 PL[WXUHȝ/H[WUDFW DQG
ȝ/  P0 DVFRUELF DFLG (Q]\PH DFWLYLW\ ZDV
identified as absorbance variation obtained at 290
nm within 1 minute by using a spectrophotometer
(Agilent Cary 60 Uv vis G6860A). Enzyme activity
was determined as Umg/protein.

RESULTS
Antioxidant enzyme activities of cv.
Sönmez-2001 and cv. Quality. Assay of SOD.
Based on Cd stress induced on the day 5, SOD
activity increased at 24th and particularly 72nd hour
in Quality and Sönmez-2001 cultivars compared to
control (P<0.05). While this increase was 2.16
times at 72nd hour in Quality cultivar, it reached up
to 2.07 times for Sönmez cultivar (Figure 1).
SOD activity determined at 24th hour in
Cd+SNP treatments in samples of Quality and
Sönmez cultivar was higher than Cd treatment
(P<0.05). Cd+SNP treatments caused an increase in
SOD activity at 72nd hour in Sönmez cultivar
compared to Cd treatment, Cd+ 50 μM SNP and
Cd+ 100 μM SNP treatments led to decrease SOD
activities in Quality cultivar (P<0.05). While this
decrease was 19.77% in Cd+ 50 μM SNP
treatment, it was identified to be 3.59% in Cd+ 100
μM SNP treatment.
On the other hand, Quality cultivar was found
to have higher SOD activity then Sönmez cultivar
at 24th and 72nd hour in overall applications
(P<0.05). This reached up to 1.89 times in
especially Cd+50μM SNP treatment at 24th hour.

Glutathione S-Transferase (GST) Enzyme
Activity Measurement. GST enzyme activity was
modified and studied according to Habig et al. [38].
100 mM potassium phosphate (pH6.5), 1 mM
EDTA, 1 mM CDNB (1-Chloro 2.4-Dinitro
Benzene), 2mM GSH were used as the reaction
medium. 20mM of stocks were prepared for CDNB
and GSH. Enzyme activity was identified
measuring the amount of enzyme which catalyzes 1
micro mole of dinitrophenyl glutathione occurring
per minute by using GSH and CDNB at 344nm and
37 oC. Enzyme activity was determined as
Umg/protein.

Assay of CAT. Figure 2 shows that CAT
activity increased in Sönmez-2001 and Quality
cultivars at 24th and particularly 72nd hour
depending on CD stress compared to control
(P<0.05). While this increase was 1.99 times at 72 nd
hour in Quality cultivar, it reached up to 1.89 times
in Sönmez cultivar.

MDA Measurement. Lipid peroxidation was
estimated in terms of MDA content acording to the
PHWGRG RI .DUDWDú HW DO [39]. In MDA
measurement, 0.1 g of plant tissue was ground by
freezing within liquid nitrogen, then was
homogenized placing into a tube containing 1 mL
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FIGURE 1
SOD activity (Umg/protein) after 24 th hour (a) and 72nd hour (b) in wheat seedlings of Sönmez and Quality
cultivars treated with CdSO4 and different concentrations of Cd+SNP on the day 5. Vertical bars
represent standard error (SE) of the mean (n = 3)
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FIGURE 2
CAT activity (Umg/protein) after 24th hour (a) and 72nd hour (b) in wheat seedlings of Sönmez and Quality
cultivars treated with CdSO4 and different concentrations of Cd+SNP on the day 5. Vertical bars
represent standard error (SE) of the mean (n = 3)
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FIGURE 3
APX activity (Umg/protein) after 24th hour (a) and 72nd hour (b) in wheat seedlings of Sönmez and Quality
cultivars treated with CdSO4 and different concentrations of Cd+SNP on the day 5. Vertical bars
represent standard error (SE) of the mean (n = 3)

cultivars together, Quality cultivar was identified to
have higher CAT activity than Sönmez cultivar
especially at 72nd hour (P<0.05). This reached up to
4.20 times in Cd+100μM SNP treatment
particularly at 24th hour.

Cd+SNP treatments increased CAT activity
identified at 24th and 72nd hours in samples of
Quality cultivar (P<0.05). CAT activity underwent
significant changes during treatments of Sönmez
cultivar. Cd+100μM SNP treatment led CAT
activity to decrease considerably at 24th and 72nd
hours compared to Cd treatment (P<0.05). While
this decrease was 57.57% in Cd+ 100 μM SNP
treatment at 24th hour, it was 23.06% at 72nd hour.
On the other hand, when we evaluated the

Assay of APX. In examined wheat cultivars,
APX activity did not undergo substantial change at
24th and 72nd hours based on Cd stress compared to
control group (P>0.05) (Figure 3).
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FIGURE 4
GST activity (Umg/protein) after 24 th hour (a) and 72nd hour (b) in wheat seedlings of Sönmez and Quality
cultivars treated with CdSO4 and different concentrations of Cd+SNP on the day 5. Vertical bars
represent standard error (SE) of the mean (n = 3)
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FIGURE 5
MDA level (nmol/ml) after 24th hour (a) and 72nd hour (b) in wheat seedlings of Sönmez and Quality
cultivars treated with CdSO4 and different concentrations of Cd+SNP on the day 5. Vertical bars
represent standard error (SE) of the mean (n = 3)
APX activity determined at 24 th and 72nd hours
in samples of Quality cultivar treated with Cd+SNP
treatments increased only for Cd+100 μM SNP and
Cd+200 μM SNP treatments compared to Cd
treatment (P<0.05). While this increase was 33.33%
at 24th hour in Cd+ 200 μM SNP treatment, it was
identified as 31.51% at 72nd hour. APX activity did
not show significant changes in treatments of
Sönmez cultivar (P>0.05).
When Sönmez and Quality cultivars were
assessed together, Quality cultivar had higher APX
activity than Sönmez cultivar at 24th and 72nd hours
in overall treatments (P<0.05). This reached up to
1.42 times in Cd+200μM SNP treatment especially
at 24th hour and 1.37 times at 72nd hour.

(P<0.05). However, Cd+50μM SNP treatment
reduced GST activity at 72nd hour in both cultivars
compared to Cd treatment. This decrease was about
12% in Sönmez-2001 cultivar and 25% in Quality
cultivar.
When we evaluated cultivars in themselves,
GST activity of Sönmez cultivar was found to be
higher than Quality cultivar at 24th hour except for
control group (P<0.05). GST activity was higher in
Quality cultivar than Sönmez cultivar at 72nd hour
in Cd and Cd+100μM SNP treatments. This
reached up to 1.12 times in Cd treatment especially
at 72nd hour and 1.38 times in Cd+100μM SNP
treatment.
Membrane injury and lipid peroxidation.
MDA level increased under Cd stress in Sönmez2001 and Quality cultivars at 24th and especially
72nd hours compared to the control (P<0.05). While
this increase was 2.06 times in Quality cultivar at
72nd hour, this increase reached up to 9.23 times in
Sönmez cultivar (Figure 5).
Cd+SNP treatments increased MDA level
identified in samples of Quality cultivar at 24 th and
72nd hours compared to all Cd treatments (P<0.05).

Assay of GST. Based on Cd stress, GST
activity increased in Sönmez-2001 and Quality
wheat cultivars at 24th and especially 72nd hours
compared to control (P<0.05). While this increase
was 1.75 times in Quality cultivar at 72nd hours
compared to the control, it reached up to 1.92 times
in Sönmez cultivar (Figure 4).
GST activity generally increased in overall
Cd+SNP treatments compared to Cd treatment
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activities and reduce lipid peroxidation especially in
Sönmez cultivar. For instance, while Cd+100μM
SNP treatment decreased catalase activity in
Sönmez cultivar at 24th and 72nd hours compared to
cadmium treatment, Cd+50μM SNP treatment
reduced GST activity in both cultivars at 72 nd hour.
In Sönmez cultivar, Cd+SNP treatments generally
declined lipid peroxidation at 24th and 72nd hours
compared to Cd treatment. Laspina et al. [32]
determined that SOD and CAT activity increasing
following Cd treatment in sunflower leaves was
inhibited by NO treatment. Similarly, it has been
reported in wheat root that SNP supply resulted in a
reduction in Cd-induced increased activities of
SOD and CAT. This suggests that SNP treatment
could result in the lesser induction of antioxidant
enzymes, and has an ameliorating effect on heavy
metal toxicity and thus protects against oxidative
damage, thus improving Cd tolerance.
The content of MDA is an indicator of lipid
peroxidation and oxidative damage to a membrane.
To assess the oxidative stress generated by Cd
stress, MDA content as an indicator of lipid peroxidation was investigated. In the present study, Cd
treatment caused MDA level to increase in
Sönmez-2001 and Quality cultivars at 24th and 72nd
hours. Among the plants treated with cadmium, the
highest MDA level was obtained in resistant
Sönmez cultivar (1894.52±0.36 nmol/ml) and the
lowest MDA level was obtained in the control
group of the same cultivar (205.15±0.14 nmol/ml)
(Figure 5).
The results show that Cd caused an MDA accumulation especially in Sönmez cultivar. Thus,
increased MDA indicates the prevalence of oxidative stress and this may be one of the possible
mechanisms by which toxicity due to Cd is manifested in cadmium-resistant plant tissues [47].
In fact, ROS removes hydrogen from unsaturated fatty acids and generates lipid radicals and
reactive aldehydes, which distort the lipid bilayer
[48]. It has been shown that Cd leads to an increased production of H2O2 and induces lipid peroxidation [1, 11] in plants. The increased MDA
content is an index of the loss of membrane integrity and lipid peroxidation. Similarly, MDA amounts
were determined to increase in wheat [49] and rice
[41] under lead stress conditions.
Cd+SNP treatments caused an increase in
MDA level determined at 24th and 72nd hours in
Quality cultivar compared to cadmium treatment
and a decrease in Sönmez cultivar. This decrease
was 46.40% in Cd+100 μM SNP treatment at 72nd
hour and 51.43% in Cd+200 μM SNP treatment.
Based on decreased MDA level in Sönmez cultivar,
Quality cultivar was found to have higher MDA
content than Sönmez cultivar especially at 24th
hour. Similar results have been observed in
ryegrass, wheat and lettuce [23, 24, 29, 50]. SNP
treatments alleviate the effects of Cd stress on

In Sönmez cultivar, on the other hand, Cd+SNP
treatments led to generally a decrease in MDA
levels at 24th and 72nd hours compared to Cd
treatment (P<0.05). This decrease was determined
as 46.40% in Cd+100 μM SNP treatment and
51.43% in Cd+ 200 μM SNP treatment at 72 nd hour.
When we evaluated cultivars together, Figure
5 shows that Quality cultivar had higher MDA
content than Sönmez cultivar at 24th hour for all of
the treatments. For example, this difference
increased 3.27 times in Cd+200μM SNP treatment
at 24th hour and 1.67 times in the same treatment at
72nd hour.

DISCUSSIONS
In the present experiment, we investigated the
effects of application of Cd and Cd+SNP on the
contents of antioxidant enzymes (SOD, CAT, APX,
and GST) and MDA concentration in cadmium
tolerant and sensitive wheat seedlings.
Antioxidant enzyme activities examined after
Cd treatment increased compared to the control.
Studies stating that cadmium stress increased
antioxidant enzyme activity support the results of
the present study [7-9]. This increase was found to
be higher in sensitive cultivar Quality at different
rates in various treatments compared to resistant
cultivar Sönmez-2001.The tolerance of many plants
to heavy metal toxicity may be enhanced by
developing their antioxidant systems [41]. These
enzymes have a crucial role in the scavenging of
ROS to reduce oxidative stress. One of the most
important adverse effects of heavy metals such as
lead within a plant is an overproduction of ROS,
which consequently leads to oxidative stress [42,
43].
NO as a signaling regulatory molecule and reactive oxygen scavenger, can regulate the biotic and
abiotic stress adaptation of plants [44, 45]. However, studies have shown that its effects on different
cells are either protective or toxic, depending on its
concentration and the position of action [30].
In the study, Cd+SNP treatments were
determined to increase antioxidant enzyme
activities compared to cadmium treatments. This
increase was distinct especially in Quality cultivar
and thus it decreased Cd toxicity significantly.
There are studies expressing that major protection
function of NO is to induce anti-oxidative defense
system by elevating activities of antioxidant
enzymes [46]. There are studies indicating that NO
exogenously treated in the form of SNP was
protective against Cd toxicity in leaves of rice [28],
leaves of sunflower [32], roots of wheat [29] and
perennial ryegrass [23, 24], which supports our
studies.
On the other hand, it was remarkable that
some Cd+SNP treatments led to decrease enzyme
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membrane injury and lipid peroxidation. It has been
reported in wheat root that MDA content increases
under Cd stress and supplementary SNP could
decrease MDA content and thus alleviate Cd stress
[29].
It is interesting that the Cd-induced MDA accumulation decreased in NO-treated plants, and the
alleviated effect was more obvious in tolerant
Sönmez cultivar with the addition of Cd+SNP (Figure 5). Since SNP caused a higher rate of NO in the
sensitive Quality compared to the tolerant cultivar,
it was thought that SNP had a protective effect in
response to heavy metal stress [33].
As is seen, NO prevented the increase of CAT,
GST activity, and MDA level caused by Cd
especially in resistant Sönmez cultivar and
Cd+100μM SNP caused a considerable decrease of
CAT activity at 24th and 72nd hours compared to Cd
treatment. The fact that Cd+SNP treatments
decreased MDA level and increased antioxidant
enzyme activities in especially resistant cultivar
provided a significant contribution to development
of tolerance against oxidative injury in the plant.

CONCLUSION
The present study was carried out to assess the
impact of exogenous NO in reducing cadmium
toxicity in two wheat cultivars that are different in
terms of Cd tolerance. NO demonstrated a reduced
or counteractive effect on the Cd-induced increase
in the activities of some typical antioxidant enzymes. These results indicate that SNP has great
application potential for improving the growth of
plants under Cd stress. When these data were
examined together, these results made us think that
external NO treatment may be an advantage against
Cd toxicity and may have function to cope with
heavy metal stress in the plants.
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ment, which is time-consuming and costly, and
cannot be predicted at the whole-proteome level.
Fortunately, many algorithms have been developed
to circumvent this issue. Passerini et al. [3] have
presented a two-stage machine-learning approach
containing support vector machine and bidirectional
recurrent neural network. They show that histidine
(His) and cysteine (Cys) in transition-metal-binding
sites at 73% precision at 61% recall. Passerini and
associates [4] reported an automated tool termed
zincFinder, which consists of a local predictor and a
gated predictor based on support vector machines,
for the prediction of the zinc-binding state of pairs
of nearby amino acids at the level of an entire proteome. Shu and coworkers [5] developed an improved method named zincPred by combining support vector machine and homology-based prediction. This tool can predict zinc-binding Cys, His,
aspartate (Asp) and glutamic (Glu) with 75% precision at 50% recall. Zheng et al. [6] presented a new
integrative framework called zincIdentifier, which
is a two-step random forest algorithm to improve
the prediction of zinc-binding sites. ZincIdentifier
achieved >80% recall at a precision of 75% for
residues Cys, His, Glu and Asp. Chen et al. [7]
proposed a hybrid method designated as zincExplorer works by means of analyzing protein sequences. This method integrates outputs of SVM-,
cluster- and template-based predictors, and achieves
a high Area Under the Recall-Precision Curve
(AURPC) of 0.851 and a precision of 85.6% at the
70% recall for the Cys, His, Glu and Asp (CHEDs).
The existing tools [8] contain predictive models based on sequence features [3-5, 7] structural
features [9-14] or the combined features [6]. The
structure-depended tools are more accurate than the
tools based on sequence analyzing. However, they
cannot predict zinc-binding sites at the whole proteome level because of the absence of protein structures.
In the present study, we integrated three wellknown predictive tools based on sequence [4, 5, 7]
using Bayesian methods so as to further improve
the prediction accuracy and robustness. Based on
the non-redundant dataset (Zhao_dataset), we
demonstrated that our methods achieved more accurate than the previous tools and can be used for the
identification of the zinc-binding site at a large
scale based on protein sequence. In addition, it can

ABSTRACT
Zinc ranks the second metal ion in organism
and zinc binding proteins play important roles in
physiological processes. Due to the availability of
protein sequence features, some well-known predictive tools had been developed, however, fewer
researchers had focused on the integration of these
tools. In view of this, an integrated predictor termed
Bayes_Zinc based on Bayesian method for the
prediction of zinc-binding sites has been presented.
This method takes the prediction scores of three
predictors taking sequences as the attributers of the
classifier, with integrated classification model constructed based on Bayesian approach. The probabilities of positive and negative samples were calculated respectively and the sample was classified.
When tested on a non-redundant dataset
(Zhao_dataset), average MCC of our method
reached 0.7256 on the whole internal, increased
nearly by 4% -20% higher than the other three
sequence-based methods. In order to further
demonstrate the robustness and accuracy of our
method, we also tested the two parameters recall
and precision. The recall increased about 5% -11%,
and the precision increased much more. The performance of Bayes_Zinc was better than the other
three predictors by comprehensively analyzing. Our
method can be used for the identification of the
zinc-binding site on a large scale based on protein
sequence, and it can also be used for the prediction
of the metal protein function.

KEYWORDS:
Bayes, zinc-binding sites, prediction, integration.

INTRODUCTION
About one third of proteins in Protein Data
Bank (PDB) [1] have sites binding to metal ions,
among which zinc ion ranks the second. It is well
documented that zinc ion plays important biological
roles in these proteins [2]. Furthermore, the binding
of zinc ion is benefit to stabilize protein structure.
In post-genomic era, zinc-binding proteins have
become an important research field. The traditional
method for identifying zinc-binding sites is experi-
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P(Cm \ X ) maxP(Ci \ X ) maxP(Ci \ x1 , x2 ,   xn )

be used for speculating the functions of metal proteins.

max

p( x1 , x2 ,   xn \ ci䠅 p(ci )
p( x1 , x2 ,   xn䠅

FUNDAMENTAL THEORY

maxP( x1 , x2 ,   xn \ Ci䠅 P(Ci )

Definition of zinc-binding site. A protein
may contain multiple zinc ions, and one zinc ion
can bind to several amino acid residues. Zincbinding sites are defined as amino acid residues in
protein sequences that interact with zinc ions. Zinc
ions are considered binding to the amino acid residues in proteins if the distance of any one of nitrogen, oxygen and sulfur atoms in the amino acid
residues and zinc ions is within 3.0 Å. Znx, such as
Zn1, Zn2, Zn3 and Zn4, denotes Zn atoms binding
to x residues. Zn1 and Zn2 binding types are usually located on the surface of the structures and have
no actual biological functions. Zn3 is usually functions as an enzyme cofactor and has catalytic functions. Zn4 is benefit to stabilize the protein structure. Some amino acids, such as Cys, His, Asp, Glu,
methionine (Met), and lysine (Lys) are more frequent binding residues, of which Cys (C), His (H),
Asp (D) and Glu (E) account for more than 90%
among all the zinc binding sites [15,16]. Presently,
most previous papers prone to focus on the identification of the binding residues up to 4 synchronously, and this prediction number is applied in the
study.

Assume that the attributes xi are independent
of each other, which is called a naive bayes classifier, then

P( x1 , x2 ,   xn \ Ci˅

Herein,

p(ci , X )
p( X )

j

\ Ci )

j 1

So,
n

P(Cm \ X )

max P( x j \ Ci )P(Ci ) (2)
j 1

MATERIALS AND METHODS
Dataset. There are as yet no unified experimental datasets for assessing the predictive ability
of algorithms for predicting zinc-binding sites. In
order to evaluate the effect and robustness of the
predictor, the Zhao_dataset from Zhao et al. [11] is
selected. The protein chains that overlapping with
the Passerini_dataset from Passerini et al. [3] were
removed from Zhao_dataset so as to avoid overfitting, because the dataset used by Passerini et al.
was also selected as the training set by most of the
researchers in our component methods. Finally, 392
protein chains were selected, including 2023 zincbinding sites and 14493 non-zinc-binding sites.
This dataset is used as final training and test sample
dataset of our study.

Bayes Classifier. Bayes classifier [17, 18] is
an important method of machine learning based on
statistical Bayesian decision theory, and effectively
deals with the incomplete or partial missing dataset.
It has been widely used in many aspects of bioinformatics [19] and is based on the following BayHV¶
theorem, as shown in formula (1).

P(Ci \ X )

n

 P( x

p( X \ ci ) p (ci )
(1)
p( X )

P(Ci \ X ) is the posterior probabil-

ity, which represents the probability of the given
sample X belonging to the category C i .

P( X \ Ci ) represents the probability of the sample
X belonging to the class C i . P (Ci ) and P(X)
denote the prior probabilities of the class

C i and

the sample X. Once sample X is given, the classification method ascribes sample X to the class Cm
with the highest posterior probability, that is
P(Cm \ X ) maxP(Ci \ X ) i ˄1, C ) . If X
has n attributes, suppose

X

FIGURE 1
The flowchart of Bayes_Zinc for predicting
zinc-binding sites

( x1 , x2 ,  , xn ) ,

Constructing Integrated Bayesian model.
The prediction scores of each residue of protein
chains obtained from the three methods [4, 5, 7]

then
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were numerical values xi (i=1, 2, 3), wherein xi 
[0, 1]. If the sites in certain protein sequences had
no scores, the values 0 were assigned. The three
scores were used as the attributes for Bayesian
classifier, which integrated classification models
and termed Bayes_Zinc. The classifier assumes that
the attributes were independent of the class variable
C. The model architecture is shown in Fig. 1.
Let X be a vector of sample features. It includes the three scores of a sample. That is
X ( x1 , x2 , x3 )
,
in
which

xj °

cut of f

®
°t cut of f
¯

°P( A1, B( j )1) i f xj t cut of f
®
°̄P( A1, B( j )0 ) i f xj  cut of f
According to formula (1) (2), the probability of the
samples which are judged as negative is calculated
as formula (10).
P( A1, x j )

P0 =P( A0 \ X )

1

i

1

ture, assume that n11 is the number of predicted true
positive samples, n10 is the number of predicted
false positive samples, n01 is the number of predicted true negative samples, and n00 is the number of
predicted false negative samples. Then we define
the probabilities as follows formulas (3) to (8).

P( A1, B( j )0 )

P( A0 , B( j )1)
P( A0 , B( j )0 )

n01
N
n10
N
n00
N

P11 _ j

(3)

(5)

Recal l
MCC

(6)





j

P( X )P( A1)2

TP
TP  FP
TP
TP  FN
TP * TN  FP * FN

(11)
(12)
(13)

( TP  FN) * ( TP  FP) * ( TN  FP) * ( TN  FN)

Where TP, FP, TN, and FN represent true positive, false positive, true negative and false negative, respectively. Precision represents the ratio of
positive samples which are predicted correctly to
the samples predicted as positive. Recall represents
the probability of positive samples which are predicted correctly in the positive samples. MCC indicates the correlation between the observed and
predicted values of the predicators. It is between -1
and 1, and 1 indicates perfect correlation and -1
indicates negative correlation.

Where event A1 and A0 represent actually positive and negative samples, A1 A0 ȍ HYHQW % M 1
represents true positive for the j feature (j=1,2,3);
and event B(j)0 represents the true negative samples.
According to formula (1) (2), the probability
of the samples which are judged as positive is defined as follows formula (9).

P=P(
A1 \ X )
1

0

Performance Evaluation. In order to evaluate
the prediction performance, three parameters (i.e.
precision, recall and Matthew correlation coefficient (MCC)) are used.

P10 _ j

P( A1, x j )
1

0

End

(7)

3

0

1

Pr eci si on

N1
=P
N A1
N
P( A˅
= 2 =PA
0
0
N

(10)

Else {P1=P1*P01_j/ PA ; P0=P0*P00_jj/ PA ;}

(4)

P( A˅
=
1

P( X )P( A0 )2

1

P01 _ j

P00 _ j

P( A0 , x j )

If xj FXWRII {P1=P1*P11_j/ PA ; P0=P0*P10_j/ PA ;}

i 1

n11
N

1


°P( A0 , B( j )1) i f xj t cut of f
®
°̄P( A0 , B( j )0 ) i f xj  cut of f
A sample is positive for binding to zinc ions when
P1 t P0 , otherwise the sample is considered as
negative. According to the definitions of formula
(3)-(10), the pseudo-code is described as follows:
Input: P1, P0
Output: P1, P0
Begin
For j=1:3
3 PA 3 PA 

while n0 is the number of predicted negative sam3
ples, that is n
. For the same fea¦ xi  cut of f
0

P( A1, B( j )1)

j

P( A0 , x j )

j ࣅ [1, 3], cutoff is a threshold, which can distinguish zinc-binding sites.
/HW ȍ EH D WRWDO VDPSOH VSDFH 1 LV WKH WRWDO
number of samples, N1 is the number of positive
samples, N2 is the number of negative samples, then
N= N1+ N2. For a given feature in all samples, n1
represents the number of predicted positive samples
3
by the feature, that is, n
¦ x t cut of f ,
i

3

Where,

For ecast i ng sampl e char act er i st i cs j i s negat i ve°½
¾
For ecast i ng sampl e char act er i st i cs j i s posi t i ve¿° ,

1



RESULTS AND DISCUSSION

(9)

Experimental Analysis. To assess the predictive effects of the previously reported methods and
our method in the present study, prediction tools

Where,
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the practical application for zinc-binding residues
predication, the recall value was usually taken to
70%, in which condition the value of precision for
Bayes_Zinc increased nearly 2%-15% while compared with other three methods.

including ZincExplorer, zincFinder, zincPred, as
well as our Bayes_Zinc were compared. It was
found that MCC for Bayes_Zinc was substantially
higher than the other three methods in the whole
interval of cutoff except from 0.2 to 0.3, in which
range it was slightly lower than zincFinder (Fig. 2).
However, such very small cutoff 0.2-0.3 cannot
determine the binding state for a sample, hence it
does not affect the performances of these methods.
In the whole interval, the average MCC value of our
method reached 0.7256, which increased nearly
20%, 4% and 13% while compared with the methods of ZincExplorer, zincFinder, and zincPred,
respectively (Table 1).
MCC
0.9
0.8
0.7
0.6
0.5

ZincExplorer
zincFinder
zincPred
Bayes-Zinc

0.4
0.3
0.2

1

FIGURE 3
The visual predicted results by four different
tools for the prediction of zinc-bindings sites on
1OZJ_A.

FIGURE 2
The MCC values of four predictors in the whole
interval of cutoff based on the Zhao_dataset

TABLE 2
The performance comparisons of four different
tools for the prediction of zinc-bindings sites on
1OZJ_A

0.1
0

0

0.1

0.2

0.3

0.4

0.5
cutoff

0.6

0.7

0.8

0.9

TABLE 1
The average MCC, precision and recall values of
four predictors based on the Zhao_dataset
Predictor
Bayes_Zinc
ZincExplorer
zincFinder
zincPred

MCC
0.7256
0.5269
0.6811
0.6006

Precision
86.3%
72.9%
91.1%
77.9%

Recall
67.9%
63.1%
57.1%
59.8%

Predictor

Bayes_Zinc

CYS/64
CYS/109
CYS/121
HIS/126

¥
¥
¥
¥

Zinc
Explorer
¥
¥
¥
×

Zinc
Finder
¥
×
¥
¥

zincPred
×
¥
×
×

Case Study. The crystal structure of Smad3MH1 bound to DNA at 2.4 A resolution (RSCB:
1OZJ) contains two protein chains A and B, and is
symmetrical. 1OZJ (Chain A) recorded as 1OZJ_A
is taken as an example to illustrate the predictive
power of the proposed predictor. In order to make
the use more convenient, we developed a tool based
on MATLAB Compiler Runtime. Predicting zincbinding sites of the protein using four different
kinds of tools (Bayes_Zinc, ZincExplorer,
zincFinder, zincPred), the predicted results was
shown in Fig. 3. There are four residues in chain A
from protein 1OZJ, which is CYS/64, CYS/109,
CYS/121, HIS/126, marked in red, binding to a zinc
atom (marked in a magenta ball) actually.
Bayes_Zinc could correctly predict all the four
zinc-binding sites. In the case of ZincExplorer, it
could correctly predict three zinc-binding sites of

In order to further testify the accuracy of the
prediction methods, the average values of precision
and recall (Table 1) were investigated. As shown in
table 1, the average precision values for
Bayes_Zinc reached 86.3%, which represented
nearly 13% and 8% increase than ZincExplorer and
zincPred, however, this reduced nearly 5% than
zincFinder. The average recall values for
Bayes_Zinc was up to 67.9%, which increased
nearly by 5%, 11%, and 8% than ZincExplorer,
zincFinder and zincPred, respectively. Overall, the
average values of recall and precision for
Bayes_Zinc were higher than the other three methods and Bayes_Zinc had a better performance. In
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[4] Passerini, A., Andreini, C., Menchetti, S.,
Rosato, A., Frasconi, P. (2007) Predicting zinc
binding at the proteome level. BMC bioinformatics. 8(39), 1-13.
[5] Shu, N., Zhou, T., Hovmoller, S. (2008) Prediction of zinc-binding sites in proteins from
sequence. Bioinformatics. 24(6), 775-782.
[6] Zheng, C., Wang, M., Takemoto, K., Akutsu,
T., Zhang, Z., Song, J.N. (2012) An integrative
computational framework based on a two-step
random forest algorithm improves prediction of
zinc-binding sites in proteins. PloS one. 7(11),
e49716(1-15).
[7] Chen, Z., Wang, Y., Zhai, Y-F., Song, J.,
Zhang, Z. (2013) ZincExplorer: an accurate
hybrid method to improve the prediction of
zinc-binding sites from protein sequences. Molecular BioSystems. 9(9), 2213-2222.
[8] Sobolev, V., Edelman, M. (2013) Web Tools
for Predicting Metal Binding Sites in Proteins.
Isr J Chem. 53(3-4), 166-172.
[9] He, W., Liang, Z., Teng, M.K., Teng, M., Niu,
L. (2015) mFASD: a structure-based algorithm
for discriminating different types of metal-binding sites. Bioinformatics. 31(12), 1938-1944.
[10] Liu, Z.X., Wang, Y.B., Zhou, C.H., Xue, Y.,
Zhao, W., Liu, H. (2013) Computationally characterizing and comprehensive analysis of zincbinding sites in proteins. Bba-Proteins Proteom. 1844(1), 171-180.
[11] Zhao, W., Xu, M., Liang, Z., Ding, B., Niu,
L.W., Liu, H.Y., Teng, M.K. (2011) Structurebased de novo prediction of zinc-binding sites
in proteins of unknown function. Bioinformatics. 27(9), 1262-1268.
[12] Goyal, K., Mande, S.C. (2008) Exploiting 3D
structural templates for detection of metalbinding sites in protein structures Proteins.
70(4), 1206-1218.
[13] Babor, M., Gerzon, S., Sobolev, V., Edelman,
M. (2008) Prediction of transition metal-binding sites from apo protein structures. Proteins.
70(1), 208-217.
[14] Bordner, A.J. (2008) Predicting small ligand
binding sites in proteins using backbone structure. Bioinformatics. 24(24), 2865-2871.
[15] Golovin, A., Dimitropoulos, D., Oldfield, T.,
Rachedi, A., Henrick, K. (2005) MSDsite: a
database search and retrieval system for the
analysis and viewing of bound ligands and active sites. Proteins. 58(1), 190-199.

CYS/64, CYS/109, CYS/121, but failed to detect
HIS/126. Simultaneously, one false positive binding site CYS/89 marked in blue was identified.
zincFinder could correctly predict three zincbinding sites of CYS/64, CYS/121, HIS/126, but
failed to detect CYS/109, while zincPred could only
predict one zinc-binding sites CYS/109 with one
false positive binding site HIS/100 marked in blue.
The performance comparisons of four different
tools for the prediction of zinc-bindings sites for
1OZJ_A were shown in Table 2.


CONCLUSIONS
In order to improve the predictive accuracies
for zinc-binding sites predicting, an integrated predictor based on Bayesian method termed
Bayes_Zinc was proposed. The predictor takes into
account the availability of whole genome and the
existing tools based on protein sequence. It relies
on the predicted scores of three existing tools, by
which the positive and negative probabilities of a
given sample are calculated first, and thereby integrated. When testing a non-redundant dataset, the
average MCC value of our proposed method was up
to 0.7256, which increased about 4%-20% than the
other three reported methods. The values of recall
and precision in the whole interval also supported a
better performance of our method. The next step of
the study will combine different feature types and
integrate more classical algorithms to further improve the prediction accuracy for the zinc-binding
sites.
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likewise to the introduction of electricity and biotechnology [1]. Application of nanoparticles (NPs)
in plants needs theoretical and technological guide
depending on properties of NPs and their physiological and molecular responses in every plant.
Exploring beneficial uses of NPs in plant sciences
is becoming an increasingly important area of interest [2].
Titanium dioxide NPs (nano-TiO2) is one of
the most widely used materials at the nanoscale, but
its interaction with environmental components is
not well understood [3]. According to Robichaud et
al. [4], the estimated annual global production of
nano-TiO2 would reach almost 2.5 million metric
tons by 2025. TiO2 is a poorly soluble, biologically
inert particulate, which has broadly been used as a
white pigment, ultraviolet light blocker, or catalyst
in number of products such as paints, plastics, paper, cosmetics, sunscreens, medicines, foods, and
agricultural products [5]. Such widespread use
raises concern that NPs might pose a risk to both
ecosystems, animals and humans [6, 7].
Nano-TiO2 is a frequently used nanoparticle
and data collected on the effects of Nano-TiO2 on
different species have increased but there is much
less information on the effects of nanoparticles on
plants compared to animals [7]. Studies concerning
the effects of nano-TiO2 on plants provide information about positive and stimulating effects as
well as any negative impact [8]. Positive responses
such as shoot and root growth increments have been
reported [9, 10], as well as negative effects as genotoxicity [11, 12] and germination inhibition [13].
Other studies reported no alteration in the studied
parameters [14].
Studies on nano-TiO2 have been also conducted under abiotic stress conditions [15-17]. But, any
genotoxic study examining the effect of salt stress
and nano-TiO2 together has not been found. Phytotoxicity of nano-TiO2 was determined through percentage of germination, shoot-root elongation, and
fresh-dry weight. Seed germination and root elongation are a rapid and widely used acute phytotoxicity test with several advantages: sensitivity, sim-

In this study, early phytotoxic and genotoxic
effects of chemically synthesized nano-TiO2 (anatase) were investigated in seedlings of maize (
% cv. Hido). Control (Hoagland) and NaCl (300
mM) groups were administered with nano-TiO2
(0.1%, 0.2% and 0.3%). Seed germination and
seedling growth parameters of maize cultivar were
markedly inhibited by salt stress. Nano-TiO2, without depending on concentration, was found to be
ineffective on germination percentage in all administrations. On the contrary, nano-TiO2 caused significant increases in root-stem length and fresh-dry
weights especially in NaCl+nano-TiO2 administrations. In salt administered samples, 0.3% nano-TiO2
increased root length 1.4 fold, stem length 4.8 fold,
and fresh weight 1.2 fold. Genotoxic properties of
nano-TiO2 in seedlings of maize were evaluated by
using randomly amplified polymorphic DNA
(RAPD-PCR). In RAPD analysis, 20 RAPD primers were found to produce unique polymorphic
band profiles at different concentrations of nanoTiO2 maize seedlings. Genomic template stability
(GTS), a qualitative measurement of changes in
RAPD patterns of genomic DNA, decreased depending on increasing nano-TiO2, NaCl, and
NaCl+nano-TiO2 concentrations. Therefore, it could
be concluded that nano-TiO2 of appropriate dose
can be used to ameliorate negative effects of salt
stress by increasing growth potential of maize.


,*#%&
RAPD, genotoxic effects, % , nano-TiO2, genomic
template stability, germination seedling, growth parameters

"'%#('#"
Nanotechnology is considered as an innovative field. Emergence of nanotechnologies has contributed to great progress in various industries,
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5.>.0@2>6F.@6;: ;3 @52 :.:;0;9<;?6@2? 
The crystalline phase of hydrothermally synthesized nano-composite was analyzed by XRD. All of
the sharp peaks (Figure 1) were observed at 25.24,
37.62, 48.22 and 54.72 2θ values were consistent
with anatase (1 0 1), (0 0 4), (2 0 0) and (2 1 1)
spacing. Rutile and brookite phases were not detected.
Typical SEM images of nano-TiO2 particles
are shown in Figure 2. The figure indicates that the
shape of the particles is quite similar to each other
and they are likely to become spherical.
Particle size of nano-TiO2 was determined by
using particle size analyzer. According to the results obtained, the particle size of the nano-TiO2 is
88.5 nm (the rate of 100%).

$8.:@ 9.@2>6.8 4>;C@5 0;:16@6;:? .:1
@>2.@92:@? The cultivar of maize used in the study
were obtained from Trakya Agricultural Research
Institute and various firms. Culture media including
different concentrations of TiO2 (%) were prepared
by adding TiO2 (%) to ½ N Hoagland culture solutions [21].
Solution groups used in the study were Hoagland (Control); Hoagland+ 0.1% nano-TiO2; Hoagland+ 0.2% nano-TiO2; Hoagland+0.3% nanoTiO2; 300 mM NaCl (Control); 300mM NaCl+
0.1% nano-TiO2; 300mM NaCl + 0.2% nano-TiO2;
300mM NaCl + 0.3% nano-TiO2. They were imbibed in culture solutions for 24 h. The imbibed
seeds were germinated at 25±1 ºC in a dark growth
cabinet. Root-stem length and fresh-dry weight of
seedlings were also determined germination percentage of seeds on 5th day. Each treatment was
replicated four times.

:.8E?2?    " 6?;8.@6;: %$$%
@205:6=A2 <>;021A>2?  On day 5, seedlings of
control and treated plants were ground in liquid
nitrogen. Total genomic DNA was extracted by
using modified CTAB assay [20]. Purity and quality of DNA template was checked both from the
260/280 nm absorbance ratio and gel electrophoresis analysis.All the PCR examinations were carried
out by Thermo (Px2 Thermal Cycler) and these
amplifications were repeated twice. Total forty 10mer oligonucleotide primers of 60-70% GC content
were used; and among them, 20 primers were selected and used for future studies (Table 1).

plicity, low cost, and suitability for unstable chemicals or samples [18]. Genotoxicity is evaluated by
using amplified polymorphic DNA (RAPD-PCR).
Random amplified polymorphic DNA (RAPD) is a
polymerase chain reaction (PCR)-based technique
that allows quick and efficient comparisons of genomic DNA. This technique has been successfully
used to examine genotoxicity in different plants
[19, 20]. The purpose of this study was to determine early phytotoxic and genotoxic effects of
nano-TiO2 and NaCl+nano-TiO2 at different levels
by using molecular technique (RAPD-PCR) assay
in the maize seedlings.
!'% &"!'#&

52960.8? .:1 <<.>.@A?  Titanium-isopropoxide (Ti(OPri)4, (97%, Alfa Aesar) was used
as a precursor of nano-TiO2. 2-prophanol purchased
from Merck (2-PrOH, 97%) was used as solvent
and stored over molecular sieve (Fluka, 3Å XL8)
for a day before use. Sulphuric acid (H2SO4, 97%,
Merck) was used as a catalyst. The water used in
the experiment Deionised water was used doubly
distilled and deionized.
Nano-TiO2 photocatalyst was synthesized by
Berghoff model hydrothermal unit interfaced with a
temperature (up to 240 oC) and time controller unit.
In order to determine the crystal phase, Rigaku
Geigerflex D Max/B model X-ray diffractometer
(XRD) with Cu Kα radiation (λ= 0.15418 nm) in
the region 2ɵ= 10–70o with a step size of 0.04o was
used. SEM (LEO EVO 40) was used to examine the
surface morphology. Particle size for nano-TiO2
was determined by Malvern zetasizer nanoseries.

$>2<.>.@6;: ;3 :.:;'6#  For the synthesis
of nano-TiO2 particles, firstly Ti(OPri)4 was dissolved in 2-propanol and stirring for 5 mins at ambient temperature. After an 2-propanol-sulphuric
acid and water mixture was prepared and stirring
for 10 mins and then alkoxide solution added this
solution dropwise into at a rate of 1 mL/min. This
mixture was stirred at ambient temperature for 30
mins. The sol-solution obtained was then transferred into a stainless Teflon-lined autoclave and
heated at 200 ºC for 2 h. The mol ratios of 2PrOH/TTIP, H2O/ TTIP and H2SO4/TTIP were 91,
20.4, and 0.84, respectively. The powders obtained
by the hydrothermal process were isolated by cen
trifugation and dried in a vacuum sterilizer at 40 C
for 3 h. Eventually the nano-TiO2 was obtained.
Before the examination of the phytotoxicity and
genotoxicity with 0.1%, 0.2% and 0.3% TiO2 sols
were prepared. For this purpose, certain amounts of
nano-TiO2 were ultrasonically dispersed without
addition of any dispersing agent. In this way, transparent sols were obtained.


  %$ <>;3682 .:1 1.@. .:.8E?6?  The
size and intensity of each amplification product
were estimated using the Thermo myimage analysis
software version 1.1. Only reproducible and clear
amplification bands were scored for construction of
the data matrix. Polymorphism observed in RAPDDNA profiles included disappearance and/or appearance and variation in band intensity when
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&!69.42?3;>@52:.:;'6# 
&2=A2:02?;3
"A9/2>;3
<>692>?
$>692> 
$>692> 
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>
$>692> 

&2=A2:02?;3<>692>?
′→´)
AAG TCC GCT C
AAT GCG GGA G
ACC TTC GGA C
ACG GCG TAT G
AGA CGT CCC G
AGG TGA CCG T
CCA AGC TTC C
CCC ACA CGC A
CTG ATG CGT G
CTG CGC TGG A



'  
<>692>?A?216:@52?@A1E 
"A9/2>;3<>692>?
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>
$>692>

60
60
60
60
70
60
60
70
60
70
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&2=A2:02?;3<>692>?
′→´)
CTG GCG AAC T
GGA CCC AAC C
GGC AAA CCC T
GGG ATA TCG G
TCC GAT GCT G
TCC GCT CTG G
TCG GCG ATA G
TGC GTG CTT G
TGT GGC AGC A
TTC CCG GGT T


60
70
60
60
60
70
60
60
60
60
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'  
3320@?;3:.:;'6# ;:42>96:.@6;:.:1?22186:44>;C@5<.>.92@2>? .@..>22D<>2??21.?92.:±&  
;33;A>>2<860.@2? 

'>2.@92:@
:.:;'6# 
Ctrl (Hoag.)
0.1
0.2
0.3
Ctrl (NaCl)
0.1
0.2
0.3
&.@

2>96:.@6;:

100±0.00
100±0.00
98.75±0.25
98.25±0.25
77.00±0.41
76.25±0.63
76.00±1.22
76.25±0.85


%;;@82:4@5
09
11.28±0.28
11.65±0.32
10.91±0.30
10.74±0,31
4.22±0.11
4.94±0.14
4.62±0.15
6.03±0.15


&5;;@82:4@5
09
6.97±0.25
7.40±0.20
7.16±0.25
6.71±0.24
0.52±0.02
1.11±0.05
1.26±0.08
2.48±0.15


>2?5*2645@
94 <8.:@
829±12.04
1008±17.88
947±14.21
828±19.42
441±15.08
497±13.56
458±12.81
539±14.21
  

>E*2645@
94 <8.:@
227±5.44
227±6.32
227±4.32
239±5.21
241±6.62
251±3.21
248±5.57
248±6.18
  

*.@2>;:@2:@
94 <8.:@
602±17.88
781±16.19
721±17.72
589±15.33
200±16.46
246±15.73
210±16.33
291±15.94
 

significant effect on maize. A similar study conducted by Yang et al. [30] on % L. (maize)
and %& !# (Asian rice) also showed no effect
on germination after nano-TiO2 exposure.
On the other hand, nano-TiO2 administrations
caused changes in root-stem lengths and fresh-dry
weights. Especially 0.1% nano-TiO2 caused an
increase in root length and fresh weight. A significant change was not determined in stem length for
all nano-TiO2 administrations (Table 2).
Minimum root length (4.22 mm), shoot length
(0.52 mm) and fresh weight (441 mg/plant) were
obtained in the 300 mM NaCl (Control) and these
values reached to maximum values at the
NaCl+0.3% nano-TiO2 concentration. Especially
NaCl+%0.3 nano-TiO2 increased root length 1.4
fold, shoot length 4.8 fold, and fresh weight 1.2
fold. Among three levels of nano-TiO2 applied,
0.3% nano-TiO2 proved best and alleviated salt
stress most efficiently.
These positive results obtained under salt
stress circumstances were supported by results
obtained by administering TiO2 to flax and cotton
seeds under drought stress [17], tomato seeds under
mild heat stress [16] and wheat seeds under cold
stress and water deficit stress [15]. The results indicate that negative effect of salinity on growth criteria can be substantially eliminated as a result of
nano-TiO2 administration. Similarly, Demir et al.
[7] reported that pre-exposure to NPs reduce the
mutagenic effect of posterior UVC-light exposure,
from mouse lymphoma cells.
These positive effects could be probably due
to the antimicrobial properties of engineered nanoparticles, which can enhance strength and resistance
of plants to stress [13, 26]. Nano-TiO2 increases the
plant resistance against environmental stresses and
decreases the free radicals. The reasons behind why
NPs improved early seedling growth can be regarded as promoting seed antioxidant system [31], reducing the oxidative stress by reducing reactive
oxygen species (ROS) and malonyldialdehyde
content, and increasing antioxidant enzymes [32].
Zheng et al. [33] reported that the significant effect
of nano-TiO2 on spinach germination was probably

comparison with untreated control treatments was
evaluated [19].
GTS was calculated according to formulation
of Cenkci et al. [22]. Genomic template stability
(GST) was calculated as follows: GST% = (1- a/n)
x 100.
Statistical variance analysis of the results was
performed and compared using least-significant
differences (LSD) at 5% level. The experiments
were performed with four replicates.
%&( '&"&(&&#"

3320@ ;3 :.:;'6#  ;: ?221 42>96:.@6;:
.:1 ?22186:4 4>;C@5 ;3 9.6F2  This study was
conducted to explore possible phytotoxic effects of
the nano-TiO2 concentrations on maize seedling
growth. Table 2 summarizes various positive and
negative effects of nano-TiO2 associated with the
seed germination and seedling growth parameters.
In the present study, 300mM NaCl (Control)
considerably inhibited 5 days of germination percentage, root-stem length, and fresh-dry weight.
Compared to Hoagland (control) group, this inhibition was determined as 23% for germination, 62.6%
for root length, and 92.5% for stem length. These
results strongly support the findings of Hasegawa et
al. [23] and Szalai and Janda [24] in maize cultivars.
The data of the present study revealed that
nano-TiO2 and NaCl+nano-TiO2 did not affect
maize germination. As regards Ti, there is a substantial agreement in literature on the fact that suspensions of nano-TiO2 do not affect seed germination, with few exceptions, as reported by Zheng et
al. [2], Feizi et al. [9], Clément et al. [13] and Singh
et al. [25]. Results of the present study are in accordance with those reported by other authors on
lettuce, radish, cucumber, tomato, and pea [26, 27].
When examining studies conducted on maize;
Castiglione et al. [28] reported that nano-TiO2 at
4% could significantly inhibit the seed germination
and root elongation of maize; on the other hand,
Burke et al. [29] showed that nano-TiO2 had no
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3320@ ;3 :.:;'6#  0;:@.96:.@6;: ;:
%$<>;3682? In this study, genotoxic properties
of nano-TiO2 (anatase) in seedlings of maize were
evaluated by using RAPD-PCR. RAPD profiles
showed substantial differences between the control
and nano-TiO2-treated seedlings with apparent
changes in the number and size of amplified DNA
fragments for different primers. Table 3 shows
summary of all polymorphic bands in RAPD-DNA
(appearance, disappearance; increasing and decreasing band intensities).

attributed to the small particle size, which allowed
its penetration into the seed during the treatment
period, by exerting its enhancing functions during
growth. One hypothesis raised by Larue et al. [10]
was that oxidative stress generated by nano-TiO2
could render the cell wall more permeable and
increase water flow. Navarro et al. [34] stated that
engineered nanoparticles could sequester nutrients
on their surfaces and thus serve as a nutrient stock
to the organisms, particularly those engineered
nanoparticles having high specific surface area. Our
results and other reports suggest that nano-TiO2 is
not phytotoxic to maize cultivar.

' 
%$<>;3682.8@2>.@6;:?6::A9/2>.:16:@2:?6@62?;3/.:1?.?12@20@21C6@5 <>692>6::.:;'6# 
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tions in maize seedlings as compared to Hoagland
(Control). A total of 88 RAPD-DNA bands disappeared and a total of 34 new bands appeared in
0.1%, 0.2% and 0.3% nano-TiO2 treated maize
seedlings. However, a total of 286 RAPD-DNA
bands disappeared and 112 new bands appeared in
NaCl+nano-TiO2 treated maize seedlings. Briefly,
number of disappeared and appeared bands in
NaCl+nano-TiO2 concentrations was higher compared to nano-TiO2 applications. However, spesific
bands generally disappeared in 300 mM NaCl
treatment.
Figure 3 shows RAPD-DNA profiles of selected 4 primers (primers 2, 4, 17, 13). There were
significant differences in the RAPD profiles between the control and treated plants with apparent
changes (disappearance and/or appearance) in the

In the RAPD analyses, 20 primers were used
and 195 bands were obtained with an average of
9.75 bands per primer in the Hoagland (control)
seedlings. The results revealed that RAPD-DNA
profiles of treated and untreated groups showed
difference in banding patterns. When control and
nano-TiO2 treated maize cultivar were compared,
these differences observed in all RAPD-DNA profiles were clearly exhibited by appearance/disappearance of some bands. Trends in
RAPD-DNA profiles in all primers were not similar.
The results showed the ability of RAPD analysis to detect significant genetic alterations in TiO2exposed maize seedlings. Maximum change in
RAPD-DNA profiles was obtained in 300 mM
NaCl (Control) and NaCl+nano-TiO2 concentra-
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several studies [38, 39], but the information on the
genotoxic effects of nanosized TiO2 has been still
insufficient.
A few studies have shown the negative effects, as genotoxicity of nano-TiO2 on plant growth
and development [7, 12, 26, 40, 41]. However previous studies have revealed that nano-TiO2 affects
the genomic DNA of    ! [42],
zucchini [43] and wheat [44] seedlings but to the
authors’ knowledge, there is no report on genotoxic
effects of nano-TiO2 on maize (% L.) plants.
Ghosh et al. [7] reported that TiO2 nanoparticles
induced DNA damage in !!" simply
at high concentration (319 mg L-1) of TiO2 nanoparticles. TiO2 has also been shown to physically damage DNA and upregulate stress response gene expression as a consequence of ROS generation [45].
These TiO2-induced changes in the cell have downstream effects on RAPD patterns generated and are
considered as genotoxic (causing alteration to genomic DNA integrity, which could lead to cell
death or carcinogenesis). Moreno-Olivas et al. [43]
observed nano-TiO2 induced genotoxicity in hydroponically cultivated zucchini.
Smaller TiO2 NPs were more genotoxic than
larger TiO2-NPs regardless of their crystalline
phases. It is possible for NPs to enter cells and
accumulate both in the cytoplasm and the nucleus
inside the cells [46]. Similar to the present study,
some studies have shown that anatase NPs induce
more detrimental effects than rutile NPs because of
the photocatalytic properties of anatase TiO2. TiO2NPs forming large agglomerates induced DNA
damage in different cell lines; whereas NPs that
formed smaller agglomerates (200 nm) had no
effect on genotoxicity [47].

number of DNA bands produced by each primer.
Figure 3a shows disappeared bands (2192 bp and
772 bp) and increasing appeared bands (110 bp).
Appearance of new bands (768bp and 1498 bp) was
significant in NaCl+0.3% nano-TiO2 (Figure 3b).
New and intensive bands (231 and 953 bp) were
determined at 0.3% nano-TiO2 and NaCl+0.3%
nano-TiO2 (Figure 3c). Decreasing band intensity
(599 bp and 496 bp) was significant at NaCl+0.2%
TiO2 and NaCl+0.3% TiO2 concentrations. An
increase in band intensity (316 pb) was determined
at NaCl+TiO2 concentration (Figure 3d).
Changes observed in DNA profiles such as
modifications in band intensity and loss of bands
may be due to changes in oligonucleotide priming
sites leading to genomic rearrangements, and less
likely to point mutations or DNA damage in the
primer binding sites which can block or reduce the
efficiency of DNA polymerization in PCR reaction
[35].
New bands appeared as few oligonucleotide
priming became accessible to oligonucleotide primers after structural change or since some changes
in DNA sequence occurred due to mutations (resulting in new annealing events), and/or large deletions (bringing two preexisting annealing sites
closer), and/or homologous recombination (juxtaposing two sequences that matched the sequence of
the primer) [36]. Disappearance of bands may be
associated with DNA damage (e.g. single and double strand breaks, modified bases, oxidized bases,
and DNA-protein cross-links), point mutations
and/or complex chromosomal rearrangements
caused by genotoxic chemicals [37].
The genotoxicity of nano-TiO2 whose particle
size has not been determined has been assessed in
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the material properties of nano-TiO2, its uptake by
plants, and the physiological responses of plants
should be examined.

GTS was calculated for each 20 primers and
presented in Figure 4. It was observed that mean
GTS values decreased obviously with an increase in
nano-TiO2 concentration. GTS values were calculated as 87.7%, 75.9%, 73.9%, 48.2%, 31.8%,
28.2%, and 35.9% for 0.1%, 0.2%, and 0.3% nanoTiO2 and NaCl+nano-TiO2 concentration, respectively. The GTS values ranged from 28.2 to 87.7%.
The NaCl+0.2% TiO2 caused the most extensive
changes in the plant DNA (GTS = 28.2%). These
results indicated that GTS value in maize was affected by nano-TiO2 exposure. Changes in RAPD
profiles due to geneotoxic effect of nano-TiO2 were
reflected as values of genomic template stability
(GTS), which is a qualitative method used to detect
genotoxic effect of nano-TiO2 metals and related to
the level of damage, efficiency of DNA repair, and
replication [26, 46]. The number of missing bands
enhanced with 0.1% and 0.2% NaCl+nano-TiO2
concentrations and GTS reflecting changes in
RAPD profiles was significantly affected. Higher
GTS values obtained at NaCl+0.3% NaCl TiO2
concentration might be an indication for introduction of an effective repair system or any other kind
of cellular adaptation and/or defense system.
Previous studies have shown that changes in
RAPD patterns induced by genotoxins could be
regarded as modifications in GTS, and such genotoxic effects can be directly compared with the
alterations in some parameters such as root growth
and total soluble protein level [22, 48]. The results
indicated that the GTS was affected by nano-TiO2
and NaCl+nano-TiO2 concentrations. But results of
the present study are not supported by positive
results obtained with early growth parameters.
However, the presences of nano-TiO2 could alleviate the toxicity of salt to the maize seedlings in
terms of phytoxic and genotoxic effects. Functional
properties of nano-TiO2 are affected by numerous
factors such as crystallinity, particle size, surface
morphology, and preparation method. The results
suggest the presence of mechanisms that can reduce
the nano-TiO2 genotoxicity.


#" (&#"

In the present study, nano-TiO2 administrations were found to be ineffective on germination,
NaCl+nano-TiO2 administrations caused significant
increases in root-stem length and fresh-dry weights.
The present study showed that salt stress significantly affected seed germination/growth parameters
and RAPD profile of maize seedling. The results of
this experiment clearly showed that nano-TiO2
could be used effectively to protect maize seedlings
from the detrimental effects of salt stress. Therefore, the effects of nano-TiO2 on plants were not
clear. It is required to conduct further studies. Furthermore, in addition to basic toxicity testing tools,
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TREND ANALYSES OF TURKISH EUPHRATES BASIN
STREAMFLOW BY INNOVATIVE S(1¶675(1'0(7+2'
AND TRADITIONAL MANN-KENDALL TEST
Fatih Tosunoglu*
Erzurum Technical University, Architecture and Engineering Faculty, Civil Engineering Department, Erzurum, Turkey

and long-term design of infrastructures [1]. Among
these variables, streamflow is one of the fundamental
importance variables as it directly relates to water
supply flood control, reservoir design, navigation, irrigation, drainage, water quality, and many others.
Hence, there are a growing number of publications
on studies evaluating trends in the streamflow series
of the World Rivers. For example, Douglas et al. [2],
Asarian and Walker [3] and Rice et al. [4] investigated trends in streamflow of the rivers in the United
States; Zhang et al. [5] and Burn and Elnur [6] analyzed trends in the streamflRZ RI &DQDGD¶V ULYHUV
Cigizoglu et al. [7], Kahya and Kalayci [8], Kukul et
al. [9], Irvem et al. [10], Yenigun et al. [11],
Topaloglu et al. [12], Saplioglu et al. [13] and
Yerdelen [14] studied trends in streamflow of TurNH\¶VULYHUV Liu et al. [15], Zhang et al. [16], Gao et
al. [17], He et al. [18] and Zhang et al. [19] explored
trends in streamflow of the major rivers in China.
Yeh et al. [20] investigated trends in streamflow of
the main rivers in northern Taiwan. Fathian et al.
[21] explored monotonic trends in the time series of
streamflow (as well as temperature, precipitation) in
rivers of Urmia Lake basin, Iran. Birsan et al. [22]
presented a statistical analysis of streamflow trends
in rivers of Romania. Panda et al. [23] analyzed
streamflow trends in in the Mahanadi River basin,
India. In majority of these studies, the researchers
employed the classical non-parametric Mann-KenGDOODQG6SHDUPDQ¶VUKRWHVWVto ascertain the presence of statistically significant trend in the analyzed
time series. It is important to remember that these
methods can be used as powerful tool for detecting
monotonic (negative or positive) trends in data series. However, in order to manage water resources
more efficiently and effectively, not only monotonic
trends are to be analyzed over a given time period,
but also possible trends in low, median and high values of the analyzed data should be explored. To
achieve this, Sen [24] introduced an innovative trend
method, which is based on Cartesian coordinate system and it can enable trend identifications distinctively in the low, medium, and high values. Moreover, this method does not have any restrictive assumptions, such as normality of the sampling distribution, independent structure of the time series, and

ABSTRACT
This study analyses possible significant trends
in streamflow data using traditional Mann Kendall
(MK), modified MK tests and innovative Sen¶VWUHQG
method (ISTM). Monthly streamflow data of nine
stations located in the Euphrates River basin, which
is one of the most important water resources of Turkey, are used in the applications. The MK and ISTM
provided significant decreasing trends in streamflow
at the stations located in lower part of the basin while
they showed significant increasing trends in streamflow of stations located in the upper part. The ISTM
test results revealed that low, medium and high values of the streamflow of the station 2102 (located in
the middle part) have some decreasing and increasing trends although there is no significant trend for
this station according to the MK test. Moreover, according to the MK test, only a few significant increasing and decreasing trends are found for the
other stations located in the middle part. However,
the ISTM showed indications of more decreasing
and increasing trends for medium and high streamflow values at these stations. The modified MK test
is also employed to ascertain trends at the stations
with serially correlated data and the results are consistent with those obtained from the MK test.
KEYWORDS:
Euphrates basin, Mann Kendall test, streamflow, SHQ¶V
trend method, Turkey

INTRODUCTION
Climate change can have profound impacts on
hydro-meteorological processes in a continuous
manner, and its effect may appear in the forms of
trends or sudden jumps. The presence of significant
increasing/decreasing trends in any analyzed data series may able to provide useful information about the
future evolution of the same process. Therefore, the
evaluation of trends in hydro-meteorological variables (precipitation, temperature, evaporation,
streamflow, etc.) always received a considerable interest from the scientific community even from professionals and companies involved in risk analysis
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FIGURE 1
Study area and location of the stations used in this study
data length. Only a few studies related to Sen¶V
method have been conducted to evaluate trends in
hydro-meteorological variables in the literature. Sen
[25] used this method to identify possible trends in
temperature series observed in the Marmara region
of Turkey. Haktanir and Citakoglu [26] detected
trends of annual maximum rainfall data with 14
standard durations using Sen¶V method and the results were also compared to the Mann-Kendall and
Linear regression trend methods. Dabanli et al. [27]
applied the Mann-Kendall and the innovative Sen
trend methods to identify trends in hydro-meteorological (precipitation, temperature, humidity and
runoff) records at 8 gauge stations in the European
part of Turkey. Sen [28] employed the innovative
method to evaluate trends for three time series from
different parts of the world including Southern New
Jersey annual temperature, Danube River annual discharge, and Tigris River Diyarbakir meteorology station annual total rainfall records. The above literature review reveals that application of the Sen¶V
method is still limited and much remains to be done.
This study presents trend analysis of streamflow data of the Euphrates basin, which is the longest
and one of the most historically important rivers of
Turkey in the southwest Asia. For this purpose, the

Sen innovative trend method and the traditional
Mann-Kendall tests are applied to streamflow data at
monthly and annual time scales. Performances of the
tests are compared and discussed comparatively. To
the best knowledge of the author, there has been no
comprehensive research considering the Sen¶V
method to evaluate streamflow trends in any particular basin. Hence, the present study will provide beneficial information policy-makers to manage water
resources more effectively in the basin.

MATERIALS AND METHODS
Study area. The Euphrates River basin, which
is located at the southeastern Anatolia region of Turkey, is selected as the study area. The basin has an
area of 127,304 km2, which is the largest of 25 river
basins in Turkey and it is also the longest river in
southwest Asia with approximately 2,700 km length
[29,30]. The basin consists of three major sub-basins, namely upper, middle and lower (Figure 1a, 1b
and 1c). In this study, streamflow records from nine
gauge stations are considered for trend analysis.
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TABLE 1
Basic statistical properties of the considered stations and streamflow data
Station
No
2102
2122
2133
2145
2151
2154
2156
2158
2164

Location
Middle
Middle
Upper
Lower
Upper
Upper
Upper
Middle
Middle

Observation
period
1970-2011
1970-2011
1970-2009
1970-2011
1972-2011
1969-2010
1970-2011
1970-2011
1970-2011

Mean
(m3/s)
236.4
47.9
86.5
20.9
59.5
19.7
149.1
18.5
32.7

Standard
deviation (m3/s)
302.9
64.1
73.5
11.9
68.1
24.2
105.5
25.3
47.1

Coefficient of
variation
1.28
1.33
0.85
0.57
1.14
1.22
0.71
1.36
1.44

Skewness
2.25
2.04
1.77
4.12
2.16
2.14
1.95
2.15
2.30

statistical significant trend. If n < 10, the value of |S|
is compared directly with the theoretical distribution
of S derived by MK,
b- If n>10, the statistic S is expected to have
normal distribution with zero mean and variance as,

The locations of the Euphrates River basin including
these stations are shown in Figure 1.
Monthly streamflow data with the period
lengths of 40 and 42 years has been collected from
General Directorate of State Hydraulic Works, Turkey. Annual mean values of the streamflow data are
also obtained for annual trend analysis. Table 1 presents the basic statistical characteristics of the
monthly streamflow time series at each station. It is
clearly seen from this table that the stations located
in the middle part have larger value of variation coefficient than the stations located in the upper and
lower part of the basin. The main reason behind this
can be attributed to the features around the location
of each station in which snowmelt process can have
a significant impact on streamflow variability.

QሺQെሻሺQሻെσ3 W ሺW െሻሺW ሻ

L
Lൌ L L
9DUሺ6ሻ ൌ

(3)

in which, P denotes the number of tied groups
DQGWKHVXPPDU\VLJQ  LQGLFDWHVWKHVXPPDWLRQ
over all tied groups and ti is the number of data in the
ith (tied) group. If data series do not include tied
groups, this summation term is excluded from the
equation. Finally, the standard Z value of the test statistics is calculated as follows.

6ି

 ۓඥ9DUሺ6ሻ Ǣ LI6  
ۖ
(4)
= ൌ Ǣ LI6 ൌ 
 ۔6ା
ۖ ඥ9DUሺ6ሻ Ǣ LI6 ൏ 
ە
If the calculated Z value is greater than the critical value of the standard normal distribution at the
VLJQLILFDQFHOHYHORIĮQXOOK\SRWKHVLV +0) should
be rejected, which implies that there is a statistically significant positive or negative trend in the
data series.

Traditional trend method: The Mann-Kendall trend Test. The Mann-Kendall (MK) test,
which is originally developed by Mann [31] and the
test-statistic distribution is subsequently derived by
Kendall [32], is a rank-based non-parametric test for
detecting a monotonic trend in a given time series.
Hydro-meteorological data (such rainfall, streamflow, temperature etc.) generally have a skewed distribution, and therefore, they are more suitable to
nonparametric methods than parametric methods for
trend detection. Therefore, the MK trend test has
been widely used to evaluate the statistical significance of trends in these data series [33-39]. The test
statistics (S) is calculated as;
Ǣ LI[M  [L
(1)
VLJQ൫[M െ [L ൯ ൌ ቐ Ǣ LI[M ൌ [L
െǢ LI[M ൏ [L
Q
(2)
6 ൌ σQି
Lୀ σMୀLା VLJQሺ[M െ [L ሻ
In Eq. (2), n denotes the length of the data set
and xi and xj are the data values at times i and j, respectively. While positive values of the test statistics
(S) show an increasing trend, negative values indicates a decreasing trends. Then, following steps are
employed to evaluate the statistical significance of
the trend.
a- The null hypothesis (H0) is a stated assumption that data are independent and identically distributed random variables (no trend is present), while the
alternative hypothesis (H1) assumes that there is a

FIGURE 2
Innovative Sen¶VWUHQGPHWKRG
Innovative trend method: Sen¶V WUHQG
method. Innovative Sen¶V WUHQG PHWKRG ,670  is
proposed first by Sen [24]. In ISTM, data are divided
into two equal halves and series of the each part are
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trends are observed for streamflow at the 2102 station. Moreover, a few significant positive and negative trends are obtained for the stations 2122, 2158
and 2164, which are in the middle part of the basin.
For monthly percentage trend evaluation, the significant upward trends of the upper-middle and lower
were 47.9%, 8.3% and 0, respectively. The significant downward trends of these sub-basins were 0,
4.2% and 100%, respectively. Moreover, significant
upward trends in the upper basin are found primarily
in autumn and winter seasons¶ months, while streamflow of all months showed significant decreasing
trend for lower part of the basin. Based on the results
of the annual streamflow analysis, only two stations,
namely 2133 and 2156, exhibited significant positive
trends, while the station 2145 has significant negative trends. Rest of the stations exhibited no significant positive or negative trends at the 10% and 5%
significance levels. Moreover, it is noteworthy to
mention that the MK trend test is useful when data is
randomly distributed [40]. However, streamflow
data may exhibit statistically significant serial correlations and these serial correlations can impact the
power of the test and hence avoids correctly evaluate

sorted in ascending order. As also presented in Figure 2, the first half of the data are plotted on the xaxis versus the second half of the data are plotted on
the y-axis. Data points scatter in the upper (lower)
triangular part of the perfect (450) line indicates upward (downward) trend, whereas, the scatter data on
the 45o line imply no trend in the time series. Possible trends in low, medium and high values of any
data can be clearly seen by using ISTM [24, 25].

RESULTS
The MK test results. The non-parametric MK
trend test has been applied to monthly and annual
streamflow series at the considered stations. The test
results are given in Table 2. According to the confidence levels of 10% and 5%, significantly decreasing trends are present mainly at the station (2145) located in the lower part of the basin, while significantly increasing trends are mostly detected for
streamflow stations (2133, 2151, 2154 and 2156) located in the upper part of the basin. No significant

FIGURE 3
Autocorrelation plots of the streamflow for several stations
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the significance of trend. Therefore, in this study, serial correlation structure of the streamflow data is
also checked in order to prove the accuracy of the
MK test results. Hence, lag-1 serial correlation is
used to check the presence of any serial correlation
in the data series. The significance of the computed
lag-1 correlations is simply checked using the following equation.
ାǤ
ିǤ
൏ U ൏

(5)

tion 2133, December-January-July-August-September and annual streamflow for the station 2145, August and September streamflow for station 2151, August streamflow for station 2154 and December-January streamflow for station 2156 have significant autocorrelations. To detect trends in the serial correlated data, two alternatives have been considered in
the literature. The first one is to remove the existing
serial correlation from original data series using a
pre-whitening method. Second option is to use modified version of the trend test. In the present study, in
order to preserve originality of the streamflow data,
pre-whitening method is not used. However, modified version of the MK test proposed by [41] is used
to evaluate trends in the data with significant autocorrelation. Variance of the Modified MK test can be
computed as,

ξ1

ξ1

where ݎଵ is the lag-1 autocorrelation coefficient and
N denotes the number of data. If computed ݎଵ falls
inside the above confidence intervals (95%), the data
series are assumed to be independent variables, otherwise the data series are serially correlated. For this
purpose, autocorrelations up to lag 20 are computed
for streamflow data and stations with significant lag1 autocorrelation coefficient are presented in Figure
3. It can be seen that October streamflow for the sta-

9DUሺ6ሻ ൌ

1ሺ1ିሻሺ1ାሻ


ቂ


1ሺ1ିሻሺ1ିሻ

σ1ି
Nୀ ሺെNሻሺ1 െ N െ ሻUN ቃ(6)

where rk is the autocorrelation coefficient at lag k.

TABLE 2
The results of the Mann-Kendall test for the considered streamflow data
Station MKtest
2102
2122
2133
2145
2151
2154
2156
2158
2164

S value
Z value
S value
Z value
S value
Z value
S value
Z value
S value
Z value
S value
Z value
S value
Z value
S value
Z value
S value
Z value

Oct

Nov

Dec

Jan

Feb

March

April

May

June

July

Aug.

Sept.

-146
-1,57
-156
-1,68a
-58
-0,66
-329
-3,55b
251
2,91b
106
1,14
201
2,17b
-39
-0,41
45
0,48

-36
-0,38
30
0,31
128
1,48
-292
-3,15b
258
2,99b
155
1,67a
247
2,67b
-22
-0,23
64
0,68

-41
-0,43
22
0,23
83
0,96
-288
-3,11b
230
2,67b
262
2,83a
208
2,24b
19
0,20
11
0,11

46
0,49
154
1,66a
48
0,55
-264
-2,85b
323
3,75b
179
1,93a
245
2,64b
41
0,43
76
0,81

105
1,13
76
0,81
17
0,19
-245
-2,64b
282
3,27b
200
2,16b
227
2,45b
26
0,27
115
1,24

100
1,07
154
1,66a
136
1,57
-161
-1,73b
139
1,61
75
0,80
152
1,64
165
1,78a
166
1,79a

-52
-0,55
-49
-0,52
146
1,69a
-194
-2,09b
-52
-0,59
-29
-0,30
87
0,93
22
0,23
-14
-0,14

-27
-0,28
91
0,98
73
0,84
-168
-1,81b
-33
-0,37
-70
-0,75
58
0,62
-22
-0,23
-70
-0,75

-22
-0,23
-35
-0,37
93
1,07
-314
-3,39b
-64
-0,73
-115
-1,24
-15
-0,15
-100
-1,07
-122
-1,31

16
0,16
41
0,43
96
1,11
-365
-3,95b
177
2,05b
165
1,78a
134
1,44
-61
-0,65
-26
-0,27

-83
-0,89
37
0,39
57
0,65
-418
-4,52b
441
5,13b
297
3,21b
186
2,01b
-213
-2,30b
-13
-0,13

-84
-0,90
-44
-0,47
36
0,41
-398
-4,30b
406
4,72b
181
1,95a
217
2,34b
-128
-1,38
22
0,23

The critical values for the 90% and 95% confidence limits are ±1.645 and ±1.96, respectively.
a
shows statistically significand trends at the 90% confidence limit
b
shows statistically significand trends at the 95% confidence limit

TABLE 3
The results of the modified Mann-Kendall test for streamflow data that have serial correlation
Station No
2133

Months
Test statistic (S)
Z value
October
-58
-0.66
December
-288
-3.11b
-264
-2.85b
January
July
-365
-4.73b
2145
August
-418
-4.52b
-398
-6.64b
September
Annual
-333
-3.60b
August
441
11.52b
2151
September
426
12.46b
2154
August
297
3.41b
December
208
2.24b
2156
245
2.64b
January
The critical values for the 90% and 95% confidence limits are ±1.645 and ±1.96, respectively.
a
shows statistically significand trends at the 90% confidence limit
b
shows statistically significand trends at the 95% confidence limit

450

Annual
12
0,12
61
0,65
148
1,71a
-333
-3,60b
79
0,91
54
0,57
163
1,76a
7
0,07
28
0,29
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FIGURE 4
Sen¶Vtrend test results for the monthly streamflows of station 2102

FIGURE 5
Sen¶VWUHQGWHVW results for the monthly streamflows of station 2122
3. According to the results in this table, similar results are observed with the classical MK test. Moreover, the modified MK test provided mostly greater
Z values, which indicate stronger significance in the
increasing and decreasing trends.

Based on above concerns, in addition to the
classical MK test, modified MK test is applied to
evaluate trends in the serially correlated data. The results of the modified MK test are presented in Table
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m3/s) of January exhibit increasing trend, while only
medium values (> 140 m3/s and < 180 m3/s) of February streamflow have slight decreasing trend. Sen¶V
trend method results for the station 2122 are demonstrated in Figure 5. A decreasing trend is obviously
seen for high values in October (> 20 m3/s), November (> 25 m3/s), December (> 25 m3/s) and September (> 18 m3/s).

Innovative Sen¶Vtrend method results. Innovative Sen¶VWUHQGPHWKRGUHVXOWVRIPRQWKO\VWUHDP
flow data for the station 2102 are illustrated in Figure
4. It is apparent that the low and high values in October (< 60 m3/s and > 90 m3/s) and November (< 80
m3/s and > 180 m3/s) streamflow have decreasing
trend, while only high values ( > 180 m3/s) in December, June ( > 500 m3/s) and July ( > 130 m3/s)
indicate decreasing trend. Also, high values (> 110

FIGURE 6
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWKO\VWUHDPIORZVRIVWDWLRQ

FIGURE 7
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWKO\VWUHDPIORZVRIVWDWLRQ
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High values (> 80 m3/s) in March streamflow
show positive trend. The low, medium and high
streamflow values in the rest of months have no trend
except for some peak values (June, July and August)
with decreasing trend. Figure 6 presents the trend
graphs at station 2133, where there is no trend for the
low and medium values in all months. Moreover,
high values of May (> 300 m3/s) and June (> 180
m3/s) streamflow indicate decreasing trend while

high values (> 120 m3/s) in March streamflow have
increasing trend. Innovative trend results of the station 2145 are exhibited in Figure 7, where there is a
slightly negative trend for low and medium values in
October, June, July, August and September, while
notable decreasing trends exist for high values of October, November, December, January, March, April,
July, August and September. No trend exists for all
streamflow values in May.

FIGURE 8
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWKO\VWUHDPIORZVRIVWDWLRQ

FIGURE 9
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWKO\streamflows of station 2154
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FIGURE 10
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWhly streamflows of station 2156

FIGURE 11
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWKO\VWUHDPIORZVRIVWDWLRQ
station 2154. The high values of October (>8 m3/s),
January (>8 m3/s), March (>22 m3/s) and some peak
values of December and July streamflow show significantly increasing trend. Moreover, medium and
high values of August and September represent considerably increasing trend, whereas these values of
June and high values in May (>80 m3/s) indicate decreasing trend. Innovative trend results of station
2156 are illustrated in Figure 10 with no trend for
streamflow in most of the months except some peak

The trend graphs at station 2151 are presented
in Figure 8 with remarkable increasing trends for all
values in August and September, where slight increasing trends are observed for the low values of
January (< 20 m3/s), February (< 20 m3/s) and July
(< 30 m3/s). Moreover, slight positive trends are also
observed in the medium values of November, December and January streamflow. High values of November, April and June streamflow indicate decreasing trend. Figure 9 demonstrates the trend results for
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innovative trend test results for station 2164 with obviously high values in October, November, December, April, May, June and July and only some peak
values in August and September streamflow have
significantly decreasing trend. Moreover, increasing
trend is seen only for medium and high values in
March streamflow. The trend graphs of the annual
mean streamflow for each station are shown in Figure 13.

values have increasing (January and March) and decreasing (April, May and July) trends. Figure 11
plots the Sen¶VWUHQGPHWKRGUHVXOWVIRUVWDWLRQ,
where there is a considerable decreasing trend for
high values in October (> 10 m3/s), November (>15
m3/s), June (>45 m3/s), July (>15 m3/s), August (>5
m3/s) and September (>5 m3/s) streamflow, while remarkable increasing trend is occurred only at some
peak values in March data. Figure 12 provides the

FIGURE 12
Sen¶VWUHQGWHVWUHVXOWVIRUWKHPRQWKO\VWUHDPIORZVRIVWDWLRQ

FIGURE 13
Sen¶VWUHQGWHVWUHVXOWVIRUWKHDQQXDOPHDQVWUHDPIORZVof the considered stations
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TABLE 4
The Innovative Sen trend test results for the considered streamflow data
Station
2102

2122

2133

2145

2151

2154

2156

2158

2164

Test
Low
Med
High
Low
Med
High
Low
Med
High
Low
Med
High
Low
Med
High
Low
Med
High
Low
Med
High
Low
Med
High
Low
Med
High

Oct
Yes(-)
No
Yes(-)
No
No
Yes(-)
No
No
No
Yes(-)
Yes(-)
Yes(-)
No
Yes(+)
Yes(+)
No
No
Yes(+)
No
No
No
No
No
Yes(-)
No
Yes(-)
Yes(-)

Nov
Yes(-)
No
Yes(-)
No
No
Yes(-)
No
No
No
No
Yes(-)
Yes(-)
No
No
Yes(-)
No
No
Yes(+)
No
No
No
No
Yes(-)
Yes(-)
No
Yes(-)
Yes(-)

Dec
No
No
Yes(-)
No
No
Yes(-)
No
No
No
No
Yes(-)
Yes(-)
No
Yes(+)
No
No
No
Yes(+)
No
No
No
No
No
Yes(-)
No
No
Yes(-)

Jan
No
No
Yes(+)
No
No
No
No
No
No
No
No
Yes(-)
Yes(+)
Yes(+)
Yes(+)
No
No
Yes(+)
No
No
Yes(+)
No
No
No
No
No
No

Feb
No
Yes(-)
No
No
No
No
No
No
No
No
Yes(-)
Yes(-)
Yes(+)
Yes(+)
Yes(+)
No
No
No
No
No
No
No
No
No
No
No
No

March
No
No
No
No
No
Yes(+)
No
No
Yes(+)
No
Yes(-)
Yes(-)
No
No
No
No
No
Yes(+)
No
No
Yes(+)
No
No
Yes(+)
No
Yes(+)
Yes(+)

April
No
No
No
No
No
No
No
No
No
No
No
Yes(-)
No
No
Yes(-)
No
No
No
No
No
Yes(-)
No
No
No
No
No
Yes(-)

May
No
No
No
No
No
No
No
No
Yes(-)
No
No
No
No
No
Yes(-)
No
No
Yes(-)
No
No
Yes(-)
No
No
No
No
No
Yes(-)

June
No
No
Yes(-)
No
No
Yes(-)
No
No
Yes(-)
Yes(-)
Yes(-)
Yes(-)
No
No
No
No
Yes(-)
Yes(-)
No
No
No
No
Yes(-)
Yes(-)
No
Yes(-)
Yes(-)

July
No
No
Yes(-)
No
No
Yes(-)
No
No
Yes(-)
Yes(-)
Yes(-)
Yes(-)
Yes(+)
No
No
No
No
Yes(+)
No
No
Yes(-)
No
No
Yes(-)
No
No
Yes(-)

Aug.
No
No
No
No
No
Yes(-)
No
No
No
Yes(-)
Yes(-)
Yes(-)
Yes(+)
Yes(+)
Yes(+)
No
Yes(+)
Yes(+)
No
No
No
No
No
Yes(-)
No
No
Yes(-)

Sept.
No
No
No
No
No
Yes(-)
No
No
No
Yes(-)
Yes(-)
Yes(-)
Yes(+)
Yes(+)
Yes(+)
No
Yes(+)
Yes(+)
No
No
No
No
No
Yes(-)
No
No
Yes(-)

Annual
No
No
No
No
No
No
No
No
Yes(+)
Yes(-)
Yes(-)
Yes(-)
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

provide similar result for March streamflow of station 2164, while only the ISTM detects significant
negative trend especially for medium and high data
values in other months. The main reason of this may
be the fact that the ISTM investigates the variation
of second half of the time series with respect to first
half of the observed data series, while the MannKendall test evaluates whole time series. However,
the ISTM provides useful information about trends
of any variable without any restrictions (serial correlation, normality, etc.). Trends in all ranges of any
data can be simply defined by this method.

It is clearly seen from the graphs that there is a
prominently decreasing trend in station 2145 with respect to high values, while slightly decreasing trend
occurs in low and medium values. Moreover, an increasing trend is only observed peak values at station
2133 and there is no trend at the rest of the stations.
Comparison of the Sen¶V LQQRYDWH method
and traditional Mann-Kendall test results. Innovative Sen¶VWUHQGPHWKRG ,670 UHVXOWVDUHVXP
marized in Table 4 and they are compared with the
Mann-Kendall (MK) test results. For the station
2102, no significant trend is detected by MK test although some positive and negative trends are observed by ISTM. According to the ISTM and MK
test results for the station 2122, both show negative
trend for October streamflow and positive trend for
March streamflow. Moreover, the ISTM detected
significantly decreasing trend for high values in November, December, June, July, August and September streamflow, while no significant trend is indicated by the MK test. In the case of station 2133, although the MK test showed significantly increasing
trend for April streamflow and no any significant
trend for rest of the months, the ISTM yields significant positive and negative trends for high values in
some other months. Both the MK and ISTM tests
yield similar results for streamflow at 2145, 2151
and 2154 stations, although some minor differences
are observed. The ISTM and MK produce significant
positive and negative trends for March and August
streamflow at the station 2158, respectively. In addition, the ISTM also provides more significant negative trends for high values in other months. Both tests

CONCLUSION AND DISCUSSION
In this study, possible significant trends in
monthly and annual streamflow data of nine stations
in the Euphrates River basin Basin, Turkey are investigated using Mann-Kendall (MK), modified
Mann-Kendall (MK) trend tests and innovative
Sen¶VWUHQGPHWKRG ,670 The following conclusions are obtained from the applications.
The traditional MK test shows significant increasing trends in streamflow at stations 2133, 2151,
2154 and 2156 located in the upper part of the basin
and significantly decreasing trends for streamflow
(station 2145) in the lower basin. Moreover, according to the MK test, only a few significantly increasing (January and March) and decreasing (August and
October) trends are detected for streamflow at stations (2122, 2158 and 2164), which are in middle
part of the basin.
ii) In addition to the MK test, modified MK test
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is also applied to assess the significance of trends in
serially correlated streamflow data. The test yields
results that are similar to those obtained by the MK
test.
iii) Innovative Sen¶VWUHQGPHWKRGyields similar results for stations 2122, 2145, 2151, 2154, 2158,
2164. Moreover, ISTM detects some decreasing and
increasing trends in low, medium and high values at
station 2102, although there is no significant trend
according to MK test. The Sen¶VPHWKRGDOVRLQGL
cates that the station 2133 has some decreasing
trends for high values, while increasing trends are
detected only by the MK test.
As a conclusion, it is pointed out that the Sen¶V
trend method has some benefits over the MK or the
modified MK test. Major advantage is that this
method does not impose different type of constraints,
such as normality of the sampling distribution, independent structure of the time series and data length.
The other crucial benefit is that the possible trends in
low, medium and high values of the considered data
can be successively evaluated using this method. The
presence of the observed significant trends in this
study may be attributed to the observed increases in
precipitation and to some extent due to decrease in
temperature and vice versa. According to Karabork
et al. [42], 7XUNH\¶V climatic variables are effected
by large scale atmospheric systems, such as the
Southern Oscillation (SO) and the North Atlantic Oscillation (NAO). Therefore, future studies may focus
on discovering possible relations between atmospheric systems and the observed streamflow trends.
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small size effect, it can generate special interface effects and function under the quantum confinement
effect [7, 8]. Recently, the unique optical performance of quantum dots is widely used to design
composite photocatalysts, such as oxide quantum dot
(ZnO and Cu2O), II - VI quantum dots (CdS and
CdSe), III-V quantum dots (InP and GaN), carbon
quantum dots, silicon quantum dots, etc. [9-13]. II VI quantum dots and III-V quantum dots possess the
suitable band gaps which could be easy to construct
the visible light photocatalysts. CdSe, as one kind of
II-VI quantum dots, has narrow band gap (Eg=1.7
eV) and is easily activated by visible light. Since
1984, Kambe et al. [14]. first reported that CdSe material was used to product the hydrogen from water;
Frame et al. [15] prepared band CdSe nano-materials, and also used CdSe for photocatalytic decomposed water, further discussed the photocatalytic activities of different morphologies; Holmes et al. [16]
first adopted quantified method to analyze the different quantum sizes of CdSe for photocatalytic production hydrogen. All these reports confirmed that
CdSe nano-materials could effectively convert the
soar light energy and improve the extent of photocatalytic reactions, which showed wide application
in the photochemistry. Based the favorable visible
light adsorption, Liu et al. [17] synthetised the CdSe
quantum dots via one step of hydrothermal method
with cadmium chloride and selenium powders, and
the CdSe quantum dots showed high photocatalytic
degradation of antibiotics under visible light irradiation. In order to further enhance the performance of
CdSe quantum dots, Ma et al. [18] prepared metallic
ions doping CdSe quantum dots via a simple hydrothermal method, the metallic ions doping obviously
improved the photocatalytic activity and stability of
CdSe quantum dots. Yet, there are some photo-etching phenomenon of signal II-VI quantum dots or IIIV quantum dots which could not reach the idea photocatalytic activity. Therefore, it needs to design and
construct the high performance composite quantum
dots photocatalysts, and further improve the photocatalytic efficiency.
Graphene is single atomic 2D material, which
contained carbon atom arrange six angle honeycomb
structure, and possesses better thermal and optical
properties. Particularly, the charges transfer speed of

CdSe Quantum dots (QDs) exhibit relatively
high photocatalytic abilities with its unique properties, but the aggregation and photocorrosion have
blocked its further application. Therefore, for arriving at a solution, reduced graphene oxides (rGO) are
chosen to fabricate new QDs CdSe-based photocatalytic systems. In this paper, CdSe-rGO composites
were synthetised via a facile one-step hydrothermal
method, in which the formation of CdSe crystallization and GO reduction occur simultaneously. We investigated the catalytic activity of the catalyst via
photocatalytic degradation of tetracycline hydrochloride (TC·HCl) from different reaction time, reaction temperature and loading graphene, especially
the introduction of 8% GO supported on QDs CdSe
and when the reaction temperature is 200 °C resulted
in 77.7% degradation of 15 mg/L TC·HCl in 60 min
with 0.5 g/L catalyst. And the possible process of
charge transfer for CdSe-rGO nanocomposite was
proposed and discussed in detail based on the experimental results.
+)!$%
QDs CdSe, rGO, loading, photodegradation, TC-HCl



 &$!'&! 
Now water pollution is a seriously environmental problem in our daily life, it threatens the health of
human being, thus the polluted problem is necessary
to treat. Advanced oxidation processes are usually
used to treat the water pollution [1, 2], especially the
photocatalytic technology is easy to operate and possesses high efficiency to degrade organic pollutants
under visible light irradiation, it is widely used to purify the polluted water. However, the photocatalytic
activity is mainly depended on the photocatalysts,
therefore, there are many researches which focused
on the design of varied photocatalyst. TiO2, as one
kind of famous photocatalyst, is located UV range
and there are many approaches to modify TiO2 for
visible light response [3-6].
Due to the quantum dots possess few atoms and

459

%$

" &  









 " #!"!


graphene can reach 105 cm2/Vs under room temperature, corresponding to low temperature the speed
can reach 106 cm2/Vs [19]. Moreover, graphene possesses zero band gap structure and semi metallic
properties, and super electrons transfer properties
which can enhance the transfer of electrons. What’s
more, the single layer graphene has stronger photoabsorption coefficient. Due to the excellent performance of graphene, it is widely used in electronic
devices and photo-electrical chemistry. However, the
graphene is usually prepared through oxidizing
graphite and obtained graphene oxide (GO), the obtained GO can be easy to reduce via hydrothermal
method, last the reduced graphene oxide (rGO) is obtained. Therfore, rGO was widely employed to modify semiconductors and to obtain the functional composites, especially for the composite photocatalysts:
TiO2 [20, 21], Bi7O9I3 [22], ZnO [23, 24], Ag3PO4
[25, 26], BiVO4 [27, 28], AgCl [29], etc.
Herein, we introduced the rGO support and
adopted the one step hydrothermal method to prepare the rGO-CdSe QDs composite photocatalysts.
For the zero band gap, large surface area, high chemical stability and excellent transfer of electrons, the
rGO could improve the diffusion of CdSe QDs; also
enhance the separation of photo-electrons and holes.
Accordingly, the photocatalytic performance of
composite CdSe QDs/rGO was effectively strengthened, the as-prepared CdSe QDs/rGO composite
photocatalysts were characterized via XRD, Raman,
TEM, PL, UV-vis DRS, photocurrent, and the photocatalytic degradation was evaluated by removal of
TC·HCl, the photodegradation processes were also
discussed.

further treatment. All the solutions were prepared using the home-made deionized water.

"=1;-=-?5:9:2!-900%1#>=!The
GO was prepared by the modified Hummers method,
the processes were followed the previous report [30].
The Quantum dots of CdSe loaded onto the GO was
synthesized via hydrothermal method, in brief,
0.1827 g CdCl2·2.5H2O was dissolved into 60 mL
deionized water, 0.11 mL 3-mercaptopropionic acid
was added in above solution, stirred to homogeneous
solution and different pH values (pH=3, 5, 7, 9, 11)
were controlled during the prepared processes.
0.1184 g Se powder and 0.7566 g NaBH4 were mixed
in 10 mL deionized water under N2 shielding gas, the
supernate was took after the mixed solution generated the deposit and fast injected the above homogeneous solution. Different dosages of GO (0 %, 2 %,
4 %, 6 %, 8 %, 10 %) were added into the solution
and stirred 15 min, then the mixture was put into the
reaction kettle and controlled the different reacted
temperature and time. At last the QD CdSe/GO photocatalysts were obtained.
"4:?:/-?-7C?5/ 013=-0-?5:9 :2 -9?5.5:?5/>
The photocatalytic activity of as-prepared photocatalyst was investigated by degradation of tetracycline.
In a typical experiment, 0.05 g photocatalyst and 100
mL of 15 mg/L antibioticssolution were mixed in the
container and put in a dark room under stirring for
30 min to reach adsorption equilibrium. 5 mL solution was taken out in the time before Xe lamp was
turn on. The solution in the container was irradiated
by a 300 W Xe lamp as visible light source. At every
10 min interval, 5 mL solution in photocatalytic reaction was taken out. The above solution was centrifuged and analyzed by UV-vis spectrophotometer.
The photocatalytic degradation rate was calculated
using the following formula (1) :
(1)
Dr = [(A0-Ai )/A0] ×100%
Where A0 denotes the initial absorbancy and Ai is absorbancy of t time.

*"$ &%&! 

-?1=5-7> All the reagents (most analytic
grade) were purchased from Sinopharm Chemical
Reagent Co., Ltd. and were used as received without
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&41$-8-9:2=!-0%1#>.-900%1#>=!/
4-=-/?1=5D-?5:9 The phase structure and
crystallinity of the products were collected on D8
Advance (Super speed) wide angle X-ray diffraction
(Bruker-AXS, German) using CuKα (40 kV, 30mA)
ray (λ = 0.154056 nm), Ni Filter and 0.04°/0.4s scanning frequency, 2θ was in the scope of 5°-80°. Raman was tested using a DXR spectrometer using the
532 nm laser line, and measurements were made in
back scattering geometry. The transmission electron

microscopy (TEM, JEM-2010, Japan) and high-resolution transmission electron microscopy (HRTEM)
images were characterized the microstructure. UVvis diffuse reflectance spectra (UV-vis DRS) were
measured with a Shimadzu UV-2450 spectrometer
equipped with an integrating sphere assembly, using
BaSO4 as the reference material. Photoluminescence
(PL) spectra were recorded using Cary Eclipse fluorescence spectrophotometer.
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*$ -90 $-8-9 The XRD patterns of obtained samples show in Fig.2. Fig.2(a) shows the
XRD pattern of rGO, it can be clearly seen that the
strong peak is located at 2θ=10.30°. However, the
peak could change weak or disappear after coupling
with CdSe QDs via the hydrothermal process, corresponding the XRD pattern is Fig.2(c), the reasons
may due to that the low dosage of rGO supported
CdSe QDs or the structure of rGO was destroyed after the hydrothermal process. But the characterized
peaks of CdSe QDs at 2θ=25.5°, 42.0°, and 49.5° are
clearly showed, corresponding to the phase of 111,
220 and 311, respectively [31]. Compared to the pure
CdSe QDs, the particle diameter of CdSe QDs/rGO
is calculated by Scherrer formula about 10.41 nm,
which is a little larger than that of the pure CdSe QDs
(about 9.70 nm), the reason may be owing to the supported rGO caused the crystallinity of CdSe QDs.
Due to the weak or disappeared peak of rGO, the Raman was used to further certify the rGO, the results
shows in Fig.3. It can be clearly found that the representative D and G bands observed at 1348 and
1577 cm-1 are attributed to the typical peaks of rGO,
respectively [32], and this also clearly confirms that
the rGO exists in the composite photocatalyst of
CdSe QDs/rGO.



 " #!"!

sphere structure, but it exhibits aggregate. The reason may due the small particle diameter of CdSe
QDs generates the surface defects which could cause
the QDs to recombine other atoms and further enhance the aggregate. For the loaded CdSe QDs/rGO
(Fig.4(c)), the CdSe QDs shows uniform on the surface of rGO and the particle diameter is about 10 nm,
the reasons may be due to the interface electric field
effect between rGO and CdSe QDs. In addition, the
SAED (Fig.4(d)) exhibits that lattice distances of
phase face 111, 220 and 311 are 0.351 nm, 0.215 nm
and 0.183 nm, respectively. All the results are coincident with the XRD of that.
'(A5> $% The adsorption light performances of as-prepared samples were analyzed via
UV-vis DRS, the results show in Fig.5. All the samples exhibit high adsorption light from 200 to 800
nm range, and it can be also clearly found that the
dosage of supported GO is obviously affected the adsorption light performance. With increasing the dosage of GO from 2 wt% to 6 wt%, the adsorption performances of obtained samples are near the pure
CdSe that of, when the dosage of GO reaches to 8
wt%, it clearly enhances the adsorption performance, however the dosage of GO reaches to 10
wt%, the adsorption performance decreases. It is
well known that the adsorption light is related to the
photocatalytic activity. The different dosages of GO
affect the adsorption light of CdSe QDs/rGO, the
reason may be due to the high interaction between
rGO and CdSe QDs, the interface action causes the
change of charges balance which seriously led the
change of adsorption light. 

&Fig. 4 shows the microstructure of different samples, Fig.4(a) depicts the GO with a form
of thin film and layer structure. Fig.4(b) shows the
CdSe QDs, it can be clearly found that the small
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"It is well known that the PL performance
depends on the recombination of electrons and holes,
the higher recombination of electrons and holes, the
stronger intensity of PL, which indicted the lower
photocatalytic activities of as-prepared materials
[33-36]. Fig. 6 shows the PL spectra with different
dosages of GO, it can be clearly seen that the 8 wt%
CdSe QDs/rGO showed lowest intensity, the result
accords with the UV-vis DRS that of, suggesting that
the 8 wt% CdSe QDs/rGO should possess highest
photocatalytic activity. Compared to the pure CdSe
QDs, the peaks of CdSe QDs/rGO generate a little
blue shift, the reason may be due to the supported
GO enhances the intensity of electronegativity, and
the recombination of electrons and holes obviously

decreases, which further confirms the high photocatalytic activity.
"4:?:/@==19?>In order to certify the opticalelectronic performance, the photocurrents of CdSe
and CdSe QDs/rGO were investigated via CHI 852C
electrochemical workstation with 0.5 v bias voltage,
the results show in Fig.7. It can be easily found that
the photocurrent intensity of CdSe QDs/rGO is obviously higher than pure CdSe QDs that of. Indicating that the composite CdSe QDs/rGO possesses
higher charge separation, thus the effective separation of electrons and holes could cause the strong
photocurrents intensity, and suggesting the obtained
CdSe QDs/rGO will possess higher photocatalytic
activity [37].

463

%$

" &  









 " #!"!




•























 



 

 



'$
&=-9>519?;4:?:/@==19?=1>;:9>1:2-0%1.0%1=!9-9:/:8;:>5?159  - %! -<@1:@>
>:7@?5:9@901=A5>5.717534?5==-05-?5:9B5?4-;;7510;:?19?5-7:2 (A>337







































































 











































 


'$
"4:?:/-?-7C?5/-/?5A5?C:2->:.?-5910;4:?:/-?-7C>?>B5?405221=19?>C9?41?5>10/:905?5:9>

464

%$

" &  









 " #!"!
















 



 




































 
 




 





 

 


 









 








 



 












'$
"!-90&">;59?=-;;593%$>;1/?=-B5?4  838#>0%1=!>-8;71>59?410-=6
-90@901=A5>5.717534?5==-05-?5:92:= >2:="!FE! F5981?4-9:705>;1=>5:9-
&"! FE ! 59-<@1:@>05>;1=>5:9."!FE!59-<@1:@>05>;1=>5:9/

465

%$

" &  









 " #!"!


e- + O2 → •O2(3)
h+ + •O2- → 1O2
(4)
h+ + TC·HCl → CO2 + H2O + other small inorganic
molecules
(5)
•O2- + TC·HCl → CO2 + H2O + other small inorganic molecules
(6)
1O2 + TC·HCl → CO2 + H2O + other small inorganic molecules
(7)
We also confirmed the active species via ESR
technique which could best understand the photodegradation mechanism, and it can be easy to further
certify the main roles of active species, the results
show in Fig. 9. Fig. 9(a) shows the spectrum of
DMPO−•O2− tests, it can be clearly found that the
•O2− radicals are easy to generate under light irradiation. Fig.9(b) shows the spectrum of singlet oxygen
(1O2) under dark/light irradiation. It can be obviously found that the TEMPONE• 1O2 signals are
clearly generated under light irradiation. Fig.9(c)
shows the detection of DMPO−•OH, the result
shows that there are strong •OH signals generated
under light irradiation. All the results exhibit that the
species of •O2−, 1O2 and •OH radicals play key roles
in the photocatalytic degradation processes with the
CdSe QDs/rGO photocatalyst, and it also confirms
the photocatalytic degradation mechanism [39, 40].


! '%! %

In summary, we successfully prepared the
CdSe QDs/rGO composite photocatalyst, and the
different synthetised conditions (such as the different
supported dosages of GO, hydrothermal reaction
time and temperature) were also discussed. The characterizations confirm that the CdSe QDs are effectively loaded onto the surface of rGO, and the electronichemical analysis indicates that the CdSe
QDs/rGO could reduce the recombination rate of
photoelectrons and holes. The best conditions of
photodegradation TC·HCl are 8% GO supported on
QDs CdSe and the hydrothermal temperature is
200 °C which could reach to 77.7% degradation rate
of 15 mg/L TC-HCl in 60 min with 0.5 g/L catalyst.

"4:?:/-?-7C?5/-/?5A5?CThe photocatalytic activities of as-obtained photocatalysts with different
synthetized conditions were investigated via degradation of TC·HCl under visible light irradiation, the
results show in Fig.8. In order to investigate the influence of hydrothermal synthetized time for the
degradation of TC·HCl, we changed the hydrothermal reaction time for prepared the photocatalysts
from 1h to 4 h. From Fig.8(a), it can be clearly found
that the photocatalytic degradation rate of TC·HCl is
highest at short hydrotheromal reaction time, and it
reduces with increasing the hydrotheromal reaction
time. Indicating that the short hydrotheromal time
for synthesis of CdSe, which caused CdSe well diffuse and crystallization on the surface of rGO.
Fig.8(b) shows the influence on photodegradation of
TC·HCl with different supported dosages of GO
(from 2 wt% to 10 wt%), it can be clearly found that
the photocatalytic degradation rates increase along
with the supported dosages of GO from 2 wt% to 8
wt%, when the supported dosage reaches to 10 wt%,
the degradation rate decreases. In order to investigate
the influence of hydrothermal temperature on the
synthetized CdSe/rGO photocatalysts, different hydrotheromal reaction temperatures (from 120 °C to
200 °C) were used to prepare different CdSe/rGO
photocatalysts, the results show in Fig.8(c). It can be
clearly seen that the as-obtained CdSe/rGO with hydrotheromal reaction temperature at 200 °C possesses highest photocatalytic degradation rate. However, the degradation time up to 60 min, the degradation rates of TC·HCl with different photocatlysts always keep the same level, indicating that the synthetised hydrotheromal reaction temperature mainly influences the degradation speed of TC·HCl.

"4:?:/-?-7C?5/81/4-95>8Pure CdSe has the
defect of narrow band gap, it is easy to recombine
electrons and holes under light irradiation, moreover
the pure CdSe always gets integration which caused
low photocatalytic degradation rates. Due to the
merit of rGO, the CdSe loaded onto rGO via the hydrothemal method, it could effectively enhance the
photocatalytic activity. The reason can be attributed
to the rGO could diffuse the CdSe QDs and fast
transfer the photoelectrons. Therefore, the photocatalytic degradation processes can be described that
the CdSe QDs/rGO is excited under the visible light
irradiation and the photoelectrons and holes are generated, the photoelectrons could transfer to the surface of rGO, then the photoelectrons could react with
the adsorption oxygen molecules and form the •O2active species. The photoholes could directly degradate the TC·HCl to CO2, H2O and other small inorganic molecules, the photoholes also could react
with the •O2- and generate the 1O2 species, and all
these active species could effectively degradate the
TC·HCl [38]. The degradation processes maybe
flowed the equations from (2) to (7):
(2)
CdSe/rGO + → e- + h+

 !) &%
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exceeding the pasture capacity [1, 2]. Yields are
low especially in the Central Southeastern Anatolia
and transition regions [3]. The law on pastures No.
4342 has not yet met expectations and desirable
improvements have still not been achieved in pasture breeding practices. Pasture breeding projects
have had an effect on certain improvements observed in our pastures in recent years, but the more
obvious reason is that the number of animals depending on pastures to feed has decreased, resulting
in a reduction in grazing pressure.
One of the most important matters in pasture
breeding is rotation grazing, which enables the ratio
of decreasing species in the vegetation to increase,
increase the coverage ratio and helps it reach climax vegetation, also making it easier for the pasture to renew itself [4]. Certain researchers studying
protected pastures [5-18] have indicated that protection from grazing results in an increase of more
than 100% in yield in the basal cover area, and 3 to
20 times more yield in terms of hay. The same
researchers found plant-covered areas to be about
6-68% and hay yields 353-3.230 kg ha-1. Furthermore, some researchers [19-24] provide very detailed data (Pasture quality degree: 1.75-4.34, Grazing capacity: 1.04-4.10 ha-1, CPC: 12.11-19.69%,
ADF: 24.10-50.28%, NDF: 36.40-52.10%) on pasture quality.
This study was conducted with the aim of determining how the pasture protected from grazing
for approximately 40 years improved in comparison
to neighboring pastures, which had generally been
grazed without any grazing principle and determining the effects of protection from grazing on the
pasture. It particularly aimed at guiding future
breeding studies on pastures.


!(& '"!(#'

This study was conducted with the aim of
guiding future breeding studies on pastures by
determining the effects of protection from grazing
and contributing to the development of animal
husbandry. It comprises the April 2007-September
2014 period of research carried out on a natural
pasture protected in the ecological conditions of the
Tokat province between 1993-2014. According to
the eight year mean values of the study, the data of
basal cover area acquired according to transect,
quadrat and visual estimation methods was 81.25%,
73.35% and 74.25% respectively. Botanical
composition based on the basal cover area and the
weight, and hay yield was; 39.58%, 71.09%, 8.548
kg ha-1 in legumes, 48.78%, 22.14%, 2.662 kg ha-1
in grasses, and 11.61%, 6.77%, 815 kg ha-1 in other
families respectively. Total hay yield was
determined as 12.025 kg ha-1, 91% of which was
formed by 34 species (10.940 kg ha-1). A grazing
capacity of 16.7 Animal Unit (AU; 500 kg
livestock) was observed, required area per animal
was 0.3 ha and pasture quality degree was 8.4 (very
good). Regarding other quality properties; crude
protein content (CPC) was 19.76%, crude protein
yield (CPY) 237.6 kg ha-1, acid detergent fiber
(ADF) 28.54%, neutral detergent fiber (NDF)
42.35%.


,+#&'
Botanical composition, Floristic composition, Hay yield,
CPC, ADF, NDF.
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In our county, natural pastures are still the
main roughage source of our animal husbandry,
particularly for feeding small cattle as well as native and crossbred cattle. It is indicated that the
pastures of our country are 14.6 million hectares, of
which only 10.4 million hectares have been identified. However, our pastures have become nonyielding due to long years of uncontrolled and over
grazing practices by wrong animal species, greatly

The study was conducted on an area protected
from grazing of approximately 30 hectares with a
slope of 23%, located within the borders of the
Tokat Province 48th Infantry Brigade territory (40˚
19’34.80” N, 36˚ 33’18.26” E, and 640 m above sea
level). The pasture, where plant species are not
evenly distributed, was divided into 6 plots of equal
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;@.:60.8 0;9<;?6@6;: /.?21 ;: @52 C2645@
 In every parcel, 50 harvests were performed
with a 50×50 cm sized quadrat, plants were
separated into families and dried, and dry weights
were measured.

.EE628174 5.  Samples were taken from
green herbage yield, which was calculated
according to data acquired from botanical
composition based on the weight measurements
between May 15 - June 15, these samples were
weighed and then weighed once more after 48
hours of drying at 70 ˚C whereby, hay yield values
were calculated by proportioning the two.
For comparison of the research area protected
from grazing and neighboring pastures under
constant grazing pressure, 10 piece 1×1 m cages
were placed on one of the pastures adjacent to the
research area and necessary measurements were
carried out in these areas.

B.68./82 5.E 74 5.  For pasture
management, half of the total hay yield was
considered available hay [2, 32].

>.F6:4 0.<.06@E ) :69.8 ):6@
Taking into consideration the measurement that a
live weight animal of 500 kg would graze
approximately 12.5 kg of hay for 165 days in the
ecological conditions of the Tokat province without
harming the pasture, grazing capacity was
calculated according to the formula stated below [2,
32].

size for better study (A1-A6). It comprised the
April 2007-September 2014 period (8 years) of
research carried out between 1993-2014 (21 years).
Climatic data of the years the study was
conducted and of long term have been presented in
Table 1.

(  
(520869.@21.@2?;3(;7.@$>;B6:023;>

E2.>?.:1 ;:4(2>9B2>.42 ((1)

Years
2007
2008
2009
2010
2011
2012
2013
2014
LTA
(1):

Total
precipitation
(mm)
523.4
376.6
425.8
471.2
481.4
476.8
480.5
475.6
445.5

Climatic factors
Average
temperature
(˚C)
12.9
12.5
13.5
12.0
13.1
12.8
13.0
12.5
12.4

Moisture
(%)
63.3
61.3
58.5
62.6
62.8
63.1
61.9
61.0
62.2

Meteorological Bulletin for Tokat.

The data shows that precipitation for the year
2007 was slightly over long term average whereas
for 2008 it was less, and that for every study year,
average temperature and moisture values were at
the seasonal normal.
Soil samples taken from 20 and 40 cm depths
of the research area were analyzed at the Tokat Soil
and Water Resources Research Institute. The soils
were slightly alkaline (pH: 7.3-7.7), medium saline
(0.072-0.084%), medium limey (CaCO3: 87-92 kg
ha-1), phosphorus deficient (P2O5: 11.1-13.2 kg ha1
), potassium sufficient (K2O: 580-661 kg ha-1) and
at a medium level (16.61-21.61% kg ha-1) in terms
of organic substances [25].
Identification of plants in terms of floristic
composition was carried out on the field, in the
laboratory and at the Faculty of Sciences in Ankara
Gazi University.

Grazing
Capacity =
(AU)

Pasture area (ha) ×Available hay (kg ha-1)
An animal’s daily × Number of forage
consumption (kg)
grazing days (day)


&2=A6>21 .>2. <2> .:69.8 5. After
identification of available forage, required area per
animal was calculated using the formula below [2,
32].
Required
Area per =
Animal (ha)

$>;<2>@62? 2D.96:21 6: @52 ?@A1E 8;>6?@60
0;9<;?6@6;: Every year the entire area was
periodically examined during the spring and
summer months and floristic composition was
determined with plant samples.

.?.8 0;B2> .>2.  The transect [26, 27]
quadrat [28, 29] and visual estimation methods [30,
31] were used for measuring.

;@.:60.8 0;9<;?6@6;: /.?21 ;: @52 /.?.8
0;B2>.>2.The procedure of separating plants
based on families was performed using the transect
method. Using a 1 meter transect line, 50
measurements were conducted, plants in every cm
containing plants were counted one by one, and the
total number was calculated as the basal cover area.

An animal’s daily × Number of forage
consumption (kg) grazing days (day)
Available forage (kg ha-1)


??64:6:4 B.8A2 :A9/2>? @; <8.:@?
Depending on their level of being eaten heartily by
animals, plants were assigned values between 0-10
[2,32].

$.?@A>2 =A.86@E 124>22 The value number
assigned to the plants is multiplied by the plants’
botanical composition ratio, then divided by 100
and the ratio of each species is determined. The
sum represents the quality degree of the pasture
[2,32]. Pasture condition classification was
determined according to the scale defined by De
Vries et al. [33]; 0.0-2 very poor, 2.1-4 poor, 4.1-6
medium, 6.1-8 good, 8.1-10 very good.
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.EE6281?;/@.6:21/E9A8@6<8E6:4@52>.@6;?/E@52?0;>2?;3<8.:@?C6@5.C2645@;3
9;>2@5.: 745. 

$8.:@'<2062?
24A92?
./-$'0.)&/"). Boiss&Heldr.
./-$'0.%(*.0.L.
/%3-0../&10. L.
*/0. *-)& 0'/0. L.
"!& $*'0+0'&) L.
"!& $*+*'3(*-+% L.
"!& $*./&1 L.
"'&'*/0.*##& &)'&. (L.) Desr.
)*-3 %&. ++*!*&  Boiss.
)*-3 %&../&1 Lam.
)*-3 %&..0'+%0-" Boi.&Bal.
.*-'"&/0(&)*. L.
-&#*'&0(+-/")."L.
-&#*'&0(-"+").L.
& &./&1 L.
15 species total
+ 30 legumes species total
(;@.8 24A92?
>.??2?
"$&'*+. 3'&)!-&  Host.
"$&'*+./-&0) &'&.L.
$-*+3-*)"'*)$/0( (Host) Be.
$-*+3-*)-"+"). (L.) P.Beauv.
-*(0."-" /0.Hudson
-*(0./" /*-0( L.
 /3'&.$'*("-/ L.
'3(0. +0/("!0." L.
"./0 *1&) L.
*-!"0(0'*.0( L.
*"'"-& -&.// (L.) Bertol
/&+'$. " Roemer&Schultes
12 species total
+ 25 grasses species total
(;@.8>.??2?
#@52>.96862?
)/%"(&./&) /*-& L.
')/$*') "*'/" L.
*/-&0((&)*- Scop.
*/")/&'')/*'& Peşmen
'1&2&"!"())& Boiss.
 &*.-$")/L.
%3(0..,0--*.0. Fisch&Mey.
7 species total
+ 122 others families species
(;@.8#@52>.96862?
Total of more than 1% (34)
Total of less than 1% (177)
"& (#( 

'0;>2
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5
5
8
10
10
8
10
6
3
8
5
3
9
9
9

50
50
80
120
96
88
350
66
64
2300
120
-225
99
362
4070
320
  

--120
140
228
120
450
360
66
2850
180
-256
155
556
5481
352
 

-35
88
165
250
200
755
260
-5755
1855
-235
188
165
9951
511
 

50
50
165
185
285
265
886
275
33
5985
2055
-356
226
286
11102
822
 

55
-106
125
214
165
726
156
-3685
2106
886
126
135
125
8610
632
  

155
55
165
224
286
124
966
148
66
3345
2255
556
132
144
156
8777
666
 

78
48
121
160
227
160
689
211
57
3987
1429
721
222
158
275
7999
551


142
365
175
255
486
358
386
66
1655
-285
66
4239
563
 

22
-84
22
60
22
44
254
101

8563
984


355
415
215
356
272
75
786
41
1356
66
744
126
4807
696
 

26
60
150
22
60
40
44
402
104
 
10690
1152
 

55
36
85
86
228
88
226
88
386
-55
-1333
311


66
-166
44
84
40
68
468
114
 
11752
936


55
48
76
68
326
155
446
66
145
-55
-1440
474
 

26
66
346
-88
44
-570
118

13112
1414
 

---125
35
35
322
-206
66
--789
213

36
---166
126
306
-221
66
--885
220


-68
1036
44
-22
44
1214
140

10876
1026
 

129
216
138
178
252
140
412
65
662
66
285
96
2249
413
 

35
65
467
36
73
36
53
692
123
815
10940
1086


1

3
3
5
6
5
2
7
3
6
6
5
4
1


1
6
6
2
3
2
4
1





%A.86@E<>;<2>@62?$$,"
! ! &* For use in quality analyses,
samples which were dried in the last two years of
the study (2012-2014) as mentioned in the section
about hay yield were grounded to pass through a 1
mm sieve for chemical analyses. Total nitrogen was
determined using the Kjeldahl method and
multiplied by 6.25 to give the crude protein content
(CPC) [34]. Crude protein yield (CPY) was
determined by multiplying CPC and hay yield. Acid
Detergent Fiber According to [35], high ADF
containing feeds have low digestibility and energy
value and Neutral Detergent Fiber (NDF) content
were measured using a NIRS (Near Infrared
Reflectance Spectroscopy) following the procedure



-66
1020
48
-46
66
1246
159
 
10645
1004


2:
!2.:?

described by [36]. With the help of the determined
ADF and NDF, digestible dry matter (DDM), dry
matter intake (DMI) and relative feed values (FRV)
were calculated using the formulas stated below
[37].
DDM = 88.9 - (0.779 × ADF%)
DMI = 120 / NDF%
FRV = (DDM × DMI) / 1.29

B.8A.@6;: ;3 ;/@.6:21 1.@. Statistical
analyses of data obtained at the end of the research
were carried out on the TOTEMSTAT statistical
program using [38] the Randomized Block design.
Differences between means were compared using
the least significant difference (LSD) test at 5%
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probability and values were stated underneath the
Tables.

According to the visual estimation method
mean value was found as 74.25%, was highest in
parcel (82.01%) A3, and lowest in parcel A5
(71.21%). Differences among the methods used are
natural. Because, even if only a single plant lands
on every centimeter of the transect line, it is
considered full. It is a well-known fact that this
measurement method is much more sensitive in
comparison to others. The quadrat method is
considered to produce healthy results but has bigger
disadvantages in terms of sensitivity when
compared to transect. The issue to be taken most
into consideration here is that the visual estimation
method can be applied in a short period of time but
is more appropriate for use by experienced
researchers [2,4,27]. Basal cover area data supports
the data of botanical composition ratios based on
the basal cover area and the weight of the same
parcels.

;@.:60.8 0;9<;?6@6;: /.?21 ;: @52 /.?.8
0;B2> .>2.  Values determined in the study
using the transect method have been listed in Table
3. When botanical composition is examined on the
basis of families, the mean of grasses (48.78%) is
higher than legumes and other family plants. One of
the most important reasons is that grass plants’
structure is generally much thinner in comparison
to plants outside of its family and thus it landed on
the centimeters of the transect line much more. If
ratios are assessed based on parcels, it can be
observed that the highest value of legumes was
found in the A6 parcel (52.85%), whereas the
lowest value (22.85%) was seen in parcel A1. As
pine-trees planted in the area approximately 30
years ago have grown and covered some parts of
the area, it is slowly losing normal pasture quality
and becoming more of a forest gap type pasture. It
is thought that the differences between the parcels
may be due to this reason. The endurance of
legumes to pressing is less than many grasses and
other families. Grasses were determined to have the
highest ratio in parcel A1 (65.15%), and the lowest
ratio in parcel A6 (32.15%). Plants belonging to
others families showed their highest value (20.25%)
in the A5 parcel, and their lowest values (5.05%
and 5.15%) in the A3 and A4 parcels.

&') ('"')''#"

In statistical analyses carried out with data
from the study, statistical differences between years
of research were found insignificant. That is why,
in the tables, data was not presented yearly, instead
the analysis results of mean data obtained from the
eight-year research were given.
Analysis results of the data from the study
show that differences between pasture parcels are
statistically significant.

8;>6?@60 0;9<;?6@6;: 211 plant species
belonging to 37 families and 132 genera were
identified in the research area. Among these
families; 45 plant species from the legumes family
and 37 from the grasses family were detected, the
remaining 129 plants were found in 35 families in
differing numbers. 34 species consisting of 15
legumes, 12 grasses and 7 other families provided
91% (10.940/12.025 kg ha-1) of the total hay yield
(Table 2).
This cohabitation provides many advanteges
to the pasture. One of them is that a large number of
plant species that compose vegetation have a very
wide adaptation ability and long green period [32].
Pastures are also among important factors in soil
improvement [39].

.?.8 0;B2> .>2.  Values of the basal
cover area as determined by the transect, quadrat
and visual estimation methods are presented in
Table 3.
When study data is assessed depending on the
method used to determine basal cover area, largest
basal cover area can be seen in the transect method
with 81.25%. The highest value was taken from the
A4 parcel with 92.65%, whereas the lowest was
taken from parcel A1 (75.72%). Mean basal cover
area as determined by the quadrat method was
73.35% and the highest ratio was obtained from
(83.75%) A3, while the lowest ratio was obtained
from parcel A6 (68.35%).
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Transect
Quadrat
75.72
68.87
76.56
70.75
87.77
83.75
92.65
77.55
77.85
70.85
76.95
68.35
  
  
 
 

Visual
72.71
74.93
82.01
73.07
71.21
71.55
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Legume
Grass
Others
22.85
65.15
9.48
28.65
56.35
12.45
47.52
52.25
5.05
45.95
51.45
5.15
39.85
35.35
20.25
52.85
32.15
17.25
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Legume
Grass
Others
46.85
48.25
3.81
51.61
44.55
4.33
85.25
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79.55
8.30
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When compared on the basis of families, ob;@.:60.8 0;9<;?6@6;: /.?21 ;: @52 C2645@
tained data shows that legumes generally produce
 Values determined in the study using the
heavier vegetative part than most grasses and other
Quadrat method have been listed in Table 3. When
family plants. For this reason, despite being less
botanical composition data is examined with regard
than grasses in botanical composition based on the
to families, legumes clearly come to the forefront.
basal cover area, they have a much higher hay
The parcel containing the largest amount of
yield. When the total of hay yields obtained from
legumes, which constitute as large a percentage of
the research is examined, highest yield can be seen
the total weight as 71.09%, was A3 with 85.25%
in parcel A4 with 14.526 kg ha-1, while the lowest
and the parcel with the lowest amount, just as in
yield is in parcel A1 with 9.542 kg ha-1. Mean hay
botanical composition based on basal cover area,
yield of the research field was found to be 12.025
was A1 with 46.85%. As Legumes plants generally
kg ha-1.
produce plentiful and watery vegetative parts, they

weight more than grasses and other families. That is
B.68./82 5.E 74 5.  Data obtained has
why, even though they are less than grasses in
been given in Table 3. According to the data, which
botanical composition based on area, they have a
was calculated as half of the hay yield, the highest
much higher ratio in terms of weight. Grasses, on
value was calculated in parcel A4 (7.263 kg ha-1),
the other hand, showed highest yield (48.25%) in
the lowest value in parcel A1 (4.771 kg ha-1), and
the A1 parcel, and the lowest yield (7.25%) in the
the mean was 6.013 kg ha-1. Leaf areas of pastures
A5 parcel. Grasses have high numbers in botanical
are over-tightened by grazing, which can have a
composition based on area, however due to their
lethal effect on crops. Leaf area and chlorophyll
thin, and weak structure they fall behind of legumes
contents in the leaves of plants are important and
weight-wise [27].
can be used to produce high quality feed [40].
The highest value for plants of other families
Therefore, some of the green leaf area of plants
(12.08%) was observed in parcel A5, and the lowest
should be left to allow for photosynthesis. Usually
value (3.81%) in parcel A1. The lowest amounts for
because of this reason, half of the hay of pasture
botanical composition both based on the basal
produce in a season should be used as feed [32].
cover area and the weight were found in the other
families group. Such data reveals that the area was
>.F6:4 0.<.06@E ) :69.8 ):6@ Table
dominated by legume and grass plants.
3 shows the results obtained according to the

calculation stated above, which takes into
.E E6281 74 5.  Values obtained in the
consideration the measurement that a live weight
study using the quadrat method have been listed in
Table 4.
animal of 500 kg would graze approximately 12.5
When yields were evaluated according to famkg of hay for 165 days between May 1 - September
ilies, highest yield in legumes was observed in the
15 (2.062 kg) in the ecological conditions of the
parcel A4 with 11.924 kg ha-1, whereas the lowest
Tokat province without harming the pasture.
was seen in A1 with 4.385 kg ha-1, and legumes had
According to values, the A4 pasture (17.61 AU)
the highest mean with a value of 8.548 kg ha-1. Data
had highest grazing capacity, the A1 pasture (11.57
shows that highest yield of grasses (5.503 kg ha-1)
AU) had lowest grazing capacity, and the mean was
was observed in parcel A2, and the lowest yield
calculated as 14.58 AU. Similar to hay yield
(1.002 kg ha-1) was observed in parcel A5. Mean
character.
yield for grasses, which was 2.662 kg ha-1, placed it

in second place but was found three times lower
&2=A6>21 .>2. <2> .:69.8 5. Table 3
than that of legumes. As for plants belonging to
shows required area per animal calculations, which
other families, they showed the highest value
can be obtained either by the formula states above
(1.405 kg ha-1) in parcel A5, the lowest value (355
or directly through dividing pasture area by grazing
kg ha-1) in parcel A1, and ranked last with a mean
capacity. According to these calculations, A4 was
of 815 kg ha-1.
( 
.EE6281745. .:1;@52>=A.86@E32.@A>2?
$.?@A>2?
.:1.>2.
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24A92
3.968E
4.385
5.833
10.462
11.924
9.242
9.443

 

.EE6281745. 
>.??2?
#@52>
3.968E
3.96862?
4.802
355
5.503
506
1.644
582
1.914
688
1.002
1.405
1.105
1.354
 
 

 

(;@.8
E6281
9.542
11.842
12.688
14.526
11.649
11.902
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4.771
5.921
6.344
7.263
5.825
5.951



11.57
14.35
15.38
17.61
14.12
14.43


0.43
0.35
0.33
0.28
0.35
0.35
 

7.9
7.6
9.6
8.9
8.0
8.5
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19.15
19.85
20.65
21.75
18.21
18.96

 

$,
745. 
182.7
235.1
262.0
315.9
212.1
225.7
237.6
 



28.12
28.45
27.95
27.61
29.75
29.36

 

"

42.15
42.61
41.64
41.17
43.45
43.05
  
 

!

66.99
66.73
67.13
67.39
65.72
66.03



!

2.85
2.82
2.88
2.91
2.76
2.79



&*

148.00
145.87
149.87
152.02
140.61
142.81
 
 

been shown in Table 5.
According to mean values, ADF was 28.54%,
NDF was 42.35%, DDM was 66.67%, DMI was
2.84% and RFV was observed as 146.53.
Among the studied properties, ADF value
gives a clue about feed quality. High ADF
containing feeds have low digestibility and energy
value [35]. For this reason, low values of the plant
cell wall constituents ADF and NDF are preferred.
The findings of this study were in line with those
reported by [23] as ADF 29.48, NDF 43.31, DDM
65.93, DMI 2.77 and RFV 141.93, and are close to
ADF 24.10, NDF 56.80 findings of [21] and to the
values reported between ADF 25.83-51.35, NDF
43.57-50.28 by [22].


#" )'#"

the pasture that had least required area with 0.28
ha,and A1 was the pasture which had most required
area with 0.43 ha. Mean required area was
calculated as 0.34 ha.

??64:6:4 B.8A2 :A9/2>? @; <8.:@? Every
plant with a ratio higher than 1% in the total yield
was assigned a value (score) between 0-10 as proposed by [32] and [2] according to its level of being
eaten heartily by animals (Table 2).

$.?@A>2 =A.86@E 124>22 From the 211 plant
species found in the research area, 34 species consisting of 15 legumes, 12 grasses and 7 plants belonging to other families which had a weight greater than 1%, provided 91% of the total yield of the
area. The ratio of each species is calculated by
multiplication of the value number assigned to the
plant and its botanical composition ratios, which is
then divided by 100. The sum of the two determines
pasture quality degree [32, 2]. Pasture quality degree, determined as 8.4 according to the scale defined by [33], ranked “very good and higher than
the results of some other researchers [23, 24, 19,
20, 21, 22]. These differences may be attributed to
the effects of environmental factors prevailing in
the experimental area.

%A.86@E <>;<2>@62? (CPC, CPY, ADF, NDF,
DDM, DMI, FRV). Crude protein content and yield
values obtained have been listed in Table 5.
Crude protein content was found to be
between 19.15-21.75% (Mean: 19.76%) and crude
protein yield was 182.7-315.9 kg ha-1 (mean; 237.6
kg ha-1). The findings are similar to the 19.69% and
246.3 kg ha-1 findings of [23], similar to the 16.62%
and 312.0 kg ha-1 findings of [24], and were higher
than findings reported as 13.40% by [19], 13.38%
by [20], 13.40% by [21] and 13.12% by [22]. A
research area richer in high quality legume plant
species than the research areas of studies stated
above and ecological conditions are the reasons
behind such higher findings. The research area may
be richer with legumes or climatic factors.
Indicators of pasture quality properties; Acid
Detergent Fiber (ADF), Neutral Detergent Fiber
(NDF), Digestible Dry Matter (DDM), Dry Matter
Intake (DMI) and Relative Feed Values (RFV) have

Obtained data of quality properties discussed
in the study such as crude protein content (CPC)
and yield (CPY), ADF, NDF, SKM, MKT, and
RFV were close to the findings of [23] and [24] and
were found to be higher than values reported by
[19], [21] and [22].
Data for all the properties examined in this
study was higher than other research on this field
[5-18,23]. The main reason behind such high data
might be that in the ecological conditions of the
Tokat province, which is located in a transition
region between the Black Sea region and Central
Anatolia, annual precipitation and the distribution
of rain not just to seasons but also to months is
equal. Another reason is that this area had been
used as a settlement until 80 years ago and that it
had been farmed as a garden.
Plants most frequently encountered in the
research area were; from the legumes family;
)*-3 %&../&1)*-3 %&..0'+%0-".*-'"
&/0(&)*. "!& $* ./&1 & & ./&1
"!& $* '0+0'&) )! -&#*'&0( +-/")." from
the grasses family; "./0  *1&)  /3'&.
$'*("-/ *"'"-& -&.// -*(0. "-" /0.
"$&'*+./-&0) '&.$-*+3-*)-"+").and "$&'*+.
/-&0) '&. and from plants belonging to other
families; */-&0( (&)*- '1& 2&"!"())&
')/$* ') "*'/" )! %3(0. .,0--*.0.
Decaying plant remains and bush plants started to
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invade parts of the area that were not profited from
either through grazing or harvesting. This
vegetation, which possesses plants of extreme
quality, most of which are eaten heartily by animals
should not be abandoned to its own fate but rather
put to good use at least by means of harvesting.
Botanical composition, basal cover area and
hay yield values, all notable characteristics of
protection from grazing for long years, were
determined and stated in this study. According to
data obtained from 1×1 m cages placed in grazing
pasture areas bordering the research area, basal
cover areas were determined as 28-40% and mean
hay yield values were approximately 800 kg ha-1. It
can clearly be seen that (12.025 kg ha-1) pastures
protected from grazing in the ecological conditions
of the Tokat province show 15 times greater
increase in yield than grazed pastures. No animal
accession in the area (approximately 40 years), i.e.
a chance for the vegetation and especially
decreasing species to renew themselves by way of
relieving the pasture from grazing pressure, can be
shown as the effect explaining such an increase
[41]. As pine-trees planted in the area
approximately 30 years ago have grown and
covered parts of the area, it is slowly losing normal
pasture quality and becoming more of a forest gap
type pasture. Yield potential reached by the area
can be thought of as maximum attainable capacity
in existing soil and climate conditions.
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icity is weak. Since PPCPs is very easy to use and
purchase, the amount of PPCPs used is quite large.
However, PPCPs are commonly found in domestic
wastewater, treatment plant effluent and surface
water environment due to heavy use and arbitrary
discharge and disposal. Therefore, it will be possible to further impact on the environmental ecosystem. However, PPCPs are fairly small in the water
environment (ng/L-μg/L), and there is no standard
analytical method in the world at present. Therefore,
the establishment of accurate and consistent standard detection method is urgent and necessary.
Traditionally, PPCPs analysis requires multiple processing steps in water environment. In addition to its complicated procedure, the PPCPs in the
environment are mainly analyzed by chromatography and mass spectrometry because of the very
low mass concentration of PPCPs in water environment. Many species there is currently analyzing
PPCPs in the environment including gas chromatography mass spectrometry (GC/MS), gas chromatography double mass spectrometry (GC/MS/
MS), high performance liquid chromatography-mass spectrometry (HPLC/MS), high performance liquid chromatography double mass spectrometry (HPLC/MS/MS) [2]. However, the instrument used above is more expensive, more complex and more complicated to maintain. Therefore,
to find low cost, rapid and high selectivity instrumental analysis technology is the main development direction of PPCPs in the field of environmental analysis.
Molecular imprinting technique (MIT) refers
to preparation of a specific target molecule (also
known as template molecule; Molecular imprinting
polymers (MIPs)) with specific selectivity or specific selectivity of the polymer process. Molecular
imprinting technology is not complicated and the
preparation process is simple. It has good thermal
stability, wide tolerance to solvent, reusable and
long-term preservation. The present study MIP
preparation methods focused on two aspects: one is
to improve the material to adapt to large-scale production and application. The second is to solve the
problem of water-soluble molecules imprinting. It is
an important issue which currently limiting the application of MIP technology. The most commonly
used methods of preparation include bulk polymer-

$%#%
In this study, dual template Ciproflexicn-Norflexicn (CIP-NOR)-molecular imprinted
polymers (MIPs) were successfully synthesized by
photochemical reaction with the monomer: crosslinking agent: Photoinitiator (MAA: EDGMA:
AIBN) under the conditions of the ratio of
10:0.05:0.1. And the characterization of obtained
MIPs was analyzed by FESEM, BET and determination of swelling degree. MIPs and non-imprinted
polymers (NIPs) materials were compared by
means of adsorption kinetics and adsorption isotherms measurements. It was shown that the optimal imprinting factors of Fluoroquinolones (FQs)
on dual templates MIPs were 3.7 and 2.8 to CIP and
NOR and the maximum binding amount of FQs
were about 5.6 (mg/g) and 6.2 (mg/g). The adsorption isotherm was identified to Freundlich isotherm
model by using the non-linear method for the adsorption of CIP and NOR. Results also show that
dual template MIPs can simultaneously produce
molecular recognition points. However, single template MIPs show low selectivity for the mixed solution, thereby reducing the separation factor and
imprinting factor of the single template MIPs.
(' #$ 
MIPs, photochemical reaction, Fluoroquinolones, recognition, inverse opal

%# &% 
In recent years, many chemical substances
such as household chemicals, biological hormones,
pharmaceuticals, fungicides and consumer products
have been introduced into the environment to improve the quality of agricultural, medical, household and industrial facilities. These compounds are
collectively referred to as drugs and personal protective products (PPCPs, pharmaceuticals and personal care products) or emerging pollutants
(emerging pollutants) [1]. PPCPs can promote the
human body, animal and plant to some specific
physiological response. Its products do not belong
to the environmental priorities of the material. Its
human and environmental ecology of the acute tox-
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ization, emulsion polymerization, suspension
polymerization method and the surface imprinting
mode. The preparation method of bulk polymerization is simple, but it needs to be processed and polished to cause the binding point and the space
structure of the imprinting sites to be easily broken,
so the use efficiency is low. Suspension and emulsion polymerization can produce homogeneous
polymer microsphere but imprinting hole and binding site are easily embedded in the sphere, it is difficult to elute, thereby reducing the reaction efficiency. Surface imprinting process can be carried
out in an aqueous solution. Because the binding site
is on the polymer surface, the elution process is
easy and the elution is complete, which effectively
reduces the embedding phenomenon When binding
again to the target molecule, the target molecule
does not need to enter the rigid structure of the
polymer and is very useful for binding kinetics.
However, because of its binding sites only on the
surface of the polymer is less reactive sites, and
thus its absorption capacity is low [3]. Therefore,
how to increase the binding sites of the polymer
surface will be the key point to influence the speed
and sensitivity of the detection of pollutants.
At present, most of the MIPs are designed to
recognize only a certain type of antibiotics. They
can not collect a variety of identification points on
the same MIPs. This can not be used for real-time
detecting multiple types of antibiotics in the complex components of factory wastewater or domestic
wastewater simultaneously. Mixed-template or
multi-template imprinted polymers refer to the
preparation of the polymers using more than one
compound as templates. Since the selectivity and
affinity of polymers is connected with the rigidity
and steric hindrance of the template, compounds
with similar structure can be used together as tem-

plates to get stronger selectivity and affinity of the
polymers towards allied compounds [4]. Meng et al.
demonstrated that the imprinting two templates
simultaneously were found to provide better performance versus physically mixing the MIPs from
two templates imprinted separately [5]. Liu et al.
prepared a novel dual-template polymer with CIP
and LVFX as template molecules. The results show
that the dual-templates imprinting polymer has the
ability to adsorb multiple fluoroquinolones at the
same time [4]. Qu et al. also prepared MIPs using
dual-templates of OTC and ENRO via metal ion
mediated imprinting [6]. The described results provide the evidence that the specific MIPs enable to
clean-up and pre-concentrate two drugs belong to
different family. This dual-template model would
be a reference for development of MIPs targeting
various analytes and multi-residual bio-separation
in routine analysis. Therefore, it is feasible way to
detect sulfonamides, tetracyclines, quinolones and
fluoroquinolones at the same time by using multiple
template molecules in the same set of recognition
points of the MIPs.
Fluoroquinolones (FQs) are derivatives of
quinolones (QNs) that have a common quinolone
skeleton with a fluorine atom and a piperazinyl
group placed at positions C-6 and C-7, respectively.
The chemical structures of the antibiotics are shown
in Figure 1[4]. They are used as inhibitor for the
synthesis of bacterial DNA and their primary targets are bacterial DNA gyrase and topoisomerase
IV enzymes which are very important for DNA
replication and transcription [7]. There are used
extensively for the treatment, prevention and promoting growth. As synthetic broad-spectrum antibiotics widely used in human and veterinary medicine over the last two decades, FQs have several
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characteristics such as efficient, low toxicity, strong
tissue penetration and low price. Due to the extensive application of FQs in human and edible animal,
the residue of the antibiotics is easy to cause the
appearance of drug resistant strains, so FQs become
the key monitoring objects of many countries. One
of the third-generation quinolone ciprofloxacin as
the most representative, has a very good antibacterial activity, so far, is still considered a cyclopropyl
[8]. Best substituent position, changes in the structure of great importance in the history of quinolone
antibiotics. Resistant pathogens and certain QNs
carcinogenic potential, where they are residual
problem has caused widespread concern [9]. But
the actual sample matrix interference and drug residues in severe low factor for accurate analysis
bring some residual amount of difficulty.
In this study, the MIPs were prepared using
each FQs as template and evaluated by UV-VIS and
selectivity evaluation. Based on molecular recognition abilities of different MIPs, CIP and NOR were
chosen as dual-templates for preparation of novel
MIPs to recognize a group of FQs. Then, the optimal polymers were used as sorbents for on-line
UV-VIS system to determine trace FQs in water.


%#$% $

The surface morphology of the polymer films
was examined by a field-emission scanning electron
microscope (FE-SEM, XL-40 FEG SEM, Philips,
Eindhoven, Holland). The specific surface area of
the polymer films was determined by Brunauer-Emmett-Teller (BET) apparatus N2 adsorption
using a Micromeritics ASAP 2010 system (Norcross, GA). The pore-size distribution was calculated from the desorption branch of the nitrogen
isotherm, using the Barrett–Joyner–Halenda method.
Swelling experiments were performed on
polymer films in phosphate buffer at two different
pH (2 and 6) conditions. The water absorbed was
determined by weighing the polymers after wiping
at regular time intervals. Swollen polymers were
weighed by an electronic balance and the measurements were continued until a constant weight was
reached. 
To investigate the adsorption kinetics of the
obtained imprinted polymer films, 50 mg of films
were mixed with 10 mL of methanol solution of
FQs at a concentration of 50 ppm, and the mixture
was incubated at regular time intervals from 20 min
to 220 min at room temperature. Then, the supernatant was collected, and the residual FQs concentration was measured by UV-VIS (Jasco V-530, Japan).
The adsorption capacities of FQs taken up by the
sorbent in each flask were determined by the following mass balance equation:

Methacrylic Acid (MAA), ethylene glycol dimethacrylate (EGDMA) and 2,2’-azobis (isobutyronitrile), (AIBN) were purchased from Alfa Aesar. Ciprofloxacin (CIP) and Norprofloxacin (NOR)
was obtained from TCI. Methanol, ethanol, and
Acetic acid were supplied by Acros. All the reagents were of at least analytical reagent grade and
used without further purification.
The dual-template imprinted polymer films
was prepared as follows: the functional monomers
MAA (10ml) and the template molecules comprised
with CIP (0.025g) and NOR (0.025g) were weighed
into a flask, dissolved in 5 mL methanol and then
ultrasonicated to ensure complete association. Then
the antibiotic with MMA was pre-polymerization at
4 ° C for 24 hours. EDGMA (1ml) and AIBN
(0.05g) were added to the flask and the mixture was
subjected to further ultrasonication. After mixing
completely, the obtained clear solution was deoxygenated and kept for at least 10 minutes. The polymers precursor solution was irradiated in a photochemical reactor operating with 120 volts. After
polymerization, the templates were removed by
molecule by ultrasound-assisted extraction within
30 minutes with acetic acid/methanol (1/9, v/v).
Then polymers were washed with methanol for 12 h
to remove acetic acid and dried at 40 ◦C to reach a
constant weight.
CIP-MIPs, NOR-MIPs and NIPs were prepared under identical conditions in the absence of
one or both templates.

=

(0 -  )


(1)

where  is the sorption capacity (mg/g), 
and  are, respectively, the initial and solution
phase FQs concentration at equilibrium (ppm), 
the solution volume (L), and  the mass of films
(g)
For Isotherm studies, the films and 10 mL of
FQs solutions with different initial concentrations
were placed in 250-mL beakers and stirred by a
magnetic stirrer. 50 mg of films was placed in 250
mL of the FQs solution with shaking for 24 h at 150
rpm. Isotherm studies were conducted with a constant weight and various initial concentrations of
FQs in the range 50-1000 ppm.
In order to estimate the selectivity of the single and dual template MIPs, CIP and NOR were
chosen and investigated. Briefly, 50 mg MIPs or
NIPs were dispersed in 10 mL of aqueous solution
of the CIP and NOR solution with the concentration
of 50 ppm individual in 250 mL beakers, respectively. The mixture was shaken for 24 h at room
temperature, followed by centrifugation and filtration with 0.22 m cellulose acetate membrane filters.
The recognition ability of MIPs was evaluated by
the imprinting factor (IF), which was calculated by
the following equation:

 =
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where QMIP and QNIP are the adsorption capacity of the template on MIPs and NIPs, respectively.
Usually, the static distribution coefficient Kd (mL/g)
and the separation factor  are utilized to evaluate
the molecular selectivity of MIPs. Static distribution coefficient (Kd) was calculated by Equation
(3),

 =




(3)
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of polymers. Furthermore, the dual templates-MIPs
had narrower cavity size distribution than other
MIPs. It was shown in the Figure 2 (e) that the cavities are in the imprinting procedure, by providing
the specificity by reason of their complementarity
towards the template molecules [10]. The BET data
(Table 1) agree with the FESEM images. Table 1
shows the comparison of total pore volume, surface
area and total porosity between MIPs and NIPs. For
four polymers, the surface areas and total pore
volumes
decreased
in
the
order
of
MIPs-NOR>MIPs-CIP-NOR>MIPs-CIP>NIPs.
This indicates that the addition of a template increased the large pores in MIPs so that pore size
and total pore volume in the MIPs is larger than
those of the NIPs. It demonstrates that the recognition sites of the template appeared on the surface of
MIPs. Due to its larger surface area, pore volume
and total porosity, it is easily understood that better
recognition performance for template molecule was
obtained for MIPs in the next absorptive experiments.
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where Kd represents the static distribution coefficient (mL/g), Qe (mg/g) is the equilibrium adsorption capacity, Ce (mg/L) is the equilibrium
concentration. The separation factor of MIPs was
calculated by Equation (4),

α=



(4)

where Kd1 and Kd2 are the static distribution
coefficients of template and structurally related
compounds, respectively.
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Figure 2 shows the distinct differences between NIPs and the three MIPs. It was shown that
all of the MIPs possessed more pores than NIPs and
larger pore diameters were observed for the MIPs.
In contrast with single template-MIPs (Figure 2(b)
and (c)), dual template-MIPs (Figure 2 (d)) exhibited significantly rough porous structure, distinctly
higher numbers of holes, and discontinuous surface
generation. It was shown that the large pores are
obtained by the presence of porogenic agent
(methanol) appeared to control the size and shape

Polymers

MIPs-CIP
MIPs-CIPNOR
MIPs-NOR
NIPs

Surface
area
(m2/g)
62
77

Total pore
volume
(cm3/g)
0.2941
0.4103

192.1
208.3

68
51

0.3422
0.2311

198.2
171.2

Pore size

(A )
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Dry MIPs and NIPs films were immersed in
distilled water for 4 days leading to a progressive
swelling of the films. Swelling behavior of MIPs
and NIPs films in distilled water is shown in Figure
3. The swelling experiments for MIPs were performed after extraction of CIP and NOR. The degree of swelling for each sample at time t was calculated using the relation (WtW0)/W0, Where Wt
is the weights of the swollen film at time t and W0
is the initial weight of the film. The degree of
swelling was observed to be significantly higher for
the 276 % measured for the NIPs. It indicated that
the MIP films with SR = 395 % compared to many
nanocavities are generated in the network of MIPs
after the elution template. Therefore, MIPs will
have a higher degree of swelling than NIPs. The
pH-responsive properties of the MIPs and NIPs
films were studied by dynamic swelling experiments in DDW solutions with pH values 2 and 6

medium. Figure 3 shows that the equilibrium
swelling degrees of both MIPs and NIPs become
higher with increasing pH, due to the ionization of
the carboxylic groups above their pKa. This behavior is due to the swelling of the films when the carboxylic acid groups of the PMAA chains become
ionized and generate an electrostatic repulsion between these charged groups [11]. It is to note that
the relative increase in mesh size with pH is enhanced for the FQs-free MIPs compared to the NIPs,
in agreement with a lower crosslink density [12].
Therefore, these results demonstrate that, under the
same polymerization conditions, the presence of the
template molecule inside the MIPs induces strong
modification of the hydrogel network structure,
leaving larger pores after extraction of the template,
as compared to NIPs. Although usual specificity
tests classically compare the capacities of MIPs and
NIPs to bind a template molecule, it is important to
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note that these differences in polymer porosity existing between imprinted and their corresponding
non-imprinted control structures could overshadow
the contribution of enhanced affinity for the template.
To understand the adsorption mechanism of
MIPs, the binding rate of single template MIPs,
dual template MIPs and NIPs to 40 ppm CIP and
NOR mixed solution were investigated. As shown
in Figure 4, the adsorption capacity of
MIPs-CIP-NOR for CIP increased rapidly in the
first 2 hrs and then reached the equilibrium of adsorption (5.6 mg/g) in 2.5 hrs. It may be due to the
three-dimensional structure of MIPs-CIP-NOR
consists of crosslinking agent and functional monomer, and the initial stage is mainly the adsorption
of template molecule on the porous and irregular
surface, and the binding speed of template molecule
is faster. When the outer surface is saturated, the
template molecules diffuse inward through the
pores and adsorbed on the pore walls. The adsorption rate is affected by the mass transfer resistance,
resulting in slowing of the binding rate. After 3 hrs,
the adsorption reaches equilibrium. Figure 4 also
show that the adsorbed amount of the NIPs did not
increase significantly after 1 hr, and then reached
equilibrium adsorption capacity (1.5 mg/g) after
200 mins. NIPs have no molecular recognition sites.
Therefore, the amount of adsorption is mainly attributed to the molecular structure affinity of CIP
and NOR. Because NIPs is not selective, and CIP
and NOR structure is similar, resulting in NIPs
mixed solution for the low adsorption properties.
The single template MIPs-CIP had a higher adsorption capacity (2.81 mg/g for CIP, 2.32 mg/g for
NOR) than that of NIPs. It was obviously lower
than that of dual template MIPs. Compared to single template MIPs, dual template MIPs introduced
an additional degree of freedom in material design.

More appropriate cavities for the recombination and
release of the analytes were applied using the mixed
molecular templates. These cavities provide a
channel through which the target analytes can be
rapidly captured [13]. Figure 5 also shows the adsorption capacity of MIPs-CIP-NOR for NOR (6.2
mg/g) within the first hour and NIPs reached equilibrium (2.4 mg/g) within 50 minutes. As norfloxacin and ciprofloxacin both owned hydroxyl, carboxyl, piperazine, fluorine, and similar molecular
weight, it could be inferred that the molecular
structures, functional groups, and molecular weight
would be the main factors which influenced the
adsorption selectivity [14]. The carboxyl groups of
norfloxacin and ciprofloxacin at the C-3 position
can be hydrogen-bonded to the carboxyl groups on
the MAA monomer. From the molecular structure,
the difference between ciprofloxacin and norfloxacin is at the C-1 position replaced by cyclopropyl.
Therefore, norfloxacin is much easier than ciprofloxacin reacting with MAA to form non-covalent
bond combination and thus resulted in reduction of
ciprofloxacin molecular recognition point during
the template prepolymerization process. It may be
the reason that the adsorption capacity of
MIPs-CIP-NOR for NOR is higher than for CIP.
Interestingly, the adsorption capacity of MIPs-NOR
also increased rapidly and reached a steady equilibrium (4.8mg/g) within 2.5 hours which is similar to
that of MIPs-CIP-NOR. It may be due to the rough
and porous structure of MIPs-NOR which make
NOR or CIP molecules easily diffuse into the pores
during the adsorption selection (CIP or NOR molecular recognition sites). It was shown that CIP and
NOR as the template molecules were the main contribution to selectivity of dual templates MIPs.
Moreover, NOR appeared to function as additive to
control the size and shape of polymers to small.
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Polymers
MIPs-CIP
MIPs-NOR
MIPs-CIP-NOR
NIPs

analyses
CIP
NOR
CIP
NOR
CIP
NOR
CIP
NOR

kd1
29.31
26.32
28.12
33.6
39.88
45.21
22.68
24.33

kd2
25.71
20.09
22.23
30
32.69
30.14
22.02
22.74

α
1.14
1.31
1.26
1.12
1.22
1.5
1.03
1.07

QMIP
2.8
2.3
3.1
4.8
5.6
6.2
_
_

QNIP
1.5
2.2
1.5
2.2
1.5
2.2
1.5
2.2

IF
1.9
1.1
2.1
2.2
3.7
2.8
_
_


The adsorption equilibrium of MIPs-CIP-NOR
and NIP for CIP and NOR was determined by static
equilibrium adsorption method in the initial concentration range of 50-1000 ppm, and the adsorption isotherms of different initial concentration solutions were obtained. Figure 6 shows that the adsorption amount of MIPs-CIP-NOR increases with
increasing concentration, while the adsorption capacity of NIPs at initial concentration greater than
200 ppm tends to saturate and at the same initial
concentration. The adsorption capacity of
MIPs-CIP-NOR was significantly larger than that
of NIPs. This demonstrated that the cavities formed
on MIPs-CIP-NOR by selective bonding and the
active binding sites in cavities determined that high
affinity and specific recognition of MIPs-CIP-NOR
on the template were much larger than the
non-selective bonding interaction. Table 2 shows
the experimental results from the adsorption experiments in FQs solutions. As can be seen from
Table 2, the adsorption capacities and static distri-

bution coefficients of the MIPs is larger than that of
the NIPs, that is, the structure effect has great influence on the adsorption capacities of MIPs. For
MIPs, in addition to the functional groups that can
bind to CIP and NOR, there are specific shape pores
which
can
be
complementary
to
the
three-dimensional structure of CIP and NOR. While
the distribution of functional groups in NIPs is random and there is no molecular recognition site
complementary to the template molecule. Therefore,
NIPs do not show specific selectivity for template
molecules. It is further explained that the imprinting
effect plays an important role in the process of
polymer synthesis. Table 2 also shows the separation factor calculation. It can be found that the separation factor of the dual template MIPs for CIP and
NOR is 1.22 and 1.5, respectively. Furthermore, it
was shown that the imprinting factors (I) of single
template MIPs were lower than that on dual template MIPs. This shows that dual template MIPs can
simultaneously produce molecular recognition
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Materials
MIPs-CIP
-NOR
NIPs

Adsorption
of FQs
CIP
NOR
CIP
NOR

Langmuir

Freundlich

KL

qm (mg/g)

0.0012
0.0016
0.0073
0.0121

46.4036
51.1472
6.6887
7.3574

Correlation
coefficient
0.9693
0.9667
0.9902
0.9989

 =

∑

∑

(  −  )2

(  −  )2 + ∑ (  −  )

  
1 +   

2.0104
2.1227
3.1888
4.0552

Correlation
coefficient
0.9608
0.9689
0.9623
0.9972

(7)

Where KF is the Freundlich isotherm constant,
and n(dimensionless) is the heterogeneity factor.
Listed in Table 3 are the Langmuir and Freundlich constants for the adsorption of CIP or NOR on
MIPs-CIP-NOR and NIPs. Error estimation of the
Langmuir and Freundlich equations show that
Langmuir model is more accurate to describe the
CIP or NOR adsorption isotherm than Freundlich
model except that of MIPs-CIP-NOR to NOR for
which Freundlich equation is slightly better. Langmuir equation was developed on the basis that the
adsorbent is assumed to have a homogeneous surface and that the interaction between adsorbed
molecules is negligible. It does not describe adsorption data as accurately as the Freundlich equation,
which is an empirical model for adsorption isotherm. This is supported by the present observations.
Both of the maximum CIP and NOR uptakes calculated by Langmuir method are MIPS-CIP-NOR
larger than NIPs.


 &$ 

(5)

 is the aver-

age of e.
In this work, Langmuir and Freundlich isotherms in their non-linear forms were applied to the
equilibrium data of sorption of CIP or NOR by
MIPs-CIP-NOR and NIPs. Langmuir isotherm assumes monolayer sorption onto a surface containing
a finite number of sorption sites of uniform strategies of sorption with no transmigration of sorbate in
the plane of surface [17]. Langmuir model (Equation 2) was used to describe the data obtained for
the equilibrium of CIP or NOR adsorbed onto
MIPs-CIP-NOR and NIPs.

 = max

0.7487
1.1599
0.6958
1.305098

1/ 

 =  

where m is the equilibrium capacity obtained
from the isotherm model, e the equilibrium capacity obtained from experiment, and

n

ponentially decaying adsorption site energy distribution. It is applied to describe heterogeneous system characterized by a heterogeneity factor of n.
The Freundlich model is expressed as follows:

points. However, single template MIPs show low
selectivity for the mixed solution, thereby reducing
the separation factor and imprinting factor of the
single template MIPs.
Typically, the analysis of the isotherm data
files by fitting it to different isotherm models will
be an important step to see the suitable model that
can be used for model purpose. Several experts
have got presented the non-linear method is known
as a better way to offer the isotherm variables. A
trial-and-error approach, which does apply to computer operations, was comfortable with compare the
best fit with the isotherms utilizing an optimization
routine to increase the coefficient involving determination r2, regarding the experimental details and
isotherms while in the solver add-in by using Microsoft’s spreadsheet, Ms Excel [15, 16]. The coefficient of determination 2 was:
2

KF

In conclusion, a novel MIPs using CIP and
NOR as the dual templates for recognizing a group
of FQs were successfully prepared. Characterization of obtained MIPs was analyzed by FESEM
analysis, BET and determination of swelling degree.
MIPs and NIP materials were compared by means
of adsorption kinetics and adsorption isotherms
measurements. The observed difference in adsorption capacity between the MIP and NIP materials
was interpreted on the basis of interactions between
target molecule and functional monomer used in the
preparation of MIP. The results indicated that dual
templates MIPs exhibited a high recognizable capacity to CIP and NOR and the optimal imprinting
factors were 3.7 and 2.8, respectively. Furthermore,
the recognition ability of dual templates MIPs for
CIP and NOR were explained by the chemical
structures of templates and the imprinting effect.

(6)

where Ce is the equilibrium concentration of
CIP or NOR ppm, qe the amount of CIP or NOR
sorbed per unit weight of adsorbable material at
equilibrium (mg/g), qmax the maximum amount adsorbed on a monolayer (mg/g) and KL the Langmuir
sorption equilibrium constant (mL/mg) and it is a
measure of the energy of sorption. Freundlich isotherm model is based on the assumption of an ex-
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The adsorption isotherm was identified to Freundlich isotherm model by using the non-linear
method for the adsorption of CIP and NOR. In a
word, the results suggested that dual templates
MIPs showed better selectivity for CIP and NOR
than those of single template MIPs. Therefore, dual
templates MIPs provided favorable condition for
the separation and purification of CIP and NOR.
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non-enzymatic antioxidants [7, 11]. Endogenous antioxidant defence systems includes enzymes such as
superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-PX) that act as detoxifying agents of reactive oxygen species (ROS) [7,
12, 13]. Glutathione reductase (GR) catalyses the reduction of oxidised glutathione (GSSG) to reduced
glutathione (GSH) and thereby facilitating maintenance of the cellular redox status [1, 11, 13].
Antioxidants serve a protective function as the
main and first line of defence by suppressing the formation of ROS [2, 9, 11]. This is done by reducing
hydrogen peroxide and lipid hydroperoxides to water and lipid hydroxides, respectively, or by sequestering metal ions such as iron and copper. The scavenging antioxidants remove active species rapidly
before the active species attack biologically essential
molecules. These scavenging antioxidants act as the
second line of defence   . Also, various enzymes function in defence mechanisms by repairing
damages, clearing the wastes, and reconstituting the
lost function, act as the third line defence [14]).
In areas contaminated with chemicals, sentinel
organisms such as mussels are not able to eliminate
toxins and hence accumulate them. Cellular responses to contaminants include the development of
mechanisms to protect themselves from toxic effects
of increased ROS production [13]. The levels of antioxidants produced are therefore considered potential biomarkers of toxicity of chemicals [16, 13].
Since the use of an individual biomarker may not be
able to reflect the status of an organism’s health and
the effects of each pollutant in a mixture [15, 16, 17],
the use of a variety of biomarkers (biomarker battery) is considered better suited when determining
the biological impact of pollutants (including metals) [18].
Mussels are widely used as sentinel organisms
in marine pollution monitoring and are therefore
considered ideal monitors of pollution in environments due to their ability to bioaccumulate pollutants
[19]. Bivalves such as   are commonly used as bioindicators as these organisms are
known to accumulate high levels of trace metals and
organic compounds in their tissue [20]. The resultant

A laboratory experiment was conducted to investigate correlations between Cu concentrations in
"  and antioxidant responses.
The results of the experiment indicated that Cu accumulated in    during a 21-day
exposure period. Mussels exposed to low dosages
(40 µg/L) of Cu resulted in a 4-fold increase in Cu
bioaccumulation, whereas mussels exposed to high
dosages (100 µg/L) of Cu, resulted in a 10-fold increase. The potential of oxidative stress as a biomarker was investigated using a battery of antioxidant assays/methodologies. The total antioxidant capacity was measured using FRAP and ORAC, antioxidant enzyme activity was determined by measuring catalase, superoxide dismutase, while the oxidative stress status was assessed by measuring the glutathione (GSH) content and lipid peroxidation
marker levels of conjugated dienes (CD) and thiobarbituric acid reactive substances (TBARS). The
results showed that   exposed to
high dosages of Cu had significantly (P<0.05) increased levels of TBARS, indicative of increased oxidative stress. Interestingly, for GSH levels and
ORAC capacity, at day 21, both were significantly
higher (P<0.05) than at the start of the experiment.
The results suggested that oxidative stress responses
in    could be considered as biomarkers of toxicity in southern Africa.
,*#%&
Antioxidant responses, biomarkers, copper,
 , mussels, oxidative stress
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Excess oxidant by-products of normal metabolism are known to cause damage to DNA, proteins
and lipids [1, 2, 3] and the effects of oxidants to the
health of organisms are well documented [4, 5, 6, 7].
To counter the effects of oxidants, aerobic organisms
have developed defence mechanisms against oxidative stress by using antioxidants [8, 9, 10]. Antioxidant defence systems include both enzymatic and
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responses to metal exposure have resulted in oxidative stress through the formation of ROS and lipid
peroxidation [21, 22, 23, 24, 25, 26].
Cu is an essential metal for many biological
systems and is present in small concentrations in various cells and tissues. Numerous enzymes require Cu
as a cofactor for structural and catalytic properties,
including cytochrome c oxidase [27]. Several mechanisms have been proposed to explain Cu induced
cellular toxicity, including the capacity of free Cu
ions to participate in the formation of reactive oxygen species (ROS) [28]. The presence of Cu can play
an important role in the formation of ROS in biological systems [2, 7]. Hence, the presence of Cu influences the formation of ROS and when the ROS production exceeds the rates of its decomposition by antioxidant defences and repair systems, it leads to oxidative stress [7].
Copper (Cu) is known to display a high affinity
for thiol groups [29]. According to [28],   oxidation of the cystein thiol group of GSH exposed to
Cu resulted in the release of superoxide anions and
hydrogen peroxides. Exposure to Cu in oysters
( ) resulted in increased lipid
peroxidation (LPO) [30] but at the same time, when
exposed to Cu and a GSH inhibitor (buthionone sulfoximine), a lower LPO was reported, suggesting a
protective role of GSH to Cu toxicity. According to
[31], Cu is a potent oxidant agent in  
 as metallothioneins and LPO levels increased
after exposure to Cu. These authors suggested that
the antioxidant responses to Cu exposure are complex and that the contaminant mixtures interact differently based on target specific tissue and that this
may lead to an imbalance in the health status of the
mussel.
Cape Town is a major urban centre and has a
large reservoir of Cu. [32] evaluated the uses of Cu
in Cape Town and found that the city had approximately 110 million kg of in-use Cu. However, the
effects of Cu on the antioxidant system in 
  in southern Africa have not been investigated as yet. The aim of this study was to apply a
multi-biomarker approach to investigate antioxidant
response of   to Cu exposure. To
this end, several biochemical responses of the antioxidant system were assessed in whole soft tissue.
Total antioxidant capacity was determined using the
ferric reducing antioxidant power (FRAP) and oxygen radical absorbance capacity (ORAC) assays.
Antioxidant enzyme activity was determined for catalase (CAT), superoxide dismutase (SOD) while reduced glutathione (GSH) and oxidized glutathione
(GSSG) levels were also measured. Lipid peroxidation was determined using conjugated dienes (CDs)
and thiobarbituric acid reactive substances
(TBARS).




!'% &"!'#&
B;1<5819>-7 01=539 Mussels  
 of similar size (6.62 ± 0.8 cm shell length)
were collected from Bloubergstrand, Western Cape,
South Africa and mean metal concentrations in mussels sampled from this site were below the Canadian
sediment quality guidelines for the marine environment [33]. Mussels sampled were transported, with
site water, to a laboratory at the Cape Town campus
of the Cape Peninsula University of Technology
(CPUT) where they were allowed to depurate and acclimate for 3 days. The mussels were then separated
into triplicate groups of 45 specimens, placed in aerated containers, containing 0.5 L of seawater per
mussel. The sea water was acquired from the research aquarium in Sea Point (Department of Agriculture, Forestry and Fisheries, DAFF, South Africa), and passed through a closed filtration system
containing 0.10 µm, 0.5 µm and 0.1 µm filters as
well as a UV filter before being placed into the aerated containers. After 3 days of acclimation in a temperature controlled room (18 °C), the mussels were
fed MicroVert® invertebrate food as per the directions, the water changed one hour later and then
dosed with Cu. 
The exposure experiment comprised triplicates
of a control group (mussels in seawater but not exposed to any metal), a low dosage (40 μg/L of Cu
from CuSO4) and a high but sublethal dosage (100
μg/L of Cu from CuSO4) exposure. These concentrations were selected as they represented the environmental condition for the Cape Peninsula [34] for the
low dosage group and the mussels were considered
to be stressed when exposed to 100 μg/L Cu [35].
The first 10 mussels were sampled at the start of the
experiment (T0) for both metal and antioxidant analysis. The water was changed every second day and
10 mussels sampled every seven days. Of the 10
mussels sampled, 5 were used for metal analysis and
5 for antioxidant analysis. Mussels to be analysed for
antioxidant enzyme activity were immediately immersed in liquid nitrogen and stored at -80° until the
analyses were done. The mussels destined for metal
analysis were stored at -20°C until the analyses were
done.
!1>-7 -9-7C=5= Metal analysis was done according to the method of [36]. Frozen mussel samples (n=5) were defrosted and oven dried for 48 hrs
at 60° C in a Memmert drying oven. The soft tissue
and shells were weighed and separated before oven
drying. The dried tissue samples were weighed and
homogenized per individual mussel with a mortar
and pestle. Aliquot samples of individual mussels (±
0.2 g) were digested using 10 mL of nitric acid
(HNO3). Samples were then heated to 40 °C in a
Grant UBD heating block for one hour, thereafter to
120 °C for 3 hours. The digestates were allowed to
cool and then filtered through a Whatman No. 6 filter
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spectrophotometrically in a Multiskan reader at 490
nm. The results were expressed as U/mg protein. Reduced and oxidized glutathione (GSH:GSSG) levels
were determined according to [39]. In this assay glutathione reductase is added and hence both GSH and
GSSG measured, which indicates total glutathione
presence. For the GSSG determination, the freeze
dried mussel tissue were homogenised using 500
mM NaPO4 with 1 mM EDTA (pH 7.5), containing
M2VP and centrifuged at 15000 x g for 5 minutes at
4 °C. GSH determination was done on previously
homogenised freeze dried mussels without M2VP.
This enabled conjugation of GSH for the determination of GSSG. Samples of GSH or GSSG standards
(50 µL) were prepared in triplicate and added to 96microwell plates. To these wells, 50 µL (0.3 mM)
DTNB and thereafter 50 µL of GR (1 u/50 µL) were
added. The microwell plates were then mixed and incubated for 5 minutes at 25 ºC. To initiate the reaction, 50 µL of 1 mM NADPH was added to each well
and the absorbance immediately measured at 412 nm
in a Multiskan reader. The change in absorbance in
either GSH or GSSG was determined using a linear
function. Calibration curves for GSSG and GSH
were determined separately and the GSH:GSSG ratios calculated by dividing the difference between
GSH and GSSG concentrations by the concentrations of GSSG. The results were expressed as
µmol/g. 
The FRAP assay was carried out as described
by [40]. The homogenized tissue was thawed on ice
and thereafter mixed with 5% PCA (1:1). The PCA
mixed sample was centrifuged at 4000 rpm for 5
minutes at 4 °C. Thereafter, 10 µL (in triplicate) of
sample and standards were pipetted to microwell
plates. The standards comprised various concentrations (0-1000 µM) of AA. Thereafter, 300 µL of
FRAP reagent was added to the plates. The FRAP
reagent was prepared as follows: 300 mM acetate
buffer (pH 3.6), 10 mM TPTZ solution, 20 mM
FeCl3 solution and distilled water that made up a final volume of 300 µL. The final volume added to the
plate was 310 µL. The plate was incubated at 37 oC
for 30 min and read at 593 nm in a Multiskan reader.
The results were expressed as µmol Ascorbic Acid
Equivalents (AAE) /g. The ORAC method was performed using a fluorescence spectrophotometer until
zero fluorescence occured. The method of [41] was
used on samples that were homogenized as described
previously. A 1:10 (5% PCA FRAP homogenate
sample: ORAC buffer) diluted sample was used for
the ORAC assay. Preparations of the samples were
done on ice throughout the procedure. The PCA diluted sample was centrifuged at 4000 rpm for 5
minutes at 4 °C. Thereafter, 12 µL (in triplicate) of
sample and standards were pipetted to black 96-microwell plates. The standards comprised various
concentrations (0-417 µM) of Trolox solutions.
Thereafter, 138 µL of fluorescein was added to the
plates followed by 50 µL of AAPH, to initiate the

paper and then through a 0.45 µm membrane microfilter (Millipore) paper using a needle and syringe.
Samples were then placed in plastic centrifuge tubes
containing 5 mL digestate and 10 mL distilled water
and stored in a refrigerator until further analysis was
done. A blank accompanied all samples when analyses of samples were done. The concentrations Cu
was analysed, with five replicates being done for
each metal using the Inductively Coupled Plasma
Mass Spectrophotometer (ICP-MS). Concentrations
of metals are presented as μg/g dry weight. 
5:/4185/-7 9-7C=5= Prior to biochemical
analysis, soft tissues were removed from the shells
and weighed. Mussels were freeze dried for 48 hours
and thereafter soft tissues of five mussels were combined and split into three aliquots and stored at -20
°C until chemical analysis were done. 
Samples were thawed on ice and 0.5 g freezedried tissue was added to 5 mL of homogenization
buffer and prepared as described by [37], with slight
modifications. The homogenization buffer contained
50 mM KPO4, 0.1 M KCl, 0.1 mM EDTA, pH 7.4;
with 20% glycerol to protect the enzymes. The samples were homogenized using a glass Potter
Elvehjem homogenizer and kept on ice throughout
the homogenization process until the homogenates
were centrifuged at 12000 x  at 4 °C for 30 minutes.
The supernatant was retained and kept at -80 °C for
subsequent analysis.
9>5:B50-9> 19DC81 -/>5@5>51= Catalase activity was determined according to [38]. The homogenates were thawed on ice and diluted to (1:5 v:v)
homogenate to buffer. To a 96-well plate, an assay
mixture containing 170 µL phosphate buffer (50 mM
KPO4 buffer, pH 7.0) and 5 µL of the homogenate
sample, in triplicate, was added. Thereafter, 75 µL
H2O2 stock solution (30% v/v) was added, the solution mixed well and the decrease in absorbance
measured at 240 nm (є = 0.00394 mM-1.cm-1) in a
Multiskan spectrophotometer and the enzyme activity calculated. The results were expressed as
mmol/mg protein. Superoxide dismutase (SOD) activity was determined according to [38]. The kinetics
of the auto-oxidation of 6-HD was monitored at 490
nm and 25 °C for approximately 4 mins. The assay
was done by adding, in triplicate, 170 µL DETAPAC
solution (0.1 mM) in an SOD assay buffer (50 mM,
pH 7.5), to a 96-well plate. Samples were diluted
1:10 (v:v), homogenate to buffer, and the SOD
buffer was added to the wells to make up a final volume of 200 µL. A range of sample volumes were assayed (0, 6, 12, and 18 µL) beforehand and the 6 µL
volume of sample was added to the wells. To the DETAPAC and sample solution, 15 µL of stock 6-HD
(1.6 mM) was added to initiate the reaction, whereafter the combined solution was mixed and the
amount of protein used that resulted in 50% inhibition of auto oxidation of the 6-HD was measured
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and between exposure groups in   
. The data was tested for normality and homogeneity of variance using Kolmogorov-Smirnoff and
Levene’s tests respectively, prior to post hoc comparisons. When data did not follow these assumptions, they were logarithmically transformed. Post
hoc ANOVA analysis were done using the Tukey
Honest Significant Difference (HSD) Test to determine statistical significances between groups and
over time (p<0.05). The use of the test resulted in the
determination of significant differences (p<0.05) between control, low and high dosage groups as well
as significant differences over time (7, 14 and 21
days). Further ANOVA analysis were done using the
Dunnet Test to determine statistical significances between groups and time with control groups (no exposure group or at T=0) (p<0.05). Non-parametric
Spearman rank correlations of assays in 
 were done to determine relationships between parameters.

reaction, making up a final volume of 200 µL being
added to the wells. The solution in the wells was read
using a fluorescence plate reader. The fluorescence
of fluorescein was recorded every 5 minutes for 2
hours after the addition of AAPH. The ORAC values
were calculated using a regression equation (Y = a +
bx + cx2) between Trolox concentration (Y) (μmol)
and the net area under the fluorescence decay curve
(x). Data were expressed as micromoles of Trolox
equivalents (TE) per gram of sample (μmol TE/g).
Levels of lipid peroxidation were assessed by
measurements of conjugated dienes (CDs) and thiobarbituric acid reactive substances (TBARS). The
CDs were measured according to [42]. To the freezedried samples (50 mg), 1 mL of a chloroform:methanol solution (2:1) was added and kept on ice. Solutions were vortexed and then centrifuged at 10000
rpm for 10 minutes at 4 °C. The top layer was removed and to the bottom organic layer, 500 µL of
HCl was added. This solution was then vortexed for
10 seconds and then centrifuged at 10 000 rpm for 3
minutes at 4ºC. From the bottom layer, 100 µL was
removed and transferred to a new eppendorf tube and
dried under nitrogen gas. To each dried residue eppendorf tube, 1 mL cyclohexane was added. The solution was then placed into micro well plates (in triplicate) and the absorbance measured at 234 nm using
a Multiskan reader. The results were expressed as
µmol/g.
The TBARS were measured according to [45]
with slight modifications. The homogenized mussel
tissue was thawed on ice and 100 µL added to eppendorf tubes. To the samples, 375 µL of H3PO4
(0.44 M) and 125 µL TBA (42 mM) was added and
the mixture vortexed for 10 seconds and heated in a
boiling-water bath for 60 min. The solution was allowed to cool on ice for 2 minutes and then left at
room temperature for 5 minutes. To the cooled solution, 500 µL butanol and 50 µL saturated NaCl was
added. The sample was vortexed for 10 seconds and
then centrifuged at 12 000 rpm for 2 minutes at 4ºC.
From this mixture, 150 µL of the supernatant was
added to 96 well plates (in triplicate) and the absorbance read at 532 nm in a Multiskan plate reader. The
results were expressed as TBARS µmol/L.

%&( '&

!1>-7-9-7C=5=Exposure to copper (Cu) in the
mussel, "   resulted in metal
accumulation in the soft tissue of the organism over
the 21 day exposure (Figure 1). Within the control
group (no exposure to copper) the level of Cu in the
tissue of mussels were relatively low and ranged between 1.43 and 2.21 µg/g dry weight (dw). 
Copper accumulated in mussels exposed to low
dosages (40 µg/L) of Cu. At the start of the exposure,
the level of Cu in the mussel tissue was 2.83 ± 0.34
µg/g dw and increased 4 fold at the end of the 21 day
exposure period to 12.55 ± 1.73 µg/g dw. The mean
concentration of Cu in the low dosage group was
6.81 ± 6.86 µg/g dw. The increase (2.8 fold) in accumulated Cu within mussels was significant (p<0.05)
after 14 days of exposure from the start of the exposure, with further significant (p<0.05) increases at
day 21 (4.4 fold). There was also a significant
(p<0.05) 3.5 fold increase in Cu in mussels within
the low dosage group when compared to the control
group. By days 14 and 21 there were significant differences in Cu concentration in  
between the low and high dosage groups.
Mussels exposed to the high dosage of Cu (100
µg/L) showed a 10 fold increase in Cu accumulated
within the tissue. At the start of the exposure, the
level of Cu was 2.86 ± 0.76 µg/g dw and by day 21
the level of Cu recorded in the tissue was 28.28 ± 7.3
µg/g dw. The mean concentration of Cu within the
high dosage exposure was 15. 42 ± 4.11 µg/g dw.
Within the high dosage group, Cu increased 2.66
fold on day 7 (2.86 to 7.64 µg/g dw), to 22.90 µg/g
dw on day 14 (7 fold increase from the control) and
then to 28.28 µg/g dw on day 21. The increases at
day 14 and 21 were significant (p<0.05) when compared to the levels of Cu at the start of the exposure.

':>-7;<:>159/:9/19><->5:9=Protein concentrations in homogenized tissue samples were determined using a commercially-available protein assay
kit (Pierce® BCA Protein Assay Kit, Thermo Scientific). Bovine serum albumin (BSA) was used as the
protein standard and quantified by measuring absorbance at 595 nm [62].
&>->5=>5/-7 -9-7C=5= Data were reported as
means (± SEM). All calculations and data analysis
were done using Statistica v10 (Statsoft). One way
ANOVA was used to determine whether there were
differences in mean metal concentrations over time

491

#"

  $ 

 





  !







The high dosage exposure group had significantly
higher Cu concentrations (8.1 fold) when compared
to the control group as well as from the start of the
experiment.

low and high dosage groups were significantly
(p<0.05) higher when compared to that of day 0. 
At the start of the exposure, FRAP was higher
in the low dosage group than both control and high
dosage groups (Figure 5), but the differences were
not significant. For the remainder of the exposure period, the FRAP activity was constant in all 3 exposure groups. FRAP levels in the control and high
dosages on day 14 as well as the high dosage group
on day 21 however were significantly (p<0.05)
higher than at the start of the exposure. The ORAC
values were highly variable over the entire exposure
period and displayed an increase from the control to
high dosage group after the start of the exposure
(Figure 6). At the start of the exposure, ORAC for
the low dosage was significantly (p<0.05) higher
than the control group. On day 7, ORAC for the high
dosage group was significantly higher than the day 7
control group. By day 14, ORAC for both low and
high dosage groups were significantly higher than
the control group of day 14 (p<0.05). ORAC for the
high dosage group of day 14 was significantly higher
from what it was at the start of the exposure. The
same pattern as day 14 was observed on day 21. In
addition to this, ORAC for the low dosage group was
also significantly higher than the high dosage group
by day 21 (p<0.05).

5:/4185/-7 -9-7C=1= Catalase activity did
not differ significantly in either group (control, low
dosage and high dosage) or over time (Time = 0, 7,
14 and 21 days) (p>0.05) (Figure 2). At the start of
the exposure, SOD activity was higher in the control
and high dosage groups than the low dosage group
(Figure 3). The differences however were not significant (p> 0.05). After 7 and 14 days, SOD activities
in the control and high dosage groups were significantly (p<0.05) lower than at the start of the exposure. During the entire exposure period, there were
no significant differences in SOD in the low and high
dosage groups compared with the control groups on
those respective days (p>0.05). The GSH level followed the same pattern throughout the exposure to
Cu (Figure 4) where concentrations increased from
the control, through the low, towards the high dosage
groups. There were no significant differences between dosage groups at the start of the exposure. By
day 7 there were significant (p<0.05) differences between low and high dosage groups, as well as between the high dosage and the control group. This
situation was the same on days 14 and 21 of the exposure. Furthermore, on day 21 the GSH levels in the
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The results indicated that   exposed to high dosages of Cu, resulted in the accumulation of Cu in its tissue. By day 21 of the exposure,
a 10 fold increase in Cu concentration in 
  was recorded. This result was higher
than that reported in other studies [49] where 3-5
fold increases were indicated. [10] recorded a 2 to 3
fold increase in Cu accumulation in mussels. However, [50] reported a 5 fold increase in Cu in mussels
dosed with 50 µg/L Cu. According to [3], sub-micromolar concentrations of Cu can affect glutathione
and digestive glands in    after
one day of exposure, but was followed by a tendency
to recover at longer exposure times. Previous studies
on mussels exposed to Cu indicated that exposure to
high dosages with the resultant accumulation of Cu
in the tissue, resulted in oxidative stress conditions
being prevalent [21]. The effect of high concentrations of Cu was that oxidative stress became evident
in impaired antioxidant defence systems [49] and an
increase in the generation of ROS that leads to lipid
peroxidation and DNA damage [10]. These effects
were observed by day 21 in both the low and high
Cu dosage groups of this study (Fig 4, 6 and 8) with
respect to oxidative lipid damage (measured as
TBARS).
The CAT enzyme catalyses the transformation
of reactive oxygen compounds, , hydrogen peroxide to water [44]. Hence CAT is considered to be an
important and sensitive biomarker of oxidative
stress, even better than SOD, indicating biological
effects on the redox status of marine organisms [51].
[47] exposed mussels to environmental concentrations of 4-nonylphenol (4-NP). The results of that
study showed no significant differences between the
higher dosage groups (1, 10 and 100 µg/L). The lack
of significant results were also evident in a study by
[52] who exposed mussels ( ) to
25, 50, 100 and 200 µg/L of 4-NP, and reported no
significant differences in CAT activity between the
groups. It was hence argued by [47] that mussels
might have a high tolerance to oxidative stress levels
due to the presence of haemocytes rich in lysosomal
hydrolases, a very efficient lysosomal system and/or
an increased production of esterase enzymes after
the exposure to toxic substances. [31] reported that
CAT activity was only enhanced at lower Cu concentrations (5 µg/L). The results of that study are
supported in the trends observed in present study, in
particular the responses in the low dosage group on
day 21. The higher CAT activity on day 14 in the low
and high dosage groups could be evidence of enzyme
activity due to the exposure to Cu. It is possible that
the mussels initially responded to the stress, but
thereafter was unable to reduce the effects of the
high Cu exposure by using CAT as was suggested by
[53].

The CD levels were similar for all groups and
were consistently low for the duration of the exposure period (Fig 7). The high dosage group on day 7
had significantly (p<0.05) lower CD levels than day
0. The TBARS levels were similar throughout the
entire exposure period indicating slight increases
(not significant, p>0.05) from control to high dosage
groups (Figure 5-8). The low dosage group on day 7
was significantly (p<0.05) higher than the start of the
exposure and by day 21, TBARS levels were significantly (p<0.05) higher than at of the start of the exposure. The TBARS activity in the high dosage
group on day 21 was significantly (p<0.05) higher
than the control group of day 21.
There were significant positive correlations between Cu, GSH, ORAC, TBARS and both group and
day (p<0.05) (Table 1). When considering exposure,
significant positive correlations (provide r value)
were recorded between group, Cu, CAT, GSH,
ORAC and TBARS. Further significant positive correlations (provide r value) for antioxidants were recorded between GSH and ORAC, FRAP and ORAC,
CAT and TBARS, respectively. There was only one
significant negative correlation recorded, between
SOD and FRAP.
&(&&#"

Filter-feeding bivalves, such as mussels, are renowned for their ability to accumulate contaminants
to high levels [43]. Hence, mussels that occur in areas contaminated with pollutants may suffer from
oxidative stress due to the effects of oxyradicals
[37]. It is for this reason that antioxidant responses
to anthropogenic influences have been proposed to
be used as biomarkers for field-based monitoring
programmes [46, 38]. According to [44], laboratorybased experiments are able to facilitate interpretation
of results from field studies and contribute to research of causative factors. The exposure of 
  prevalent in the Western Cape, to Cu,
is a first attempt to ascertain if antioxidant/oxidative
stress responses can be used as biomarkers of metal
toxicity.
The literature on the effect of antioxidant enzyme activities in aquatic organisms shows highly
variable results, mainly due to the lack of standard
and calibrated methods [7, 47]. This is often due to
the variety of methods of analyses used to measure
antioxidant enzyme activities, ranging from measuring gills, digestive glands and whole organisms. The
present study focused on antioxidant capacities of
the whole organism as indications by [48] who found
that CAT and GST activities in whole soft tissue in
" were much higher than in the
gills [47].
Mussel exposure to inorganic copper resulted
in the changes to antioxidant capacity in this study.
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1.000

-0.015
-0.052

TBARS
(µmol/L)

1.000
0.300
 
-0.075
  

CD
(mmol/mg
protein)

1.000
0.054
  
-0.325
0.315
0.037

ORAC
(µmol TE/g)

FRAP
(µmol/g)

1.000
-0.036
0.250
0.036
0.122
0.299


GSH
(µmol/g)

1.000
0.307
-0.085
 
0.246
 
-0.096
 

SOD
(U/mg)

1.000


0.297
-0.203
 




-0.014
0.249

CAT
(mmole/mg
protein)

1.000
0.000
 
0.200
0.056
 
0.098

-0.164
 

Cu
(µg/g dry
weight)

Day

Group
Day
Cu (µg/g dry weight)
CAT(mmole/mg protein)
SOD (U/mg)
GSH (µmol/g)
FRAP (µmol/g)
ORAC (µmol TE/g)
CD (mmol/mg protein)
TBARS (µmol/L)

Group

'  
&?88-<C:2&;1-<8-9<-96/:<<17->5:9=2:<-9>5:B50-9><1=;:9=1

1.000
-0.212
0.254

1.000
0.167

1.000

Figures in bold are statistically significant at p < 0.05 level.
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The SOD activity decreased after exposure to
Cu, with significantly lower activities recorded in
the control and high dosage groups on days 7 and 14.
The lower SOD activity in the control group could
be as a result low Cu concentrations in that group.



Copper is an essential element and a co-factor for cytosolic SOD activity, and its deficiency will impair
catalytic activity [31]. The results of this study are
similar to others [31] who suggested that reduced
SOD activity may be due to either increased ROS or
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could be an indication that at that concentration, the
Cu was beneficial for the mussels to facilitate biological system functioning. The significantly higher
values for the high dosage groups suggest that Cu
accumulation was responsible for the oxidative
stress. [59] reported that mussels exposed to polluted
sites recorded higher antioxidant activity. These results further support the proposal that the mussels
were stressed by day 14 and it was possible that by
day 21 no longer had the antioxidant capacity to deal
with the Cu-induced stress.
According to [57], the ORAC assay measures
the capacity of an antioxidant to directly quench free
radicals. The result of the present investigation indicated that ORAC differed significantly between
groups of respective stages of exposure to Cu, suggesting that mussels in those groups were suffering
from oxidative stress. The higher ORAC values
hence provide an indication of lower protection afforded in the cellular environment against the potential toxicity of Cu. The data show that, despite antioxidant activity taking place, the higher Cu exposure
resulted in an inability to counteract the toxicity of
Cu, making the organism more susceptible to oxidative stress [60].
Two methods were used to evaluate lipid peroxidation damage over the course of the 21 exposure period (Figures 7 and 8). Each of the methods
measured damage at a different stage of the lipid peroxidation process. Conjugated dienes (CDs) represent the initial product of radical attack, a rearrangement of the double bonds in unsaturated fatty acids
[61]. The results of CD levels in the present study
showed that only the high dosage exposure group
was significantly lower on day 7 when compared to
the start of the exposure. This suggests that the lack
of CD accumulation in both low and high dosage
groups of mussels is indicative of mechanisms that
exist to repair CDs by stabilizing the CD level. By
doing so, the CDs were not able to react and produce
peroxyl radicals [61]. However, by day 21, CD levels in the control and high dosage group decreased to
that of the start of the exposure, suggesting that the
mussels were no longer able to deal with the stress
caused by high Cu exposure.
The TBARS assay measures one of the terminal products in the peroxidation consequence of
breakdown of lipids, malondialdehyde [63]. [63] reported that TBARS levels in gastropods showed a
dramatic increase when stressed, but that TBARS
levels decreased to control levels when these stresses
were removed. [10], however, reported that lipid peroxidation decreased significantly when exposed Cu.
The results of the present study showed an increase
in TBARS levels over the 21 day exposure period
with only low (on day 7) and high (by day 21) dosage
groups being significantly higher than the start of the
exposure experiment. The significant increase was
therefore indicative of adequate antioxidant defences
to deal with the increase in oxygen radical generation

degenerating SOD activity, which in turn resulted in
fewer active isoforms [54] or lower Cu presence
[55]. Both these factors could account for the lower
SOD activities in and high dosage and control groups
on days 7 and 14, respectively, thus linking the lower
Cu to the control group and the increased ROS to the
high dosage group.
According to [56], similar values between total
glutathione and acid-soluble thiols indicated that
GSH was the most abundant thiol in  
 and that the concentrations of GSSG were negligible in both field and laboratory conditions.
Hence, the GSH values reported here are considered
indicative of total glutathione concentrations. According to [3], GSH is considered to play a protective
role against metal toxicity and seems that glutathione
represents the first line of defence against metals.
The effects should however be considered in conjunction with the different routes of metal accumulation, speciation within the cellular environment
and sequestration in subcellular compartments
which in turn results in different patterns of metal
cation interaction with intracellular components [3].
In the current study the significantly higher GSH activities reported in the high dosage group suggests
that Cu induces oxidative stress, resulting in higher
GSH activity and hence supports the proposal about
the protective nature of glutathione noted previously.
[53] reported that GSH increased after exposure to a
metal and suggested that the response to oxidative
stress and consequent GSH responses was considered a good indicator of oxidative stress in mussels.
The result of GSH increase in this study therefore
supports the proposal that increased levels of GSH
be a good indicator of oxidative stress.
Both FRAP and ORAC are considered ideal
methods to measure total antioxidant capacity [11].
The methods however do not distinguish between reactivity and concentration and are considered semiquantitative. The results of this study show a weak
but significant relationship (r=0.576, p<0.05) between FRAP and ORAC. This result shows the importance of using more than one method to measure
the antioxidant capacity of samples. These findings
are similar to that of [57] who compared different
analytical methods to measure    total antioxidant capacity and found a weak but significant correlation between ORAC and FRAP serum (r = 0.349,
p<0.05).
The FRAP assay did not display any significant
variation during the first 7 days of exposure to Cu.
By day 14, both the control and high dosage had significant differences from the start of the exposure.
The significantly higher FRAP values for the control
group suggests that factors other than Cu dosage
could have been responsible for oxidative stress, including insufficient Cu concentration in the water of
the control group and stress due to general handling
[58]. The FRAP activity for the low dosage group
remained constant throughout the study period and
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and this would have resulted in an increased susceptibility to oxidative stress. Hence the measured
parameters represent different aspects of antioxidant
responses to Cu and are considered potentially useful
biomarkers of metal contamination. This study
forms an important basis for future studies to be
launched in the region.

associated with the increase in stress from increased
Cu body burdens and it was only toward the end of
the exposure period that they were no longer able to
respond to the stress. These results are supported by
those of [61] who found that the formation of
TBARS products accumulated under stressful conditions.
Antioxidant responses to pollutants are difficult to predict and a high degree of variability has
been reported [60], mainly as a function of the category of chemicals, nature of the exposure, stage of
biological and ecological cycle [46, 49, , 60, 61]. Although the intent of the present study was to detect
mussel antioxidant responses to Cu, and correlate the
responses to oxidative stress, interpretation of responses is difficult given the variability previously
noted. Nevertheless, the results of the present study
showed a clear dose-response to Cu by 
 and provided valuable information about
the application of antioxidants as biomarkers in these
mussels prevalent along the west coast of the Cape
Peninsula in Cape Town. Although Cu bioaccumulated in the mussels, antioxidant responses were variable. For antioxidant enzyme activity, SOD and
GSH are considered ideal biomarkers and for antioxidant capacity biomarkers (FRAP and ORAC), both
are considered reliable responses, albeit that the
FRAP responses were not significantly different. Lipid peroxidation assays indicated that TBARS are
better suited as reliable responses to stress and it is
suggested that other types of lipid peroxidation
methods be considered. The ecological relevance of
biomarkers is higher when, in addition to exposure
to pollutants, they are indicative of adverse effects
on organisms [50, 61]. The results of this study are
indicative of this and can be considered for use as
references for field based-studies.
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[6]. This species is carnivorous, mainly feed on crustaceans, fish, polycheats and molluscs [7]. Although
its presence in the region has been published, there
is little information about the population parameters
of this Lessepsian migrant in its new habitat. Age
and growth parameters of Randall’s threadfin bream
have been studied by [8-10]. Despite the abundance
and importance of the species as an economic resource, knowledge on their basic biology, stock
composition and population dynamics are lacking
[11].
Knowledge on the reproductive features of fish
stocks, such as size at maturity, is important for estimation of the spawning biomass in stock assessment
models. Randall’s threadfin bream’s reproductive
activities in the Levantine Mediterranean is stated
that the migration of Red Sea species is a dynamic
process. Consequently, eastern Mediterranean fish
communities is constantly changing [3, 12]. Thus the
objective of this study was to estimate the size at first
maturity, one of the key parameters related to the reproductive strategy of Randall’s threadfin bream in
the Iskenderun Bay.


! ! 

In this study, the information of spawning season and size at first maturity for Randall's threadfin
bream (      Russell, 1986) needed
for the rational management of the fishing activity
were obtained. To study the spawning session and
size at maturity of the 217 female Randall's threadfin
bream (totally 587) samples were collected from the
northeastern Mediterranean in Iskenderun Bay between February 2012 and January 2013. This study
indicates that the GSI value of the species increases
from February, arriving the highest level between
April and May and then decreased. The months in
which the most of individuals in the maturity stage
were March, April and May. In other months, there
are more 1 and 2 in the period of female gonad. No
significant difference was observed for the length at
first maturity between male and female of Randall’s
threadfin bream (t-test, P<0.01). The study estimates
a logistic curve about the mean length at first sexual
maturity (Lm) of 11.02 cm for the fish species in Iskenderun Bay.
$# 
Iskenderun Bay, Maturity,      , Northeast
Mediterranean, Spawning Session

In this study, the research trawl surveys carried
out between 20-70 meters’ depth in the Iskenderun
Bay (Fig. 1). Randall’s threadfin bream samples
(587) were obtained between February 2012 and
January 2013. The sampling was performed monthly
during daytime using a Mediterranean deep water
trawl net by three hours of haul duration. The total
length of trawl net was 47 meters, length of float line
was 24 meters, and length of lead line was 28 meters.
Traditional East Mediterranean Sea bottom trawl net
codend was 44 mm. After that, the Randall’s threadfin bream samples were transported to the Fishing
Technology laboratory in Iskenderun Technical University, after a fixation into 4% formaldehyde solution buffered with borax. Samples were divided according to the sexuality.
The total length of specimens was measured to
the nearest 0.1 cm. The gonads were removed and



!"!

      (Randall’s threadfin
bream) is spread over the western Indian Ocean [1].
This species, migrating from the Indian Ocean by the
Red Sea, has an extensive stock in the Iskenderun
Bay, available for several demersal fishing activities
[2]. The abundance of this species highly increased
in eastern Mediterranean Sea in recent years [3, 4].
In particular, the species has one of the few species the most amount of catch for commercial trawl
fisheries when it captured at very high levels in the
different deep trawl, set nets and angling fishing activity in the region [5].
Their habitats are shallow sand or mud bottoms
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measured to the nearest 0.01 g to determine spawning season and length at first maturity. The monthly
changes of Gonad Somatic Index (GSI) values were
used to determine the spawning season.





The monthly changes in the GSI values of Randall’s threadfin bream are given in Table 2. These
indicate that the GSI value of the species increases
starting from February, and it reaches the highest
level between April and May and later it starts to decrease. The monthly changes in the sexual maturity
stages of Randall’s threadfin bream are shown in Table 3. The most of individuals in the maturity stage
were in March, April and May. In other months,
there are I and II in the period of female gonad. No
significant difference was observed in terms of the
length at first maturity between male and female of
Randall’s threadfin bream (t-test, P<0.01). The study
estimates a logistic curve about the mean length at
first sexual maturity (Lm) of 11.02 cm for the fish
species in Iskenderun Bay (Fig. 2).
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Undeveloped,
small,
translucent
Opaque,
orange color

I

Resting

II

Developing

III

Ripe

Fills body
cavity

IV

Spawning

Releases eggs
when pressed

V

Spent

Shrinking/
slack
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The rate of invasive species in the east Mediterranean fishing has increased considerably. Some of
these alien fish species that were introduced by the
way of the Suez Canal were very successful and have
established large populations in the area [14]. Fisher
and Whitehead (1974) [15] made first recording a
nemipterid fish species       and
followed by Golani and Sonin (2006) [16] in the
Mediterranean Sea; however, Lelli et al. (2008) [3]
concluded that their specimen is a misidentification
of   , and previous reports of   
from the Mediterranean Sea including unconfirmed
records and can be referred to   . In the Iskenderun Bay.    was defined as the first
record by Bilecenoğlu and Russell (2008) [2].
The significance of alien species in the Iskenderun Bay has been highlighted in recent years [17].
It is mentioned that an invasive fish species has beneficial and important to fisheries but its potential
ecosystem effects are unknown [18-20].
In this context, nemipterid species are an important component of artisanal and commercial

..8
None visible
to naked eye
Visible and
opaque
Translucent,
large and
round
Large, translucent, some
free in ovary
Some residual

This index which assumes that on ovary increases in size with increasing development, compresses the mass of the gonad (GM) with total mass
of the fish (TM). The gonadal development of both
sexes was analyzed using the five-stage sexual maturity scale (Table 1) as recommended [13]. The
length at first maturity of male and female individuals of Randall’s threadfin bream was modeled with
the equation given. The model may be fitted to the
proportion (P) of sexual maturity individuals by
length (L) in a similar graph to that presented for
trawl mesh selectivity [13].
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Months
2012
February

Sex
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂
♀
♂

March
April
May
June
July
August
September
October
November
December
2013
January

Number
23
21
7
45
9
38
19
34
5
41
3
47
13
38
20
30
29
21
18
26
38
12
33
17

TL
13.29 ± 1.40
14.69 ± 1.63
11.25 ± 1.10
10.91 ± 0.41
14.05 ± 0.64
14.20 ± 0.33
14.51 ± 0.67
15.24 ± 0.47
11.66 ± 0.57
11.46 ± 0.22
12.76 ± 3.38
11.74 ± 0.33
14.23 ± 0.42
14.01 ± 0.53
15.14 ± 0.33
14.88 ± 0.35
14.77 ± 0.35
14.40 ± 0.58
16.21 ± 0.31
17.83 ± 0.31
16.06 ± 0.22
17.22 ± 0.35
16.85 ± 0.30
15.15 ± 0.78

W
33.70 ± 12.01
44.94 ± 17.32
18.77 ± 05.20
18.23 ± 01.91
42.48 ± 04.21
42.10 ± 02.69
45.14 ± 06.41
51.17 ± 04.82
20.30 ± 03.20
19.20 ± 01.03
27.93 ± 18.72
21.71 ± 01.72
40.81 ± 03.41
38.23 ± 03.85
19.10 ± 03.02
46.25 ± 03.22
43.63 ± 03.29
40.45 ± 04.34
61.28 ± 03.29
79.41 ± 04.34
59.57 ± 02.53
62.57 ± 12.31
68.34 ± 03.45
56.45 ± 13.52

GW
0.29

GSI
0.65

0.15

0.76

0.63

1.45

1.62

3.46

0.19

1.05

0.3

1.05

0.34

0.82

0.27

0.55

0.35

0.81

0.5

0.82

0.45

0.80

0.33

0.77

! 
,=:(23(9:709>89(.,8-57-,3(2,(4+(22@89/7,(+-04)7,(30481,4+,7:4(>
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Months
2012-February
March
April
May
June
July
August
September
October
November
December
2013 January

Females Sexual Maturity Stages

Total

I

II

III

IV

14
3
2
5
2
3
9
10
15
2
13
7

9
1
2
5
1

3
2
4

2
1
4
2

4
10
14
15
24
24

1
1
2

V

1

23
9
7
19
5
3
13
20
29
18
38
33

In this study, the information of spawning session and size at first maturity for fish needed for the
rational management of the fishing activity were obtained as first. The results indicate that Randall’s
threadfin bream spawns between April and May. In
this study, the fish (stage IV) were observed from
March to July with the highest GSI in May, indicating a prolonged spawning season with one peak at
spring months of the year in Iskenderun Bay. These

fisheries in the Mediterranean [21]. In the Iskenderun Bay, Randall’s threadfin bream has an extremely
high catch amount for several fishing activities such
as deep trawl, set net and line fishing, therefore, it
has commercial importance for the local fishing area.
[7, 22]. At this point, especially the amount of catch
of this species, together with another lessepsian species, lizardfish (    ), constitutes
the half of total catch.
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results include differences compared with other very
similar character nemipterid fish species (  
) in the Mediterranean. Because   has
a much larger spawning season. Spawn over may be
the cause of this difference, because its extended periods vary from one region to another according to
some factors such as wind, current and temperature
[13, 23]. In addition, an overfishing pressure may be
effective in Iskenderun Bay. This situation of spawning season of Randall’s threadfin bream may be
mentioned that the fishing pressure may be useful for
the species when considering the competition in demersal stocks in the region. Because, the species’
spawning season corresponds to the period of closed
fishing season, beginning of the troll ban in the area
[24]. The spawning season and the fishing restriction
period in the region provide advantage compared to
other demersal species.
The length at first maturity has not been reported at any studies for the species. The previous
findings are supported by our results, which indicate
the length at first maturity is 11.02 cm. The result for
intensive trawl fishing in the area to be used for size
selectivity research is extremely important for responsible fisheries.
For any stock, they are managed and conserved
by regulations defining minimum landing sizes
(MLS) and minimum mesh sizes (MMS), the first
maturity size is used by main information in fisheries
management.
Mediterranean demersal trawl fisheries are
noteworthy for the large number and variety of commercially important species caught. It is recognized
that in multi-species fisheries, there is rarely a single
MMS in the codend of towed nets which is appropriate for all the species caught in an area [25]. In addition, the introduction new species to the wide catch
composition has increased the need for information
in the local fisheries management.


"  
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While looking at the energy efficiency problem, it was very useful to understand exactly where
energy was consumed on a fishing vessel, and which
aspects of it were influenced by the operator, boat
builder, or machine officer [1, 3, 4, 6, 10].
Parallel to the increasing environmental sensitivity today, knowing the carbon footprint in order to
prevent pollution and respect for nature has gained
importance in all kinds of production. The use of fossil fuels, increased production figures, technological
developments and climatic changes have resulted in
terms and practices like 'green' production [16-19].
In fisheries production too, it was aimed to establish
a data source related to the use of energy in recent
years [2]. In this direction, regional catching methods and fisheries differences can be assessed. This
assessment was called the Fisheries and Energy Use
Database (FEUD) [7, 8].
Annual production of fish in Turkey ranges
from 360,000 to 600,000 tons [13]. Since 2004, tax
exempt fuel has started to be given to sea vessels.
This tax-exempt fuel was provided to all vessels as
well as to fishing vessels. Fishing vessels can benefit
from tax-exempt fuel if they meet the standards of
the Ministry of Transport and provide the necessary
arrangements. It can be said with a simple approach
that our fishing vessels consume about 0.25 lt of fuel
to produce 1 kg of fish in the production of fishery
in Turkey.
In this study, a methodology and experiments
have been carried out in order to establish a data
bank on fuel consumption in Iskenderun Bay. Difficulties in data provision have been tried to be determined. In the study, a preliminary study was carried
out according to catching method, vessel engine
power, catching amount and fishing time.

This study aimed to determine the appropriate
approach to fisheries was used to determine the
emission fuels. Due to the regional and national level
in the first survey carried out in this area led to the
study work to be done in the field and was intended
primarily for convenience. In this regard, the fuel
consumption and data catches of 34 commercial
fishing boats (27 trawls, 4 purse seiners and 3 artisanal purse seiners) which Iskenderun Bay during
January-February 2016 month in which the production of fishery products obtained by fishing tried to
obtain data and taken into consideration. As a result,
the first information about fuel consumption and
emissions and presented in relation to the amount of
fishing for the first time it reached. Trawls for more
realistic results can be achieved with this method,
but research has concluded that the need for a more
comprehensive study for purse seine vessels. In this
study, it made a trawl vessels were fuel emission assessment unit has reached the conclusion that when
the fuel emissions by purse seine fishing vessel to be
much higher. In this study, the polluting emissions
for all fishing was found under the international legal
limit.


(' "#
Fishing vessel, fuel consumption, pollution emission, Iskenderun Bay

$" %$ 

Although fishing is a primitive production
model based on catching in marine areas, it requires
industrial infrastructure and operation [1]. In this
fishery production based on the use of natural resources, the business structure has formed as a vessels and its expenses. The fishing vessels maintenance and repair expenses, staff expenses (salary,
food, etc.), catching equipment expenditures and
fuel expenses have considered as variable costs in
the business structure. Fuel costs have seen as the
most significant expense, and the biggest impact on
carbon emissions for this production model [9].

$"#$ #
In this study, it was aimed to determine the fuel
consumption from fishery. In this direction, fuel consumptions and catch amounts of commercial fishing
vessels (trawl and purse seine) that produce fish
products of catch in Iskenderun Bay during JanuaryFebruary 2016 were used. The total consumption
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was calculated by evaluating the fuel consumption
of the fishing vessels registered to the Iskenderun
Port Authority of the Ministry of Maritime Affairs
and Communication within the specified period and
the fuel and sea dwellings they have received during
that period. The trawlers in the area subject to the
survey, 27 were used to collect data for 2 months.
The purse seiners in the region were used to supply
4 of the artisanal purse seiners and 3 of the purse
seiners. The amount of fuel they have received was
available at the General Directorate of Maritime and
they were officially requested and used for the study.
The duration of these vessels at sea was ensured by
constant contact with fishermen. In addition, Marine
Traffic application was partially utilized at this stage.
The amount of the fish products of catching by
these vessels was weighted according to the declaration of the personnel of fishing vessel. The obtained
product and fuel consumption quantities were evaluated using Microsoft Excel program in comparison
with many variables such as catching catch products,
fishing vessel durability at sea, engine power of fishing vessels, and graphical representations were used
when necessary. By this means, the following results
were obtained;
•The average main engines of the trawlers in
the region were calculated.
•The average length of time that these fishing
vessels stay at sea was calculated.
•The average amount of fuel used during catching was calculated.
•The average amount of catching of the catch
was calculated.
•The average amount of catching and the
amount of fuel per unit time of these fishing vessels
were calculated.
•The average monthly catches of catch products were calculated according to species.
•Monthly average fish sales amounts of catch
products were calculated according to species.
•The monthly average fuel amount (lt), which
corresponds to the unit catches (1 kg) of the catch
products, was calculated.
In this study, the approach referred to as the
Top-Down method was used when estimating the
fuel emissions of the fishing vessels. In this method,
the fuel consumed by a fishing vessels, and the
amount of emissions it produces per of fuel, was
used. With this method, the fuel consumed by the
vessels was determined from the fuel sales data. The
amount of fuel emitted by vessels was calculated by
multiplying the amount of fuel used by the emission
factor. [12] and [15] have used the method in three
different levels in the calculation from the top down
method. The simplest method did not contain detailed information about vessels. The level of development of the method increases the level number.
In this simple approach, the emission factors
can be calculated according to the ratios in the chart
below (kg/m3 fuel). When this process was carried
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out, the following equation was used differently for
Sulphur oxide.
NOX emission factors are as in Table 1. according to [15] for 2000, 2005 and 2010 (kg / ton fuel).
The Up-Down method was used to measure exhaust emissions emitted from a fishing vessel. This
method was based on the vessels engine power for
emissions from fishing vessel and the time spent in
different operating conditions at once. Emission factors must be in units of emission per unit of power
per unit of time. The power generated by the engine
and the amount of emissions produced by multiplying this power by the emission factor were determined. [12] and [15], the exhaust emission calculations from the bottom up were given in the form below.
E=t×(P×LF×EF)
E: Amount of emissions in different conditions here
(tons)
T: Duration (hours)
P: Engine Power
LF: Machine Load Factor
EF: Emission Factor (g / kWh)


"#%$##%## 
As a result of the study, average engine powers
of 34 fishing vessels were calculated. The average
engine power in the bay is 375.32 HP while the vessels with the largest engine power are purse seine
vessels (592.77 HP). The vessels engaged in fishing
with artisanal purse seines have an average of 221.31
HP. These results were presented in Table 2. The engine powers of some vessels registered at the Iskenderun, the amount of catching and the amount of fuel
of which were sampled during January-February
2016 period. The total duration and average duration
of the fishing vessels at sea, which were indicators
of fuel consumption, an important instrument of the
survey, were presented in the table. According to
this, fishing trawl vessels stay in the sea much longer
than two type-fishing vessels. While the duration of
this maritime was calculated, the number of trawl
was the most important factor in the surplus, while
the duration of maritime per vessel was higher than
that of the others. An average trawler was at sea 310
hours per month while the purse seine vessels are
273 hours and the artisanal purse seine was at sea for
301 hours. An average fishing vessel was at sea for
304 hours.
The average and total fuel amounts were given
in metric tons according to the tax-free vessel records obtained from the Iskenderun Port Authority.
According to the results obtained, the average
amount of fuel used by these 26 per month is 11.94
m3. According to this research, a purse seine fishing
vessels used 22.3 m3 of fuel per month while the
trawler used 10.12 m3 and the artisanal purse seines
were the least fuel-powered fishing vessels with 3.27
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m3. In fuel used, these vessels used 620 m3 of fuel
in a period of two months. While 385 m3 of this fuel
constituted trolls with 27 vessels, 4 purse seines used
223 m3 of fuel. The artisanal purse seines have used
less fuel than other fishing vessel in total.
Daily fishing time of a fishing vessel was directly related to fishing power and the amount of fuel
consumed. For this reason, during the course of this
research, the daily maritime times of fishing vessels
were recorded. When the average daily times were
calculated, the average of the time of each stay at sea
and the average of catching season were calculated.
According to this calculation made according to the
declarations of the fishermen, the length of the purse
seine fishing vessel at sea was rather low. However,
when evaluated together with the fuel consumption
given to the chart, there was a serious contradiction.
In the graphical view of the daily fuel consumption
of these vessels, it was seen that purse seines aware
fueled twice as much as trawlers. Despite the fact
that trawlers were about seven times as likely to stay
at sea, the difference in fuel consumption was not
significant. The purse seine fishing vessel engine
power was generally higher than the trawl fishing
vessel, but it was thought that the fuel consumption's
being so high was caused by the negativity in the
data index. Because the purse seine fishing, vessels
were thought to stay in the sea much longer. However, in this study, it was concluded that the sea going time of the purse seine vessels obtained by fishing declarations was different from the actual values.
It was believed that the delinquency of the purse





seine fishing vessels was caused by the fact that the
maritime delays of the purse seine fishing vessels
vary greatly from day to day. Because on some days,
depending on the efficiency of the weather and fishing, the purse seine fishing vessel cannot stay in the
sea and some days can stay in the sea even for 20
hours. For this reason, it was believed that obtaining
fishing data at sea by fishermen declarations may
lead to incorrect results for purse seine fishery.
During the survey, fishery products of Iskenderun Bay of fishing vessels were shown in Table 2.
Accordingly, the monthly average production of
these 34 vessels was found to be 107.185 kg. According to this, the monthly production of an average
vessel was 4.122 kg. Individually, the largest production belongs to the purse seine and artisanal purse
seine fishing vessels. However, trawl fishing vessel
was produced by trawlers over 40 metric tons depending on the number of fishing vessel.
Table 2 presents the daily fuel consumption and
catch production of a fishing vessel. In this presentation, the average fuel consumed by a fishing vessel
as a result of sea work per unit time (1 hour) and the
product obtained were presented as weight. This table was presented because the fishing vessels have
very different maritime durations. Although there
was a standard on the trawl and artisanal purse seine
fishing vessels, there were deviations from the average. However, it was obvious that it would be misleading to evaluate the unit and fuel consumption in
the seine vessels in this way.
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Monthly

Power of machine (HP)
Time of sea (hour)
Landing catch (tonne)
Fuel consumption (m3)
Income (TL)
Fuel (liter)
 %"
Catch (kg)

Trawl
(n: 27)
351.2 ±22.61
303.3 ±16.01
2.42 ±0.25
9.40 ±0.92
26,510 ±2.25
  ± 
7.99 ±0.76
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Type of Fishing Vessel
APS
(n: 3)
221.31 ±25.75
301.33 ±24.26
9.24 ±1.66
4.76 ±1.13
38,143 ±7.92
   ± 
31.16 ±5.40

PS
(n:4)
592.77 ±42.28
272.88 ±21.13
8.58 ±2.88
25.93 ±5.59
52,403 ±20.49
  ±
33.21 ±12.03
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Table 2 values were presented separately in
Figure 1 according to fishing vessel engine power.
According to this, despite the consumption of fuel in
purse seine fishing vessels during this period, the
amount of fishing was very low. This result may be
a sampling error or a natural result. At this point,
there was the belief that fluctuations in the amount
of catching may occur, and that the purport of the
purse seine fishing vessels subject to the investigation and the periodic shortness were effective.
Table 2 gives the average products caught by
fishing vessels in the Iskenderun Bay. In the total
amount of catches, depending on the pelagic stocks,
the purse seine and artisanal seine vessel values are
high as expected, while in trawlers this figure is less
than half. The amount of catching on trawlers is demersal species and these are the target species.
It was noteworthy that, in Table 2, when the
economical provision of fish product of catching by
fishing vessels was evaluated in the table, it was tried
to evaluate the fuel consumption of fishing vessels
and fishery products produced by catching in Iskenderun Bay. Here, with a superficial approach, it was
intended to envisage how much fuel is consumed for
production of species. Of course, the fusions of species have not isolated from each other, and this
should be taken into account when evaluating.
It was foreseen that the fuel emissions from
vessels in Iskenderun Bay were very high due to sea
transportation. However, when the length of stay of
large vessels in the Bay was taken into consideration,
it has understood that the emission values derived
from fishing vessels were also considerable. At this
point, when considering the number of fishing vessels and engine running times in the bay, remarkable
results emerge.
To find the values used in the theoretical equation, the fuel emission of trawlers and purse seiners
traced for this study were calculated and the average
times were calculated. While this period of time calculations was being made, it was tried to be obtained

by practice for trawlers and by 2-day sea route on
artisanal purse seine vessels. The possibility of high
margin of error for purse seines and artisanal purse
seines was given in Table 3 The load factors on the
fishing vessel are given in the table for this survey,
taking into account the hours at that machine and the
literature.
The emission types of fishing vessels catching
using different methods in the region were given in
Table 3 on a daily basis. These values are average
values for a fishing vessel for each catching method.
When these results were calculated, the duration of
the vessels at sea, cruising times, operation times and
maneuver times at the fishing port were taken into
consideration. According to these results, the average amount of emission per vessel in the trawler was
considerably higher than that of the purse seiner. The
reason for the increase in emission value in the trawl
catching is due to the marine durability of the fishing
vessels given in Table 3. According to the results
given in this table the fishing vessel types and emission factors were shoved in Figure 2.
The hourly emission amount of the vessel was
given in grams while making this assessment in international standards. [5], a graphical comparison of
the NOx amounts considered as the limit for marine
vessels above 130 kw, which is the latest valid in
maritime, was given in Figure 3. In this comparison,
the engine revolutions of the fishing vessels were
taken as 1000. According to the comparison, the
NOx emissions of the fishing vessels in the region
are lower than the final limits. However, for this reason, as the turnover for the trawler increases, the
NOx emission amount was approaching the limit.
Because of the research, the assessment of NOx
emissions below acceptable values does not mean
that there was no need to undertake studies to reduce
emissions on fishing vessels. Because the assessment made in this study was theoretical, it was completely related to the amount of fuel consumption
and engine power.
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Time of Duration
Emission Factors [15]
Operation
Load
(hour)
Definition
Factor
Trawl
PS
APS
NOX
SOX
CO2
CH4
CO
Port
0.80
0.45
0.53
0.37
13.2
697
0.46
Cruising
0.20
2.92
8.52
4.52
11.8
747
0.97
Boarding
0.40
1.02
0.68
0.65
1.0
0.54
13.2
725
Leaving
0.30
1.40
2.13
1.97
0.5
Catching
0.25
10.20
1.03
0.75
11.8
615
Total
15.99
12.89
8.26
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Production of fishing in the Iskenderun Bay
fuel consumption and emissions have been taken
into consideration in terms of front by this study for
principles of ecosystem management and sustainable
production. For this purpose, 34 commercial fishing
vessel in the Bay in terms of two months fishing production and fuel consumption. The results obtained
of this perceiving production the first time fuel pollutants emission values that resulted from that estimate. This study was conducted to identify methods,
with the resulting knowledge and experience will
provide convenience for other work to be done in the
field. During this part of the study conclusions and
recommendations in this respect.
In the study, fish catch production was a relatively short two-month period for the determination
of the period while fishing season was taken into account that approximately 7 months. Identify the
amount of this catch production need to a large number of qualified staff and infrastructure. The fishing
vessel was a relatively high variance in fuel consumption. This variance in height use the same sized
fishing vessel was in very different engine power.
Other factors that will affect fuel consumptions; the
vessel structure, the main engine model and year, the
age of the vessel, the vessel's maintenance, and long
transmission features.
Fish production of catching fuels pollutant
emissions this work with a prediction and evaluation. As a result, fishing-induced emissions other
watercraft such as the introduction of an arrangement standardization will be compatible with the
principles of developing environmental awareness.
Because these pollutants and their effects, the number of fishing vessels and fishing activity due to the
intensification of the coast is estimated to be the size
that cannot be ignored.
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PDWHULDOV>@It was estimated that around 390,000
tons of BFRs were sold in 2011, which accounted for
20% of the global flame retardant markets [3]. Especially, approximate 2,140 kg of PBDEs were discharged into the environment through various ways
in the Pearl River Delta, China every year [4]. Theoretically, there are 209 possible congeners of
PBDEs, which can be divided into 10 groups ranging
from mono- to deca-PBDE based on the bromine
atom count. High brominated BDEs can be degraded
and transformed to low brominated BDEs by homolysis or heterolysis conducted by lighting or microorganisms [5, 6]. Three common and principal PBDE
mixtures produce commercially have been identified
as penta-, octa-, and deca-BDEs [7], and BDE-209 is
generally the predominant congener in marine sediments [8-12].
PBDEs are bioaccumulative in the environment, biota and human due to their hydrophobic and
persistent properties [13]. Transfer and trophic magnification of PBDEs along the food chain may pose
high risks to organisms, due to the high lipophilicity
and resistance to metabolism [14, 15]. In addition,
PBDEs can cause a health risk to human, and endocrine disruption, reproductive/developmental toxicity such as neurotoxicity and even cancer [16].
Over the past four decades, levels of PBDEs in the
environment, biota and human have increased at an
astonishing speed [17]. Hence, some congeners of
PBDEs with polychlorinated biphenyls (PCBs) and
organochlorine pesticides (OCPs) have been listed
as hazardous materials by European Water Framework Directive [18]. At present, the most toxic
PBDEs are penta-BDE and octa-BDE, which are
banned for commercial usage by European Union
and the United State [11]. Tetra-BDE, penta-BDE,
hexa-BDE and hepta-BDE have also been added to
the list of Annex A of the Stockholm Convention
[19]. PBDEs in sediments, sludge, house dust, indoor and outdoor air, fish, birds, marine organisms,

ABSTRACT
7RLQYHVWLJDWHWKHVSDWLDODQGKLVWRULFDOGLVWUL
EXWLRQRISRO\EURPLQDWHGGLSKHQ\OHWKHUV 3%'(V 
IURP)XWLDQPDQJURYHZHWODQGLQ6KHQ]KHQ%D\RI
6RXWK&KLQD6XUIDFHDQGFRUHVHGLPHQWVZHUHFRO
OHFWHGDQGDQDO\]HGLQWKLVVWXG\)LIWHHQFRQJHQHUV
ZHUHGHWHFWHGLQDOORIWKHVDPSOHVZLWK%'(DV
WKHGRPLQDQW%'(DQG%'(ZHUHWKHVHF
RQGODUJHVWVDPSOHVLQGLFDWLQJWKDW3%'(SROOXWLRQ
PDLQO\ RULJLQDWHG IURP WKH HOHFWURQLF DQG DXWRPR
ELOH LQGXVWULHV GXH WR WKH UDSLG HFRQRPLF GHYHORS
PHQW7KHUDQJH 63%'(V GHILQHG DV WKH VXP RI
IRXUWHHQWDUJHWHG3%'(FRQJHQHUVH[FHSW%'( 
DQG%'(LQWKHVXUIDFHVHGLPHQWVZHUHWR
 QJJ ': DQG  WR  QJJ ': UH
VSHFWLYHO\7KHFRUUHODWLRQRI%'(LQERWKVXU
IDFH DQG FRUH VHGLPHQWV ZLWK WRWDO RUJDQLF FDUERQ
72& LVKLJKO\VLJQLILFDQW 3DQG3 2Q
WKH FRQWUDU\ 63%'(V LQ ERWK VHGLPHQWV GLGQ¶W
KDYHDQ\VLJQLILFDQWFRUUHODWLRQZLWK72& 3! 
,QDQGWKDWWKHSROLF\PDGHDGLI
IHUHQFHIRUWKHYDULDWLRQRI3%'(V+LVWRULFDOYDULD
WLRQ RI 3%'(V LQ )XWLDQ PDQJURYH ZHWODQG ZDV
FOHDUO\UHODWHGZLWKLQGXVWULDOGHYHORSPHQWDQGHQ
YLURQPHQWDOSROLF\
.(<:25'6
3%'(VPDQJURYHVHGLPHQWSROOXWLRQKLVWRU\HFRORJLFDO
ULVN

INTRODUCTION
$VRQHRIWKH PDLQW\SH RI brominated flame
retardants (BFRs), SRO\EURPLQDWHG GLSKHQ\O HWKHUV
3%'(V DUHZLGHO\DSSOLHGDVDGGLWLYHVIRUIODPH
UHWDUGDQWV LQ HOHFWULFDO HTXLSPHQW SDLQW WH[WLOHV
WKHUPRSODVWLFV SRO\XUHWKDQH IRDPV DQG EXLOGLQJ
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breast milk, serum and human adipose tissues have
been comprehensively measured [20]. Especially, it
was found that PBDEs in coastal sediments of the
Pearl River Delta (PRD) in Mainland China and
Hong Kong SAR were reached the highest level in
the world [21].
Mangrove forests are intertidal wetlands along
the tropical and subtropical coastlines, and their ecosystems are concentrated in biodiversity and habitat
for a wide range of fauna and flora, and ecosystems
have been globally concerned with high ecological
and economic importance. However, because of the
rapid urbanization and industrialization in coastal
zones, mangrove have been subjected to the increasing pollution from human activities and become one
of the most threatening biological lichens [22, 23].
Sediments of mangrove wetlands can be used as sediments for the deposit of organic pollutants due to
their unique properties, such as abundant detritus,
high organic carbon content, anoxic/reduced conditions, and rapid turnover and burial [24]. PCBs,
OCPs, dichlorodiphenyltrichloroethane (DDT) and
polycyclic aromatic hydrocarbons (PAHs) has been
frequently reported the presence of mangrove sediments [23, 24]. Especially, PBDEs have also been
detected in some biological and abiotic samples of
some mangrove wetlands [23, 25-28], including
some mangrove wetlands in China [2].
With the rapid economic development of Shenzhen since the late 1970s, the structure and function
of mangrove ecosystems have been affected by the
intensification of human activities pollution [29].
Futian National Nature Reserve, located in the northern Shenzhen Bay and close to Maipo Nature Reserve of Hong Kong, is highly important for its ecological value to protect birds and mangrove resources. Environmental issues of this reserve have
been widely noted and concerned. It was found that
PBDEs of sediments from Maipo Nature Reserve
was higher than that mangrove wetlands of Hong
Kong [30]. At present, research projects on heavy
metals, WULEXW\OWLQ 7%7  GLEXW\OWLQ '%7  WUL
SKHQ\OWLQ 73K7 DQGGLSKHQ\OWLQ '3K7 LQWKHVHG
LPHQWV RI WKH ZHWODQG KDYH EHHQ FRQGXFWHG >@
3%'(VLQWKHVHGLPHQWRI)XWLDQPDQJURYHZHWODQG
KDVDOVREHHQFRQGXFWHGDEULHIPHDVXUHPHQWLQ
>@+RZHYHUSURILOHVRI3%'(FRQJHQHUVLWVVSD
WLDODQGWHPSRUDOGLVWULEXWLRQDQGVRXUFHVRI3%'(V
DVZHOODVWKHLUHFRORJLFDOULVNVKDYHQRWEHHQVWXGLHG
LQGHWDLO7KHUHIRUHWKLVVWXG\DLPHGWRUHVHDUFKWKH
ULVNRI3%'(VZKLFKLQFOXGHVD WRGHSLFWWKHVSD
WLDO DQG WHPSRUDO GLVWULEXWLRQV RI 3%'(V LQ )XWLDQ
PDQJURYHZHWODQGVHGLPHQWVLQWKHIXWXUHE WRDQ
DO\]HWKHSURILOHVRIFRQJHQHUVF WRDVVHVVHFRORJL
FDOULVNVSRVHGE\3%'(VLQWKHVHGLPHQWVG WRGLV
FXVVWKHVRXUFHVRI3%'(V

),*85(
7KHVDPSOLQJVLWHVDVVKRZQE\ۻ
ۻLQ)XWLDQ
PDQJURYHZHWODQG7KUHHUDQGRPUHSOLFDWHV
RIFRUHVHGLPHQWVDPSOHVZHUHFROOHFWHGDW
VLWHVRI11DQG1

MATERIALS AND METHODS
6WXG\VLWHDQGVDPSOLQJGHVLJQThe present
study was conducted in Futian National Nature Reserve (ccN, cc(), which is
located in northern Shenzhen Bay, Guangdong Province, South China (Fig 1). This mangrove wetland
was established in 1984 and promoted as the national
reserve in 1988 with approximate size of 304 ha.
Some native mangrove plants, such as Kandelia candel, Aricennia marina and Aegiceras corniculata
dominated the mangrove forest. Meanwhile, some
other exotic mangrove species, such as Sonneratia
apetala and Sonneratia caseolaris are also found on
the forest fringe. Habitats in the reserve include mangrove forest, mudflat, embanked ponds and reed
beds as well as terrestrial vegetation [32].
According to Chai, the average temperature occurred in July with 22-24°C; the highest temperature
of 36°C occurred in July, and the lowest temperature
of at 4°C occurred in January. The average annual
precipitation was mainly from May to September in
1937. The average relative moisture is around 73%.
The tides in Shenzhen Bay are mainly semi-diurnal
with an average range of 2 m [32]. 7RWDORIWHQVXU
IDFHVHGLPHQWVVDPSOHVZHUHFROOHFWHGLQ'HFHPEHU
 IURP )XWLDQ 0DQJURYH ZHWODQG LQ 6KHQ]KHQ
ZLWKWKH6WDWLRQVDV1WR17KUHHUDQGRPUHSOL
FDWHVRIVXUIDFHVHGLPHQWVDPSOHVZLOOEHFROOHFWHG
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WKH VSLNHG EODQN 3&% DQG 3%'(V VWDQGDUG
PL[WXUHZHUHVSLNHGLQWRVROYHQWZLWKWKHILOWHUSD
SHUSURFHVVHGLQWKHVDPHZD\DVVDPSOHV7RHVWL
PDWHWKHSURFHGXUDOEODQNVROYHQWZLWKDILOWHUSDSHU
LGHQWLFDOWRWKDWXVHGWRZUDSWKHVHGLPHQWZDVSUR
FHVVHGLQWKHVDPHZD\DVVDPSOHV7RHVWLPDWHWKH
ILHOGEODQNJIXOO\DFWLYDWHGDQGFOHDQHGVLOLFDJHO
ZHUHH[SRVHGWRWKHDLUDWWKHVDPSOLQJVLWHGXULQJ
WKH VDPSOH FROOHFWLRQ DQG WKHQ SURFHVVHG LQ WKH
VDPHZD\DVVDPSOHV$OOWKHVHEODQNH[WUDFWVZHUH
VXEMHFWHGWR*&06DQDO\VLV1R3%'(VZHUHGH
WHFWHGLQWKHSURFHGXUDODQGILHOGEODQNV7KHUHFRY
HU\RIVXUURJDWHVWDQGDUG 3&% LQVHGLPHQWVLV
r7KHPHDQUHFRYHULHVRI%'(DQG
63%'(V 63%'(FRQJHQHUVH[FHSW%'( LQ
VHGLPHQWUDQJHIURPrWRrDQG
rUHVSHFWLYHO\$OOFRQJHQHUVDUHZLWKLQ
WKHDFFHSWDEOHUDJHRIWRVHWE\WKH86
(3$0HWKRG>@
7KHULVNTXRWLHQW 54 DSSURDFKLVXVHGWRDV
VHVV WKH SRWHQWLDO HFRORJLFDO ULVN LQ WKLV VWXG\ DF
FRUGLQJWR(QYLURQPHQW&DQDGD>@

DWHDFKVDPSOLQJVWDWLRQXVLQJVDPSOHURIFPORQJ
uFPZLGHuFPGHHS7KUHHFRUHVHGLPHQWVDP
SOHV ZHUHUDQGRPO\FROOHFWHGXVLQJD 39&FRUHRI
FPLQGLDPHWHUuFPGHHSDW11DQG1
WRHYDOXDWHWKHSROOXWLRQKLVWRU\RI3%'(V$FFRUG
LQJ WR /L WKH UDWH RI VHGLPHQWDWLRQ LV DERXW 
FP\ULQWKHVWXG\DUHD>@,QHDFKFRUHVHGLPHQW
VDPSOHVZHUHFXWLQWROD\HUVIURPWKHWRSDWFP
GHSWKLQWHUYDOE\D39&NQLIHWRUHSUHVHQWWKHSROOX
WLRQKLVWRU\IURPWR
&KHPLFDO FRPSRVLWLRQ DQDO\VLV LQ WKH VHGL
PHQWPBDEs were extracted by using an accelerated
solvent extractor (ASE 300, Dionex, USA) with acetone/n-hexane as the extractant (1:1, v/v), following
the technique approved by the United States Environmental Protection Agency (US EPA) under
Method 3545A [30]. PCB-209was adopted to investigate the loss during the extraction process. Two cycles of static extraction with 5 min were performed
with a pressure of 1500 psi at 100°C for 90 s. The
extracts from ASE were concentrated to 1 mL by rotary evaporation prior and cleaned through a chromatography column consisting of silica gel. 13CBDE-99 was used as an internal standard.
7KHDQDO\VLVRI3%'(VZDVSHUIRUPHGXVLQJD
JDV FKURPDWRJUDSK\ $JLOHQW 7HFKQRORJLHV $YRQ
GDOH3$86$ HTXLSSHGZLWKDQ$JLOHQWPDVV
VSHFWURPHWU\ *&06  XVLQJ QHJDWLYH FKHPLFDO
LRQL]DWLRQ 1&,  LQ WKH VHOHFWHG LRQ PRQLWRULQJ
6,0 PRGH$'%IXVHGVLOLFDFDSLOODU\FROXPQ
PuPPLGuPPILOPWKLFNQHVV ZDV
XVHG WR GHWHUPLQH 3%'( FRQJHQHUV 7KH WHPSHUD
WXUHVRIWKHLQMHFWRULRQVRXUFHDQGWUDQVIHUOLQHZHUH
VHW DW   DQG  & UHVSHFWLYHO\ +HOLXP
 ZDVXVHGDVWKHFDUULHUJDVDQGNHSWDWD
FRQVWDQWIORZUDWHRIP/PLQ7KHLQLWLDOWHPSHUD
WXUHRI'%ZDVVHWDW& KHOGIRUPLQ WKHQ
UDPSHGDW&PLQWR& KHOGIRUPLQ WKHQ
&PLQWR& KHOGIRUPLQ P/RIWKH
VDPSOHZDVLQMHFWHGLQWKHSXOVHGVSOLWOHVVPRGH
$ 3%'(V PL[WXUH ZDV XVHG WR GHWHUPLQH
3%'(VZKLFKLQFOXGHV3%'(FRQJHQHUV %'(

         
  DQG   :HOOLQJWRQ /DERUDWRULHV 2Q
WDULR&DQDGD 7KHPRQLWRUHGDQGTXDQWLWDWLYHLRQV
DUH DV IROORZV P]    DQG  IRU %'(
P]DQG %Uí IRURWKHU3%'(FRQJHQHUV
$OOFRQFHQWUDWLRQVDUHUHSRUWHGLQQJJIUHH]HGULHG
ZHLJKWEDVLVDQGWKHPHDQDQGVWDQGDUGGHYLDWLRQRI
WKUHH UHSOLFDWHV ZHUH FDOFXODWHG 72& ZDV GHWHU
PLQHGE\D&+1HOHPHQWDODQDO\]HU 3HUNLQ(OPHU
3HUNLQ(OPHU&RUS86$ 

6WDWLVWLFDO DQDO\VHV 7KH FRUUHODWLRQ EHWZHHQ
72&DQGWRWDOFRQFHQWUDWLRQVRI3%'(VLQVXUIDFH
DQGFRUHVHGLPHQWVZDVGHWHUPLQHGE\3HDUVRQFRU
UHODWLRQDQDO\VLVXVLQJ2ULJLQDQG6366

RESULTS
3URILOH RI 3%(' FRQJHQHUV GHWHFWHG LQ WKH
VXUIDFH VHGLPHQW )LIWHHQ FRQJHQHUV RI 3%'(V
ZHUHGHWHFWHGIURPWKHVXUIDFHVHGLPHQWVRIWKH
VDPSOLQJ VWDWLRQV QDPHG DV 1a1 7DEOH  
$PRQJWKHPWKHGHWHFWLRQUDWHRI%'(
ZDV%'(
 ZDV H[FHHGHG  DQG WKH OHIW ZDV OHVV WKDQ
,QWHUPVRIDYHUDJHFRQFHQWUDWLRQVRIWKHFRQ
JHQHUV %'(!!!!!!!
!QJJ':WKRVHRIRWKHUVZHUHUHODWLYHO\
ORZ7KH TXDQWLW\RI%'( ZDVDEVROXWHO\SUH
GRPLQDQWDVLQWRWDOZKLOH%'(
DQG%'(ZHUHWKHGRPLQDQWDPRQJ63%'(V
DVKLJKDVDQGUH
VSHFWLYHO\2WKHUFRQJHQHUVZHUHKDUGO\GHWHFWHG
6SDWLDOYDULDWLRQRI3%'(VDQG72&LQWKH
VXUIDFHVHGLPHQW7KHFRQFHQWUDWLRQRI63%'(V
DQG %'( VKRZHG D ZLGH UDQJH IURP  WR
QJJ':DQGIURPWRQJJ':
UHVSHFWLYHO\3DUWLFXODUO\WKH\GHFUHDVHGIURP
WRQJJ':DQGWRQJJ':DORQJ
WKH6WDWLRQ1WR17KHKLJKHVWFRQFHQWUDWLRQDOO
RFFXUUHGDW6WDWLRQ1ZKLFKWKHQGHFUHDVHGDORQJ
WKHVHTXHQFHRIWKHRWKHUVWDWLRQV 7DEOHDQG)LJ


4XDOLW\ DVVXUDQFHTXDOLW\ FRQWURO 4$4& 
DQG HFRORJLFDO ULVN DVVHVVPHQW 7KUHH EODQNV LQ
FOXGLQJDSURJUDPDVSLNHDQGDEODQNILHOGWRDFFHVV
WKHPHWKRGRIUHFRYHU\DQGUHSHDWDELOLW\7RHVWLPDWH
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7$%/(
/HYHOVRI3%'(VLQVXUIDFHVHGLPHQWVFROOHFWHGIURP)XWLDQPDQJURYHVZHWODQGLQ6KHQ]KHQ
QJJ':

pH
TOC
BDE-28
BDE-47
BDE-49
BDE-77
BDE-85
BDE-99
BDE-100
BDE-119
BDE-153
BDE-154
BDE-183
BDE-203
BDE-206
BDE-207
6PBDEs14
BDE-209
6PBDEs

Range
7.41~7.80
0.508~2.996
Nd-0.010
0.006-0.033
0.006-0.029
Nd-0.009
Nd-0.006
Nd-0.023
Nd-0.007
Nd-0.010
Nd-0.049
Nd-0.024
0.008-0.183
Nd-0.040
0.074-0.635
Nd-0.370
0.141-1.131
5.016-27.678
5.283-28.809

Mean
7.558
1.335
0.005
0.018
0.016
0.003
0.002
0.011
0.003
0.002
0.015
0.012
0.051
0.008
0.329
0.126
0.601
15.566
16.167

Median
7.525
1.256
0.005
0.018
0.015
0.004
0.001
0.012
0.003
Nd
0.013
0.012
0.034
Nd
0.355
0.139
0.633
17.553
18.139

SD
0.13
0.802
0.003
0.008
0.008
0.003
0.002
0.007
0.002
0.003
0.013
0.008
0.050
0.015
0.181
0.113
0.295
8.630
8.871

RR
/
100
90.00
100.00
100.00
80.00
50.00
90.00
80.00
30.00
90.00
90.00
100.00
30.00
100.00
80.00
100.00

SD: Standard deviation, RR: Relevance ratio, Nd: Not detected.

),*85(
7KHFRQFHQWUDWLRQRI3%'(VDQG%'(LQWKHVXUIDFHVHGLPHQWDWGLIIHUHQWVDPSOLQJVLWHVLQ
)XWLDQPDQJURYH
WKHWUHQGRILQFUHDVLQJ IURPWKHERWWRPWRWKHVXU
IDFH7KHQLWNHSWDWEDODQFHXQWLOZKHQLWLQ
FUHDVHGUHPDUNDEO\
%'(FDQRQO\EHGHWHFWHGDERYHWKHGHSWK
RIFPHTXLYDOHQWWR$QGWKHFRQFHQWUDWLRQ
RI%'(UDQJHGIURPWRQJJ': )LJ
E 7KHILUVWSHDNZDVIURPWRZLWKWKH
PD[LPXP FRQFHQWUDWLRQ LQ  DQG WKH VHFRQG
SHDNZDVIURPWRZLWKWKHPD[LPXPFRQ
FHQWUDWLRQLQ
3%'(V ZDV GHWHFWHG LQGLYLGXDOO\ DIWHU
ZLWKWKHFRQFHQWUDWLRQIURPWRQJJ
': )LJF 7KHKLJKHVWFRQFHQWUDWLRQRFFXUUHGLQ
 )XUWKHUPRUH WKH WRWDO FRQFHQWUDWLRQ RI
3%'(V ZDV XSZDUGO\ LQ JHQHUDO EXW QRW REYL
RXVO\

7KHFRQFHQWUDWLRQRI72&LQWKHVXUIDFHVHGL
PHQWV RI )XWLDQ PDQJURYH ZHWODQG UDQJHG IURP
WRDQGVKRZHGUHGXFWLRQIURP
WR  DORQJ WKH 6WDWLRQ 1 WR 1 +RZHYHU LW
LQFUHDVHGDORQJWKH6WDWLRQ1WR1DQGUHDFKHGWKH
KLJKHVWDVDW6WDWLRQ17KHQLWFRQWLQXHG
WRGHFUHDVHDORQJWKH6WDWLRQ1WR17KHUHZDV
QRGLIIHUHQFHRIS+ZLWKWKHUDQJHRIa 7D
EOH 
'LVWULEXWLRQ RI 72& DQG 3%'(V DORQJ WKH
GHSWKJUDGLHQW$VVKRZQLQ)LJ D WKH72&FRQ
WHQWLQWKHFRUHVHGLPHQWVIURPWRFRUUH
VSRQGHGWRWKHGHSWKIURPWRFPDQGWKHFRQ
FHQWUDWLRQRI72&LQWKHFRUHVHGLPHQWVUDQJHGIURP
)URPWRLWZDVJHQHUDOO\LQ
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),*85(
7KHFRQFHQWUDWLRQRI6
63%'(VDQG%'(DORQJGHSWKJUDGLHQW FP DQG<HDULQWKHVXUIDFH
VHGLPHQWDWGLIIHUHQWVDPSOLQJVLWHVLQ)XWLDQPDQJURYHZHWODQG7KHGDVKOLQHUHSUHVHQWVWKHEHVWILW
OLQHDFFRUGLQJWROLQHDUUHJUHVVLRQDQDO\VLV
ZKLFKLVFRQGXFWLYHWRWKHGHEURPLQDWLRQRI3%'(V
>@
$V K\GURSKRELF FKHPLFDOV 3%'(V WHQG WR
FRPELQHZLWKILQHSDUWLFOHVDQGRUJDQLFPDWWHUVDQG
WKHQSHQHWUDWH VHGLPHQWV>@72& PD\DIIHFWWKH
OHYHO DQG GLVWULEXWLRQ RI K\GURSKRELF RUJDQLF FRQ
WDPLQDQWV>@7KHFRQFHQWUDWLRQRI3%'(VLQVHG
LPHQWVRIHVWXDULHVRU PDQJURYH ZHWODQGV ZDVVLJ
QLILFDQWO\ FRUUHODWHG ZLWK FRQWHQW RI 72& > 
 @ 1HYHUWKHOHVV ZHDN FRUUHODWLRQ EHWZHHQ
3%'(V OHYHOV DQG 72& ZDV IRXQG IURP WKH VHGL
PHQWVRI6XQGDUEDQ PDQJURYH ZHWODQG ,QGLD DQG
WKH%HLMLDQJULYHU &KLQD >@7KHFRUUHODWLRQ
EHWZHHQ%'(DQG72&LQWKHVXUIDFHDQGFRUH
VHGLPHQWVRIWKLVVWXG\LVKLJKO\VLJQLILFDQW S 
+RZHYHU WKHUH LV QR GLIIHUHQFH RI FRUUHODWLRQ EH
WZHHQ 63%'(VDQG72& S! LQRXUSUHVHQW
VWXG\,QDGGLWLRQ3%'(VLQVHGLPHQWVLVKLJKO\FRU
UHODWHGZLWK323VVXFKDV3&%V+%&'V S 
>@7KHUHIRUHLWLVQHHGWRVWXG\UHJDUGLQJWKH
PROHFXODU LQWHUDFWLRQV EHWZHHQ PDQJURYH RUJDQLF
PDWWHUDQG3%'(VXQGHUFRQWUROOHGODERUDWRU\FRQ
GLWLRQVLQGHSWK

&RPSDULVRQ ZLWK RWKHU VWXGLHV 7R IXUWKHU
FRPSUHKHQVLYHO\HYDOXDWHWKHVWDWXVRIVHGLPHQWSRO
OXWLRQ E\ 3%'(V WRWDO FRQFHQWUDWLRQV RI VHGLPHQW
3%'(V LQ RWKHU &KLQHVH FRDVWDO UHJLRQV RU 0DQ
JURYHZHUHFRPSDUHG7KHUDQJHDQGPHDQYDOXHVRI
63%'(VDQG%'(ZHUHFROOHFWHGDQGVKRZQ
LQ7DEOH&RPSDUHGZLWKRWKHUFRDVWDOUHJLRQVLQ
&KLQD WKH OHYHOV RI %'( LQ WKLV VWXG\ ZHUH
KLJKHUWKDQWKRVHREWDLQHGIURPFRDVWVHDRUED\LQ
1RUWK &KLQD >  @ +RZHYHU ZKLFK LV TXLWH
VLPLODUWRWKRVHREWDLQHGIURP;LDPHQRIIVKRUHDU
HDV>@3HDUO5LYHU(VWXDU\>@DQGWKHPDQJURYH
VHGLPHQWV RI *XDQJ]KRX >@ DQG ORZHU WKDQ WKH

DISCUSSION
6SDWLDOYDULDWLRQRI3%'(VLQWKHVHGLPHQW
72&FRQFHQWUDWLRQVLQWKHVXUIDFHVHGLPHQWVRI)X
WLDQ PDQJURYH ZHWODQG VKRZHG GHFUHDVH IURP 6WD
WLRQ1WR1LQFUHDVHIURP6WDWLRQ1WR1DQG
GHFUHDVHIURP6WDWLRQ1WR10HDQZKLOHFRQ
FHQWUDWLRQVRI63%'(VDQG%'(DOVRVKRZHG
GHFUHDVH IURP 6WDWLRQ 1 WR 1 +RZHYHU WKH\
VKRZHG VXGGHQ LQFUHDVH DQG WKH ODUJHVW DW 6WDWLRQ
1 DQG WKHQ GHFUHDVH IURP 1 WR 1 ZLWK D UH
PDUNDEOHWUHQG
7KHGLVWDQFHEHWZHHQ6WDWLRQ11DQGWKH
PRXWK RI 6KHQ]KHQ 5LYHU UDQJHV IURP  WR  NP
5LYHU UXQRII FRPHV LQWR WKH ZDWHU EHWZHHQ 6WDWLRQ
1 DQG 1 IURP )HQJWDQJ 5LYHU LQ WKH QRUWK7KH
VHGLPHQWDWLRQ RI RUJDQLF PDWWHUV DW 6WDWLRQ 1 WR
1 LV SUREDEO\ LQIOXHQFHG E\ WKH GLVWDQFH WR WKH
PRXWKRI6KHQ]KHQ5LYHUDQGK\GUDXOLFIORZVRIWKH
VWDWLRQV>@7KHUHIRUHWKHVKRUWHUGLVWDQFHDQG
VWURQJHU K\GURG\QDPLF FRQGLWLRQ DW 6WDWLRQ 
PDNHV WKH OHYHO RI 63%'(V DQG %'( GH
FUHDVH,QFRQWUDVWWKHFRQGLWLRQRI1LVEHWWHUIRU
WKHVHGLPHQWDWLRQRIRUJDQLFPDWWHUVZLWKWKHKLJKHVW
OHYHO ,Q DGGLWLRQ WR K\GURG\QDPLFV WKH GLVWDQFH
IURPWKHFRDVWOLQHFDQDOVRLQIOXHQFHWKHOHYHORIRU
JDQLFPDWWHUVLQVHGLPHQWV>@7KHGLVWDQFHRI6WD
WLRQ 1 WR 1 LV UHODWLYHO\ IXUWKHU DZD\ IURP WKH
PRXWKVRI6KHQ]KHQ5LYHUDQG)HQJWDQJ5LYHUZLWK
DZHDNK\GURG\QDPLFFRQGLWLRQ7KHGLIIHUHQWOHYHOV
RI 3%'(V DW WKHVH VWDWLRQV UHSUHVHQW WKH LPSDFW RI
GLVWDQFHWRWKH FRDVWOLQH LHWKH IDUWKHUWKH ORZHU
7KLVWUHQGFDQDOVREHIRXQGLQWKHPDQJURYHZHW
ODQGVRI+RQJ.RQJDQG4L¶DR,VODQGRI=KXKDL>
@,$VZHDOONQRZQZKHQWKHRIIVKRUHLVJHWWLQJ
IXUWKHUWKHVHDZDWHUVXEPHUJHGZLOOEHFRPHORQJHU
DQDHURELF FRQGLWLRQV ZLOO EHFRPH PRUH VWULQJHQW
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YDULHGEHFDXVHRIWKHGLIIHUHQFHRILQGXVWULDOVWUXF
WXUHDQGWKHSROOXWLRQFKDUDFWHULVWLFVLQGLIIHUHQWDU
HDV 7KH GRPLQDQW FRQJHQHUV RI 63%'(V ZHUH
QRQD%'( %'( LQWKH3HDUO5LYHU(VWX
DU\ DQG PDQJURYH VHGLPHQWV RI *XDQJ]KRX 6KHQ
]KHQDQG=KXKDL6RXWK&KLQD>@EXWRFWD%'(
%'(  RU 3HQWD%'( %'(   ZHUH
GRPLQDQWLQ;LDPHQRIIVKRUHDUHDV>@WKHFRDVWDO
HDVWFKLQDVHD>@DQG1RUWK&KLQD>@

PDQJURYHVHGLPHQWVRI+RQJ.RQJDQG=KXKDL>
@
,QWKLV VWXG\WKHFRQFHQWUDWLRQVRI 63%'(V
ZHUHKLJKHUWKDQWKRVHREWDLQHGIURPWKHFRDVWDOVHD
RUED\LQ1RUWK&KLQDLQFOXGLQJ%RKDL6HD>@<HO
ORZ6HD>@DQG/DL]KRX%D\>@EXWZHUHORZHU
WKDQWKRVHREWDLQHGIURPWKH6RXWK&KLQDDQG(DVW
&KLQDLQHDUOLHUVWXG\>@%'(
DQGZHUHWKHPDLQFRQJHQHUVRI63%'(V H[
FHSW%'( LQWKH)XWLDQPDQJURYHZHWODQGVHG
LPHQWV 7KH FRPSRVLWLRQ RI WKH 3%'(V FRQJHQHUV

7$%/(
&RPSDULVRQRI3%'(VOHYHOV QJJ': LQVXUIDFHVHGLPHQWVRIWKLVVWXG\ZLWKFRQFHQWUDWLRQVPHDVXUHG
LQRWKHU&KLQHVHFRDVWDOUHJLRQV
Location
Futian mangrove sediments, South
China
Mangrove sediments of Hong Kong,
South China
angrove sediments of Shenzhen,
South China
Mangrove sediments of Guangzhou,
South China
Mangrove sediments of Zhuhai, South
China
Mangrove sediments of Zhuhai, South
China
Pearl River Estuary(PRE), South
China

Sampling year
2013

6PBDEsa
0.141-1.131
(0.601) b

BDE-209

Reference

5.016-27.678 (15.566)

This study
Zhu et al. (2014c)
[30]
Zhang et al.
(2015) [2]
Zhang et al.
(2015) [2]
Zhang et al.
(2015) [2]
Wu et al. (2016)
[38]
Chen et al. (2013)
[29]
Wang et al.
(2015) [46]
Zhen et al. (2016)
[3]
Pan et al. (2010)
[45]
Li et al. (2012)
[33]
Li et al. (2010)
[47]

Not available

0.57-14.4 (2.35)

1.53-75.9
(26.8)

2012

82.3-206
(143) c

Included in 6PBDEs

2012

1.25-36.3 (14.1) c

Included in 6PBDEs

2012

7.37-70.2 (24.1) c

Included in 6PBDEs

Not available

30.1-36.5 b

28.4-34.6

2009-2010

3.67-45.6
(17.1) c

(14.2)

Bohai Sea, North China

2012-2013

0.100-0.479

0.464-6.438

Yellow Sea, North China

2010-2014

Laizhou Bay, North China

2009

nd-0.60
(0.32)

0.66-12
(5.1)

The Coastal East China Sea

2006-2007

nd-8.0

0.30-44.6

2007

0.3-6.4
(1.37)

0.1-70.1
(14.9)

Xiamen offshore areas, East China

nd-10.2d

D

WKHVXPRIDOOWDUJHWHG3%'(FRQJHQHUVH[FHSW%'(
&RQFHQWUDWLRQRI3%'(VPLQPD[ PHDQ 
F
WKHVXPRIDOOWDUJHWHG3%'(FRQJHQHUVLQFOXGLQJ%'(
G
QGQRWGHWHFWHG
E

),*85(
5HJUHVVLRQDQDO\VLVRIWKHFRQFHQWUDWLRQVRI6
63%'(V%'(DQG72&LQ)XWLDQPDQJURYH
ZHWODQG DVXUIDFHVHGLPHQWVEFRUHVHGLPHQWVż63%'(VFRQFHQWUDWLRQŶ%'(
FRQFHQWUDWLRQ5żFRHIILFLHQWVRIUHJUHVVLRQIRU63%'(V5ŶFRHIILFLHQWVRIUHJUHVVLRQIRU
%'( 6WDWLVWLFDODQDO\VLVZDVSHUIRUPHGZLWK6366
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N1

N2

N3

N4

N5

N6

N7

N8

N9

N10

TOC (%)
BDE-28
BDE-49
BDE-47
BDE-77

44
39
39
39

1.602
0.0001
0.0004
0.0004
0.0001

1.253
0.0001
0.0003
0.0003
0.0001

0.837
0.0001
0.0003
0.0003
0.0001

1.334
/
0.0003
0.0004
/

1.258
0.0001
0.0004
0.0005
0.0001

2.321
0.0001
0.0003
0.0002
0.0001

2.996
0.0001
0.0002
0.0003
0.0001

0.720
0.0001
0.0004
0.0004
/

0.508
0.0001
0.0003
0.0003
0.0001

0.523
0.0001
0.0006
0.0008
0.0001

BDE-100

0.4

0.0075

0.0075

0.0071

/

0.0060

0.0054

0.0060

/

0.0075

0.0101

BDE-119

0.4

/

/

/

/

/

/

/

0.0343

0.0158

0.0198

BDE-99

0.4

0.0205

0.0192

0.0201

/

0.0238

0.0172

0.0194

0.0392

0.0259

0.0791

BDE-85
BDE-154
BDE-153
BDE-183
BDE-203
BDE-207
BDE-206

0.4
440
440
5600
5600
/
/

/
0.0000
0.0000
0.0000
0.0000
/
/

/
0.0000
0.0000
0.0000
/
/
/

/
0.0000
0.0000
0.0000
/
/
/

/
/
/
0.0000
0.0000
/
/

0.0060
0.0000
0.0000
0.0000
/
/
/

0.0054
0.0000
0.0000
0.0000
/
/
/

0.0050
0.0000
0.0000
0.0000
/
/
/

0.0120
0.0001
0.0002
0.0000
0.0000
/
/

0.0050
0.0000
0.0000
0.0000
/
/
/

/
0.0000
0.0001
0.0000
/
/
/

BDE-209

19

0.7960

0.6102

0.5860

1.0917

0.9941

0.5541

0.3615

0.5476

0.7547

0.5048

3ROOXWLRQKLVWRU\RI 3%'(V LQ)XWLDQ PDQ
JURYHZHWODQGAs can be seen in Fig 3a, the content
of TOC in the core sediment of Futian mangrove
wetland showed increase from 1.04% at the bottom
of 66 cm to the top of 2 cm. TOC decreased depthly
due to the organic matter in the sediment was degraded by anaerobic bacteria [48], and the incessant
input of leaf litter and suspended particles from the
tide could also enrich TOC in the surface sediment.
It was similar to the case of surface sediment that the
correlation between TOC and BDE-209 was significant (R2=0.660, p<0.01) (Fig 4a and Fig 4b).
The pollution history of PBDEs was precisely
depicted in the core sediment of Futian mangrove
wetland. Regarding the PBDEs profile, BDE-209
and 614PBDEs could be detected from the depth of 58cm, which corresponded with the year of 1973. It
was wide application of PBDEs began globally during 1970s [14]. The concentration of BDE-209 increased from 0.504 ng/g DW at a depth of -58 cm to
15.26 ng/g DW at a depth of -2 cm in 2014. Notably,
the peaks of 3.697, 10.41 and 11.21 ng/g DW were
shown in this changing process at the depth of -42
cm, -26 cm and -14 cm, which corresponded in 1985,
1998 and 2004 (Fig 3b).
Four stages could be marked in the historical
change of BDE-209 in the sediments, 1973-1985,
1986-1998, 1999-2004 and 2005-2014. Concentration of BDE-209 was increased obviously at the first
stage, which was probably due to the fast-economic
development of Hong Kong before 1985, with its industrial effluents to Shenzhen River as well as the
culmination of pollutants brought by riverine runoff
in the mangrove wetland [33].Industries moved from

Core
sample

FSeQGs
ng/g DW

7$%/(
7KH54RIHDFK3%'(FRQJHQHUEDVHGRQ)HGHUDO6HGLPHQW4XDOLW\*XLGHOLQHV )6H4*V VHWE\
(QYLURQPHQW&DQDGD11UHSUHVHQWWKHVXUIDFHVHGLPHQW

<0.01
<0.01
<0.01
<0.01
<0.010.015
<0.010.030
0.0590.128
<0.01
<0.01
<0.01
<0.01
<0.01
/
/
0.0170.599

Hong Kong to Shenzhen by the rapid development
of Shenzhen, which marks as the second stage with
the brief decrease of BDE-209 at the start but sharp
increase at the following years. However, in 1997 the
Asian financial crisis has erupted and China¶s economy greatly impacted [46, 7], leading to the fast reduction of BDE-209 since 1998. Thirdly, possibly
influenced by SARS in 2003 and the prohibition of
PBDEs in European Union and the United States
[40], the level of BDE-209 was relatively low in the
sediment since 2004 [46, 7]. From 2005 to 2014, as
the production and uses of brominated flame retardant continued, the emission of BDE-209 to the environment was unavoidable and increased rapidly. On
the other hand, level of 63%'(VLQWKHFRUHVHGL
PHQWV DXJPHQWHG IURP  QJJ ': LQ  WR
QJJ':LQ )ig 3c +RZHYHUQRWUHQG
FRXOGEHGLVFRYHUHGLQWKHSURFHVV7KLVPLJKWEHEH
FDXVH RI ORZ FRQFHQWUDWLRQ RU QR GHWHFWLRQ RI WKH
FRQJHQHUVLQWKHOD\HUVRIWKHFRUHVHGLPHQWV
It was suggested that mangrove sediment could
be a precise and accurate indicator for pollution history of PBDEs, probably ascribed to higher sedimentation rate and closer proximity to the source. Compared with subtidal environments (e.g. Liu, 2005;
0.61 cm yr-1), the higher sedimentation rate in mangrove habitats (1.38 cm yr-1) can greatly minimize
the sampling error (cutting the core sediment into
layers) caused by annual variation of sedimentation
rate [33, 38].
(FRORJLFDO ULVN RI 3%'(V LQ )XWLDQ PDQ
JURYH VHGLPHQW 7R HYDOXDWH WKH SRWHQWLDO KD]DUG
SRVHGE\3%'(VRQVHGLPHQWGZHOOLQJRUJDQLVPVRI
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ZHWODQGDULVNDVVHVVPHQWVKRXOGEHSHUIRUPHG7KH
54YDOXHRIDOO3%'(FRQJHQHUVH[FHSW%'(
DQG %'( DUH OLVWHG LQ 7DEOH  7KH UHVXOWV
SRLQWHGRXWWKDWWKH54YDOXHVRIWUL%'( %'( 
WHWUD%'( %'( KH[D%'( %'(
  DQG RFWD%'( %'(   LQ WKH VHGL
PHQWVZHUHEHORZDWDOOVDPSOLQJVLWHVZKLFK
FDQEHHYDOXDWHGDVQRULVN+RZHYHUVRPHSDUWVRI
SHQWD%'(  ZHUHEHWZHHQDQG
 LQGLFDWLQJ ORZ ULVN 0RVW 54 YDOXHV RI GHFD
%'( %'( UDQJHGEHWZHHQDQGEXWWKH
GDWDLQ6WDWLRQ1ZDVODUJHUWKDQZKLFKVKRZV
WKHPRVWVWDWLRQVZHUHDWPHGLXPULVNEXWWKDWRI1
ZDVKLJK7KHUHVXOWVKDYHVKRZQWKDW3%'(VLQWKH
VXUIDFHVHGLPHQWVSRVHDSRWHQWLDOHFRORJLFDOULVNDW
DOO VDPSOLQJ VWDWLRQV DQG SHQWD%'( GHFD%'(
ZHUHWKHPDMRUHFRORJLFDOULVNGULYHUVIRUVHGLPHQW
GZHOOLQJRUJDQLVPV>@
6LPLODUO\ WKH 54 YDOXHV RI WUL%'( WHWUD
%'( KH[D%'( DQG RFWD%'( LQ WKH FRUH VHGL
PHQWVZHUHOHVVWKDQZKLFKLQGLFDWHGDOPRVWQR
ULVN+RZHYHUWKDWRISHQWD%'(ZDVEHWZHHQOHVV
WKDQ  DQG  DQG  DQG  RI WKH
VDPSOHVFRXOGEHVHHQDWORZDQGPHGLXPULVN)XU
WKHUPRUH WKDW RI GHFD%'( YDULHG EHWZHHQ 
DQGDQGRIWKHVDPSOHVZHUHDWPHGLXP
ULVNZKLOHULVNRIVDPSOHVZDVKLJK,QVXP
PDU\HFRORJLFDOULVNSRVHGE\GHFD%'(LQ)XWLDQ
PDQJURYHZHWODQGVHGLPHQWVVKRXOGEHKLJKO\HP
SKDVL]HG DQG WKDW RI SHQWD%'( VKRXOG QRW EH LJ
QRUHG

world, BDE-209 in Futian mangrove sediments was
the predominant congener. This should be due to the
mass production of HOHFWULFDO DQG HOHFWURQLF HTXLS
PHQW DQG ZDVWHZDWHU GLVFKDUJH E\ FRPSDQLHV LQ
6KHQ]KHQ When H[SRVHGWRQDWXUDOVXQOLJKWGHFD
%'( %'( FRXOGEHGHJUDGHWRWKUHHNLQGVRI
QRQD%'(V LQFOXGLQJ %'( %'( DQG
%'(E\WKHGHEURPLQDWLRQRIRUWKRPHWDDQG
SDUDEURPLQHV UHVSHFWLYHO\ >@$V %'( DQG
%'(ZHUHWKHVXEGRPLQDQW3%'(VFRQJHQHUV
LQFutian mangrove sedimentsWKH\PD\GHULYHIURP
%'(
7KH UHOHYDQFH UDWLR RI 2FWD%'( %'( 
DQG7HWUD%'( %'( ZHUHLQDOOVXU
IDFH VHGLPHQWV ZKLFK VXJJHVWHG WKDW WKH\ GLVWULE
XWHGZLGHO\LQ)XWLDQPDQJURYHZHWODQG%'(
FRXOGEHGHULYHGIURPZDVWHZDWHUGLVFKDUJHE\DX
WRPRELOH HOHFWULFDO DQG HOHFWURQLF FRPSDQLHV LQ
6KHQ]KHQ7HWUDSHQWDKH[DDQGKHSWD%'(VKDYH
EHHQ DGGHG WR WKH OLVW RI$QQH[$ E\ W 6WRFNKROP
&RQYHQWLRQ LQ 0D\  EHFDXVH RI WKHLU SHUVLV
WHQFHELRDFFXPXODWLRQDQGWR[LFLW\+RZHYHULWZDV
OLNHO\WKDW%'(ZDVVWLOOXVHLQVRPHH[WHQW7KLV
FRQJHQHURIWKHVHGLPHQWZDVSUREDEO\IURPLQGXV
WULHVRIIXUQLWXUHPDQXIDFWXULQJDQGEXLOGLQJPDWHUL
DOV7KHSHUFHQWDJHRIGHWHFWLRQRI%'(
LQWKHVHGLPHQWLVDOORYHUWKDWWKH
SROOXWLRQVKRXOGQRWEHLJQRUHG$PRQJWKHVHFRQ
JHQHUV%'(ZDVOLNHO\IURPWKHGHJUDGDWLRQRI
WHWUD%'(:KLOHVRXUFHRI%'(ZDVVLPLODUWR
WKDWRI%'(:LWKUHJDUGVWRWKHVRXUFHVRISHQWD
%'( %'( DQGKH[D%'( %'( 
DWPRVSKHULF GHSRVLWLRQ IURP GRPHVWLF GHFRUDWLRQ
DQG IXUQLWXUH PDQXIDFWXULQJ ZDV OLNHO\ WKH PDLQ
FRQWULEXWRU [49, 7, 46]
,WZDVVKRZQWKDW3%'(VRI)XWLDQ0DQJURYH
ZHWODQG PDLQO\ GHULYHG IURP HIIOXHQWV RI DXWRPR
ELOHHOHFWULFDODQGHOHFWURQLFLQGXVWULHVLQWKHUHJLRQ
7KH PLQRU VRXUFH RI WKH 3%'(V ZDV DWPRVSKHULF
GHSRVLWLRQ RI SROOXWDQWV IURP GRPHVWLF GHFRUDWLRQ
DQGIXUQLWXUHPDQXIDFWXULQJ

6RXUFHDQGFRPSRVLWLRQRI3%'(VLQ)XWLDQ
PDQJURYH VHGLPHQW Sources of PBDEs in sediments were complex and highly influenced by industrial effluents, air pollutants, and solid waste. Dry
and wet deposition after long distance atmospheric
transport was also an important source of PBDEs in
sediments. Meanwhile, higher brominated PBDEs
can degrade into lower brominated PBDEs [5, 6].
PBDE mixtures produced commercially have been
commonly identified as penta-, octa-, and deca-BDE
[7]. Penta-BDE mainly included BDE-47, 99, and
153, which was primarily used in foam and fiber industries for domestic decoration and furniture. OctaBDE, mainly as BDE-183, was mostly used as raw
materials for consumer electronics, automobile parts
and office equipment. Deca-BDE, mainly BDE-209
was the main additive for textile, TV and computers
[49, 7]. In terms of transferring characteristics, BDE183 can be transferred the furthest and BDE-209 was
transferred the shortest. BDE-47 is highly hydrosoluble and its occurrence is probably due to the surface runoff and hydraulic transport. The octanol-air
partition coefficient (Koa) of BDE-99, 153 is moderate and their occurrence in the sediment is relevant
to atmospheric transport. With a low vapor pressure
and low Koa, BDE-28 is probably derived from
higher-brominated PBDEs [46].
Similar to coastal waters in China and the

CONCLUSIONS
)LIWHHQFRQJHQHUVRI3%'(VZHUHGHWHFWHGLQ
WKH VHGLPHQW VDPSOHV RI )XWLDQ PDQJURYH ZHWODQG
ZLWK %'( DV WKH SUHGRPLQDQW %'( DQG
%'(DVWKHVHFRQGODUJHVW3%'(VZHUHPDLQO\
IURP HIIOXHQWV RI DXWRPRELOH HOHFWULFDO DQG HOHF
WURQLFLQGXVWULHVLQORFDOUHJLRQ+\GURG\QDPLFVDQG
GLVWDQFHRIVDPSOLQJVWDWLRQVWRWKHODQGDOVRSOD\HG
LPSRUWDQWUROHVLQWKHSURFHVVRIVHGLPHQWDWLRQFXO
PLQDWLRQ DQG DQDHURELF GHJUDGDWLRQ RI 3%'(V
0HDQZKLOH 72& ZDV FRUUHODWHG ZLWK 3%'(V
QDPHO\ KLJKO\ VLJQLILFDQW IRU %'( S 
DQG63%'(V S &RQWHQWVRI3%'(VZLWKD
KLVWRULFDOYDULDWLRQLQWKHVHGLPHQWVFRXOGUHIOHFWWKH
VRFLRHFRQRPLFGHYHORSPHQWRI6KHQ]KHQDQGHYHQ
WKDW RI 3HDUO 5LYHU 'HOWD 6RXWK &KLQD *HQHUDOO\
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[5] 6DQWRV 06 $OYHV $ DQG 0DGHLUD /0
  &KHPLFDO DQG SKRWRFKHPLFDO GHJUDGD
WLRQRISRO\EURPLQDWHGGLSKHQ\OHWKHUVLQOLTXLG
V\VWHPV$UHYLHZ:DWHU5HV
[6] %HQGLJ 3 DQG 9HWWHU :   3KRWRO\WLFDO
WUDQVIRUPDWLRQ UDWHV RI LQGLYLGXDO SRO\EURPLQ
DWHGGLSKHQ\OHWKHUVLQWHFKQLFDORFWDEURPRGL
SKHQ\O HWKHU '(  (QYLURQ 6FL 7HFKQRO
  
[7] :HL&/LDR-/LX ;:X &:X +DQG
*XDQ 4   6RXUFH FKDUDFWHULVWLFV HQYL
URQPHQWDOGLVWULEXWLRQDQGSROOXWLRQFRQWURORI
3%'(V$FWD6FLHQWLDH&LUFXPVWDQWLDH  

[8] =KX % /DP -& <DQJ 6 DQG /DP 3.
 &RQYHQWLRQDODQGHPHUJLQJKDORJHQDWHG
IODPHUHWDUGDQWV +)5V LQVHGLPHQWRI<DQJW]H
5LYHU'HOWD <5' UHJLRQ(DVW&KLQD&KHPR
VSKHUH  
[9] 0RRQ +% &KRL 0<X - -XQJ 5+ DQG
&KRL+*  &RQWDPLQDWLRQDQGSRWHQWLDO
VRXUFHV RI SRO\EURPLQDWHG GLSKHQ\O HWKHUV
3%'(V LQZDWHUDQGVHGLPHQWIURPWKHDUWLIL
FLDO/DNH6KLKZD.RUHD&KHPRVSKHUH  

[10] /HH,6.LP.6.LP6-<RRQ-+&KRL
.+&KRL6'DQG2K-(  (YDOXDWLRQ
RIPRQRWRGHFDEURPLQDWHGGLSKHQ\OHWKHUVLQ
ULYHULQH VHGLPHQW RI .RUHD ZLWK VSHFLDO UHIHU
HQFH WR WKH GHEURPLQDWLRQ RI 'H%'( 6FL
7RWDO(QYLURQ
[11] &DL 0* +RQJ 44 :DQJ < /XR ;-
&KHQ6-&DL0+DQG0DL%;  'LV
WULEXWLRQRISRO\EURPLQDWHGGLSKHQ\OHWKHUVDQG
GHFDEURPRGLSKHQ\OHWKDQHLQVXUIDFHVHGLPHQWV
IURPWKH%HULQJ6HD&KXNFKL6HDDQG&DQDGD
%DVLQ'HHS6HD5HVHDUFK3DUW,,7RSLFDO6WXG
LHVLQ2FHDQRJUDSK\
[12] ,O\DV 0 6XGDU\DQWR $ 6HWLDZDQ ,( 5L
\DGL$6,VREH72JDZD6DQG7DQDEH6
D &KDUDFWHUL]DWLRQRISRO\FKORULQDWHGEL
SKHQ\OVDQGEURPLQDWHGIODPHUHWDUGDQWVLQVXU
IDFH VRLOV IURP 6XUDED\D ,QGRQHVLD &KHPR
VSKHUH  
[13] :LEHUJ3/DQG+DUULV&.  'HVRUSWLRQ
RI S S''( IURP VHGLPHQW GXULQJ UHVXVSHQ
VLRQHYHQWVRQWKH3DORV9HUGHVVKHOI&DOLIRU
QLD D PRGHOOLQJ DSSURDFK &RQW 6KHOI 5HV
  
[14] *XVWDIVVRQ . %MRUN 0 %XUUHDX 6 DQG
*LOHN 0   %LRDFFXPXODWLRQ NLQHWLFV RI
EURPLQDWHG IODPH UHWDUGDQWV SRO\EURPLQDWHG
GLSKHQ\OHWKHUV LQEOXHPXVVHOV 0\WLOXVHGX
OLV (QYLURQ7R[LFRO&KHP
[15] %UDHNHYHOW(7LWWOHPLHU6$DQG7RP\*7
  'LUHFW PHDVXUHPHQW RI RFWDQROZDWHU
SDUWLWLRQ FRHIILFLHQWV RI VRPH HQYLURQPHQWDOO\
UHOHYDQW EURPLQDWHG GLSKHQ\O HWKHU FRQJHQHUV
&KHPRVSKHUH

3%'(VLQWKHVHGLPHQWVLQFUHDVHGZLWKWKHGHYHORS
PHQWRIORFDOHFRQRP\ZKLFKZDVUHODWLYHO\UHPDUN
DEOHLQUHFHQW\HDUV,WVKRXOGEHSDLGDWWHQWLRQWRWKH
HFRORJLFDOULVNRI3%'(VLQWKHPDQJURYHZHWODQG
ZLWKWKHPDLQULVNIURPGHFD%'(7KHVXUIDFHVHG
LPHQWV ZHUHDWPHGLXPULVNH[FHSW1DVVHVVHGDV
KLJKOHYHO$VDQLQWHUQDOSDUWRI6KHQ]KHQ%D\SRO
OXWLRQLQ)XWLDQPDQJURYHZHWODQGLVGLIILFXOWWREH
GLVSHUVHGGXHWRWKHK\GURG\QDPLFFRQGLWLRQDQGWKH
QHJDWLYHVWDWHRIDPELHQWHQYLURQPHQW&XOPLQDWHG
3%'(VLQWKHDUHDFRXOGEHWUDQVIHUUHGLQWRELUGVE\
WKHIRRGFKDLQ7KHUHIRUHFRXQWHUPHDVXUHVRISROOX
WLRQ FRQWURO IRU 3%'(V LQ WKLV PDQJURYH ZHWODQG
VKRXOGEHFRQGXFWHGLQDWLPHO\PDQQHULQRUGHUWR
UHGXFHWKHULVNDQGDOOHYLDWHWKHLPSDFWRQELUGVPL
JUDWHGWKHUH
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[22] /HZLV03U\RU5DQG:LONLQJ/  )DWH
DQGHIIHFWVRIDQWKURSRJHQLFFKHPLFDOVLQPDQ
JURYH HFRV\VWHPV D UHYLHZ (QYLURQ 3ROOXW

[23] %D\HQ 6   2FFXUUHQFH ELRDYDLODELOLW\
DQG WR[LF HIIHFWV RI WUDFH PHWDOV DQG RUJDQLF
FRQWDPLQDQWV LQ PDQJURYH HFRV\VWHPV D UH
YLHZ(QYLURQ,QW
[24] 9DQH &+ +DUULVRQ , .LP $: 0RVV
+D\HV 9 9LFNHUV %3 DQG +RQJ .  
2UJDQLF DQG PHWDO FRQWDPLQDWLRQ LQ VXUIDFH
PDQJURYHVHGLPHQWVRI6RXWK&KLQD0DU3RO
OXW%XOO
[25] %LQHOOL$ 6DUNDU 6. &KDWWHUMHH 0 5LYD
& 3DUROLQL 0 GHE %KDWWDFKDU\D %
%KDWWDFKDU\D$. DQG 6DWSDWK\ ..  
&RQFHQWUDWLRQ RI SRO\EURPLQDWHG GLSKHQ\O
HWKHUV 3%'(V LQVHGLPHQWFRUHVRI6XQGDUEDQ
PDQJURYHZHWODQGQRUWKHDVWHUQSDUWRI%D\RI
%HQJDO ,QGLD 0DU3ROOXW%XOO
[26] 4LX<: =KDQJ * *XR // =KHQJ *-
DQG&DL64  %LRDFFXPXODWLRQDQGKLV
WRULFDO GHSRVLWLRQ RI SRO\EURPLQDWHG GLSKHQ\O
HWKHUV 3%'(V LQ'HHS%D\6RXWK&KLQD0DU
(QYLURQ
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[47] /L 4=<DQ &= /XR =; DQG =KDQJ ;
  2FFXUUHQFH DQG OHYHOV RI SRO\EURPLQ
DWHG GLSKHQ\O HWKHUV 3%'(V  LQ UHFHQW VHGL
PHQWVDQGPDULQHRUJDQLVPVIURP;LDPHQRII
VKRUH DUHDV &KLQD 0DULQH 3ROOXWLRQ %XOOHWLQ
  
[48] .ULVWHQVHQ ( $KPHG 6, DQG 'HYRO $+
 $HURELFDQGDQDHURELFGHFRPSRVLWLRQRI
RUJDQLF PDWWHU LQ PDULQH VHGLPHQW ZKLFK LV
IDVWHU"/LPQRO2FHDQRJU
[49] $OFRFN5(6ZHHWPDQ$-3UHYHGRXURV.
DQG -RQHV .&   8QGHUVWDQGLQJ OHYHOV
DQG WUHQGV RI %'( LQ WKH 8. DQG 1RUWK
$PHULFDDQDVVHVVPHQWRISULQFLSDOUHVHUYRLUV
DQG VRXUFH LQSXWV (QYLURQPHQW ,QWHUQDWLRQDO
  
[50] 6WDSOHWRQ+0DQG'RGGHU1*  3KR
WRGHJUDGDWLRQ RI GHFDEURPRGLSKHQ\O HWKHU LQ
KRXVHGXVWE\QDWXUDOVXQOLJKW(QYLURQ7R[LFRO
&KHP

[38] :X4/HXQJ-<7DP1)3HQJ<*XR
3=KRX6DQG0LDR6  &RQWDPLQDWLRQ
DQG GLVWULEXWLRQ RI KHDY\ PHWDOV SRO\EURPLQ
DWHGGLSKHQ\OHWKHUVDQGDOWHUQDWLYHKDORJHQDWHG
IODPH UHWDUGDQWV LQ D SULVWLQH PDQJURYH 0DU
3ROOXW%XOO  
[39] 5REURFN.5&RHOKDQ06HGODN'/$O
YDUH]&RKHQ /   $HURELF ELRWUDQVIRU
PDWLRQ RI SRO\EURPLQDWHG GLSKHQ\O HWKHUV
3%'(V  E\ EDFWHULDO LVRODWHV (QYLURQ 6FL
7HFKQRO
[40] /HH /. DQG +H -   5HGXFWLYH GHEUR
PLQDWLRQRISRO\EURPLQDWHGGLSKHQ\OHWKHUVE\
DQDHURELF EDFWHULD IURP VRLOV DQG VHGLPHQWV
$SSO(QYLURQ0LFURELRO
[41] %DLOH\ 5$&ODUN+0)HUULV-3.UDXVH
6 DQG 6WURQJ 5/   +DORRUJDQLFV DQG
SHVWLFLGHV ,Q &KHPLVWU\ RI WKH (QYLURQPHQW
VHFRQG HG $FDGHPLF 3UHVV 1HZ <RUN 

[42] =KDR;=KDQJ+1L</X;=KDQJ;
6X ) )DQ - *XDQ ' DQG &KHQ -  
3RO\EURPLQDWHGGLSKHQ\OHWKHUVLQVHGLPHQWVRI
WKH 'DOLDR 5LYHU (VWXDU\ &KLQD OHYHOV GLVWUL
EXWLRQ DQG WKHLU LQIOXHQFLQJ IDFWRUV &KHPR
VSKHUH
[43] &KHQ / +XDQJ< 3HQJ ; ;X = =KDQJ
65HQ0DQG<H=  3%'(VLQVHGL
PHQWVRIWKH%HLMLDQJ5LYHU&KLQDOHYHOVGLV
WULEXWLRQDQGLQIOXHQFHRIWRWDORUJDQLFFDUERQ
&KHPRVSKHUH
[44] ,O\DV 0 6XGDU\DQWR $ 6HWLDZDQ ,( 5L
\DGL$6,VREH77DNDKDVKL6DQG7DQDEH
6 E  &KDUDFWHUL]DWLRQ RI SRO\FKORULQDWHG
ELSKHQ\OV DQG EURPLQDWHG IODPH UHWDUGDQWV LQ
VHGLPHQWV IURP ULYHULQH DQG FRDVWDO ZDWHUV RI
6XUDED\D,QGRQHVLD0DU3ROOXW%XOO  

[45] 3DQ;7DQJ-/L-*XR=DQG=KDQJ*
 /HYHOVDQGGLVWULEXWLRQVRI3%'(VDQG
3&%V LQ VHGLPHQWV RI WKH %RKDL 6HD QRUWK
&KLQD-(QYLURQ0RQLW
[46] :DQJ*3HQJ-<DQJ'=KDQJ'DQG/L
;  &XUUHQWOHYHOVFRPSRVLWLRQSURILOHV
VRXUFHLGHQWLILFDWLRQDQGSRWHQWLDOO\HFRORJLFDO
ULVNV RI SRO\FKORULQDWHG ELSKHQ\OV 3&%V  DQG
SRO\EURPLQDWHGGLSKHQ\OHWKHUV 3%'(V LQWKH
VXUIDFH VHGLPHQWV IURP %RKDL 6HD 0DU 3ROOXW
%XOO  
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This study was conducted to determine the
performance of some soybean (    (l.)
merr.) varieties/linesin the 2014 and 2015 growing
seasons. It was designed as a randomized block
experimental design with four replications at the
Kezer Campus of Siirt University. Essential factors
such as yield (kg ha-1), plant height (cm), first pod
height (cm), number of pods per plant (number/plant), and thousand-seed weight (g) were determined. According to the results of pooled twoyear variance analysis, line 834 produced the lowest
seed yield (1798.7 kg ha-1), while variety Gapsoy
16 produced the highest seed yield (2672.1 kg ha-1).
Besides variety Gapsoy 16, line 1022 (2639.2 kg
ha-1) came to the forefront in terms of seed yield.
Considering the first pod height, line 1022 reached
the highest value in two years. The first pod height
of the first year in general appeared to be higher
than that of the second year. This may be associated
with the timing of first irrigation. The examined
characteristics varied under the influence of different climatic and soil conditions in both years. Based
on the two-year average oil ratios, variety Türksoy
had the highest value (17.35%). With regard to the
two-year average protein ratios, line 1021 had the
highest ratio (34.14%). As a result, the differences
between the characteristics of lines/varieties and
years were found to be statistically significant.
Results of the two-year study show that soybean
can be grown successfully in Siirt province if irrigated and that variety Gapsoy 16 and line 1022 give
the highest yields.

physical and chemical structure of the soil [2, 3].
Soybean is used in the production of dough products, baby foods, confectionery products, nonallergic milk and dairy products, special dietary
products, artificial meat products and dry/cold
ready meal mixtures. It is also consumed as soybean oil, soybean sprouts and soybean flour in
human nutrition [2]. Pulp of soybean contains 4046% protein, 1-6% oil, 30-31% carbohydrates and
5-6% cellulose. Its pulp is used in animal feeds and
in the production of insecticides. It also has other
areas of use such as wax, soap, lamp oils, biodiesel,
glue, paper raincoats and plastic materials [4]. The
most produced oil crop in the world is soybean. Its
homeland is China and Manchuria. Turkey met
with this plant in the 1900s.
308 million tons of soybean crops are produced in approximately 118 million hectares of
land cultivated in the world. The production in
Turkey is 150 thousand tons in an area of 34 thousand hectares [5]. In the order of imported agricultural products in Turkey, soybean ranks 4th, with
1,073,757 tons, and processed soybean ranks 3rd,
with 3,086,740 tons.
Scientific research is being carried out for the
closure of Turkey's soybean deficit. For this reason,
in the current study, it was aimed to determine the
performance of yield and elements affecting yield
in some soybean varieties and lines.

!'% &"!'#&

!.?2=6.8In this study, the materials that were
used were obtained from the Southeastern Anatolian Agricultural Research Institute. Specifically,
lines 6, 13, 17, 27, 33, 24, 834, 1021 and 1022, and
soybean varieties Gapsoy 16, Arısoy, Ataem 7,
Nova and Türksoy were used.

!2?5;1 The experiment was carried out in
the trial and application area of Siirt University
Kezer Campus Faculty of Agriculture in 2014 and
2015 soybean growing season with four replications
according to the randomized block experimental
design.
Siirt province is in the Southeastern Anatolia
region of Turkey and has a very hot and arid climate structure. Continental climate conditions dom-

+*#%&
Soybean, Yield, Siirt province, Climate.
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Soybean is an industrial legume plant with
taproot, growing vertically and annually in summer.
It can be grown as the main and second crop, with
an average of 20% oil, 40% protein, 30% carbohydrate and 5% ash in its seeds [1]. Soybean co-lives
with its own       bacteria. It is an
extremely important plant in terms of improving the
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added prior to planting. Plantings were done on
May 20 in 2014 and on May 18 in 2015. No bacterial grafting was done on the seeds. All sprouts
completed rising by May 27 in both years. 30 kg of
20:20:0 composite fertilizer was incorporated while
planting. After the second irrigation, an intermediate hoeing was carried out using 25 kg of ammonium nitrate fertilizer (33%) per decare. During the
growing season, a drip irrigation system was used
11 times for irrigation in both growing seasons. The
weed management in the experiment was done by
hand. The plants were harvested at the time when
the plants dropped their leaves and the pods turned
yellowish brown and reached the harvest stage.
They were harvested by hand between September
29-30 and October 1 in 2014. They were harvested
between October 1 and 2 in 2015.
Several factors were investigated in the study,
including the grain yield and the characteristics that
have important effects on grain yield. Such characteristics consisted of the number of pods per plant,
1000-seed weight, plant height and first pod height.
They also involved the significant quality characteristics such as the ratios and yields of oil and protein.

inate the region. The most distinctive features of the
four seasons are experienced [6]. Summer season is
suitable especially for growing industrial plants
(Table 1). Due to the dry and hot summer season, it
is absolutely necessary to irrigate the summer
crops.
Considering the soil characteristics, the test
area was heavy in clay (71%) and poor in organic
matter. It had a high water-holding capacity. Its
slope was nearly flat. It contained many meters of
heavy clay as the whole profile, with 1% silt.
In the experiment, the parcel length was 6.0
m, and the parcel width was 2.80 m. There were 4
rows in each parcel, and the parcels were arranged
so that the rows were spaced 70 cm from each other. In the experiment with a parcel area of 16.8 m2,
the middle 2 rows were harvested after excluding
0.50 meters from the beginning and end of the
parcels. The harvested parcel area was 7 m2 (5.0 m
x 1.4 m).
In the experimentation field, a deep plow in
the autumn, a weed pesticide application in April, a
disc harrow were applied. Then ridges were drawn
at intervals of 70 cm so that they could be planted.
To ensure homogeneity of the outlets, water was
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A2=.42'29<2=.?@=2F


;:4C2.=>
20.9
20.6
19.2
27.0
27.1
25.9
31.5
32.0
30.5
31.4
31.0
30.0
24.8
27.8
25.0
27.12
27.7
26.12

$=206<6?.?6;:99


;:4C2.=>
18.6 29.6
66.8
15.1
3.6
9.3
0.1
0.1
1.6
5.2
2.4
0.9
32.1
0.1
5.2
14.22 7.16
16.76


527

%28.?6A2@9616?C


;:4C2.=>
41.4 41.2
50.1
25.1 27.7
34.1
19.0 19.9
26.6
18.0 23.5
25.7
31.0 24.1
30.9
26.9 27.28
33.48
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A2=.42).8@2>.:1=;@<>;=921.>21;:&221+6281
<2=$8.:?

6:2> 
).=62?62>
Gapsoy 16
1022
Arısoy
Nova
27
13
17
Türksoy
6
Ataem 7
241
1021
834
Average
CV (%)
LSD
Average
6:2> 
).=62?62>


2539.29
2222.86
2658.79
2575.00
2339.28
2003.21
2306.07
2324.64
2225.00
2198.21
2081.42
2248.21
1722.14
2264.78
15.14
491.66

a-b
a-c
a
a
a-c
c-d
a-c
a-c
a-c
a-d
b-d
a-c
d

&221C628174 1.

2804.82
b
3055.53
a
2261.07
d
1993.40
h-ı
2142.32
e
2438.21
c
2066.61
f-g
2025.71
g-h
2113.75
e-f
1942.14
ı
2031.43
g-h
1754.29
k
1875.18
j
2192.65
1.81
56.37
Ns

Gapsoy 16
1022
Arısoy
Nova
27
13
17
Türksoy
6
Ataem 7
241
1021
834
Average
CV (%)
LSD
Average

A2=.42
2672.05
2639.19
2458.92
2284.19
2240.80
2220.71
2186.34
2175.18
2169.37
2070.18
2056.43
2001.25
1798.66

a
a
a-b
b-c
b-d
b-d
c-d
c-d
c-d
c-d
c-d
d-e
e
2228.72
10.95
24.32

&221*2645?4


Gapsoy 16
1022
Arısoy
Nova
27
13
17
Türksoy
6
Ataem 7
241
1021
834
Average
CV (%)
LSD
Average
6:2> 
).=62?62>

&221*2645?.:1"@9/2=;3$;1>

114.40
120.43
101.50
102.85
118.25
108.35
108.73
106.18
114.95
98.13
108.03
124.60
108.38


a-d
a-b
c-d
b-d
a-c
a-d
a-d
a-d
a-d
d
a-d
a
a-d

102.69
120.56
78.69
85.50
101.38
101.25
93.00
85.31
104.13
89.69
88.25
95.75
105.88

110.37 a
11.70
18.53

A2=.42
b-c
a
f
e-f
b-c
b-c
d-e
e-f
b
d-e
d-e
c-d
b

108.54
120.49
90.09
94.18
109.81
104.80
100.86
95.74
109.54
93.91
98.14
110.18
107.13

96.31 b
5.57
7.70
4.70

B
A
F
e-f
B
b-d
b-e
d-f
B
e-f
c-f
B
b-c
103.34
9.57
9.86

"@9/2=;3$;1>$2=$8.:?@:6? <8.:?

70.78
70.90
72.35
77.03
70.18
84.68
77.33
73.90
71.53
75.45
74.75
76.80
73.15
74.52 b
3.84
4.09

e-f
e-f
d-f
b-c
F
A
B
b-f
d-f
b-d
b-e
b-c
c-f


116.85
112.70
122.65
108.25
124.95
86.20
203.00
120.90
176.90
59.95
116.75
92.60
102.95
118.82 a
3.27
5.57
1.6

**: Statistically significant at 1% level
ns: Statistically non-significant
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A2=.42
d-e
e-f
c
f-g
c
ı
a
c-d
b
j
d-e
h
g

93.81
91.80
97.50
92.64
97.56
85.44
140.16
97.40
124.21
67.70
95.75
84.70
88.05

d-e
e
c
d-e
c
f
a
c
b
g
c-d
f
f
96.67
3.52
3.40
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line 27 (70.18 unit/plant), and the highest by line 13
(84.68 unit/plant). In the second year, variety
Ataem 7 (59.95 unit/plant) gave the lowest value,
and line 17 (203.00 unit/plant) gave the highest. In
terms of two-year averages, variety Ataem 7 gave
the lowest number of pods per plant (7.70
unit/plant), while line 17 gave the highest (140.16
units/plant). Based on the two-year averages, in
2014, line 13 reached the highest value in terms of
number of pods per plant, and in 2015, line 17.
However, these lines were behind some other lines
and varieties in terms of yield. This may be due the
low numbers of grains or because the grains were
empty. Although the number of pods per plant in
line 1022 was low based on the averages, it gave a
high seed yield because its 1000-seed weight was
higher than those of the other lines/varieties. Although the 1000-seed weight of variety Gapsoy 16
was low compared to line 1022, it was more efficient, because the number of pods per plant was
higher.

The research data were subjected to a variance
analysis according to the Randomized Block Experimental Design using the JMP statistical package
program. The results that were statistically significant were grouped according to LSD.


%&( '&

In this study, 13 lines/varieties were used. It
was carried out in the 2014 and 2015 production
season in the trial and application area of Siirt University, Kezer Campus, Faculty of Agriculture.
Different responses were observed each year on the
lines and varieties in terms of all the features examined. These differences were given in Tables 2, 3,
4, and 5. As can be seen in the charts, the differences between the varieties and lines were statistically significant at 1% level. Specifically, the plant
height (cm), the first pod height (cm), the number
of pods per plant (unit/plant), 1000-grain weight
(g), seed yield (kg ha-1), protein ratio (%), oil yield
(kg ha-1) and protein yield (kg ha-1) differed.

$8.:?2645?As seen in Table 3, differences
in plant heights were found to be statistically significant considering the lines/varieties in both years.
Based on the pooled variance analysis, the differences between the lines and varieties were found to
be statistically significant in terms of plant height.
While in 2014 the lowest value was obtained from
variety Nova (120.75 cm) and the highest value was
obtained from line 1021 (150.75 cm), in 2015, the
lowest value was obtained from line 1021 (99.40
cm) and the highest plant height value was obtained
from variety Nova (122.15 cm). Results of the
pooled variance analysis on average values revealed
that while line 6 was the shortest line/variety with a
height of 118.53 cm, line 1022 was the highest with
a plant height of 132.00 cm. The fact that the difference between lines/varieties in terms of plant
height within and between years was statistically
significant can be explained by the changing climatic conditions between the years [8].

=.6: +6281 Differences between lines and
varieties in terms of seed yield were statistically
significant (Table 2). In 2014, the lowest grain yield
was obtained from line 834 (1722.14 kg ha-1), and
the highest grain yield was obtained from variety
Arısoy (2656.79 kg ha-1). In 2015, the lowest grain
yield was obtained from line 1021 (1754.29 kg ha1
), and the highest grain yield was obtained from
line 1022 (3055.53 kg ha-1). According to the result
of the pooled variance, when the grain yield averages of the two years were examined, line 834
(1798.66 kg ha-1) gave the lowest value, and variety
Gapsoy 16 (2672.05 kg ha-1) gave the highest value.
The lines and varieties differed from the first year
to the second year. The main reason for this may be
the effect of the climate factor (Table 1) [8, 9,10,
11].

>221B2645? The difference between the
varieties was also statistically significant in terms
of 1000-seed weight. In 2014, 1000-seed weights
ranged between 98.13 g (variety Ataem 7) and
124.60 g (line 1021). In 2015, this was between
78.69 g (variety Arısoy) and 120.56 g (line 1022).
The average of two years ranged between 90.09 g
(variety Arısoy) and 120.49 g (line 1022) (Table 2).
Grain size is a variety/line characteristic. Significant differences in grain size within and between
years can be attributed to the effect of different
climate conditions between years [12].

6=>? <;1 52645? The differences between
lines and varieties in terms of first pod height were
also found to be statistically significant. As seen in
Table 3, in terms of the first pod height values, the
lowest value was taken from variety Nova (24.95
cm), while the highest value was taken from line
1022 (37.55 cm). In 2015, Gapsoy 16 gave the
lowest first pod height (17.95 cm) and line 1022
gave the highest (29.00 cm). Based on the two-year
averages, the line with the highest first pod was
found to be line 1022 (33.08 cm). The excess or
shortage of the first pod height is related to timing
of first irrigation in the growth period. An early first
irrigation activates the vegetative growth of the
plant. It increases the internode spacing and lengthens the plant height, thus resulting in an increase in
the first pod height. When the first irrigation is

"@9/2= ;3 <;1> <2= <8.:? The differences
between lines and varieties were statistically significant in terms of number of pods per plant in both
years, as well (see Table 2). In the first year, the
lowest number of pods per plant was produced by
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delayed, the plant tries to obtain the water required
for the vegetative growth through natural means.
The plant tries to improve its root system rather
than its upper parts in order to supply this water
using its plant roots. Therefore, the plant height
remains shorter than that of the plants that are watered earlier. Since the first irrigation in 2014 was
earlier than the first irrigation date in 2015, lines
and varieties were found to have higher first pod
heights in the first year than in the second year.
As seen in Table 4, the soybean varieties and
lines were found to perform quite differently in
terms of oil ratios. The oil ratios between the varieties were statistically different from each other in

both years at 1% level. In the first year, the highest
oil content was obtained from line 1022 (15.36%).
In the second year it was from variety Türksoy
(19.45%). Based on the two-year averages of oil
ratios, variety Türksoy had the highest oil ratio
(17.35%). Variety Türksoy, with an oil ratio of
15.26%, was also in the same group as line 1022 in
the first year. The lowest oil ratios were obtained
from line 13 (9.04%) in the first year and from line
6 (8.20%) in the second year. Considering the twoyear averages, it was seen that the lowest oil ratios
were obtained from line 6 and 13 (9.48% and
10.10%, respectively). Both of those lines fell into
the same group statistically.

'  
A2=.42>.:1=;@<>;=921.>21;:$8.:?2645?>.:16=>?$;12645?>
6:2> 
).=62?62>
Gapsoy 16
1022
Arısoy
Nova
27
13
17
Türksoy
6
Ataem 7
241
1021
834
Average**
CV (%)
LSD
Average LSD


133.15 c-d
144.05 a-c
129.90 d-e
120.75
e
143.85 a-c
142.30 a-c
145.90 a-b
144.75 a-b
134.85 b-d
141.20 a-d
140.20 a-d
150.65
a
136.85 b-d
139.11 a
5.80
11.57

$8.:?2645?09

A2=.42
109.05
d-e
121.10
d-e
119.95
a-b
132.00
A
116.45
b-c
123.18
b-e
122.15
a
121.45
c-e
112.90
c-d
128.38
a-b
113.20
c-d
127.75
a-b
109.35
d-e
127.63
a-c
111.85
c-d
128.30
a-b
102.20
f-g
118.53
E
101.05
f-g
121.13
d-e
107.85
d-e
124.03
b-e
99.40
g
125.03
b-d
106.05
e-f
121.45
c-e
110.11 b
124.61
3.41
5.05
5.40
6.27
4.00

6=>?$;12645?09


A2=.42
33.00 a-c
17.95
F
25.48
c-d
37.15
a
29.00
A
33.08
A
28.40 c-d
20.40
c-f
24.40
c-d
24.95
d
20.25
d-f
22.60
D
29.90 b-d
21.20
c-f
25.55
c-d
36.00 a-b
26.25
a-b
31.13
a-b
34.00 a-c
21.15
c-f
27.58
b-c
31.60 a-d
23.25
b-d
27.43
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c-e
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b-c
25.50
d
19.95
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22.73
D
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c-e
25.70
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a
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F
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C
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15.42 a
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3.26
3.79
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**: Statistically significant at 1% level
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The differences in protein yields per hectare
over the years (Table 2) were statistically significant at 1% level only in 2015. They were statistically significant at 1% level based on two-year averages, as well. The highest protein yield in 2014 was
from variety Arısoy (809.31 kg ha-1). In 2015, it
was from line 1022 (921.85 kg ha-1). The lowest
protein yields in both years were obtained from line
834 (543.59 kg ha-1 and 571.21 kg ha-1, respectively). The highest and lowest protein yields based on
two-year averages were produced by variety Gapsoy 16 and line 834 (816.23 kg ha-1 and 557.39 kg
ha-1, respectively).
The difference between the annual average
values of oil and protein yields was not statistically
significant. The oil yield was higher in 2015 than in
2014. The protein yield was higher in 2014 than in
2015, as opposed to the oil yield.


#" (&#"

According to the two-year averages, variety
Gapsoy 16 and line 1022 were in the foreground in
terms of seed yield. The reason why these two
varieties/lines were in the highest grain yield group
differed, though. The 1000-seed weight of line
1022 was higher than that of Gapsoy 16. The number of pods per plant in Gapsoy 16 was more than
that in line 1022. The effect of these two items on
yield can easily be seen. When the two-year first
pod heights were compared, generally it was observed that the first pod heights in the first year
were higher than those in the second year. This is
thought to be related to the timing of first irrigation
in the soybean.

When the average oil ratio between the years
was taken into consideration, the second-year oil
ratio was higher than the first year, and the difference was statistically significant at 1% level. This
difference is thought to be due to the effect of climate factor on soybean oil ratio.
Varieties were statistically different in terms
of protein content in both years at 1% significance
level (see Table 4). In the first year, line 13
(33.29%) produced the highest protein ratio. In the
second year, it was line 1021 (37.59%). These results lead to a number of thoughts. One of those is
that the varieties were not stable in terms of protein
ratios. Another is that these differences were due to
the fact that the genetic structures of the varieties
and lines used as materials were different from each
other. Yet another is that different genetic constructs give important responses even to small
changes in climate. It is estimated that climate conditions had a significant effect on the protein ratios.
When the average protein values of the two years
are examined, the difference between the years was
statistically insignificant.
Table 5 shows that the differences between
varieties and lines in terms of oil yield per hectare
were statistically significant at 1% level in both
years. Those were statistically significant based on
two-year averages, as well. The highest oil yield in
2014 was obtained from variety Türksoy (355.38 kg
ha-1). In 2015, it was obtained from variety Gapsoy
16 (456.74 kg ha-1). In the first year, line 13 (177.84
kg ha-1) provided the lowest oil yield while line 6
(173.32 kg ha-1) provided it in the second year.
Considering the two-year averages, the highest and
the lowest oil yields were from variety Gapsoy 16
(390.24 kg ha-1) and line 6 (204.35 kg ha-1), respectively.
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Soy varieties and lines also performed quite
differently in terms of oil ratio. The average oil
ratio in the second-year (14.03%) was higher than
that of the first-year (12.12%). This can be interpreted as the effect of climate factor on oil ratio as
well as on other plant characteristics. As in oil
ratios, the protein ratio of the varieties/lines also
varied depending on the climatic conditions. There
was no significant difference between the protein
ratios in terms of annual averages. However, the
highest protein ratio in 2014 was obtained from line
13 (33.29%), while in 2015, it was obtained from
line 1021 (37.59%). This variation developing in
protein ratios between varieties/lines based on years
is thought to be significantly influenced by climatic
conditions.
Oil and protein yields per hectare were found
relate to yield per hectare, and oil and protein ratios
on a one-to-one basis.
In conclusion, it was determined that the characteristics examined in the study were statistically
significant depending on the lines/varieties and
years. It was observed that the examined characteristics of the lines and varieties changed both within
and between years based on different climatic conditions. This current study reveals that there were
important differences between lines and varieties in
terms of all characteristics examined within and
between years.
"#* !"'&
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This study examined the health impacts of O3
in Ahvaz (Iran). Ozone data were obtained from the
Iranian Environmental Protection Agency and the
time series were analyzed while the health endpoints from O3 exposure were calculated using the
Air Q model. The time series analysis showed that
air pollutants levels were associated with five steps
delay of O3 and zero step delay of moving average
ARMA (5, 0). The results of Air Q model revealed
cumulative cases of cardiovascular mortality and
myocardial infarction related to surface O3. The
number of cases attributable to O3 exposure for
cardiovascular mortality and myocardial infarction
were estimated at 182 and 51 people per year, respectively. The finding of this study showed that,
the distribution of O3 data has a correlated structure
over time. Ground-level O3 was found to be positively correlated with an increased risk of cardiovascular mortality and acute myocardial infarction
in Ahvaz.

is an important atmospheric pollutant, a highly reactive trace gas and the third most important greenhouse gas in terms of radiative forcing contributing
to climate change [9, 10]. Ozone is produced as a
result of photochemical reactions between oxides of
nitrogen (NOx) and volatile organic compounds
(VOCs) [11-15]. Ground-level ozone is produced
and destroyed in a cyclical set of chemical reactions
involving NOx, VOCs, heat and sunlight [11, 12,
16]. As a result, differences in NOx, VOC emissions
and weather patterns contribute to daily, seasonal
and yearly differences in O3 concentrations in cities
and remote areas [11, 12, 16]. The lifetime of tropospheric O3 is long enough, i.e. a few days in the
boundary layer to a few months in the free troposphere, to allow transport from regional to hemispheric scale affecting areas far from the source
regions [11, 12, 17-20]. The severity, frequency and
duration of O3 peaks exhibit complex patterns and
source-receptor relationships, such that the most
efficient strategies to reduce local or regional O3
exposures are not always obvious [11, 12, 17-19]
Time series and case-crossover analyses are
the most common methods used to estimate the
short-term effects of air pollution on human health
[21, 22]. There have been numerous community
time series studies on the effect of air pollution on
mortality and morbidity [23-25, 22, 26]. Development and use of statistical and other quantitative
methods in environmental sciences have been a
major interface between environmental scientists
and statisticians [27]. The common descriptive statistical approach, used for air quality measurement
and modeling, is a simple method developed to
understand the behavior and variability of air quality [28]. Time series analysis is an useful tool for a

+*"%&
Time series analysis, Air Q Model, Health Endpoint,
Relative Risk, Iran.
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Air pollution remains the most serious environmental problem with adverse effects on human
health [1-6]. In a typical urban environment, the
population is exposed to about 200 air pollutants or
classes of air pollutants [7, 8]. Surface ozone (O3)
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Agency (Iranian EPA) while the meteorological
data were collected from the Iranian Bureau of Meteorology over the same time period.

better understanding of cause and effect relationship in environmental pollution ([29-34]. In the
present study, we have intended to use the BoxJenkins method to analysis the time series models.
Many studies have tried to detect trends in air pollution over time, using different techniques, e.g.
nonlinear time series prediction or Mann-Kendall
test [35, 18, 36]. On the other hand, some studies
have tried to relate air pollution to human health
through time series and epidemiological studies
focused on the health effects, increases in hospital
admissions or deaths, at the population level and
may be used to calculate the short-term health impacts of air pollutants [37, 24, 38].
Studies on health effects of O3 using the time
series analysis and air quality approach is rarely
reported. The objective of this study was to assess
the potential effects of O3 exposure on human
health in Ahvaz city (Northern Iran) using the time
series analysis and Air Q2.2.3 model.
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'41?@A0E>1-Ahvaz has is the capital city
of Khuzestan province with a population of approximately 1 million people and a surface area of 140
km2 (Figure 1). It is located between 49°29′ E and
31˚45′ N [39-47].

  '591 ?1>51? -:-8E?5? Time series models
have two advantages over other methods such as
regression and polynomial regression [48]. The first
is that, values are modeled on past events or past
stochastic terms (shocks) for easier interpretation
and monitoring of air characteristics. The second
advantage is, forecasting or estimation of future
values and means to predict future values are based
on past values and stochastic structure of data [37,
38, 30].
The time series analysis was a set of observations that are arranged chronologically. It consists
of sequential data points taken at equal increments
over the time. The Auto Correlation Function
(ACF) and the Partial Autocorrelation Function
(PACF) are two important instruments to identify 
and , respectively. The order of time series model
(Box-Jenkins steps) consists of three steps. The first
step is the identification of  and , the second one
is the estimation of parameters and the third one is
the verification of the model adequacy [49, 50]. For
interpretation purposes, it is often useful to plot
autocorrelation function (ACF) against lag time, .
The ACF is a simple graphical method useful to
find the time relationship of an event. ACF is defined as following:

1@4;0;8;3EIn this study, we carried out the
health assessment of O3 using the time series analysis from MINITAB version 16 statistical package
and the World Health Organization (WHO) air
quality health impact assessment tool, Air Q2.2.3
model. Hourly ozone data for the year 2011 were
obtained from the Iranian Environmental Protection

 ( ) =

  ( )
  (0 )

(1)

where Py(k) and Ry(k) are the autocorrelations of
the time series variable  and the auto covariance
of  at time lag , respectively [51, 52].
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air characteristics like O3 and ε  denoted as error
term which is assumed a normal distribution with
zero mean and constant variance σ 2 . and  are the
orders of AR and MA, respectively.

PACF allows examining the effect of a variable value at a given past sampling period on its current value, while filtering out intervening effects of
other past sampling periods on its behavior. PACF
can be defined by the following ratio [51]:
 (( − 1 )( +  − 1 ))
(2)
 =

( (

−

1

)( (

+

−

1
+

)))

 5>$ ;018-@--:-8E?5?Air Q model
is based on statistical equations. The cardiovascular
mortality and acute myocardial infarction associated with O3 air pollution in Ahvaz were calculated
with the Air Q2.2.3 model, utilizing the relative risk
and baseline incidence from the World Health Organization (WHO) database. Attributable proportion was calculated as following formula:
 {[( ) − 1]× ( )}
(6)
 =

where, COV is the covariance, VAR is the variance,  is the time series variable,  is the time lag,
and  is the estimate of the last coefficient in an
autoregression AR(k) model. The sample autocorrelation coefficient [53] is written as:
 −

 =

∑ ⎛⎜⎝ 
 =1





−
−
⎞⎛
⎞
−  ⎟⎜   +  −  ⎟
⎠⎝
⎠

⎛

∑ ⎜⎝ 
 =1



−
⎞
−⎟
⎠

(3)

 [( ) × ( )]

2

Where,   is the exposure population of city in a
particular category [58]. RR denotes the relative
risk for a given health endpoint. Relative risk is a
ratio of the probability of the event occurring in the
exposed group versus a non-exposed group [59].

where is the total length of record,  is lag time,
is the mean of the
is observation at time  and
series. The  lies between -1 and +1; the values
above zero denote correlation at the given lag. The
values of  range from 0 to . ACF can show
whether the observation depends on time or not.
When ACF decays rapidly to zero after a few lags,
it may be an indication of stationary in the time
series, while a slow decay of ACF may be the indication of non-stationary [54, 55]. A strict stationary
means that there is no systematic change in mean
(no trend) and variance, and strictly periodic variations have been removed. Quantitatively, this
means that the joint distribution of  (1 ),...,  (  ) is the
same as the joint distribution of  (1 +  ),... (  +  ), for

RR =

(7)
The number of cases attributable to the exposure can be estimated as the following equation
knowing the size of the population:
NE = IE × 
(8)
Where, NE denotes the number of cases attributed
to the exposure and N denotes the size of the investigated population.
Attributable proportion was multiplied at
baseline incidence and divided to 105. Obtained
value should be multiplied at population (x106)
[39]. The results will be the excess cases of mortality or morbidity attributed to a given pollutant (e.g.
ozone).
The final model is given as follows:
3 = 2.95 + 0.783 −1 + 0.243 −5 +  − 0.16 −1 (9)
where  ≈  (0,116.1), N stand for normal distri-

all 1 ,...  . This also indicates that shifting the time
of origin by t has no effect on the joint distributions, which only depends on the time intervals
between  ,  ... . Second-order stationary is for weak
1

2

Probability of event when exposed
probability of event when non - exposed



stationary. In other words, a finite memory of the
series leads to a gradual decline of the envelope of
the ACF [56]. Another way to investigate whether a
series is time dependent or not is time series regression [57]. The polynomial time regression between
dependent variables,  and time,  is written as

bution.
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'591?1>51?-:-8E?5?Time series plots (TSP)
of O3 concentrations over time during different seasons are presented in Figures 2 and 3. The primary
and secondary standards of O3 according to the
National Ambient Air Quality Standard (NAAQS)
for 8 hours are 140 µg/m3. The guidelines applied
worldwide are based on the expert evaluation of
current scientific evidence for O3 (100 µg/m3 for 8hour mean, [60]. In Ahvaz the annual O3 mean was
224 µg/m3 in 2011 whereas a mean value of 122 ±
10.8 µg/m3 was observed in rural sites around the
western Mediterranean basin (O3 hot spot) over the
time-period 2000-2010 [61]. This O3 value was
strongly higher than the WHO and NAAQS standards based on 8-hour mean.

follows:
(4)
 = β 0 + β1 + β 2  2 + ... + β    + ε 
where, β0 to βp are the parameters of the regression
equation and least square point estimates of them
may be obtained by regression techniques. Detailed
statistical inference on the significance of regression and parameters can be seen elsewhere in [57].
A broad class of time series model is ARMA (p, q),
which combines the two models: AR (Auto Regressive) and MA (Moving Average) [50]. ARMA (p,
q) is given as follows:
(5)
⎛ 
⎛ 
 ⎞
 ⎞
⎜ ∑ φ  ⎟ = ⎜⎜ ∑θ   ⎟⎟ε 
⎝ 1− =1
⎠ ⎝ 1− =1
⎠

where, B is the backshift operator (  =  −1 ), φ ,θ
are the parameters of autoregressive and moving
average models, respectively.  is the mean of the
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pattern indicating no moving average term in model
(Fig. 4) and the most significant correlation are

Figures 4 and 5 show the time series autocorrelation for O3 concentrations. Both figures suggest
p=5 and q=1 and the autocorrelation had a decay
537
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1-8@4-??1??91:@Relative risk and estimated attributable proportion percentage for cardiovascular mortality and myocardial infarction were calculated and presented in Table 2. Baseline incidence (BI) for this health endpoints for O3 were 497
and 66 per 105 [59]. The number of cardiovascular
mortality was 182 (RR=1.004 and AP=3.56%)
while the number of myocardial infarction was 51
(RR=1.008 and AP=7.01%) at the centerline of
relative risk. 

observed for the first five lags of partial correlations
(Fig. 5).
We have carried out ARMA (5, 1) or AR (5)
and the estimation of parameters are given in Table
1. Minitab result showed that the coefficients of
second, third and fourth order of autoregressive are
not significant ( ). Therefore, we preferred to
remove those terms. Furthermore, Ljung –Box results are given for both models, which in turn suggest no seasonal pattern in the model.
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'591?1>51?;2;F;:1/;:/1:@>-@5;:
'E<1
AR 1
AR 2
AR 3
AR 4
AR 5
MA 1
Constant
Mean

;1225/51:@
0.7762
-0.0505
0.0155
-0.0573
0.2394
0.1582
2.9498
38.511

Residuals:
Modified
Lag
Chi-Square
DF
p-value

;D#51>/1
12
4.1
6
0.667

&;1225/51:@
'
0.0562
13.81
0.0717
-0.70
0.0720
0.22
0.0722
-0.79
0.0565
4.24
0.0591
2.68
0.6174
4.78
8.060
SS = 34728.6 (back forecasts excluded)
MS = 116.1
DF = 299
6A:3;D
45&=A->1
24
36
15.8
25.4
18
30
0.609
0.707

AR: Auto Regressive
MA: Moving Average
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0.008
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Ahvaz city. A study in the southwestern France
found that exposure to elevated O3 levels for one to
two days increased the risk of acute myocardial
infarction for middle-aged adults without heart disease [19].
Citizens are more exposed to high O3 levels in
many rural areas than people living in the cities [6].
This study showed higher O3 concentration in Ahvaz than in Spain, Italy and France (western Mediterranean basin) and Tehran [12]. Most important
results from the study are the significant overrun of
exposure metrics in comparison with the objectives
of legislative air quality directives. [12] evaluated
the health effects of O3 by Air Q model in Tehran
city and found that, 3.57% of all cardiovascular and
respiratory mortalities were attributed to O3 concentrations over 20 µg/m3 [12]. Also, the O3 impact at
concentrations higher than 70 µg/m3 resulted to
0.6% of all causes of mortality in eight major
Italian cities [66]. However, in contrary to this
study, the study of Ritz et al. had reported no effect
in the risk of preterm birth associated with ambient
O3. We estimated outcomes attributed to surface O3
which may be underestimated due to the existence
of other pollutants into the air [67]. Future investigations in collaboration with international scientific
teamwork are needed to explore more details for
this kind of studies toward mitigating the impact of
O3 or other pollutants on inhabitant in megacities.
It was considered that the 8-h guideline would
protect against acute elevated 1-h exposures [68].
The current standards consider only acute health
effects, e.g. lung inflammation, increased numbers
of daily hospital admissions, and mortality, for cardiovascular and respiratory diseases, including exacerbations of asthma and chronic obstructive pulmonary diseases and do not account for possible
chronic effects at long-term O3 exposure levels
[69]. To protect population and vegetation against
the adverse effects of O3, suitable standards and
consistent standards are needed.
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This study had assessed the health impacts of
air pollution, using time series analysis and AirQ
model in Ahvaz (Iran). Statistical model is an applicable method to evaluate the behavior of pollutant and its dispersion. In this study, data showed
that the O3 has a correlated structure over time.
ARMA model showed that the surface O3 at each
time could be estimated based on the previous value
AR (5) and the second last value of MA (0). In this
context, the model developed in this study, AirQ
model, helps decision-makers in the quantitative
assessment of new policies that will affect air quality. Comparison between local (Ahvaz) and WHO
epidemiological parameters (relative risk and baseline incidence) suggested that local input data

Figure 6 shows the cumulative cardiovascular
mortality and myocardial infarction data versus O3.
During the study period (year 2011), cumulative
cases of cardiovascular mortality were estimated at
182 while 51 persons were estimated as myocardial
infarction patients within one year of exposure. The
trends of relationship between cumulative cases of
cardiovascular mortality and myocardial infarction
due to O3 concentrations were illustrated in Figure
7. It was observed that 67% of cardiovascular mortality cases occurred on days with O3 concentration
lower than 140 µg/m3 and 61% of cases occurred
on days where O3 levels do not exceed 150 µg/m3.
On the other hands, 46% of myocardial infarction
cases occurred on days with O3 levels lower than
160 µg/m3 while 71% of cases occurred on days
where O3 concentration are lower than 250 µg/m3.
It was also observed that cases of myocardial infarction rose to 82% when O3 concentration was
higher than 300 µg/m3.


&(&&"!
Based on the results of our study, there was a
significant association between the surface O3 level
and human health. Su et al. (2006) observed in their
study the adverse effects of fine particulate air pollution on cardiovascular hospital emergency room
visits obtained from time-series study (PDL model)
in Beijing, China [62].
Results of this present study are similar to
studies reported from different regions of world.
Three year data on daily ozone concentrations and
daily number of deaths from 23 cities/areas were
collected. Their studies revealed no significant effects during the cold half of the year. For the warm
season, an increase in the 1-hour ozone concentration by 10 µg/m3 was associated with 0.33% (95%
confidence interval, 0.17–0.52) increase in the total
daily number of deaths, 0.45% (95% CI, 0.22-0.69)
in the number of cardiovascular deaths and 1.13%
(95% CI, 0.62-1.48) in the number of respiratory
deaths [63]. High percentage of the observed health
endpoints in this study was associated with high O3
concentration in Ahvaz. In another study,
McConnell et al. (2002) investigated the relation
between newly diagnosed asthma and team sports
in a cohort of children exposed to different concentrations of ozone. Their findings showed that in
communities with high O3 concentrations, the relative risk of developing asthma in children who engaged in three or more sports was 3.3 (95% CI 1.95.8), compared with children playing no sports [64].
A 2006 study linked exposures to high O3 levels for
as little as one hour to a particular type of cardiac
arrhythmia that itself increases the risk of premature death and stroke [65]. Based on the results of
this study, the number of cases of health effects was
relatively higher because of greater concentration in
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should be used in environmental decision-making,
because default values could lead to very different
policy decisions. If new morbidity and mortality
indicators (O3-induced injury) are available, they
can be easily incorporated into the system to estimate the O3 health effects. Accordingly, costeffective measures and management schemes
should be considered to abate air pollution concentrations and/or reduce the exposure of general
population to air pollutants. This study established
that, O3 exposure was associated with an increased
risk of cardiovascular mortality and acute myocardial infarction in Ahvaz, Iran. We recommend further studies to evaluate the model of emissions and
a method to evaluate the behavior of the surface O3
in all megacities of Iran.
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patches [4, 7]. Structural connectivity measures are
based on the spatial characteristics of a given landscape, whereas, functional connectivity measures are
based on the relationship between the behavioural
responses of organisms and landscape structure [5,
8]. The quantitative analysis of landscape structure
provides guidelines to understand the ecological process and its influences on the environment. The composition and configuration of landscapes can be
quantified by landscape metrics [9, 10, 13, 14]. Accordingly, a large number of landscape metrics have
been developed and used to monitor environmental
quality at regional scales [15]; monitor landscape
change [16]; examine habitat fragmentation [17, 18];
and quantify ecological processes [19, 20, 21, 22].
A map of the real landscapes at an appropriate
scale is a prerequisite to determine the availability of
existing land cover types as potential habitats for
species, spatial characteristics of different landscapes [23, 24, 25] and also to make more effective
and informed planning decisions and land management strategies [4]. In landscape ecology, scale refers to ‘the spatial or temporal dimension of an object or process’ and expresses both spatial resolution
(grain/the finest spatial resolution of the landscape
data) and spatial extent (the total area included
within the landscape boundary) [13, 14]. The importance of scale in landscape ecological studies can
be explained in terms of the depiction of real landscapes as data sources for landscape structure analysis. Land cover or habitat maps are generally derived
from aerial photos/remotely sensed data or other
sources by different methods (e.g. screen digitizing,
image segmentation) and they are represented by a
minimum mapping area or the spatial resolution.
However, a landscape component at a particular spatial resolution may be transformed into a different
structural component or can completely disappear at
other scales [26, 27]. Therefore, determining a sufficient spatial resolution for landscape data is an essential step to describe and represent the real world
landscape components [1, 28].
Understanding the influence of spatial resolution on landscape metrics is a fundamental issue for

Landscape metrics play an important role in the
quantification of landscape structure and associated
processes. But the outputs of landscape structural
analysis are affected by the spatial resolution of
source data. Whilst the influence of spatial resolution
on landscape metrics has received considerable critical attention [e.g. 1, 2], recent studies suggest an association between connectivity metrics and the scale
of the source data [3]. In this study, we analysed the
structure and distribution of natural and semi-natural
vegetation patches in Çandarlı Bay- Izmir using a
land cover map with 6 broad land cover types (Forests, Shrub and Herbaceous Vegetation Associations, Agricultural Areas, Artificial Surfaces, Wetlands and Water Bodies) and 9 landscape metrics
(FRAGSTATS) across different spatial resolutions
(2m, 5m, 10m, 25m, 50m and 100m). Then, we investigated the influence of those landscape metrics
on the identification and prioritisation of land cover
types in terms of their contribution to physical connectivity. Our results suggested that the results of individual landscape metrics are affected by spatial
resolution, but when they interpreted and evaluated
altogether, the prioritised land cover types did not
change.

(' "#
Landscape metrics, landscape structure, spatial resolution,
Izmir, Çandarlı Bay
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Stemming from the interactions between the
structure and functioning of landscapes, connectivity
has been regarded as a key feature of the landscape
[4]. The concept of connectivity includes the structural and functional aspects of a landscape. Structural connectivity is used to refer to the degree to
which habitat patches are physically linked to each
other [5, 6] and functional connectivity is used to refer to the species' ability to move between habitat
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and the Google Earth images were used for the land
cover mapping process. The borders of the case
study area were determined by the extent of the
available QuickBird satellite imagery, 2006.

,8/ 9?0; ,::482 The land cover map
was derived in ArcGIS 10 by digitising land cover
polygons on QuickBird satellite imagery. After the
initial classification, we used topographical maps
and Google Earth to make necessary corrections.
The final land cover map was composed of 6 land
cover classes (Figure 1).
• Forests: Coniferous forest
• Shrub and Herbaceous Vegetation Associations: Natural grasslands, moors and heathland,
sclerophyllous vegetation, and transitional woodland-shrub.
• Agricultural Areas: Arable land, permanent
crops, pastures, olive trees and heterogeneous agricultural areas.
• Artificial Surfaces: All artificial surfaces
including urban fabric, industrial, commercial and
transport units, mine, dump and construction sites
and artificial, non-agricultural vegetated areas
• Wetlands: Coastal and inland wetlands
• Water Bodies: Running and standing water.
The final vector based land cover map is converted into raster format in ArcGIS 10 with the resolutions of 2m, 5m, 10m, 25m, 50m and 100m. As
we decrease the spatial resolution, some of the linear
land cover types become patchy and some of the
very small sized land cover types totally disappeared
from the land cover map (Figure 2).

planners and decision-makers when assessing the actual physical connections between potential habitats
[9, 12, 21, 24]. Hence, the effect of spatial resolution
on landscape metrics has been well-documented in
the literature [12, 24, 29]. However, few studies have
examined the influence of spatial resolution for the
identification and prioritisation of land cover types
in terms of their physical connectivity. Being aware
of the crucial role of robust decision-making structure on nature conservation and landscape planning,
in this study we (i) analysed the structure and distribution of natural and semi-natural vegetation
patches in Çandarlı Bay- Izmir using a land cover
map with 6 broad land cover types and (ii) investigated the influence of 9 commonly used landscape
metrics on the identification and prioritisation of
land cover types in terms of their contribution to
physical connectivity.
$"#$ #

#=>/B ;0, ,8/ ,=, "0<9>;.0< The study
was carried out on the coastal zone of Çandarlı Bay,
Izmir. The case study area is located in the northern
Aegean Region, covering a total area of 5428ha and
with a population of 4989. Çandarlı is located within
the boundaries of Dikili District, including Bakırçay
Delta and Aliağa. Whilst, the study area is rich in
natural vegetation, agriculture is the traditional and
primary economic activity for local people [30].
QuickBird satellite imagery dated 2006 was
used as the main data source of derived land cover
map. Additionally, topographical maps (1:25000)
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0=,46<916,8/.9?0;7,:,.;9<</4110;08=<:,=4,6;0<96>=498<
$ 
#060.=0/6,8/<.,:070=;4.<,==30.6,<<60?06*
,8/<.,:00=;4.
!0;.08=,2091,8/<.,:0 (%)
0 < PLAND ≤ 100

0<.;4:=498
The proportion of the landscape occupied by a particular land cover type

$9=,6;0,3,
CA > 0, without limit

The sum of the areas of all patches for
the corresponding patch type

0,8!,=.3#4C03,
AREA_MN> 0, without limit
;0,'0423=0/0,8!,=.3
#4C03,
AREA_AM> 0, without limit
>7-0;91!,=.30<
NP ≥ 1, without limit
0,8>.64/0,80,;0<=0423
-9>;4<=,8.07
ENN_MN>0, without limit
;0,'0423=0/0,8>.64/0,8
0,;0<=0423-9>;4<=,8.0
7
ENN_AM > 0, without limit
0,8!;9A474=B8/0A
PROX_MN≥ 0, without limit
;0,'0423=0/0,8!;9A474=B
8/0A
PROX_AM ≥ 0

The arithmetic mean size of the given
patch type.
The area-weighted mean patch size of
the given patch type
The number of patches of the corresponding class

The shortest edge to edge distance between the nearest neighbouring patches
of the same class

+
"0,<9819;#060.=498
PLAND and CA represent the
proportional abundance of
each land cover type as an indication of dominance in the
landscape
NP indicates the subdivision
of a landscape. Together with
AREAMN and AREA_AM,
NP can be interpreted as a
simple measure of fragmentation

These metrics are the basic
measures of patch fragmentation and isolation; and in turn
physical connectivity.

The degree of isolation and fragmentation within a specified search radius
for the corresponding patch type


,8/<.,:00=;4.<Landscape metrics quantify the landscape structure at three levels [31, 32].
Patch level metrics are computed for each of the individual patches and generally constitute the base for
the calculation of class and landscape level metrics.
Class level metrics take into account all the patches

of a given land cover/use type. Finally, landscape
level metrics are concerned with the structure of the
entire landscape. We used landscape metrics at class
level since they broadly characterise the fragmentation of a particular land cover type and provide more
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. The patches of  were much more
isolated and fragmented compared to other land
cover types.

97:,;4<98 91 =30 9880.=4?4=B 91 ,8/
9?0; $B:0< ,.;9<< 4110;08= #:,=4,6 #.,60< In
general, spatial resolution affected the values of selected landscape metrics at different scales (Figure
3).
When examined, PLAND and CA were the
least affected landscape metrics. For example, while
the value of PLAND for the patches of 
 decreased from
34.75% to 34.56%, as we change the resolution from
2m to 100m. The values of NP, AREA_MN and
AREA_AM for each land cover represented slightly
different results. Here, land cover types with decreasing NP, the values for AREA_MN and
AREA_AM considerably increased. For example,
the value of NP for   decreased
(from 120 to 46 patches) with an increasing value for
AREA_MN (from 18.55ha to 48.67 ha) and
AREA_AM (from 368.03ha to 811.67ha) as we
changed the resolution from 2m to 100m. On the
other hand, the NP for  increased from 2m
to 10m with decreasing AREA_MN and AREA_AM
values, and then the values of these landscape metrics were reversed. The same figure was seen for
  
and  from 2m to 25m. As we
continued to decrease the resolution to 50m and then
to 100m, the values of these land cover types were
reversed and the value of NP decreased with increasing AREA_MN and AREA_AM values. Here, it is
particularly important to note that, this behaviour of
selected landscape metrics depends on the elimination of small and scattered land cover patches (as a
result of the aggregation of pixels). Also, linearshaped land cover types (i.e. s) became
patchier as we decreased the spatial resolution. For
example, running water and road patches became
patchier and fragmented compared to higher resolutions (see Figure 2).
The values of ENN_MN and ENN_AM and
PROX_MN and PROX_AM varied according to the
distribution, size and the neighbouring relationships
of land cover types across the whole landscape. For
the patches of   
, the values of ENN_MN and ENN_AM
increased significantly, as we used coarser spatial
resolutions. The value of ENN_MN varied from
77.56m to 166.27, and the values of PROX_MN
(from 1343837 to 4.64) and PROX_AM (from
55888.62 to 459.70) represented considerably lower
values as we changed the resolution from 2m to
100m.   and  resulted
in reverse figures for ENN_MN, ENN_AM,
PROX_MN and PROX_AM. The values of
ENN_MN and ENN_AM for these land cover types
slightly decreased with lower values of PROX_MN

in-depth analysis of the landscape structure. We calculated and examined the results of 9 landscape metrics using FRAGSTATS 4.1 [33] (Table 1).

#=,=4<=4.,6 8,6B<4< Spearman rank correlation (rs) is a ‘statistical measure of the strength of a
monotonic relationship between paired data’ [35].
We performed Spearman rank correlations analysis
in SPSS 16.0 to find out whether changing the spatial
resolution affect the prioritisation of land cover types
in terms of physical connectivity.
"#%$#

!;49;4=4<,=498 91 ,8/ 9?0; $B:0< ,= =30
#:,=4,6 "0<96>=498 91 7 At the finer resolution
(2m), the dominant land cover type was 
 by covering 41% of the total landscape. The
following land cover type was  
  by occupying 34.75%
of the whole study area. ,  and 
  together covered only 10% of the total
landscape area.
The patches of   
  had the highest AREA_MN
(104.81ha and AREA_AM (442.51ha) but a small
number of patches (NP = 18). The highest value for
PROX_AM (55888.62) and the second highest value
for PROX_MN (13438.37) together with low
ENN_MN (77.56m) and ENN_AM (19.94m) values
confirmed that the patches of  
   were the most connected land cover types. The patches of 
(PLAND=3.90%) reported the smallest NP (9) with
larger AREA_MN (23.53ha) and AREA_AM
(98.20ha) compared to the patches of . However, its structural connectivity was lower than 
 due to the effects of far distant and scattered
patches
(ENN_MN=1288.55m,
ENN_AM=
2261.34m, PROX_MN=62.38 and PROX_AM=
9.18). The patches of  reported moderately
low AREA_MN (19.38ha) and AREA_AM
(84.35ha) with the second lowest number of patches
(13). But, examination of its values for ENN_MN
(987.49m), ENN_AM (386.62m), PROX_MN
(6527.81) and PROX_AM (2522.97) confirmed that
the patches of  relatively more connected
compared to the patches of  Considering
the its value for CA (211.77ha), AREA_AM
(98.20ha) and NP (9), we can conclude that 
contain one or two quite large patches as well as
small sized and scattered ones. Finally 
covered the smallest portion of the study area
(PLAND=1.45%), with the smallest AREA_MN
(4.63ha) and AREA_AM (32.70ha). Together with
the values for ENN_MN (520.46m), ENN_AM
(895.67m), PROX_MN (112.25) and PROX_AM
(2.05), it appears that the patches of  
were more connected compared to the patches of
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look at the results at the resolution of 100m, again
this land cover type had the strongest structural connectivity compared to the other land cover types.

and PROX_AM, as we used lower resolutions.
These figures can simply be explained by the presence of clustered patches in these land cover types
with relatively closer distances to each other. Even
the values of abovementioned landscape metrics
changed as we used different spatial resolutions, the
general interpretation of them did not change. For
example, at the resolution of 2m,  
   represented the
highest structural connectivity, and when we had a

#=,=4<=4.,6 #.,60 7:,.= 8,6B<4< 98 ,8/
9?0;!,=.30<!;49;4=4<,=498Results of the statistical scale impact analysis did not show strong relationships between the land cover types and selected
landscape metrics at different spatial resolutions
(Table 2).

%" 
110.=<91.3,82482<:,=4,6;0<96>=498<986,8/<.,:070=;4.<
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#:0,;7,8;,859;/0;.9;;06,=498-0=@0086,8/.9?0;.,=029;40<,8/6,8/<.,:070=;4.<,=/4110;08=<:,=4,6
;0<96>=498<

#3;>-,8/9;0;-,.09><&020=,=498
<<9.4,=498<
CA
-0.257
PLAND
-0.334
AREA_MN
0.464
AREA_AM
 
NP
-0.464
ENN_MN
 


ENN_AM


PROXY_MN
 
PROXY_AM

* Correlation is significant at the 0.01 level (2-tailed).

As expected from the results of CA, PLAND,
NP and AREA_MN, their correlations with different
spatial resolutions for the prioritisation of land cover
types were not significant. Accordingly these metrics were not sensitive to change in the spatial resolution of our land cover map. On the other hand,
AREA_AM showed significant correlation with
    
(positive) and  (negative). The reason
behind the strong positive correlation between 
    and
spatial resolution was that the increasing grain size
resulted in decreasing number of patches with larger
sized patches. Whereas, the patches of 
disappeared from the land cover map as we decreased the spatial resolution and this resulted in a
small NP with larger AREA_AM. On the other hand,
ENN_MN and ENN_AM significantly correlated
with spatial resolution for  
  land cover type, but it did
not show any significant correlation for other land
cover types. As expected, PROXY_MN,
PROXY_AM and spatial resolution for 
   showed
strong negative correlations. Whilst the correlations
between PROXY_MN and spatial resolution for
 and
 were very strong,
PROXY_AM did not show a correlation for other
land cover types.

9;0<=<

',=0;9/40<

'0=6,8/<

-0.486
-0.577
-0.667
0.600
0.455
-0.638
.829



-.812

-0.143
-0.213
0.086

 

-0.086
0.058
-0.600
-0.486
-0.696

0.086
0.000
-0.464
-0.600
0.464
-0.406
-0.029
 
-0.464

to each other and their distribution across the landscape [32, 33, 36]. Even though, it has generally
been accepted that the results of landscape metrics
are highly dependent on spatial resolution or the
grain size [24, 37], only a few studies have examined
the dependence of connectivity (or fragmentation)
metrics by the spatial resolution [3, 38].
This study confirmed that the spatial resolution
of input data affects the responses of selected landscape metrics. This result was due to the spatial aggregation of the patches and elimination of by aggregation of particular land cover types when we increased the grain size and decrease the spatial resolution [27, 28]. On the other hand, in our case study,
the spatial resolution did not affect the identification
and prioritisation of land cover types with regard to
their physical connectivity. As being the dominant
land cover type and potential habitat for biodiversity,
    
covered 34.75% of the whole study area with the
highest structural connectivity across different spatial resolutions. This was followed by , 
 and  even when we increased the
grain size (decreased spatial resolution).
In conclusion, analysing the behaviour of connectivity metrics across different spatial resolutions
would help us to describe the variations in the results
of individual landscape metrics. However, we believe that the interpretation and evaluation of landscape metrics altogether would yield in more effective and informed planning decisions the identification and prioritisation of land cover types with regard
to physical connectivity.

#%##  %# 

The main goal of the current study was to examine the influence of spatial resolution for the identification and prioritisation of land cover types in
terms of their physical connectivity. The landscape
metrics are useful to understand the actual spatial
characteristics of the landscape and the relationships
between its components, such as the overall proportion of different land cover/use types, their proximity
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resources [1, 2, 3]. Serious factors such as the misuse
of resources, unplanned industrialization, and the release of domestic wastes into the nature increasingly
pollute the potable and available water resources [4].
Therefore, employing alternative food production
systems in future agricultural productions are also of
paramount importance [5]. Aquaponic systems are
among the new alternative production systems [6, 7].
Aquaculture systems were first proposed in the
1970s [8]. They are based on reusing the water used
in the aquaculture in hydroponic systems. The main
purpose of these systems is reducing or eliminating
the pollution load of the water used in aquaculture
[9, 10, 11].
In an aquaponic system, nutrient-rich fish manure is used to feed the plants in hydroponic production beds. Since plant roots and root bacteria separate
fish-harming ammonia and fecal wastes in water,
this is also beneficial for the fish production facility.
These wastes are generated by fish feces, unconsumed feed, or algae growth in the environment. Under normal circumstances, these toxic waste materials should be removed from the aquatic environment,
which is either by constantly renewing the environment water with a new water input into the systems
with water flow, or by mechanically and biologically
filtering the water; in aquaponic systems, filtration is
directly accomplished by plant roots through natural
means [12, 13]. Choosing plants that are easily
adaptable to the culture medium in aquaponic systems is of great importance and the vegetables most
commonly used for this purpose are lettuce, spinach,
kale, basil, chard, cucumber, onion, and tomato [1431].
In this study, nutrient contents (Ca, Mg, Na, K,
P, B, Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn), antioxidant enzyme activities (CAT, APX, MDA, SOD),
and chlorophyll and carotenoid contents of the
leaves of the plants grown in aquaponic and hydroponic systems were determined and compared to
each other.

Search for raw materials, especially for those
used in food production, gained further importance
with the increasing world population. In recent
years, aquaponic systems which integrated form of
fish and plant cultivation were increasingly preferred
in the search for new food sources. In this study, culture mediums in aquaponic and hydroponic systems
were investigated for koi carps (   )
and cucumber plants (  ). At the end
of the study, nutrient element and chlorophyll contents with antioxidant enzyme activities of the plants
grown in aquaponic and hydroponic systems were
compared. The comparison between aquaponic and
hydroponic systems showed that the differences between the systems in terms of Ca, Na and P were not
statistically significant, while there was a statistically significant difference in K and Mg levels
among the macro elements between the systems.
Differences in microelements (B, Cd, Cr, Cu, Fe,
Mn, Ni, Pb and Zn) were significant among systems.
In the aquaponic system, Cd, Cr, Fe, Ni, Pb, and Zn
levels were higher compared to those in the hydroponic system, while B, Cu and Mn levels were
higher in the hydroponic system. There was no difference in antioxidant system activities (CAT, APX,
MDA, SOD) in both systems. The difference between the systems in terms of chlorophyll content
was significant, and chlorophyll content in the hydroponic system was higher than that in the aquaponic system.
'% !
Antioxidant enzyme activity, aquaponic systems, heavy
metals, hydroponic systems, irrigation,
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!9:+>)7,)This study was carried out in the
plastic greenhouse on the area reserved for experiments in the Van Yuzuncu Yil University (Turkey)
Research and Application Farming Department (Figure 1.).

@ A AA

Calcium (Ca), Magnesium (Mg), Potassium (K), Sodium (Na), Phosphorus (P), Boron (B), Cadmium
(Cd), Chrome (Cr), Copper (Cu), Iron (Fe), Mangan
(Mn), Nickel (Ni), Lead (Pb), and Zinc (Zn). Wet digestion with high pressure was applied on dried leaf
samples [33], and ICP-OES (Inductively Coupled
Plasma- Optical Emission Spectrometry) device was
used in the analyses.

)9,70)2In this study, koi (  )
fries and cucumber (   ) seedlings
were used as the fish and the plant materials.

,9,7304)90545-,4?>3,)*90;)9054Frozen
leaf samples were homogenized with 5-ml cold 50
mM potassium phosphate and 0.1 mM Na-EDTA
mixture (pH: 7.6), and the homogenate was centrifuged in 30 minutes at 4 ºC and at 18000 rpm. All
stages of enzyme extraction were studied at +4 ºC.
Superoxide dismutase (SOD) was determined
using the inhibition of nitro blue tetrazolium (NBT)
at 560 nm wavelength [34]. A unit of SOD activity
was defined as the activity reducing 50% of NBT.
Catalase (CAT) activity was determined using the
method proposed by [35], which entails tracing H2O2
disappearance at 240 nm wavelength. For ascorbate
peroxidase (APX) activity, ascorbic acid-dependent
H2O2 reduction at 290 nm wavelength was measured. APX activity was defined as the enzyme
amount required to consume 1 µmol ascorbate in a
minute [35].

=6,703,49)2 8,9:6 The experiment comprised three groups (the aquaponic group in which
fish tanks and hydroponic plant beds were used together; the control group in which a closed recirculating fish culture comprising a combination of fish
tanks and biological filters was used; the hydroponic
experiment group in which only plant beds were
used), and was carried out in two repetitions [32].
Fish tanks were made of a fiberglass material and
had a size of 250X40X70 cm; plant beds were filled
with pumice and had a size of 300X40x70 cm. In the
fish tanks, 200 koi fries with an average weight of
11.37±0.2 g and an average size of 7.32±0.23 cm
were placed and 16 cucumber seedlings were placed
in each plant bed.

060+,75=0+)9054Following the homogenization of 0.5 g leaf sample collected from a
plant leaf using 0.16% trichloroacetic acid (TCA),
the homogenate was centrifuged at 15000 rpm for 15
minutes. The upper phase fraction of the centrifuged
sample, 1 ml was collected and added 0.5% thiobarbituric acid (TBA) dissolved in 2 ml of 20% TCA.
The mixture was kept at 95ºC for 30 minutes and
cooled in an ice bath; then, the sample was centrifuged 10 minutes at 10000 rpm, and absorbance in
the clear part was determined at 532 and 600 nm
wavelengths. MDA content was calculated using
155 mM-1 cm-1 molar absorption coefficient [36].

6620*)90545-<)9,7The system was planned
in accordance with the closed recirculating system
model and the used waters exiting both the aquaponic group and the control group were re-fed into
the system using engines. Daily 5% fresh water was
fed into the system. Closed-loop water system used
in the aquaponic system and the plants in the hydroponic system received water two times a day.

,)- 4:970,49 ,2,3,49 )4)2>8,8. Macro and
micro element contents of the leaf samples were determined in the laboratories of Van Yuzuncu Yil
University Scientific Research and Application Center. The investigated macro and micro elements were

/25756/>22)4+)759,450+*549,498Chlorophyll a (Ca) chlorophyll b (Cb), total chlorophyll
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(Ct) and carotenoid (Cr) contents was determined
[37]. After treatments, fresh leaf samples were taken
from plants as selected randomly and homogenized
in a mortar in 80% acetone. The extract was centrifuged at 5000 rpm for 5 min. Absorbance of the supernatant was recorded at 663, 470 and 645 nm by
spectrophotometer and calculated according to following formulas [38]:
Ca = 12.21xA663-2.81xA645 (mg/ml)
Cb= 20.13xA645-5.03xA663 (mg/ml)
Ct= Ca+Cb (mg/ml)
Cr=[(1000xA470)-(3.27xCb)-(104xCb)]/229
(mg/ml)

!9)90890*)2 )4)2>808 Data were subjected to
analysis of variance (ANOVA), followed by Duncan’s multiple range test [39]. Correlations were calculated using SPSS software, v23.0 Linux (Van
Yuzuncu Yil University, BBAUM).

,)- 4:970,49 ,2,3,49 *549,498 Macro element contents of the leaves are given in Table 1,
which shows that Mg and K contents were high in
the aquaponic system and the difference between the
systems was significant, while there was no significant difference between the systems in terms of Ca,
Na, and P contents. [40], and [41] reported that K
amount in hydroponic systems used in their studies
were higher than that in aquaponic systems. In their
study on aquaponic and hydroponic systems, [4] reported that differences between the systems in terms
of Ca an P values were not significant. In their study
on aquaponic and hydroponic systems using tomato
plants, [42] reported that K content was higher in the
hydroponic system, while Na and Mg values were
higher in the aquaponic system, and the differences
between the systems were significant.


"
,)-3)*754:970,49,2,3,49*549,498

Aquaponic
Hydroponic
Sig.

Ca (%)
2.34± 0.21
2.20± 0.13
NS

K (%)
1.68± 0.38
2.49± 0.40
*

Mg (%)
1.77± 0.19
1.28± 0.05
**

Na (%)
0.90± 0.16
0.66± 0.12
NS

P (%)
0.04± 0.01
0.038± 0.01
NS

** p≤ 0.01, * p≤0.05, NS Not significant
" 
,)-30*75,2,3,49*549,498

Aquaponic
Hydroponic
Sig.
Aquaponic
Hydroponic
Sig.

B (ppm)
Cd (ppm)
Cr (ppm)
Cu (ppm)
67.24±4.90
3.58±0.16
0.50±0.16
3.56±0.27
129.30±18.8
0.01±0.01
0.01±0.00
6.54±0.21
**
**
**
**
Mn (ppm)
Ni (ppm)
Pb (ppm)
16.29±3.28
6.07±0.50
0.81±0.10
37.98±3.98
2.78±0.04
0.15±0.10
**
**
**

Fe (ppm)
403.93±26.34
128.98±45.90
**
Zn (ppm)
81.31±8.39
25.69±2.29
**

** p≤ 0.01, * p≤0.05, NS Not significant

"
4905=0+)49,4?>3,)*90;090,8

Aquaponic
Hydroponic
Sig.

CAT
0.01±0.00
0.01±0.00
NS

APX
0.05±0.03
0.05±0.03
NS

MDA
3.61±0.69
3.87±0.97
NS

SOD
123.41±44.23
97.65±42.12
NS

** p≤ 0.01, * p≤0.05, NS Not significant
"
/25756/>22)4+)759,450+*549,498

Aquaponic
Hydroponic
Sig.

Chlorophyll a
2.71±1.89
8.04±4.69
*

Chlorophyll b
-2.17±0.82
-0.42±0.47
**

** p≤ 0.01, * p≤0.05, NS Not significant
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Total Chlorophyll
1.07± 1.58
9.6±1.96
**

Carotenoid
1.53±0.55
2.88±0.30
**
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higher than that in the aquaponic system and the difference between the systems was significant at p≤
0.05. [47] reported that chlorophyll a+b content in
the hydroponic system was higher than that in the
aquaponic system and the difference between the
systems was significant.


The micro element content of the leaves shown
in Table 2. As seen in the Table, B content was
higher in the hydroponic system and the difference
between the systems was significant (p≤ 0.01). Cd
content in the aquaponic system was considerably
higher than that in the hydroponic system and the
difference between the systems was statistically significant (p≤ 0.01); Cr content was, again, higher in
the aquaponic system and the difference between the
systems was significant (p≤ 0.01). Cu content was
higher in the hydroponic system and the difference
between the systems was significant (p≤ 0.01). Fe
content was higher in the aquaponic system and the
difference between the systems was significant (p≤
0.01). Mn content was higher in the hydroponic system and the difference between the systems was significant (p≤ 0.01). [40] reported that Mn content in
the hydroponic system was higher than that in the
aquaponic system. Ni content was higher in the aquaponic system and the difference between the systems was significant (p≤ 0.01); Pb content was
higher in the aquaponic system and the difference
between the systems was significant (p≤ 0.01); Zn
content was higher in the aquaponic system and the
difference between the systems was significant (p≤
0.01). [43] reported that Zn content was higher in the
aquaponic system compared to that in the hydroponic system. [44] and [45] reported that B and Zn
values were higher in the aquaponic system, while
Cu and Mn values were higher in the hydroponic
system. Again, in the same vein, [41] reported that
Mn and Cu contents in the hydroponic system were
higher than those in the aquaponic system and the
differences between the systems were significant,
while Fe and Zn contents in the aquaponic system
were higher than those in the hydroponic system and
the differences between the systems were significant. [41] reported that, compared to the hydroponic
system, Zn content was higher in the aquaponic system.

4?>3,)*90;)9054Table 3 shows that Catalase (CAT), Ascorbate peroxidase (APX), and Superoxide dismutase (SOD) activities were not significant in both systems. Malondialdehyde (MDA) content was also compared and revealed that the difference between the systems was not significant.

#!
Vegetable culture in aquaponic and hydroponic
systems was carried out and macro and micro nutrient element contents, chlorophyll and carotenoid
contents, and antioxidant enzyme activities in the
plant leaves were investigated. In conclusion, among
the macro elements, the two systems were not significantly different from each other in terms of Ca, Na
and P contents; the difference between the systems
was significant for K at p≤ 0.05, while it was significant for Mg at p≤ 0.01. Micro element results
showed that the differences between the systems in
terms of all micro elements (B, Cd, Cr, Cu, Fe, Mn,
Ni, Pb, and Zn) were significant: Cd, Cr, Fe, Ni, Pb,
and Zn contents were higher in the aquaponic system, while B, Cu, and Mn contents were higher in
the hydroponic system.
Antioxidant enzyme activity (CAT; APX;
COD and MDA) values were not significant both in
the aquaponic system and in the hydroponic system.
There was no statistically significant difference between the systems in terms of enzyme activity.
Chlorophyll a, chlorophyll b, total chlorophyll,
and carotenoid contents were higher in the hydroponic system and the difference between the systems
was significant.
%"!
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in coal mines, it is necessary to find out the hydraulic
connections between mid-layer groundwater and
other groundwater aquifers.
It is well established that the natural isotopes D
and18O are an intrinsic component of the water molecule and so are ideal tracers [2, 3, 4]. They not only
can be utilized in hydrograph separation [5, 6],
groundwater-surface water interactions studies [7,
8], but also used to probe into the main mechanisms
of groundwater circulation [9, 10, 11], determine the
effects of evaporation [12], and investigate recharge
processes in a groundwater system in coal mines [13,
14, 15]. Therefore, a large number of studies related
to hydrogen and oxygen stable isotope have been
processed, and most of them focused on precipitation, surface water, shallow groundwater and deep
groundwater [16, 17, 18, 19]. However, for midlayer groundwater, the studies related to hydrogen
and oxygen stable isotope in Wanbei coal mining
area has only just begun, the circulation process and
recharge sources of mid-layer groundwater in mining area have not been determined yet.
Therefore, in this study, a total of 14 water samples from river and the middle aquifer (aquifuge)set
of the coal mining area, northern Anhui Province,
China have been collected, δD and δ18O have been
tested by mass spectrometry for analyzing hydrogen
and oxygen stable isotope composition characteristics, which will be useful for mid-layer groundwater
to identify the recharge resource and circulation process of the study area. Moreover, Isotopic technology, used along with TDS, will yield qualitatively
new results regarding the groundwater formation,
the hydraulic connection and so on. Finally, the theoretical basis for the protection of mid-layer groundwater resource can be provided.

14 water samples (i.e., surface water and midlayer groundwater) were collected from the coal
mining areas in northern Anhui Province, China, and
TDS (total dissolved solids), hydrogen and oxygen
stable isotopes (δD and δ18O) were determined. Hydrogen and oxygen stable isotope tracing technique
is adopted in this study, to analyze the composing
characteristics, circulation process and recharge
sources of mid-layer groundwater in Waibei coal
mining area. The research results show that: δD and
δ18O of mid-layer groundwater decreases along the
groundwater-flow direction in the recharge area, and
recharge sources in the study area are direct infiltration water of precipitation, retained infiltration water
or palaeo-water; The mid-layer water in the north of
study area has a weak hydraulic connection with the
south, and has a stronger hydraulic connection with
the surface water compared with the south; The midlayer groundwater in Wanbei coal mining area flows
rapidly, the time of water-rock interaction is short,
18
O or D excursion is inapparent.
*( #$
Mid-layer groundwater, hydrogen and oxygen stable isotopes, groundwater circulation, tracing, the mining area in
northern Anhui
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In coal mining area in northern Anhui Province,
China, the aquifer (aquifuge) set, located in the central layers of the thick loose-bed seam, is the major
water supply [1]. Due to ground pumping and underground draining, water level difference between central and shallow aquifers in the loose-bed are further
enlarged, aggravating vertical and lateral correctional of water source with shallow groundwater and
supergene environment and thus influencing the
mid-layer groundwater quality. In order to provide a
scientific basis for mid-layer groundwater protection


%#$% $

$=>.B +;/+ The current study area, Wanbei
coal mining area, is situated in the north Anhui Province. Its coordinates are 114°55′ to 118°10′ E and
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Electricity Group Co., Ltd., and Huaibei Mining
Group Co., Ltd.), with a total area of 30000 km2. The
coalfields in this region is covered by the quaternary
loose layer with thickness 141.5450 m, and develops the upper aquifer (aquifuge) set, the middle aquifer (aquifuge) set and the lower aquifer (aquifuge)set (Figure 2). The upper aquifer has a thickness of 3.73-63.42 m (mean of 27.92 m), the middle
aquifer has a thickness of 8.65-236.60 m (mean of
82.47 m) and the lower aquifer has a thickness of 051.97 m (mean of 17.5 m). The middle aquifer (aquifuge) set (mid-layer groundwater) is the main water supply source for coalmines and surrounding cities in North Anhui, and it is generally pumped from
water supply wells.

32°25′ to 34°35′ N. It is bordered by Jiangsu province in the east, Huaihe River in the south, Henan
province in the west, and Shandong province in the
north (Figure 1). It includes Fuyang, Bengbu, Xuzhou, Suzhou and Huaibei [20]. The study area belongs to warm temperature monsoon climate, which
is warm in summer and very cold in winter. Annual
average temperature is between 14 to 15 centigrade.
Average annual precipitation is between 774 and 900
mm, and most precipitation occurs in the summer,
which accounts for 60% of the total annual precipitation. Annual potential evaporation is between 1000
and 1300 mm. The humidity is moderate and moisture coefficient is between 0.7 and 1.0.
The Wanbei coal mining area, which is one of
the important coal bases in China, has abundant coal
resources and two big mining groups (Wanbei Coal-
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Sample Code
S1
S2
S3
S4
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10

Sample style
Surface
water

Mid-layer
groundwater

Sample site
Huihe River
Zhahe River
Xinbianhe River
Tuohe River
Coa mine 1
Coa mine 2
Coa mine 3
Coa mine 4
Coa mine 5
Coa mine 6
Coa mine 7
Coa mine 8
Coa mine 9
Coa mine 10

δD(‰)
-38.91
-37.58
-36.72
-39.29
-66.39
-62.90
-70.09
-65.69
-55.12
-64.70
-63.06
-50.94
-53.14
-57.00

δ18O(‰)
-4.12
-4.18
-3.90
-4.58
-9.74
-8.38
-9.81
-8.96
-7.68
-8.34
-8.25
-6.20
-6.55
-8.25

TDS(mg/L)

=δD-8δ18O(‰)

1320
1450
1260
1260
555
1410
1690
743
595
765

11.49
4.18
8.36
5.98
6.29
2.02
2.90
-1.37
-0.76
9.02

ues δD and δ18O measured in per mille (‰). The expression for δD or δ18O has the form, δD or
δ18O=1,000×[(Rsample/Rstandard)-1], where R is the
D/1H or 18O/16O ratios in both sample and standard
of Vienna standard mean ocean water (V-SMOW)
[21, 22]. Uranium reduction process method was introduced for preparation of the D samples, and CO2H2O equilibrium method was introduced to process
the 18O samples. δD and δ18O were analyzed using a
mass spectrometry at National Engineering Research
Center for the Control and Prevention of Coal Mine
Water Hazards. Analytical uncertainties are ±0.2 ‰
for δD and ±0.1 ‰ for δ18O. TDS was measured in
the field with a portable meter.

/=28.< A total of fourteen water samples, including ten mid-layer groundwater samples from the
water supply wells of ten coal mines in northern Anhui Province, and four surface water samples from
the rivers near the coal mines, have been collected
between July and August, 2015 (Figure 2). Water
samples were filtered through 0.45 μm pore-size
membrane and collected into a 2.0 L polyethylene
bottles that had been cleaned three times with deionized water in the laboratory, and immediately acidified with ultrapure HNO3 to maintain pH<2 for prevention of element precipitation and/or adsorption
by the bottle. Then, all of samples were sent to the
Research Center of Coal Mine Exploration Engineering and Technology in Anhui Province for further analysis within 24 hours of collection.
The natural isotopes D and 18O, as well as TDS,
were analyzed for mid-layer groundwater samples,
and results are listed in Table 1. The concentrations
of D and 18O are generally expressed in relative val-
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and have low δ18O and δD. Once the recharge
sources recharge the aquifers and mix with the
preexisting groundwater in the groundwater-flowing
direction, the δ18O and δD decrease but TDS increases as a result of water-rock interaction. It has
come to the conclude that relationship between δD,
δ18O and TDS shown in Figure 4, is the mixing results of direct infiltration water and retained infiltration water.

1;8>7.@+=/;δD and δ18O of these samples are depicted in Figure 3. Four surface water samples and
ten groundwater samples are labeled in cyan, and
distinguished with different legends. The global meteoric water line (GMWL) defined as δD=8δ18O+10
by Craig [23], and the local meteoric water line
(LMWL) defined as δD=7.8δ18O+8.2 by using the
δD and δ18O of precipitation data in Wanbei coal
mining area from long-term monitoring [24]. The
linear relationship between δD and δ18O in the surface water samples is characterized by the regression
equation δD=3.4δ18O-23.9, comparing the ratios of
δD/δ18O values with LMWL, the points corresponding to the samples from surface water fall below the
LMWL, which mainly results from the stronger effect of evaporation [25]. The isotope composition of
the mid-layer groundwater sampled in the coal mining area in northern Anhui Province is expressed by
the equation δD=5.0δ18O-19.5, almost all of samples
lie close to or below the LMWL, indicating that most
mid-layer groundwater in study area is directly or indirectly receives modern evaporated precipitation recharge. The lower average values of δD and δ18O in
mid-layer groundwater, compared to surface water,
implying that the mid-layer groundwater accepted
recharge from those surface water.

%;+-371 08; ;/-2+;1/ ;/<8>;-/ 80 63.5+B/;
1;8>7.@+=/;According to the theory that the intersection point of LMWL and evaporation line has the
coordinates: δD=-48.72‰, δ18O=-7.30‰, which are
the annual average δ value of atmospheric precipitation in the mining area in northern Anhui. When δD
and δ18O are higher than the annual average δ value,
it has come to the conclude that mid-layer groundwater is mainly recharged from summer and autumn
precipitation. On the contrary, when δD and δ18O are
lower than the annual average δ value, it has come to
the conclude that mid-layer groundwater is mainly
recharged from spring and winter precipitation or is
partially recharged from palaeo-water. According to
statistics, the average δD and δ18O of the coal mining
area in northern Anhui Province are -60.90‰ and 8.21‰, lower than the annual average δD and δ18O
of local atmospheric precipitation (δD=-48.72‰,
δ18O=-7.30‰), indicating that mid-layer groundwater of Wanbei coal mining area is derived mainly
from winter and spring precipitation or partially palaeo-water.
Figure 3 shows that the slope of mid-layer
groundwater trend line is between the slope of
LMWL and the slope of evaporation line. It is concluded that mid-layer groundwater is derived from
direct infiltration recharge of precipitation, retained
infiltration recharge of precipitation. According to
the changing rule of thickness of loose bed in Huaibei coalfield [1], there are great differences in thickness, varying from 1.88 to 771.70 m. Taking the
North Suzhou fault as the boundary (Figure 1), this
study area is divided into the south and the north. The
loose bed is thick in the south and thin in the north.
As a result, mid-layer groundwater in the north is derived from direct infiltration recharge of precipitation, whereas in the south, it is derived from retained
infiltration recharge of precipitation. The mid-layer
groundwater trend line, the point of its intersection
with LMWL has the coordinates: δD=-68.96‰,
δ18O=-9.89‰, and with evaporation line has the coordinates: δD=-33.25, δ18O=-2.75‰. Thus, the factors, influencing characteristics of hydrogen and oxygen stable isotopes of mid-layer groundwater of the
mining area in northern Anhui, besides direct infiltration recharge of precipitation and retained infiltration recharge of precipitation, the mixing action of
age-old water can not be ignored.

%;+-37108;63.5+B/;1;8>7.@+=/;-3;->5+
=387A certain percentage of atmospheric precipitation in the ice age ended about 11,000 years ago is
retained in the groundwater system in Wanbei coal
mining area [1], which has low hydrogen and oxygen
isotope value. Therefore, the average hydrogen and
oxygen isotope value of groundwater are nowadays
lower than annual average δD and δ18O of local atmospheric precipitation (δD=-48.72‰, δ18O=7.30‰) (Figure 3), as shown in Figure 4.
Hydrogeochemical composition of groundwater is the result of ion’s migration and transformation
under the action of physical and chemical equilibrium [26]. Conventional hydrogeochemical ions in
groundwater have played important roles in the equilibrium. TDS is a comprehensive reflection of conventional hydrogeochemical ions’ accumulation in
groundwater, and is also an important index for
groundwater’s salinization [27]. During the course
of groundwater circulation, there generally exists a
gradually increasing tendency for TDS along with
groundwater flowing direction, which is the minimum in the recharge area and is the maximum in the
discharge areas. As can be seen from the Figure 4,
δ18O and δD of mid-layer groundwater decrease with
the increasing TDS. Under the influence of mining
disturbance in the mining area in northern Anhui
Province, the aquifer is filled with water for a long
time, the groundwater circulation of the aquifer is
broken, the hydraulic connections are accelerated in
recharge areas. Thus, the recharge sources (i.e., lake
water, river water) are less affected by evaporation
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(+7,/3-8+5637371+;/+
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B.;81/7+7.8AB1/7<=+,5/3<8=893--8698
<3=387+7.-3;->5+=387-2+;+-=/;3<=3-<The relationship between δD and δ18O values of the investigated
surface water, mid-layer groundwater is shown in
Figure 3. δD of the surface water ranges from 39.29‰ to -36.72‰ with a mean value of -38.12‰,
and δ18O varies from -4.58‰ to -3.90‰ with a mean
value of -4.19‰. Notice that the isotopic composition of the surface water sampled in the coal mining
area in northern Anhui is characterized by the equation δD=3.4δ18O-23.9, and its slope is obviously
lower than LMWL’s slope, which explains that the

summer precipitation could recharge the water bodies mainly, which is good agreement with the sampling time. The mid-layer groundwater samples have
great differences in the D and 18O composition, δD
ranging from -70.09‰ to -36.72‰ with a mean
value of -60.90‰, and δ18O varying from -9.81‰ to
-4.12‰ with a mean value -8.21‰, respectively, the
fitting equation is δD=5.04δ18O-19.53. Its slope
lower than LMWL’s, which shows that the atmospheric precipitation undergoes an obvious evaporation during recharges this aquifer. D and 18O excursion is inapparent, implying that the mid-lever
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as domestic water [1], whereas, the loose bed is less
developed in the north, the living water in mining
area is mostly pumped from limestone water, the
mid-layer water consumption is less. Therefore, hydrological cycle in mid-layer groundwater is slow,
and recharge is small.

groundwater flows rapidly and the time of waterrock interaction is short.
Group 1 is consist of mid-layer groundwater
sample code from M1 to M4 located in the northern
part of the study area (Figure 5), and its’ regression
equation is δD=3.8δ18O-30.9. Group2 is composed
of mid-layer water sample code from M5 to M10 located in the southern part of the study area (Figure
5), and its’ equation is δD=5.0δ18O-19.8. The values
of surface water and mid-layer groundwater samples
indicate mid-layer groundwater in the northern part
of study area has a stronger hydraulic connection
with the surface water (rivers) compared with the
southern part, as evidenced by the similar slope of
the regression curve with values of 3.4 for surface
water, and 3.8 for mid-layer groundwater in the
northern part [6]. Because of the influence of the
North Suzhou fault (Figure 1), the mid-layer groundwater in the south of study area has a weak hydraulic
connection with the north. Inter-regional runoff
could recharge the mid-layer water of loose bed in
Wanbei coal mining area mainly. Runoff in the same
region, the change of deuterium excess () parameter
reflects groundwater recharge. The smaller the d
value of runoff, the greater the amount of groundwater recharge [28, 29]. As can be seen from Table 1, 
of mid-layer groundwater in the south is lower
than the northern one, indicating that groundwater
recharge in the south is more than the northern one.
The reason may be that the loose bed is thick in the
south of the study area, the mid-layer groundwater is
the major water supply for coalmines and surrounding cities, such as coal mine 6, pumping over 2338
m3 of mid-layer groundwater each day to continents


 &$ 
Coupling analysis by Environmental stable isotopes (D, 18O) and the TDS has been applied to trace
the circulation process and recharge sources of midlayer groundwater in Wanbei mining area. The average δD and δ18O in the study area are lower than the
annual average values of atmosphere precipitation in
the Wanbei coal mining area, indicating that midlayer groundwater is derived mainly from winter and
spring atmosphere precipitation or partially palaeowater. The similar slope of the regression curve with
values of 3.4 for surface water, and 3.8 for mid-layer
groundwater in the northern part, and their intercepts
are negative, it can be seen that mid-layer groundwater in the north of study area has a stronger hydraulic
connection with the surface water (rivers) compared
with the south. The  value of mid-layer water in the
south is lower than that of the north, it is concluded
that hydrological cycle is slow and recharge is small
in the north of the study area. The research results
are useful for identifying the pollution sources and
paths of mid-layer groundwater and protecting
groundwater resources.
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cause the emergence of new environmental problems, especially for the heavy metals (HMs) pollution in urban soil. HMs can continuously accumulate
in urban soil because of their widespread sources,
non-biodegradability and long residence time. The
excessive accumulation of HMs in urban soil not
only severely disturbed the soil ecosystem, but pose
a wide range potential threat to public health and
safety.
Lots of studies have reported on HMs contaminations in urban soil around the world [1-8] and in
China [9-17]. Most of these studies reported that the
main contaminations associated with urbanized are
lead (Pb), copper (Cu), zinc (Zn), and chromium
(Cr), together with theses cadmium (Cd), nickel (Ni),
arsenic (As) and mercury (Hg) can also be found,
which come from atmospheric emissions, sewage
discharges, and solid waste emissions. In general,
when HMs are present in high concentrations in urban environment lead to health hazards, these harmful substances or elements can easily enter the human bodies by ingestion, dermal contact and inhalation [18-20], disrupting the nervous system and endocrine system [21], affecting the functions of organs, and initiating many disease and cancer [22].
Therefore, the HMs contaminations in urban soil deserve our full attention.
Despite the numerous researches of HMs contaminations in urban soils that have been conducted
in China, the similar researches are extremely few in
Guiyang. Based on the aforementioned facts, the
main goals of this study are (1) to investigate the
concentrations of HMs (i.e., Hg, Cd, As, Pb, Cr, Cu,
Ni and Zn) in urban soil of Guiyang, (2) we utilize
the ArcGIS to determine their spatial distribution
characteristics, and (3) to assess the degree of contamination of HMs employing the geo-accumulation
and potential ecological risk index.

A detailed investigation was conducted to understand the contamination characteristics of a selected set of heavy metals (HMs) in Guiyang. The
amount of Hg, Cd, As, Pb, Cr, Cu, Ni and Zn were
determined from 82 soil samples collected within urban area. The HMs spatial distribution analysis
based on ArcGIS, and the geo-accumulation (  )
and potential ecological risk index ( & ) were
employed for evaluation. Results showed that the
mean concentrations of investigated HMs except Pb
and Cr in urban soil exceeded their background values. The distribution characteristics of Cd, As and Pb
in urban soil elevated concentrations from northwest
to southeast, Hg mainly concentrated in the south
part, Cr and Zn concentrated in northeast and southeast parts, however, The regions with higher Cu and
Ni concentrations were sporadic-like distribution in
the study. The values of   indicated that HMs contamination level was CuZnCdNiAsHg
PbCr, and Cu, Zn and Cd were at uncontaminated to moderately contaminated. The average  
values decreased in the order of HgCdPbAs
CrNiCuZn, Hg was at moderate to considerable ecological risk level, while other HMs had
low risk levels. The average value of was 105.43
and belonged to low potential ecological risk level.
The findings of this study may will be significance
for both local residents in taking protective measures
and local government in alleviating HMs pollution
in urban soil.


)' "#
Heavy metals, urban soil, pollution assessment, spatial distribution characteristics, Guiyang
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#=>.A+;/++7.<+695371Guiyang, the capital city of Guizhou Province, is the important central
city in southwest China and locate in the east of the
Yunnan-Guizhou Plateau, which is an Eco-tourism
urban with plateau characteristic. The area stretches

Urban soil is the important components of urban ecological environmental system, which has an
important significance for urban sustainable development. However, the industrial process and human
activities result in an increasing amount of contaminants being released into the urban soil, which will
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ried out according to HNO3-HCL-HF-HClO4 digestion method, and they were measured using an inductively coupled plasma atomic emission spectrometer (ICP-OES Perkin Elmer, Optima 5300v).
The concentration of Hg was digested using H2SO4HCL-KMnO4 digestion method, and detected by
cold atomic absorbent spectrophotometry (PerkinElmer, AA-800). The concentration of As was digested using H2SO4-HCL-HCLO4 digestion method,
and detected by atomic fluorescence spectroscopy
(Perkin-Elmer, AF-640). Certified geochemical soil
reference materials GSS-1 and 20% of duplicated
samples were also analyzed to provide quality assurance and quality control (QA/QC) information in the
experiment.

from 106°07′ to 107°17′E longitude and from
26°11′to 26°55′N latitude. Guiyang has a typical
subtropical monsoon humid climate with the annual
average temperature and precipitation of 15.3 and
1200mm, respectively. It consists of 10 administrative districts (counties), among which 2 districts
(Yunyan district and Nanming district) constitute the
urban area.
In total eighty-two soil samples were collected
from the overall study area (including educational
area, manufacturing area, residential area, commercial area and heavy traffic area) (Fig. 1). Soil samples
( approximately 1 kg each) were taken from the topsoil ( approximately 010 cm). Each soil sampling
site was consisted of a mixture of four subsamples
and was recorded using a global positioning system
(GPS). In order to prevent cross-contamination, all
the samples respectively stored in polyethylene bags
and transported to the laboratory. The samples were
then air-dried naturally for at least 2 weeks.

7+5A=3-+5 6/=28.< Removed some stones,
hair and other impurities in the samples and then
sieved through a 0.149mm nylon sieve. Finally, each
sample was thoroughly mixed and stored in polyethylene bags to analysis. Determination the concentrations of total HMs (Cd, Cr, Pb, Cu, Ni, Zn) were car-

#9+=3+5.3<=;3,>=387+7+5A<3<08;6/=+5<-87
-/7=;+=387<Spatial interpolation and GIS mapping
techniques were employed to produce spatial distribution maps for the investigated metals. taking the
log-transformation of all non-normally distributed
target variables (metals concentrations) by SPSS
software before using the ordinary Kriging to express the spatial variation. The statistical measures
of distributions and trends of HMs concentrations
are listed in Table 1. Trend analysis facilitates acquisition of characteristic anisotropic parameters of
metals concentrations and their characteristic trends,
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87-/7=;+=387<80<The descriptive statistics of metal concentrations in urban soil in Guiyang are shown in Table 3. Mean concentrations of
Hg, Cd, As, Pb, Cr, Cu, Ni and Zn were 0.12, 0.23,
18.10, 20.35, 42.92, 55.32, 47.40 and 174.43 mg/kg
respectively. In compared with the reference values
of soil in the Guizhou Province, the mean concentrations of investigated metals except Pb and Cr in urban soil exceeded their background values, indicating that these six HMs had been appeared various
degrees enrichment phenomenon in the present study
area, which Hg, As and Ni lightly enriched in urban
soil (1.19, 1.36 and 1.41 are the contamination ratio
of Hg, As and Ni respectively). Distribution of Cu
and Zn concentrations in the study area ranged from
16.52 to 103.00 mg/kg and from 59.43 to 410.0
mg/kg respectively, with the contamination ratio of
2.15 for Cu and 2.12 for Zn. Previous studies have
confirmed that copper and zinc widely used in the
manufacturing area of motor vehicles and materials
[27], an extremely significant positive correlation
between Cu and Zn was calculated (Table 4), the
high mean concentration values of these two metals
in this study may be due to the higher input of copper
and zinc in urban soil environments by traffic and
anthropogenic activities. Cd is a global contaminant
and commonly exists in various environmental medial with low concentration [28-29]. While the Cd
contamination ration had its higher value of 1.73 and
an extremely significant positive correlation between Cd and Zn, Akhter and Madany [30] reported
that engine wear of automobiles while attrition of automobile tires and lubricating oils are possible
sources of zinc and cadmium. Therefore, existence
of Cd in urban soil was also derived from traffic activities. These statistics data illustrate that Cu, Zn
and Cd in urban soil of Guiyang are accumulated seriously.

which is essential for removing a trend from the dataset before using the ordinary Kriging.

!855>=387 37./@ The index of geo-accumulation (  ) introduced by Müller [23] and widely employed in pollution assessment of HMs. The    index is calculated using Eq. (1).
⎛  ⎞
(1)
  = log 2 ⎜⎜  ⎟⎟
1
.
5

 ⎠
⎝
Where is the measured concentration of the
HMs in soil samples and  is the background values
of soil in Guizhou [24]. Criteria for these contaminations indictors: uncontaminated (  ≤0); uncontaminated to moderately contaminated (0  ≤1); moderately contaminated (1    ≤2); moderately to
heavily contaminated (2  ≤3); heavily contaminated (3    ≤4); heavily to extremely contaminated (4    ≤5); and extremely contaminated
(  ≥1).

!8=/7=3+5/-85813-+5;3<437./@ The potential
ecological risk index () proposed by Hakanson
who integrates the factors of ecological risk potentials of each metal and associates their ecological and
environment effects with their toxicology [25-26].
This method is calculated using Eq. (2)
⎛
 ⎞
(2)
 = ∑   = ∑ (  •   ) = ∑ ⎜⎜   •  ⎟⎟

 ⎠
⎝
Where  is the potential ecological risk index
of single of metal;  means the biological toxic factor for heavy metal (As=10, Zn=1, Cu=Pb=Ni=5,
Cr=2, Cd=30, Hg=40); means the pollution factor
of heavy metal ;  is the measured concentration of
heavy metal (mg/kg) and   is the reference value
of heavy metal (mg/kg), the reference values determined by the background values of soil in Guizhou.
The comparison of and  for different ecological
risk levels of heavy metal are summarized in Table
2.


$ 
$2/37=/;9;/=+=387-+=/18;3/<08;+7.


Value
40
40≤ 80
80≤ 160
160≤ 320
≥320


Value
≤150
150≤300
300≤600
600

Category
Low
Moderate
Considerable
High
Very high

Category
Low
Moderate
Considerable
High


$ 
87-/7=;+=387<80<61 4137>;,+7<8350;86>3A+71

Hg
Cd
As
Pb
Cr
Cu
Ni
Minimum value
0.02 0.05 8.98
2.47
21.98
16.52
22.67
Maximum value
0.46 0.63 32.48 104.80 103.10 103.00 72.92
Mean value
0.12 0.23 18.10 20.35
42.92
55.32
47.40
Background values of Guizhou
0.10 0.13 13.30 29.30
56.60
25.70
33.70
Contamination ratio
1.19 1.73 1.36
0.69
0.76
2.15
1.41
Contamination ratio is the mean metal concentration of a site over (:) the metal concentration of the reference site
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Zn
59.43
410.00
174.43
82.40
2.12
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Hg
Cd
As
Pb
Cr
Cu
Ni
Zn

Hg
1.000
0.237*
0.224*
0.235*
0.261*
0.278*
0.017
0.312**

Cd

As

Pb

Cr

Cu

Ni

Zn

1.000
0.107
0.254*
0.202
0.143
0.181
0.350**

1.000
0.317**
-0.064
0.117
0.174
-0.035

1.000
0.081
0.445**
0.170
0.261*

1.000
0.048
0.295**
0.180

1.000
0.377**
0.457**

1.000
0.187

1.000

**Correlation is extremely significant at the 0.001 level (two-tailed). *Correlation is significant at the 0.005 level (two-tailed).
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#9+=3+5 .3<=;3,>=387 -2+;+-=/;3<=3-< Spatial
distribution patterns of HMs concentrations were established by ArcGIS software. The predication map
of HMs distribution in urban soil of Guiyang are illustrated in Fig. 2. The distribution characteristics of
Cd, As and Pb in urban soil are generally similar,
with elevated concentrations from northwest to
southeast. In particular, there were two regions with
relatively large concentrations or hotspots existed for
these three metals. One was in the middle-south of
the study area (within heavy traffic area), the other
region was located in the southeast part of the study
area, where old factories engaged in metal smelting
and manufacture were located [31]. Hg in urban soil
appeared a tendency of increasing from center to
north and south parts of the study area, mainly concentrated in the south part where concentrations
ranged from 0.21 to 0.46 mg/kg, followed in the
north part. The predication map of Cr and Zn expressed the increased distribution trend from the center to the periphery, but that mainly concentrated in
northeast and southeast parts. The regions with

higher Cu and Ni concentrations were sporadic-like
distribution in the study. To summarize, concentrations of Hg, Cd, As, Pb, Cr and Zn in south and
southeast parts of the study area were relatively
higher.

!855>=38737.3-/< $2/1/8+-->6>5+=387
 To further characterize HMs pollution, the   
values for HMs were calculated (Fig. 3a). In this
study, the contamination levels for the investigated
metals in urban soil decreased in the order of Cu
ZnCdNiAsHgPbCr. The average  
values for Cu, Zn and Cd were 0.44, 0.38 and 0.02,
respectively, meanwhile, the   values for Cu, Zn,
and Cd exceeded 0 in 84.15%, 78.05% and 64.63%
of soil samples, suggesting that most samples were
uncontaminated to moderately contaminated with
these three metals. The average   values for Hg,
As, Pb, Cr and Ni were -0.66, -0.19, -1.48, -1.69 and
-0.12, respectively, these values were less than 0, indicating that urban soil were uncontaminated by
these metals. 
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 $2/98=/7=3+5/-85813-+5;3<4<According
Legend
to the classification of the potential ecological risks,

Major road
the calculated results of  were shown in Fig. 3(b &
RI value



c). In all the samples, the average  values for the


investigated metals decreased in the order of Hg





CdPbAsCrNiCuZn. The  values for


 
As, Cr, Cu, Ni and Zn were less than 40, indicating




low potential ecological risks with these metals. The
   





average    values for Cd and Pb were 22.24 and
11.79, respectively, and their maximum values were
59.36 and 86.74, observed in soil samples from the
traffic area, this indicates that the accumulation of Pb
and Cd in traffic area were substantial and these two
metals contamination are cause for concern. The  
values for Hg ranged from 8.93 to 170.0, with average value of 52.13 in samples, meanwhile, The  
values for Hg exceeded 40 in 54.87% of all samples,
implying that the urban soil was moderately polluted
%"
with Hg. The values of  ranged from 45.27 to
!;/.3-+=3876+980
246.62, with the average value of 105.43, additionally, about 75.0% samples from the study area were
less than 150 and belonged to low potential ecologi %# #
cal risk level. Higher values of  were found in east
part of the study area (Fig. 4).
For the investigated metals in this study, the
Results of the geo-accumulation evaluation ilmean concentrations of all measured metals except
lustrate that urban soil in Guiyang is polluted with
Pb and Cr in urban soil exceeded their background
Cu, Cd and Zn to some degree, but that associated
values. The contamination ration of Cu, Zn and Cd
potential ecological risk levels are relatively low.
were 2.15, 2.12 and 1.73, respectively, which illusHowever, for the single ecological risk index
trated that these metals in urban soil of Guiyang are
method, the urban soil contains moderately ecologiaccumulated seriously. The predication map of metcal risk level of Hg, it accumulation in the environals concentrations in urban soil helped to identify
ment merits further attention because of its high ecotheir spatial distribution characteristics. Concentralogical toxicities.
tions of Hg, Cd, As, Pb, Cr and Zn in south and

.

southeast parts of the study area were relatively
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higher, meanwhile, the regions with higher Cu and
Ni concentrations were sporadic-like distribution in
the study. The average   values illustrated that Cd,
Cu and Zn in urban soil were at uncontaminated to
moderately contaminated, while other HMs were uncontaminated. The average    values were shown
that Hg was at moderate to considerable ecological
risk level and other HMs had low risk levels. The average value of  was 105.43 and belonged to low
potential ecological risk level.
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that can then be used to support the management of
pollution from specific metals and ecosystem restoration.
The Pearl River system, which connects mainland China with the special administrative regions of
Hong Kong and Macau and other countries, has historically been the most important region for waterborne commerce in South China [6]. However, the
rapid development of industry in this area, witnessed
since the opening-up policy in 1978, has had a strong
influence on the natural distribution of heavy metals,
so that some places in the Pearl River system are in
severe contamination by heavy metals such as Cd,
Cr, and Ni [7, 8]. Vertical profile studies suggest that
heavy metal contamination began in the 1980s, and
was serious from the early- to mid-1990s, and then
declined in the late-1990s, but has probably increased again since late-2000s [9,10]. Therefore, the
transport of heavy metals in the Pearl River, and the
related impacts on its lower reaches and estuary have
received much attention in recent years [11-13].
From 2006 to 2012, at least 471.7, 1524.6, 3819.6,
and 43.9 tons of Pb, Cu, Zn, and Cd, respectively,
were discharged annually from the Pearl River into
the South China Sea [14]; ongoing monitoring of the
heavy metal distribution in the Pearl River system is
therefore essential.
While previous studies of the Pearl River system
have provided useful information about the distribution of, and contamination from, priority heavy metals such as Cu, Cd, Ni, Pb, and Cr [6, 9, 15], other
elements that might help to detect pollution sources
have received less attention [12]. Further, previous
studies of the Pearl River Estuary and the northern
part of the South China Sea have shown that rivers
make a significant contribution to heavy metal loads
in the Pearl River Estuary and the South China Sea.
Generally, hydrodynamic conditions and landforms
are the main controls on the large-scale distribution
of heavy metals, while anthropogenic inputs in
coastal areas alter the regional distribution of heavy
metals [16]. The Pearl River flows into the South
China Sea via eight outlets, and little is known about
the stores of heavy metals in each of these outlets
[16, 17]. Researchers in the Environment Protection
Research Group of the Pearl River Fishery Institute
have been monitoring the heavy metal distribution in
the outlets of the Pearl River systems since 2012.

We determined the concentrations of 10 metals
(Fe, Mn, Zn, Cu, Cd, Pb, Cr, Ni, V, and Tl) in surface
sediments collected from eight outlets of the Pearl
River from 2012 to 2016, and then used radar charts,
Pearson correlations, principal component analysis
(PCA), the geo-accumulation index (Igeo) and enrichment factor (EF) to analyze the concentrations. The
average concentrations of the elements decreased in
the order Fe > Mn > Zn > V > Cu > Cr > Pb > Ni >
Cd > Tl. Among them, copper concentrations have
increased continuously in the Jitimen outlet over the
last 5 years, newly forming a Cu hot spot. The Igeo
and EF indexes showed that Cd caused most contamination, with sediments classed as moderately to extremely polluted, and that the other metals caused either no or moderate pollution. According to the
sources and distribution patterns, the examined metals fell into four groups when the comprehensive
analyses were combined; Group 1 (Zn, Cd, Pb, and
Mn); group 2 (Cr, Ni, and Cu); group 3 (Fe and V);
and group 4 (Tl). Local governments should pay attention on preventing Cd risk on local ecosystem and
controlling of Cu discharges to Jitimen outlet.
*)"$%
Heavy metal, Pearl River, Sediment, Contamination, Distribution pattern

!&$"'&"!
Heavy metal contamination of aquatic systems,
a growing global issue, has accompanied the rapid
industrialization and urbanization experienced in
many countries [1-4]. Aquatic sediments serve as
reservoirs for various heavy metals that have negative effects on local ecosystems and threaten human
health when transferred through food chains [5]. Elevated levels of trace metals in sediments are a particularly good indicator of human-induced pollution,
and high levels of heavy metals can often be attributed to anthropogenic influences rather than natural enrichment. The distributions of heavy metals
therefore need to be monitored, as they can provide
an insight into the sources and enrichment of metals
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In the present study, we examined the distribution of heavy metals in sediments from the outlets of
the Pearl River system from 2012 to 2016 with the
aim of highlighting the temporal and spatial distributions and gathering patterns of selected heavy metals, including priority metals (Cu, Pb, Cd, Ni and Cr)
and other metals (Fe, Mn, V, Zn, and Tl). The results
may provide useful information to support the local
government’s strategies to manage and control various heavy metals.


&$%! &"%

%?@1D.=2.The Pearl River is the second largest river in China by discharge volume [18]. Its three
largest tributaries are the Xijiang, Beijiang, and
Dongjiang Rivers. After flowing through the Pearl
River Delta (PRD), these tributaries bifurcate into
eight outlets as they flow towards the estuary and finally enter the South China Sea [10]. From the east
to the west, the eight outlets are the Humen (T01),
Jiaomen (T02), Hongqimen (T03), Hengmen (T04),
Modaomen (T05), Jitimen (T06), Hutiaomen (T07),
and Yamen (T08), respectively (Fig. 1). The eight
outlets and the related river networks provide important habitats for freshwater and marine aquatic
organisms [19]. They are also the main conduits for
terrigenous materials and anthropogenic pollutants
that may threaten these aquatic ecosystems [20].

collected, the sediments were sealed in clean polyethylene bags, placed into a cool box, and transported to the laboratory, where they were refrigerated at −20°C and then vacuum-freeze dried [21].
The dried sediment samples were ground to pass
through a 74 μm sieve.
Sediment (0.5 g, weighed to 0.0001 g) was digested with 10 ml concentrated nitric acid, 4 ml concentrated hydrochloric acid, and 2 ml hydrofluoric
acid in a Teflon digestion tank (60 ml), which was
placed in a drying oven for 2 h at 100°C, followed
by 3 h at 150°C. After cooling, the digestion tank
was put on an acid evaporation electric hot plate at
170°C to drive off the acid until about 0.5 ml of the
extract remained. The extract was diluted with deionized water to 15 ml in centrifuge tubes that had
been previously washed with 15% nitric acid. Samples were digested in acid solution and then the Cu,
Zn, Pb, Cr, Ni, Fe, Mn, V, and Cd concentrations
were determined by flame atomic absorption spectrometer (Agilent 240 FS) and the Tl concentrations
were determined by graphite furnace atomic absorption spectrometer (Agilent 240 Z).
To ensure quality control of the analysis, five
replicates of certified reference material (GBW
07311, China) were digested using the same method.
There was good agreement between the results of the
quality control samples and the certified values; recoveries ranged from 89% to 112% and relative
standard deviations (RSD) were less than 5%. Reagent blanks and replicate samples (n=5) were also
randomly inserted into the analysis procedure. The
results showed that there was no contamination during the analysis and the RSDs of the replicate samples were less than 10%.

%.9<86:4.:1.:.8D?60.8<=;021@=2>We examined a batch of 40 sediment samples that were collected from the eight outlets of the lower Pearl River
(Fig. 1) over a period of five years, from August
2012 to August 2016, in this study. At each sampling
site, three surface sediments (from between 0 and 2
cm deep) were randomly collected with a grab sampler and mixed to form a composite sample. Once

A.8@.?6;: ;3 52.AD 92?.8 2:=60592:? .:1
0;:?.96:.?6;: To evaluate the degree of heavy
metal contamination in the sediments from the Pearl
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to 0.579 mg/kg, respectively. These concentration
ranges were similar to corresponding metals measured in sediments from the Pearl River Estuary [9,
38]; Yangtze River Estuary, China [39]; Yellow
River [32]; Changhua River Estuary [40]; Sado Estuary, Portugal [41], and from the Dhamara Estuary,
India [42]. The distribution of heavy metals in sediments from the Pearl River outlets decreased in the
following order: Fe > Mn > Zn > V > Cu > Cr > Pb
> Ni > Cd > Tl. This order differed from the world
average order in shale, which is Fe > Mn > V > Zn >
Cr > Ni > Cu > Pb > Tl > Cd [43]. The average background values in soil from the local area were ranked
as Fe > Mn > V > Cr > Zn > Pb > Cu > Ni > Tl > Cd
[24], which shows that human activities have contributed to the heavy metal concentrations in sediments in the Pearl River outlets.
Based on sedimentation rates of about 2.5 cm
per year [21], the metal concentrations in collected
samples of surface sediments (0–2 cm) in this study
might reflect the average accumulation of the past
year. Therefore, information about the concentrations of heavy metals in the eight outlets for each of
the past five years can give a good picture of the spatial and temporal variations in the heavy metals distribution in this area in recent years. Iron and Mn are
relatively major elements in the earth’s crust. While
they were present at concentrations that exceeded the
local Fe and Mn background values of 2.42% and
279 mg/kg, respectively, there were no apparent spatial or temporal variations in their concentrations in
the Pearl River [24]. Concentrations of Zn and Cd
were higher in the Hongqimen (T03), Hengmen
(T04), and Modaomen (T05) outlets than in the other
5 outlets, and the concentrations of all samples were
higher than the local Zn and Cd background values
of 47.3 and 0.056 mg/kg, respectively. However, Zn
and Cd concentrations showed declining trends during the five years. Concentrations of Cu were higher
than the background value of 17.0 mg/kg, but
showed a tendency to decline from 2012 to 2016 in
almost all the outlets except the Jitimen (T06), where
concentrations increased conti-nuously, forming a
hot spot of Cu pollution. Concentrations of Pb in all
samples exceeded the background value of 36.0
mg/kg, with greater enrichment in T04 and T05 than
in the other tributaries but with no significant temporal variation over the past 5 years. Concentrations
of Ni exceeded the background values of 14.4
mg/kg, but showed no obvious spatial or temporal
variability from 2012 to 2016. The concentrations of
Cr and V exceeded the background values of 50.5
and 65.3 mg/kg, respectively, in almost all samples,
but there was no obvious temporal or spatial variability. Sediments were least enriched by Tl, and Tl
concentrations were all lower than the background
values, but were higher in 2016 than in the earlier
years. Although previous studies reported severe local pollution because of Tl mining in Lanmuchang

River outlets, we used the geo-accumulation index
(Igeo), calculated with the following equation [22]:
Igeo  log2

Cn
15Bn

where Cn was the heavy metal concentration measured in the sediments and Bn was the background geochemical concentration. Previous studies have
shown that using different background values (either
the world average values for shale or local background values) for this calculation gives results that
are significantly different, and so the local or regional background is recommended [23]. In this
study, background values of local sediment were
used, and the Bn values of Fe, Mn, Zn, Cu, Cd, Pb,
Cr, Ni, V, and Tl were 24200, 279, 47.3, 17.0, 0.056,
36.0, 50.5, 14.4, 65.3, and 0.682 mg/kg dry weight,
respectively [24]. The Igeo values are grouped into
seven classes ofgeo-accumulation [25].
The normalized enrichment factor (EF) is used
to determine whether metals originate from anthropogenic and natural sources [26-27]. The EF is calculated with Fe as a normalizer [28], as follows:
EF 

Cn CFe sample
Cn CFe baseline

,

where (Cn/CFe)sample represents the concentration ratio of a heavy metal to Fe in the tested sample and
(Cn/CFe)baseline is the ratio of the same element to Fe
in the geochemical background. As mentioned earlier, the background values of Guangdong Province
soils were used as the reference values [24]. The categories of the EF are also grouped into seven classes
[29, 30].
%?.?6>?60.8 92?5;1> We firstly used Spearman’s correlations to identify the co-occurrence correlations between elements [31, 32], and using
Spearman’s rank correlation-based network to display the correlation pattern [33]. We then used principal component analysis (PCA) to detect obscure
sources and to distinguish between natural and anthropogenic inputs, as reported in previous studies
[34, 35]. Before PCA, we used Z-score transformations to standardize the data set, so that the influence of differences in the variance between variables
and different units of measurement was minimized
and the data were dimensionless [36, 37].
$%'&%!%'%%"!

%<.?6.8 .:1 ?29<;=.8 A.=6.?6;:> ;3 52.AD
92?.8>6:?52#2.=8$6A2=;@?82?>The metal concentrations of the sediment samples from the Pearl
River outlets are presented in the modified radar
charts in Fig. 2. The Fe concentrations in the sediments ranged from 2.92 to 4.93 %, and the concentrations of Mn, Zn, Cu, Cd, Pb, Cr, Ni, V, and Tl
concentrations ranged from 479 to 1325, 115.7 to
335.0, 48.4 to 145.8, 0.18 to 5.15, 42.7 to 114.4, 33.5
to 128.3, 21.3 to 107.9, 34.9 to 251.4, and from 0.257
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Generally, significantly higher Cu concentra(Guizhou Province) and Yunfu (Guangdong Province) in the upper reaches of the Pearl River [44], it
tion in Jitimen, higher Zn, Pb and Cd concentrations
in Hongqimen, Hengmen, and Modaomen than other
seems that there was little sediment-associated
outlets were showed remarkably, although mean
transport of Tl to the downstream rivers and the adjacent estuary.
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−0.02 to 2.32, −1.49 to 1.36, and from −1.99 to
−0.82, respectively. Comparison with the revised
Müller scale [47], Tl concentrations were completely
within class 0; Fe, Pb, Cr, and V were in classes 0
and 1; Mn, Zn, Cu, and Ni were mainly in class 2,
and Cd concentrations were in classes between 2 and
6. The Igeo classifications suggest that there was no
pollution from Tl; no to moderate pollution from Fe,
Pb, Cr, and V, and moderate pollution from Mn, Zn,
Cu, and Ni. Of all the metals, the Igeo values were
highest for Cd and sediments in the Pearl River outlets were moderately to extremely polluted with Cd
(Fig. 3). The average degree of pollution from the
heavy metals decreased in the following order: Cd >
Cu > Zn > Ni > Mn > Pb > Fe > Cr > V >Tl.
We calculated the EF and compared it with the
Igeo values. The EF values for Mn, Zn, Cu, Cd, Pb,
Cr, Ni, V, and Tl ranged from 1.31 to 3.52, 1.42 to
3.78, 1.64 to 4.89, 1.74 to 51.66, 0.85 to 1.77, 0.35

concentrations of Zn and Cd in the eight outlets declined gradually; Cu, Pb, and Cr concentrations increased, and Fe, Mn, and Ni concentrations were stable compared with the concentrations reported for
2008 and 2009 [17]. The mean heavy metal concentrations in the Pearl River tributaries were somewhat
lower than those in sediments from the upper Pearl
River [45], but were higher than those in the Pearl
River Estuary [8, 12, 16] and in the northern part of
the South China Sea [46], and tended to decrease between the urban rivers in the upper catchment and
the sea.
24=22;352.AD92?.8<;88@?6;:6:?52#2.=8
$6A2= ;@?82?> The Igeo provided information about
the current environmental state and the metal contamination in the Pearl River outlets. The Igeo values
of Fe, Mn, Zn, Cu, Cd, Pb, Cr, Ni, V, and Tl ranged
from −0.31 to 0.44, 0.20 to 1.66, 0.71 to 2.24, 0.93
to 2.52, 1.13 to 5.94, −0.34 to 1.08, −1.18 to 0.76,
0
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Nevertheless, no significant relation between Tl and
other elements suggest distinctive source and (or)
geochemical behavior of this metal from others.

to 1.43, 1.08 to 6.20, 0.31 to 2.25, and from 0.21 to
0.70, respectively. Concentrations of Tl were all
within class 0 of the EF scale; V, Cr, and Pb were in
classes 0 and 1; Mn and Fe were in class 1; Ni, Zn,
and Cu were in classes 1 to 2, and Cd concentrations
were in classes 3 to 6 (Fig. 3). The EF classifications
suggest no enrichment of Tl; no to minor enrichment
of V, Cr and Pb; minor enrichment of Fe and Mn;
minor to moderate enrichment of Ni, Zn, and Cu, and
moderately severe to extremely severe enrichment of
Cd. The average degree of pollution by these metals
decreased in the following order: Cd > Cu > Zn > Ni
> Mn > Fe > Pb > Cr > V > Tl. The Igeo and EF indexes reflected similar degrees of pollution from the
10 elements. Generally, the EF values are governed
by both the baseline reference materials and the normalization element. Iron and Al are commonly used
as the normalization elements. Different values have
been used as baseline reference materials, including
the local background concentration levels [48], and
the average metal content in shale [49], the least contaminated sample in the study area [50]. The EF values calculated with Fe as the normalization element
and local background values as the baseline reference materials were properly tested and were suitable for the Pearl River outlets; this approach has also
been used to assess marine sediments in Hong Kong
[37].

6>?=6/@?6;: <.??2=: .:1 >;@=02> ;3 52.AD
92?.8>6:?52#2.=8$6A2=;@?82?>Correlations network between different metals are shown in Fig. 4.
High correlation coefficients between different metals indicate common sources, mutual dependence,
and identical behavior during transport [31, 51, 52].
Since Fe and V are representative crust elements, the
positive correlation between Fe and Mn, Fe and V
should be affiliated to the Fe and Mn oxides during
geochemical process, as well as the exogenous input
such as mining in the upper reaches of the Pearl
River Basin[14, 53]. Correlations coefficients between Mn and Zn, Mn and Cd, Mn and Pb, Zn and
Cd, Zn and Pb, and Cr and Ni were also greater than
0.5 at the p<0.01 level, which indicates associations
between the metal pairs and possible anthropogenic
and natural sources in common when comparing
with the EF and Igeo results. On the other hand, the
correlation coefficients between Fe and Zn, Fe and
Pb, Fe and Cr, Cu and Cr, Cu and Ni were significant
at the p<0.05 level, but were not larger than 0.5,
which implies independent sources for paired metals
but some common sources or similar behavior during transport [32]. The absence of correlation between other metal pairs suggests that these metals
were not controlled by a single factor but by a combination of geochemical support phases and mixed
associations, as reported in previous studies [31, 32].
The above co-occurring metals were probably from
several sources, including natural geochemical
sources, mining and other anthropogenic sources.

Fe
Cr

Mn

V
Pb

Cd

Ni
Zn
Cu

Tl
'$ 
;==28.?6;:>:2?B;=7/2?B22:16332=2:?52.AD
92?.8>6:>21692:?>: !@9/2=>/2?B22:
<.6=28292:?>6>?520;==28.?6;:0;2336062:?>
/.>21;:#2.=>;:0;==28.?6;:.:.8D>6>
;==28.?6;:6>>64:6360.:?.??52 82A28
 ?.6821;==28.?6;:6>>64:6360.:?.??52 
82A28 ?.6821
We further obtained a χ2 value of 188.06 for the
Bartlett’s sphericity test of the variables’ correlation
matrix. This value was greater than the critical χ2
value of 61.66 (p= 0.05 and 45 degrees of freedom),
which indicates that PCA can significantly reduce
the dimensions of the original data set. Principal
component analysis with varimax rotation showed
that 4 principal components of heavy metal pollution
in the Pearl River outlets explained 80.7% of the total variance (Table 1). Principal component 1 explained 30.4% of the total variance and had strong
positive loadings (>0.70) on Zn, Cd, and Pb and a
moderate positive loading (>0.50) on Mn. Previous
study on the PRD demonstrated that since local government of Guangdong province introducing ‘two
transfers’ policy in 2008, many industries and labors
were transferred from the Guangdong economic center PRD to eastern and western part of Guangdong
province, corresponding pollutants had also been
partially transferred away [54]. However, the many
existing hardware, textile printing and dyeing factories in the PRD, and mining industries from the upper river systems still produced large amount of
waste liquids and sludge rich in heavy metals represented by Zn, Cd, Pb [14]. Principal component 1,
therefore, represented comprehensive anthropogenic
sources of the above industrial pollution and vehicle
exhausts, as demonstrated by previous references
[37, 55]. Principal component 2 explained 20.2% of
the total variance and had strong positive loadings on
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Fe
Mn
Zn
Cu
Cd
Pb
Cr
Ni
V
Tl
Eigenvalue
Total variance (%)
Cumulative total variance (%)

PC1
0.391


0.045
 

0.095
-0.097
-0.167
-0.125
3.042
30.4
30.4

PC2
0.222
-0.050
-0.239

-0.082
-0.037
 
 
0.116
0.140
2.018
20.2
50.6

Cr and Ni, and a moderate positive loading on Cu.
Communication equipment and electroplating enterprises camped in the Zhuhai and Jiangmen cities had
brought specialized Cu, Cd and Ni pollution [56, 57].
Therefore, PC2 possibly represents other human activities, mainly electroplating factories and communication equipment enterprises [37]. Principal component 3 explained 16.9% of the total variance and
had strong positive loadings on Fe and V. These two
metals were major crust elements and represented
natural parent material sources [55]. Principal component 4, which explained 13.2% of the total variance, had a strong positive loading on Tl, and, for its
lower than or close to the geochemical baseline value
of local area, implying a natural geogenic source
with dynamic leaching process. However, further
field surveys are now needed to further define the
pollutant sources.

PC3
 
0.467
0.039
0.106
-0.173
-0.137
0.125
0.115
 
0.012
1.689
16.9
67.5

PC4
-0.101
-0.261
-0.205
-0.547
0.034
-0.016
-0.042
0.305
0.073
 
1.315
13.2
80.7

sources, and mutual dependence, indicating comprehensive anthropogenic sources of industrial pollution represented by hardware, textile printing and
dyeing factories and mining industry; while Cr, Ni,
and Cu had similar sources and mutual dependence,
implying electroplating factories and communication equipment enterprises sources; Fe and V had
similar sources of natural crust, and Tl also from natural source but with a dynamic leaching process different from Fe and V. Therefore, field surveys and
studies of the metals fractions in the sediments
should follow to help further refine the pollution
sources. Specific monitoring and control of Cu discharge to Jitimen outlet and Cd risk on local ecosystem should be paid much attention.
!") !&%
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During 2012–2016, a monitoring program on
metals (Fe, Mn, Zn, Cu, Cd, Pb, Cr, Ni, V and Tl) in
sediments was conducted at the Pearl River outlets.
Based on the monitoring data, except Tl, concentrations of the other nine elements were higher than the
background values. Newly forming hot spot of Cu in
Jitimen, and high concentration of Zn, Pb, and Cd in
the Hongqimen, Hengmen, and Modaomen were observed among the eight outlets. Moreover, increasing
trend of Cu, Pb, and Cr in the river outlets should be
paid great attention, although Zn and Cd had a decline trend. Generally, Cd caused moderate to extreme pollution, and other metals caused no pollution
to moderate pollution in the Pearl River outlets.
Among the 10 elements in the sediments of the Pearl
River outlets, Zn, Cd, Pb, and Mn had similar
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tonutrient and phenolic composition due to geographical differences. It has been reported that pears
contains several terpenes and phenolic compounds
such as arbutin, chlorogenic acid, catechin, quercetin, kaempferol, hydroxycinnamoylmalic acids and
their derivatives and procyanidins [4].
Wild populations of  species has been reported to threaten category and over 85% pear varieties become extinct in the 19th century. Moreover,
valuable pear germplasm which was highly resistant
to various abiotic stresses has been lost because of
several reason such as insect-pests and pathogens,
[5]. Therefore, identification, conservation and characterization of genetic resources of germplasm
have great importance nowadays. Moreover, It is estimated that antioxidant systems exhibit a highly dynamic profile in abiotic stress situations in plants [6,
7]. The identification and description of Pyrus species have been conducted based on traditional morphological characters [8]. However, the lack of geographic barriers led to the emergence of distinct pear
genotypes with different morphologies, making it
difficult to identify and distinguish the genotypes[9].
The restrictions of phenotype based genetic markers
gave rise to the progress of more general and useful
direct DNA based markers known as molecular
markers. Given that molecular markers are steady
and easy to detect in all tissues without considering
growth, differentiation, development and defense
situation, they have many advantages over conventional phenotype based approaches [10]. Chloroplast
DNA sequences have been used as the major tool for
inferring plant phylogenies, rivaled only by nuclear
ribosomal ITS sequences in recent years. [11]. The
trnL-F region, consisting of the trnL intron and trnLF spacer, has been among the most widely used chloroplast markers for phylogenetic analysis in plant
samples. The trnL-F region has been demonstrated
to be useful in molecular phylogenetic studies of
broad range of plant groups including species
[12].
The present research aimed to provide further
insight into the phylogenetic relationships of fifteen

The current study was focused on molecular
analysis using internal cpDNA trnL intron sequence,
antioxidant activity, total phenolics and flavonoid
contents of fifteen pyrus genotypes. Quite variations
were determined in biochemical characteristics and
molecular systematic analysis of genotypes evaluated. "Y. Karçin" genotype was detected as the best
graded genotype based on the high contents of the
total phenolic (7,92 mg GAE/g) and total flavonoid
(4,50 mg RE/g) content. The obtained results
showed that, genotypes could be categorized of six
main clades with robust bootstrap values, which
might be useful to improve genetic diversity among
genotypes for breeding.
'%!"
Antioxidant, Pyrus sp, cpDNA trnL-F, molecular systematic

#!$#
Excessive generation of reactive oxygen species (ROS) can cause oxidative stress in the cells.
Therefore, various defense mechanisms were developed    in order to protect body against ROS
induced oxidative damages. Antioxidant compounds
are one of the important agents among these defense
mechanisms [1]. Antioxidants are hypothesized to
have both protective and preventive effect against a
number of diseases induced by free radical mediated
process [2], which make consuming foods rich in antioxidants valuable.
Fruits contain various phytonutrients including
flavonoids, phenolic acids, carotenoids and vitamins
which exhibited strong antioxidant capacities [3].
Pear (Pyrus spp.) fruit, from   family, is one
of the most preferred fruits globally, because of its
delicious taste, nutritional value and health promoting properties. There is a great diversity among pear
cultivars worldwide with different appearance, phy-
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native pear genotypes and to determine total phenolic and flavonoid contents and antioxidant activities.

methanol), incubated for 15 min in dark conditions
and measured at 517 nm.
DPPH activity (% incubation) = (AC– A1) / AC × 100
(AC: Control Absorbance, A1: Sample Absorbance)


":(:09:0*(24(2?909Results obtained were reported as mean + SD of triplicate measurements.
Significance differences for multiple comparisons
were determined by using one way analysis of variance (ANOVA) followed by Duncan test with α =
0.01 using SPSS (version 20).

952(:054 !54+0:054(4+ /?25.,
4,:0*4(2?909DNA was obtained from leaf tissues
of genotypes according to CTAB (Cetyl Trimethylammonium Bromide) method [17]. DNA quality
was determined by using the 1% agarose gel and
quantification was checked using Nanodrop
(Thermo). In order to perform the amplification of
trnL-F region of chloroplast (cp) genome, PCR was
conducted in 25 µl volume consisted of 3 µl (100 ng)
DNA template 2,5 µl 10X taq buffer, 3 µl MgCI2, 1
µl forward, reverse primers and 10 mM dNTP mix ,
0,25 µl Taq polymerase and 13 µl ddH2O. PCR products were separated by using the 1.5% agarose gel,
containing ethidium bromide, and photographed under UV light in a gel doc system. Samples PCR product of trnL-F region were sequenced by Iontek Company, Istanbul, Turkey.

20.43,4: (4+ /?25.,4,:0* 4(2?909 The
sequenced data were Blasted (basic local alignment
search tool) in NCBI (National Center for Biotechnology Information) database and percentage homology scores were evaluated for identify 
Phylogenetic trees were performed with MEGA version 6. Neighbor-joining algorithm was performed
with bootstrap analyses for 1000 replicates.

#!"#"

,(8 (:,80(29 Sixteen pear cultivars from
    were analyzed in this study. The
names of pear cultivars were given in Table 1. All
varieties were identified by specimens. The pears
were collected at harvest seasons (June-August,
2013-2015). Fresh peels were manually separated
from the pulp and seeds using pens and forceps and
subsequently dried until reached a constant weight.
The Fresh peels were powdered with mortar and pestle and stored at + 4 ˚C until analysis. For each genotype, the leaves belong to each pear cultivars were
protected in silica gel for phylogenetic analysis; the
samples were homogenized with liquid nitrogen and
stored at – 20˚C.

8,6(8(:0545- ,(8;2:0<(89The powdered
peels from sixteen pear cultivars were weighted (1.0)
g and mixed with methanol (% 80). The samples
were homogenized with homogenizator for 2
minutes and subjected to ultrasound for five minutes.
The extracts were shaken on orbital shaker overnight
and then evaporated to until dryness. The concentrations of all crude extracts were adjusted to same
value by addition of % 80 methanol. 
#5:(2 /,452 54:,4:9 Total phenolic contents of powdered pear peels were performed using
Folin–Ciocalteu method [13]. Gallic acid was used
as standard phenolic compound. Briefly, extract solutions (0.1 ml) containing 1000 mg extract was
taken in a tube, and 1 ml Folin–Ciocalteu reagent
were added and flask was shaken thoroughly. After
3 min, 1 ml of solution of 6 % Na2CO3 was added
and the mixture was allowed to stand for 1 h with
intermittent shaking. Absorbance was measured at
760 nm. The same procedure was applied to all extracts and phenolic standard (gallic acid). 

#5:(22(<5450+54:,4:The total flavonoid
content was estimated using aluminum chloride colorimetric assay [14, 15]. Briefly, 0.5 mL of test samples solutions dissolved in methanol were mixed
with 2 mL of distilled water and 150 µl of 5 % sodium nitrate. After 6 min, 150 µl of 10% aluminum
chloride and 2mL of 1 M sodium hydroxide were
added and left at room temperature for 15 min. Absorbance of the mixtures were measured at 510 nm.
Rutin was used as a standard to determine flavonoid
contents of grape seed extracts. 

 99(? DPPH assay was performed as
described previously [16]. Briefly, 1 ml of sample
were added to 4 mL of 0.01 mM DPPH (dissolved in


!"$#""$""

4:05>0+(4:!,9;2:9#5:(2 /,452(4+#5:(2
2(<5450+ 54:,4: The total phenolic contents
(TPC) and total flavonoid contents (TFC) for all
studied cultivars, quantified as gallic acid equivalent
and rutin respectively, were presented in Table 1.
Total phenlic contents ranged between 2,40 and 7,92
mg. The highest TPC value was obtained from Y.
Karçin extract, while the lowest value was detected
in Karçin extract. Additionally, among all analyzed
cultivars the highest value of TFC was quantified in
Y. Karçin-Sorani extract, whereas the lowest TFC
was found in Kuskeh extract. There was a significance different at p < 0.01 between all samples for
total phenolics and flavonoid contents.
Our findings are in accordance with those reported studies on antioxidant activity of different
pear cultivars [18, 19], but incongruent with the re-
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idant evaluation protocol requires to carry out different antioxidant activity assessments to consider several mechanisms of antioxidant action [20, 27]. For
example, Soxhlet method using chloroform: methanol (4:1) ratio was found as the best extraction
method for extraction efficiency of antioxidant compounds from    fruit peel extracts [1].

sults of previously reported studies [20-23]. The degree of anthocyanins, flavanones, flavonols and hydroxycinnamic derivatives notified were generally
between the ranges expected from a variety of literature data for certain fruit and vegetables, in spite of
a direct comparison was often difficult owing to various methods, variety of material used and the unit in
which the results were presented [22, 24, 25]
The amount of phenolic content of fruit samples varies depending on the type and maturity degree. The phenolics content is generally higher in unmatured plants. For example fruit maturity is one of
the main reason which effect the phenolic content of
fruits. The amount of phenolic content had the maximum values during the first period of fruit development. [26]. Yim and Nam (2015) reported total phenolic contents of five unripe pear cultivars which
were ranged between 255 + 2.64 to 367 + 9.78
mg/100g fresh weight. Comparatively, Zhang et al.
(2006) were found mature pear cultivars had 1.7-3.2
times higher content than immature pear cultivars.

  99(? The DPPH radical scavenging
activity of pear peel extracts were performed using
Trolox as positive control. Accordingly, DPPH free
radical scavenging activity were ranged from 78,
37% to 27,59 %. The highest DPPH scavenging activity was quantified for Y. Karçin followed by
Kulindi extracts. These findings are consistent with
previously reported studies [18, 19], but inconsistent
with previously reported study by Dwivedi et al.
(2014).

# 
8,,8(+0*(29*(<,4.04.(*:0<0:?5-+0--,8,4:6,(8
*;2:0<(89(:-5;8+0--,8,4:*54*,4:8(:0549)?
 8,+;*:054
Genotype
Alisor
Bihecbi
Binderi
Geboli
Havinek
Hazirani
Karçin
Kulindi
Kuskeh
Resoki
Sorani
Şiti
Tomani
Y. Karçin
Y. Karçin-Sorani

52,*;2(8 /?25.,4?5- ,(8,45:?6,9$9
04. :/, /258562(9: #84  ",7;,4*,9
Chloroplast DNA (cpDNA) is a useful source for inferring the interspecific relationship between plant
taxon. In order to study the genetic relationship of
the interspecific genotypes, between trnL (UAA)
3'exon and trnF (GAA), gene is known quite informative [28, 29]. Within this study, a molecular
phylogenetic analysis of fifteen genotypes consumed
mostly in Turkey were performed by using trnL-F
cpDNA sequences. trnL-F cpDNA sequences usually are used for molecular classification plant cultivas, genotypes, species and interspecies analyses
[29]. In our study, ML and NJ phylogenetic analysis
of trnL-F were performed almost same profile but
Phylogenetic three with      subsp.
chinensis out group based on NJ analysis was presented here (Figure 1). Based on NJ tree, genotypes
comprised of six main clades with robust bootstrap
value. The widest of these three clades comprised the
Hazirani, Kuskeh, Karcin, Sorani genotypes. The second clade
comprised of Y. Karcin, Bihecbi, Binderi genotypes.
Alisori and Y. Karcin Sorani genotypes created two
separate clade on their own (Figure 1). Especially TP
content of Y. Karcin Sorani was exhibited a relatively different profile (Table 1). So genetic relationships of pear genotypes based on trnL-Fregion were
estimated quite effective. There were many phylogenetic studies that found to be trnL-F cpDNA region
was quite effective for separating the plant genotypes [29-31]. In the current study, polymorphism of

# 
#5:(26/,4520*(4+-2(<5450+*54:,4:5-+0--,8,4:
6,(8*;2:0<(89
Pear Cultivars
Alisor
Biheçbi
Binderi
Geboli
Havinek
Hazirani
Karçin
Kulindi
Kuskeh
Resoki
Sorani
Şiti
Tomani
Y. Karçin
Y.Karçin Sorani

TPC
(mg GAE/g)
4,82±0,78c
2,90±0,48ef
2,49±0,30f
3,75±0,40de
3,39±0,16ef
2,60±0,30f
2,40±0,15f
3,35±0,34ef
2,48±1,04f
7,43±1,16a
3,76±0,23de
4,62±0,06cd
2,80±061ef
7,92±0,16a
5,87±0,13b

5 mg/mL
75,24
72,10
52,35
72,10
68,65
38,24
34,80
61,13
27,59
74,92
72,73
75,24
34,48
78,37
67,78

TFC
(mg RE/g)
4,34±0,18cd
3,89±0,09ef
3,60±0,26fg
3,61±0,23fg
3,96±0,13e
3,92±0,23ef
3,69±0,17efg
3,75±0,17efg
3,50±0,22g
4,25±0,17d
4,61±0,15bc
3,62±0,44fg
4,89±0,1b
4,50±0cd
5,47±0,17a

TPC – total phenolic content; TFC – total flavonoid
content; GAE – gallic acid equivalents;
RE – rutin equivalent.
The antioxidant activities of samples might be
affected by various factors, such as testing system,
and could not be completely explained by one single
method. Moreover, many natural antioxidants are
multifunctional. Hence, a reliable and robust antiox-
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Engineering nanoparticles (ENP) are increasingly getting into people's lives. Nanoparticles(NPS)
are likely to enter soil components due to the release
of particulate matter containing NP products. This
paper summarizes the characteristics of heavy metals in soil. And systematically describes the ways in
which nanoparticles enter the soil, the methods of
migration and transformation in the soil, and the important factors influencing their migration in the soil.
In the environment, the characteristics of soil (such
as pH, soil type, organic matter content and test environment, etc.) and NPS (such as size, shape, surface charge, concentration, etc.) affect physical and
chemical processes, which affect their migration and
transformation. The migration behavior of NPS in
soil has a great influence on the animals, plants and
microorganisms. In the context of current research,
comparing the relevant literature is a very challenging task, and the reporting data of the relevant features are inadequate, which makes it difficult to describe the differences observed in the study results.



levels of emissions, wide sources of influence, environmental impact, their potential fate, and because
of their own new and favorable features of ENP. The
NPS has a lot of research, especially for Ag2O,
CeO2, CuO and other NPS. For the above research,
most of them are based on the experiment or hydroponic environment. The research in natural soil is
very insufficient due to the soil is a very complex
porous media. People usually use some glass beads,
quartz sand and other porous media instead of soil to
provide nanomaterials’ migration mechanism. The
interaction in natural soils is often overlooked when
it is evaluated for the fate and bioavailability of engineering nanomaterials in the soil. It is generally inconsistent or just the opposite of the results in natural
soils [4-6]. The natural soil environment is variable
and difficult to control. Its soil properties, animals,
plants and microbial diversity, NPS characteristics in
the environment is dynamic, which is important considerations of the NPS research design and interpretation [7]. Therefore, this paper systematically expounded the migration behavior, transformation
mechanism and the factors influencing the above
properties of artificial NPS in natural soil.

(' "#
ENP, soil, migration, transformation, influencing factors
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Nanoparticles (NPS) refers to tiny objects with
particle diameters ranging from 1 to 100 nm, and engineering nanoparticles (ENP) are defined as particles of less than 100 nm in at least two dimensions
[1]. They are divided into many classes according to
their physical and chemical properties, including
metal nanoparticles [2]. They are widely used in
fuels, victims, polishes, pigments, cosmetics, fertilizer coating and so on. A lot of them were discharged into the environment. NPS will certainly
change in soil transport because of the complex matrix environment and physical and chemical conditions in the soil [3]. They may be caused by conscious or unintentional emissions due to their high

NPS can enter the soil with many pathways
(Figure 1), it diffused from the point or surface
source and it is adsorbed into the soil particles or directly coated on their surfaces. ENP can be used as a
fertilizer and pesticides. For example, Zn O-NPS are
proposed as an effective zinc fertilizer to alleviate
zinc deficiency in the soil for the remediation of contaminated soil and accidental release. The exposure
of ENP to the soil is direct and leakage from
wastewater treatment sites may also affect ENP
emissions, which are known as initial accumulation
of soil [8, 9]. Although some human activities are released into the environment by the biocrats and the
NPS is accidental or unintentional. Sometimes the
released NPS is designed for site repair or other technical problems, for example, people use zero-valent
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iron NPS to repair the pollution of hydrocarbons
[10].
The migration of NPS in the soil have three
ways which are described as below. Proteins, colloids, dissolved organic matter and so on are widely
present in the pore solution between the soils. These
special physical and chemical environments promote
the mutual aggregation between ENPS, called clustering [11]. This is especially true due to the smaller
particle size of ENP, and this aggregation process is
more pronounced when the concentration of ENP is
high. This process has been confirmed by most
scholars [12].
When there are different ENPS in the environment, heterogeneous aggregation is more likely to
occur. Homogeneous aggregation is easier to find in
the laboratory. However, in the actual soil environment, the heterogeneity of ENP has the greatest
probability of occurrence, which is one of the most
important modes of migration in soil [13-15]. Most
scholars support this presupposition [16]. In general,
homogeneous and heterogeneous aggregation will
make ENP easier to fix, but because the particle size
barrier effect will also make the opposite result [17],
Hydutsky et al. [18] also proved that the shielding
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effect of the charge will also improve the matrix
ENP mobility.
Deposition refers to the fact that ENP is deposited on the soil particles by Brown diffusion or by
direct blocking or sedimentation of gravity. Because
the size of the ENP itself is very small, it can occur
Brown spread. The medium pore will obstruct the
movement of the ENP to produce a second deposit,
and when the ENPS gather together, the third deposition occurs [19]. In general, the charge between the
particles has a great effect on this process, and the
larger surface area caused by nanoparticles’ smaller
diameter will accelerate the rate of this process. Deposition is more likely to occur on small particles
mainly because of the surface charge between them
[14]. Colloids or aggregates are generally transported from small holes to large holes, and for this
movement people have not yet found a reasonable
reason, the most likely mechanism is the size of the
excluded [14]. For example, because most of the soil
voids are large holes, this process is more likely to
occur. So the role of particles and soil (such as electrostatic interaction) is an important factor affecting
the migration and transformation of NPS.
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Many scholars have studied the migration
mechanism of NPS in soil. In general, the emission
of particulate matter at the target point can not be the
original form of emissions due to a series of physical
and chemical conditions, so in the study of migration
and transformation of NPS we must consider these
factors [20]. Borm P et al. noted that Dissolution is
the process of particle surface permeation of soluble
particles [21]. People often study the dissolution,
may be smaller diameter of nanoparticles, resulting
in the acceleration of this process. And in some studies, it has been found that the dissolution is a major
contributor to ENP toxicity, which has been
achieved by Ag2O and Zn O ENP [22-24]. In addition to the size of the impact of dissolved, soil matrix
in the more organic matter, the process will be more
exacerbated. Another process of opposition to ENP
is accumulation, and if these ENPS can not be
leached from the soil, they may accumulate. As a result of certain changes in the soil environment, Ag
NPS will be converted into Ag2S, which contributed
to the accumulation. Lombi E et al. have found that
Zn in most soils is associated with iron oxides during
the aging of sludge containing ZnO or ZnS, and the
convertionis involved in the process of dissolution
and accumulation [25]. ENP (including coating) in
the soil will change over time. ENP will degrade and
oxidation will exacerbate this degradation. In general, ENPS with a coating are more likely to be fixed
by the substrate, and in the case of dissolved organic
matter, the situation may be just the opposite [26].
Soil animals, plants, microbes and so on have also
had a significant effect on the migration and transformation of ENP because they secrete some of the
chemicals that affect ENP. Studies have shown that
ZnO ENP introduced into the soil as fertilizers can
be rapidly converted into available elements that can
be used by plants, so it can be a convenient and practical substitute for Zn fertilizers.
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contact area is greater, the animal adsorption of ENP
will be more. The second way is endocytosis, which
means that NPS is wrapped by biofilm into the body,
and this process is most likely to occur when the diameter of the NPS is moderate [29]. When the shape
develops toward to longer, the process is more difficult to occur [30, 31]. ENP may be detrimental to the
biochemical environment in animals, which may be
the primary mode of ingestion of ENP into animals
[32]. However, it should be noted that the intake generally occurs only at low concentrations of ENP.

..-+;: 6. !# 65 !3)5;: The ENPS of soil
species can enter plants in some way, and the plant's
multi-cell wall affects the transformation process.
Whiteside M D et al. have shown that ENP uptake
may also be associated with specific ingestion of mycorrhizal and fungi [33]. The smaller ENP penetrates
into plant cells at a faster rate of adsorption [34].
Certain NPSs such as ZnO NPS can penetrate cells
by making holes [35]. ENP enters the plant and can
move freely in the cytoplasm. In addition, ENP can
be strongly adsorbed to the roots, so that even if it is
not really absorbed by the particles can also play a
role. However, most experiments are done in a hydroponic substrate, which may be less than the fixed
effect in the soil, since the diameter of ENPS is small
and they can be transformed into maize for transformation and migration [36]. Lijuan Zhao et al. [37]
elaborated the mixed contamination of Zn O ENP
with alginate in the soil can accelerate the accumulation of Zn in plants. The nanoparticles may enter
the food chain through the soil and enter the edible
part of the plant, which poses a potential threat to
human health [38].] HAO Yi et al. [39] have shown
that thin-walled carbon nanotubes (CNTs) are also
harmful to plants, CNT reduces the release of endogenous plant hormones, and can lead to a reduction in
nitrogen assimilation. The combined effect of carbon
dioxide and NP also affects crop growth and development. Most of the NPS in the seedlings exposed to
NP were clustered on the root surface, which reduced the hydraulic conductivity and water use efficiency of the seedlings and inhibited plant development. Under elevated carbon dioxide conditions, the
abscisic acid content increases with increasing TiO2
NPS concentration [40]. Si O 2 nanoparticles significantly reduce plant height, shoot and root biomass;
Si O 2 nanoparticles also affect the contents of Cu,
Mg and Na in transgenic cotton roots [41].

!$# 
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..-+;: 65 :613 15=-9;-*9);-: Some scholars
have studied the large intake of nanoparticles particularly in mammalian cells. This can not be applied
directly to soil invertebrates because of the inconsistent structure of invertebrates and the inconsistencies in the above studies [27]. For example, p H is
very low in the mammalian stomach compared to the
reported pH of the animals and earthworms [28].
However, there is little research on the ENP mechanism of invertebrates in the soil, and we can draw
from the mammalian absorption mechanism of nanoparticles and discuss the nature of particles that
make ENP more or less ingested. The passive, nonspecific transport mechanism of ENP in the intestine
is diffusion or absorption. In general, when the diameter is smaller, the fat solubility is greater, the

..-+;: 6. !# 65 #613 1+9669/)51:4 Exposure to ENP bacterial cell walls can be detrimental
and may damage some of their essential ingredients,
followed by ENP invasion [42]. Positive and negative charge, fat solubility and other differences will
lead to different effects on cells. In general, positively charged, fat-soluble particles have the greatest
affinity for cell membranes. Plant rhizosphere has a

592

#"

  $  





special physical and chemical environment, the accumulation of ENP, but this requires ENP has a specific coating [33]. In addition, large pores in the soil
can provide a good environment for particle size removal mechanisms [43]. NPS is widely used in all
ways of life, it is easy to enter the soil environment
on the soil adversely affected, such as Cu NPS is an
environment unfriendly emissions, generally unintentionally released. However, SiO2 NPS is environmentally friendly and is widespread in the natural environment. Niraj Kumar, et al. [44] suspect that once
NP enters the soil, any toxicity may be alleviated.
The bioavailability can be defined as the available
portion of the cell membrane of the crossed organism
in the medium that survives the organism at a given
time. In soil, bioavailability is a complex result of the
interaction between contaminants and soil components and can be strongly influenced by activities of
organisms such as eating or digging.
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particles may also affect the solubility, morphology
and diffusion of zinc in the soil. Neutral and alkaline
pH can reduce the solubility of ZnONPS. The acidic
pH can promote the dissolution of ZnO into zinc
ions. The high pH buffering force of alkaline calcium soil can limit the dissolution and diffusion of
ZnONPS around urea particles. In addition, it is possible to rapidly precipitate the phosphate dissolved
from the urea particles and release the zinc ions to
reduce the precipitation.
In general, most of the outer layer of particles
have an opposite charge of the positive charge, so the
higher the PH, nanoparticles have a stronger athletic
ability. NPS applied as a specific fertilizer in the soil
have a certain commercial coating or are encapsulated by organic matter present in the soil. However,
it has been found that other influencing factors such
as anions in the soil can also enhance ENP's ability
to move and reduce aggregation [47].

 #613;-?;<9- ENP retention rates usually increase with increasing soil texture viscosity (Figure
1). Clay particles generally refers to kaolinite, montmorillonite and other combinations of a large sticky
particles. The nature and polarity of their outer layers
are greatly influenced by the pH [48]. The main negative charge of ENP is complementary to clay, especially when the pH is lower than the isoelectric point
of granular clay minerals, which results in inhibition
of ENP mobility in microstructure soils [49]. As
mentioned above, heterogeneous aggregation of
ENP occurs in natural soils, which makes the volume
of ENP larger and increases their fixation and sedimentation capacity. Thus, the bioavailability of ENP
may be lower than that Shoults-Wilson et al. obserded. They found that the mobility of Ag in sandy
soils was greater due to the larger amount of particles
and cation exchange in the clay [50]. Although the
particle size affects migration and bioavailability,
the content of soil clay particles is greater [50]. It
was observed that the accumulation of Ag in earthworms grown in sandy soils increased significantly
compared to the experimental soils. This is because
the pH and organic matter content in the sand are significantly reduced compared to the artificial soil, so
that more Ag can be bioavailable. In addition, sand
can reduce the damage to earthworms by Ag NPS
compared to artificial soils [51]. All types of Ag are
easier to move in mineral soil than in organic soils
[52].


$ "#$
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#6137967-9;1-:The soil properties determine
all the responses to the morphology and mobility of
ENP in the soil, although the broad chemical environment of natural soils may affect mobility, species
formation and bioavailability in different forms. In
this study, the effects of soil-related physical and
chemical properties on the migration and transformation of ENP were evaluated in this paper. The results were compared with those in the soil matrix and
in the fluid matrix. The migration and transformation
of ZnO in low ionic strength media in real soil and
in experimental porous media will have different results. The intercept rate of CeO2 NPS in soil due to
clogging is higher than that of quartz sand.

 !PH can affect the migration and transformation of ENPS in soil by influencing the charge
attached to the surface of soil particles. The rate of
aggregation of particles increases as the pH becomes
closer to the isoelectric point (Figure 1), because this
situation will make the exclusion between them less
and thus easier to gather into groups [45]. Narges
Milaniet al. [46] studied the fate of ZnONPS coated
on a large number of nutrient fertilizers in alkaline
calcareous soils. ZnONPS was heavily administered
as zinc fertilizer, mainly because of its greater bioreactivity. All treated coated fertilizers Of zinc is present on the coated fertilizer particles or near the point
of application. The diffusion of zinc from the coated
fertilizer is inhibited, resulting in this limited diffusion. It is due to the high pH around the fertilizer particles, which reduces the concentration of zinc dissolved or released ZnONPS around the particle or
application point, so that the important parameter
that limits zinc to plant availability in alkaline calcareous soil is high pH. The acidity of the fertilizer

  ,1::63=-,69/)51+4);;-9. The soil
contains a large amount of organic matter, and the
solution present between the soil voids is called soluble organic matter (DOM). Organic matter content
is a very sensitive indicator for agricultural practice,
and it has a significant impact on the transport and
conversion of nanoparticles [53]. As mentioned
above, the outer layer of organic matter in the soil
has a charge opposite to that of the positive charge,
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and the DOM is also a kind of organic matter, which
promotes the kinetic capacity of ENP in the soil
[54,55]. Compared to the negatively charged ENP
surface, the adsorption of the positive charge ENP
by the DOM is easy and the negatively charged
DOM is more strongly adsorbed. However, when PH
is low, this process is unlikely to occur [56]. The
more DOM in the soil, ENP surface is more likely to
accumulate DOM, which may be due to the DOM
alternative or cover up the original ENP object.
Since the DOM is generally negatively charged, the
pH of the ENP surface is further reduced. Thereby
promoting the mobility of ENP, inhibiting heterogeneous aggregation in the soil and so on (Figure 1).
Similarly, certain anions (such as phosphates) and
certain cations (such as calcium ions) will have the
same or opposite effect on DOM in the soil. DOM
containing a large number of aromatic groups can
also increase ENP's adsorption stability to them.
When the outer wrapping of ENP is fat-soluble, both
biotoxicity and bioavailability are increased [57]. Ag
oxidation in the soil containing DOM is reduced.
The migration of Cu NPS in the soil containing
DOM increased [58].

 ?76:<9-)5,;-:;-5=19654-5;Soil is a
kind of material that can grow plants and have fertility. They contain a lot of organic matter, minerals,
air, moisture, animals, plants, microorganisms and
so on. Lee argues that exposure to the environment
greatly influences the migration and transformation
of NPS in the soil and some physical and chemical
properties, indicating that understanding the nature
of NPS in soils is necessary to understand the effect
of NPS on terrestrial plants [59]. The same NPS has
different properties in different exposures, which is
most likely due to differences in exposure pathways,
experimental materials, such as increased Ce content
in the roots as the external Ce02 NPS concentration
increases. The cerium concentration of lettuce and
shoots in the soil is lower than that of agar medium
or hydroponic culture medium. The biotransformation of Ce0NPS determines the ultimate fate and
toxicity of the nano-ions produced in the organism.
Ce in the roots is Ce3 + and Ce4 + Of the mixed oxidation state. All types of Ag are easier to move in
mineral soil than in organic-rich soils, although in
both cases NOM adsorption on the surface of natural
colloid and engineering nanomaterials (ENP) affects
its surface properties, fate and transport.
A high concentration of ENP can only be detected in the environment when a large amount of
nanoparticle is leaking or when a large amount of nanometer fertilizer or formulation is applied [47].
However, relatively high ENP concentrations are
mainly studied in ecologically independent economic studies. In general, low concentrations of
ENP are more prone to homogeneous aggregation.
In the high concentration of heterogeneous aggregation and precipitation occurred. For example, the
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more the number of ENP particles, the more prone
to deposition, mainly due to increased particle concentration will lead to increased collision efficiency,
thereby increasing the diameter of ENP aggregates,
resulting in increased deposition efficiency [60].
These series of effects may mask the correlation between concentration and effect, so it should be noted
in later studies.

  ;0-9: 147<91;1-: 73)5; 966;: 901A6
:70-9--;+For example, Hassan et al. [61] shows
that beans produce more biomass in a given arable
land than other crops. Similarly, we can speculate
that some of the transformation mechanisms of NPS
are also closely related to plant species.

!#<518<-7967-9;1-:NPS's own characteristics, such as size, aging, shape and coating size,
surface charge, etc. will affect its migration in the
soil transformation.

 #1A-In most studies, it has been confirmed
that the smaller the NPS, the greater its mobility [7].
Because the smaller diameter particles have a greater
specific surface area. The increase in reaction rate is
most correlated with the specific surface area of Al.
When the particle size decreases from micrometers
to nanometers, the specific surface area of Al increases by three orders of magnitude. The transport
of Al-NPS is inversely proportional to the size of the
agglomerated particles. The larger the particle size
is, the easier it is to deposit, so people will use
smaller granular fertilizers to prevent the fertilizer
from being deposited before the application reaches
the point of action. Such as ZnONPS is a common
means of providing zinc demand. The grain size zinc
fertilizer has a large specific surface area and a high
reactivity. ZO NPS can improve the efficiency of
zinc fertilizer and reduce the amount and frequency
of zinc fertilizer application [62]. Nanomaterials can
be used to produce more soluble and dispersible zinc
source fertilizers.
 /15/,-/9--The properties of NPS will
gradually change with the aging time, Peng Wang
and other results show that the soil CeO2NPS for 7
months of their morphology is not much difference
in the impact. But the concentration of Ce3 + in the
soil is increasing. Ce3 + is the main source of cerium
directly used in plants [63], so this will enhance the
bioavailability of plants. CeO2NPS can release Ce3
+, Ce3 + release will increase with the aging process.
The increase in Ce3 + in the aged soil may be due to
Ce oxidation in CeO2NPS and Ce 4+. Most of the
above changes in CeO2 NPS are dependent on the
environment and time. The soil contains a large
amount of ferrous ions, which can adhere to the surface of NPS, making Ce4 + reduced to Ce3 +. On the
other hand, Ce3 + with the aging process, they can
dissolve in the soil solution or the formation of soil
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organic matter part, so Ce3 + concentration decreased, which will drive the reduction process, Ce4
+ to form more Ce3 +. In general, the aging process
significantly increased the concentration of Ce3 +,
thereby increasing the bioavailability of plants for its
use.
It has also been reported that the increase in the
bioavailability of AgNPS in the soil is due to the continued diffusion of anions in NPS, and the bioavailability of AgNPS in soils to earthworms is also different during aging [12]. The bioavailability of various metal ions dissolved in the soil varies with time
due to various physical and chemical conditions.
NPS will evolve over time and may also react with
organic matter in the soil as well as certain anions
(eg, phosphate, S2-, Ca2 +, etc.). As with CeO2NPS
described above, bio-accessible Ag increases with
AgNPS aging over time.
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tions (1000 and 2000 mg / kg, respectively) decreased by 16.5% and 25.8% when using CeO2 nanoparticles to raise lettuce, indicating that they reduced the biomass of lettuce. And increased the nitrate content of lettuce buds. This is harmful to human health [65].

 #<9.)+-+0)9/-When the surface charge
of NPS is the same as that of soil matrix, the particles
are easy to migrate and transport. And when the surface charge polarity between them is the opposite,
the NPS is easily fixed in the soil to become precipitates or aggregates. When NPS is not charged, they
may also interact with each other, but this effect will
be much lower than the force between the first two
cases [66].

 ;0-9:The flow rate of soil solute in NPS
also affects its migration and transformation to a certain extent, and the migration of NPS is very low
when their flow rate is low [67]. It has been found
that flow rates not only affect the deposition, immobilization and migration of Cu O NPS in the soil, but
also affect their accumulation in porous media [58].
the biological accessibility of the nanomaterials
themselves, such as fullerenes (C60), is the most
promising medical application for drug delivery
agents Of carbon nanomaterials, in the physiological
medium can be directly penetrate the cell membrane,
C60 and the membrane has a strong interaction [68].
Cu O NPS induce the cytotoxicity of CHSE-214
cells by mediation of oxidative stress [69]. Crop species also affect the migration and transformation of
nanoparticles. Li et al. Studied the effect of Ce
O2NPS on the uptake of nutrient elements in transgenic and non-transgenic cotton. It was found that
the content of most of the nutrient elements (Fe, Ca,
Mg, Zn and Na) in Bt transgenic cotton was lower
than that of parent non-transgenic cotton. In addition, the root adsorption of Bt29317 transgenic cotton to Ce O2NPS is more than that of non-transgene.
This suggests that the sensitivity of different types of
cotton to the same nanoparticle is very different [70].
Similarly, CuO NPS has a negative effect on the
growth and development of plants (e.g. cotton), and
the growth of cotton roots and shoots is significantly
blocked when its concentration is too high [71]. The
results of Alexandre Konate et al. Show that the addition of magnetic (Fe3O4) nanoparticles to the soil
can promote the growth of wheat roots, reduce the
stress of heavy metals and reduce the toxicity of
heavy metals [72].

 #<9.)+-+6);15/ The application of MAP
particles with NPS or large particle size ZnO to convert all of the applied ZnO to the ammonium phosphate material limits the expected Zn solubility and
diffusion of Zn ONPS in the soil [64]. Compared
with the MAP coating, the ZnO coating on the urea
particles reduces the solubility of Zn. And in terms
of dissolution, there is no or only a small difference
between large particles of ZnO and ZnONPS.
  !# +65+-5;9);165 When the concentration of AgNPS is not low, the organic matter will
have certain stability. The soil solution will inhibit
the release of Ag ions. As mentioned above, it can
be seen that the increase of NPS concentration can
increase the collision efficiency. At a relatively high
AgNPS concentration. NPS will collide with each
other, causing particles to adhere to the DOM, forming larger aggregates. At smaller AgNPS concentrations, the likelihood of particle collisions is also reduced. When the CeO2NPS concentration is too
high, it will significantly inhibit the root and stem
dry weight growth. High concentrations of
CeO2NPS are phytotoxic to plants, and low concentrations of rare earth element Ce are beneficial for
crop growth and yield. CeO2NPS will significantly
increase the nitrate content, that is, the increase in the
application of nitrogen fertilizer is conducive to crop
growth and development, but too high concentrations of CeO2NPS will produce excessive nitrate and
thus plant growth and human health are not conducive. CeO2NPS is not conducive to the production
of sugar (sugar is a nutrient), which can be attributed
to the high sensitivity of Ce02NPS biotransformation to the release of Ce3 + ions. But there are exceptions: when a large number of raw NP is directly
applied to the soil, ZnO-NPS will quickly be converted into plant zinc nutrients available. And they
have a positive impact on the plant. Peng Zhang et
al. Found that chlorophyll content at high concentra-

5;-9)+;165*-;>--5:613)5,!#Engineering nanoparticles (ENP) are abundantly present in
natural soils. When studying their migration and
transformation in the soil, the interaction between
ENPS and soil can not be ignored. Examples of interaction between soil and metal contaminants: adsorption and precipitation, which can fix metal ions
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by reducing the solubility of the metal compound. In
general, the adsorption is divided into the following:
the inner surface of the silica caused by the complex,
the surface complexation, and the use of ions (or the
use of layers) caused by adsorption. Among them,
the first two kinds of adsorption are called specific
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Since most of the NPS released into the environment is detrimental, the control of migration and
transformation of NPS in the soil is the main starting
point for people to study this work. In summary, we
can start from the ENP into the soil approach, to take
some engineering measures to cut off the transmission. Some methods can also be used to improve
some of the physical and chemical properties of the
soil, which will minimize the impact of ENP on the
soil environment. In addition, the characteristics of
NPS itself is an important aspect which can not be
ignored. It is an important way to control it from the
source of governance, such as human control of the
size of NPS particle size, surface charge, and control
its emission concentration. In this paper, we elaborate the law of migration and transformation of ENP
in soil, and hope that it can provide reference for
people in the process of controlling it. We think that
NPS' impact on the environment will be minimized
when people focus more on the source or diffusion
path of NPS, or when it is better used in some cases.
In general, NPS will bring environmental and ecological benefits of a win-win situation. If used improperly, it will cause a very serious environmental
impact, making more harm than good.
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is to investigate primary physical and biochemical
composition of mountain spring water to improve
better management and use of it.

The paper studied the quality of mountain
spring water in Fuling, Chongqing in Southwestern
China. We found 6 points with mountain spring
water in Fuling and took samples. The investigation
of mountain spring water quality was to explore one
or more preferential mountain spring water points
for drinking use and it was beneficial for environment management. The physical and biochemical
composition of samples was measured by ion
chromatography, AAS and AFS. The results
demonstrated that the physical quality of mountain
spring water we found was quite ideal and Total
hardness was generally higher if pH was higher.
The toxicological quality of mountain spring water
we found was alsosuitable for drinking use except
4# point. The contents of Fecal coliform and Total
bacterial count of all samples were quite high leading to unsatisfactory biochemical indicator. We
found that the mountain spring water at 3# point
was worth studying further for drinking use.

%#$% $
The study area is mountainous terrain with
mass vegetation lying in Southwestern China (Fig.
1). Spring water samples were taken at six points
(1#:107°22′E29°41′N/612m;2#:107°22′E29°41′N/5
35m;3#:107°22′E29°41′N/533m;4#:107°27′E29°37′
N/194m;5#:107°25′E29°40′N/333m;6#:107°23′E29
°43′N/468m) in Fuling. There were 3 water samples
at each point and samples were collected following
standard procedures in high density polyethylene
bottles [10]. The physical and biochemical
composition of samples was measured. LAS of the
water samples was analyzed by ion chromatography
and elements of the water samples were analyzed
by AAS (atomic absorption spectrometry) and AFS
(atomic fluorescence spectrometry).
#$&%$$&$$ 

Table 1 presents the descriptive statistical
compositions of the mountain spring water samples.
The range of pH and Total hardness is 4.77 to 8.18
and 40 to 300mg/L, respectively. Total hardness is
generally higher if pH is higher, but the linear correlation between Total hardness and pH isn’t perfect (Fig. 2). The DS, Chromaticity, Odour, COD,
BOD5, Volatile Phenol, Fecal coliform and Total
bacterial count of samples at 6# are more detrimental to drinking use comparing to other five
sampling points. The contents of Hg and As of
samples at 4# are both higher than Chinese
Groundwater Drinking Standard (GB, 1993). Hg
and As should be removed for use. So 4# mountain
spring water isn’t suitable for drinking. The contents of heavy metals in other samples (1#, 2#, 3#,
5#) are little. The contents of heavy metals are
lower than some other spring water [11, 12]. Although the contents of Fecal coliform and Total

*( #$
mountain spring water quality, environment management,
groundwater quality evaluation model

%# &% 
Water is source of life and lifeblood of
economy [1]. With the continuous development of
industry, water pollution becomes more serious and
the utilization rate of water resources is also
decreasing [2-6]. Currently it’s very important to
make rational use of all kinds of water resources.
According to some reports, springs can play a vital
role in supporting the lives of people in many
places [7-9]. So mountain spring water quality is
quite important if people use it for drinking. Fuling,
a mountainous region, is in the center of the Three
Gorges Reservoir Area, Chongqing municipality
from China. There are lots of mountain springs in
Fuling, but the study about the quality of mountain
spring water in Fuling is few. The aim of our study
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water is lower than Chinese Groundwater Drinking
Standard [13]. Therefore 2# and 3# mountain spring
water is preferential choice for drinking.

bacterial count of all samples are higher than Chinese Groundwater Drinking Standard [13], it’s not a
great factor because mountain water is sterilized
before using. pH of 1# and 5# mountain spring
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Variable

1#

2#



Mean

pH
SS (g/L)
DS (g/L)
F-(mg/L)
Cl- (mg/L)
SO42- (mg/L)
NO3-N(mg/L)
NH4+-N(mg/L)
COD(mg/L)
BOD5(mg/L)
LAS (mg/L)
TCN-(μg/L)
Hg (μg/L)
As (μg/L)
Zn (μg/L)
Mn (μg/L)
Cr (μg/L)
Cu (μg/L)
Fe (μg/L)
Pb (μg/L)
Cd (μg/L)
Ni (μg/L)
Volatile Phenol
(μg/L)
Chromaticity
(times)
Turbidity (degree)
Total hardness
(mg/L)
Odour
Fecal coliform
(mL-1)
Total bacterial
count (mL-1)

5.01
4.56
0.30
0.382
6.55
97.20
8.61
0.37
11.00
1.10
/
/
/
/
0.10
0.63
/
/
/
/
/
/

St
dev
0.01
2.75
0.24
0.02
1.20
0
0.58
0.01
2.33
0.80
/
/
/
/
0
0.01
/
/
/
/
/
/

0.90

3#

7.46
8.38
0.28
0.935
4.30
90.60
12.80
1.14
/
0.60
/
/
/
/
/
/
/
/
/
/
/
/

St
dev
0.03
4.37
0.07
0.10
0.55
0.58
10.00
0
/
0.01
/
/
/
/
/
/
/
/
/
/
/
/

0.20

0.90

5

0

6
80.00

4#

7.51
9.39
0.20
0.520
6.60
91.80
8.10
0.21
/
0.70
/
/
0.34
/
/
/
/
/
/
/
/
/

St
dev
0.01
4.95
0.09
0.07
0.27
4.23
2.34
0.01
/
0
/
/
0.01
/
/
/
/
/
/
/
/
/

0.10

0.80

2

0

0

3

1.56

120.00

Mean

5#

8.18
1.53
0.33
0.706
6.19
70.00
7.70
0.31
/
0.60
/
/
1.82
1.40
/
/
/
/
/
/
/
/

St
dev
0
0.64
0.11
0.13
0.01
2.11
0.02
0.05
/
0
/
/
0.52
0
/
/
/
/
/
/
/
/

0.01

1.00

2

0

0

3

10.02

120.00

Mean

6#

4.77
1.18
0.01
0.600
2.17
41.00
4.41
0.12
/
0.90
/
/
0.07
/
0.06
0.11
/
/
/
/
/
/

St
dev
0.07
0.64
0.01
0.09
0
1.07
0.01
0.11
/
0.03
/
/
0
/
0
0.01
/
/
/
/
/
/

0.01

1.20

2

0

0

3

1.08

300.00

Mean

7.97
0.05
0.36
1.204
31.01
88.80
6.60
0.83
44.00
16.50
/
/
/
/
/
/
/
/
/
/
/
/

St
dev
0.04
0.04
0.10
0.01
0.91
0.63
0
0.04
5.76
1.15
/
/
/
/
/
/
/
/
/
/
/
/

0.50

1.50

0.27

2

0

10

0

0

3

0

6

0

0.90

40.00

23.44

160.00

2.87

Mean

Mean

no

fainter

fainter

faint

fainter

obvious

<0.2

2.3

1.7

0.8

0.8

≥240

21

14

3.7

40

27

196
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Indicator

Physical
indicator

Biochemical
indicator

Toxicological
indicator

Chromaticity
Odour
Turbidity
DS
Total hardness
pH
ClNH4+-N
NO3-N
SO42FTotal bacterial
toxic inorganics
toxic organics

Weight (W)
0.25
0.25
0.25
0.25
1/4 of the
average value
of each
individual
index, 3/4 of
maximum value
of each
individual index
100% of
maximum value
of each
individual index

Formula of each indicator

Formula of
comprehensive
evaluation
indicator

k1

Q1 = ∑ WjYj (i1 )
i1 =1



1 1 k2
3 k2
3
Q = ( ∑ Yj (i 2 )) + Max(Yj (i 2 )) Q = Max(Q )
i
2 4 k i =1
4 i2 =1
i =1

2 2

k3

Q3 = Max(Yj (i3 ))
i3 =1



j is the environmental samples; i is evaluation indicator; k1, k2 and k3 are the number of physical, biochemical
and toxicological indicators.

I2=40, I3=60, I4=80, I5=100); Xh(i) and X(h-1)(i) are
According to some studies [14, 15], we use a
standard concentration of indicator i. Water quality
groundwater quality evaluation model to assess all
is worse if evaluation indicator value is higher.
mountain spring water samples further. There are
Table 3 presents the quality of all mountain
physical, biochemical and toxicological indicators
spring water samples from six points using the
in the model (Table 2). The weight distribution of
groundwater quality evaluation model. The
each indicator is different. In the model, Yj(i) is the
equivalent value of measured value. In order to
sequence of comprehensive evaluation indicator
know the indicator value, Yj(i) should be calculated
values is:
as:
Q(3#)<Q(2#)<Q(1#)<Q(5#)<Q(4#)<Q(6#).
It shows that 3# mountain spring water is the
X (i) − X (h −1) (i)
most preferential choice for drinking, because
Yj (i) = j
× 20 + I h −1 (i)
Q(3#) is lowest. However, 6# mountain spring
X h (i) − X (h −1) (i)
(1)
water is the most unsatisfactory.
Xj(i) is measured value of each indicator; Ih
1(i) is standard single indicator value (I0=0, I1=20,
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Sampling
points
1#
2#
3#
4#
5#
6#

Q1

Q 2

Q3

Q

17.14
0
0
5.04
0
51.06

120.82
107.07
86.97
151.30
129.57
425.05

0
0
32.89
112.80
44.00
50.00

120.82
107.07
86.97
151.30
129.57
425.05

[3] Lin, X., Nishio, K., Konno, T., Ishihara, K.
(2012) The effect of the encapsulation of bacteria in redox phospholipid polymer hydrogels
on electron transfer efficiency in living cellbased devices. Biomaterials. 33(33), 82218227.
[4] Zhou X., Li, Y.X., Zhao, Y. (2014) Removal
characteristics of organics and nitrogen in a
novel four-stage biofilm integrated system for
enhanced treatment of coking wastewater under different HRTs. RSC Advances. 4, 1562015629.
[5] Wang, Y.J., Gong, X. (2017) Special oleophobic and hydrophilic surfaces: approaches,
mechanisms, and applications. J. Mater. Chem.
A. 5, 3759-3773.
[6] Wang, Y.J., Gong, X. (2017) Superhydrophobic Coatings with Periodic Ring Structured
Patterns for Self-Cleaning and Oil–Water Separation. Adv. Mater. Interfaces.
[7] Ansari, M.A., Deodhar, A., Kumar, U.S.,
Khatti, V.S. (2015) Water quality of few
springs in outer Himalayas-A study on the
groundwater-bedrock interactions and hydrochemical evolution. Groundwater for Sustainable Development. 1, 59-67.
[8] Zhao, C.P., (Doctoral Dissertation) (2008)
Mantle-derived Helium Release Characteristics and Deep Magma Chamber Activities of
Present Day in the Tengchong Volcanic Area.
Institute of Geology, State Seismological Bureau (in Chinese with English abstract).
[9] Liu, H., Zhang, G.P., Jin, Z.S., Liu, C.Q., Han,
G.L., Li, L. (2009) Geochemical characteristics
of geothermal fluid in Tengchong Area, Yunnan Province, China. Acta Mineral. Sci. 29(4),
496–501 (in Chinese with English abstract).
[10]Goldscheider, N., Drew, D. (2007) Methods in
Karst Hydrogeology. Taylor and Francis, London.
[11]Jalali, M., Jalali, M. (2016) Geochemistry and
background concentration of major ions in
spring waters in a high-mountain area of the
Hamedan (Iran). Journal of Geochemical Exploration. 165, 49-61.
[12]Bozau, E., Stärk, H., Strauch, G. (2013) Hydrogeochemical characteristics of spring water
in the Harz Mountains, Germany. Chemie der
Erde. 73, 283-292.
[13]GB/T (1993) Quality standard for ground water. 14848, China.
[14]Zeng, Y.C., Dai, Y., Liu, N., Jiang, Y., Yang,
X.Y., Yue, Y.B (2008) Groundwater quality
evaluation and its application based on index
classification. Global Geology. 27(3), 279-283.

 &$ 

The study as a basis is useful to explore the
use of mountain spring water in Fuling, Chongqing.
The study is also the first research about mountain
spring water in Fuling, Chongqing. The physical
quality of mountain spring water we found is quite
ideal. We have found that Total hardness is generally higher if pH is higher. The toxicological quality
of mountain spring water we found is alsosuitable
for drinking except 4# point. We have found that
the contents of Fecal coliform and Total bacterial
count of all samples are quite high leading to unsatisfactory biochemical indicator. 6# mountain spring
water is the most unsatisfactory considering
biochemical indicator value. But the contents of
Fecal coliform and Total bacterial count are not a
great factor if mountain water is sterilized before
using. So the mountain spring water at 3# point is
worth studying further for use.
 (%$
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sequestering carbon under modern agricultural management is still being argued because of the reversibility of SOC sequestration [6-9]. Except for a re-examination of the potential of SOC in carbon sequestration, other limitations should be addressed to fully
understand cropland soils in impacting the global
carbon cycle. The first limitation is estimating carbon stocks more accurately, especially the carbon
stocks in deep soils [10-12]. The fact that carbon
stocks are underestimated in soils has been agreed
upon [1, 13], and thus small changes in carbon in the
deep soil might impact the carbon cycle dramatically
[13, 14]. The second limitation involves consideration of the changes in the roles of soil inorganic carbon (SIC) in dryland ecosystems, and the corresponding effects on the global carbon cycle [2, 15].
Although arguments are ongoing about soil carbonate, i.e., SIC, as a soil carbon sink [13, 16-18],
processes of precipitation, dissolution, and the
movement of carbonate in soils have been proposed
as a carbon sink in some studies [17, 19].
Soil acidification has been a global issue in the
soil sustainable development [20]. In addition, soil
acidification can also affect the soil carbon cycle
[21]. For example, a greater magnitude of soil pH
changes was found in the acidic soils due to their low
pH buffering capacity [20, 22]. Furthermore, previous studies have shown that the soil pH regulated the
carbon dynamics in two acidic agricultural soils [23].
However, with limited attention, the soils in dryland
were generally considered resistant to soil acidification due to their higher buffering capacity with great
calcium carbonate [24, 25]. The cost of insensitivity
to soil acidification will be a loss in the SIC in calcareous soils. Subsequently, the soil carbon dynamics can be impacted by the changes in soil pH [21].
These changes are the integrated results of comprehensive soil chemical and biological reactions [26,
27]. Generally, the pH changes in calcareous soil,
combined with N fertilizer application, which
mainly involves three processes: 1) biological processes that include increasing H+ ions produced from
nitrification and soil organic matter decomposition
by soil microorganisms [28, 29]; 2) chemical processes from decreased H+ ions caused by the dissolution of SIC, which might contribute to soil CO2

As the largest terrestrial carbon pool, soil plays
a crucial role in the global carbon cycle. Meanwhile,
soil acidification, which affects the soil carbon cycle,
has been a global issue in the soil sustainable development. Although soil acidification will cause soil
inorganic carbon (SIC) loss and can affect soil organic carbon (SOC) dynamics, there is little known
about how the soil pH impacts the soil carbon dynamics in the subsoil. Here, we used the soil data
from the second national soil survey in China to investigate the relationships between soil pH and SOC
and SIC in carbonate soils. Our results showed 1) the
decreasing soil pH will decrease the SIC but increase
the SOC in China’s carbonate soils; 2) the response
rates for SOC and SIC at the topsoil layer were
greater than at the subsoil layer; 3) the relative importance of SIC at the topsoil decreased greater than
at the subsoil. Furthermore, our study implied that
the soil acidification will decrease the soil carbon
stocks in China’s carbonate soils because of greater
decline rate of SIC to the soil acidification.
!,+%'(
Soil acidification, Deep soil, Calcium carbonate, Carbon
sequestration 

$)'%*)%$
Soil, the largest terrestrial carbon pool, plays a
crucial role in the global carbon cycle. They store approximately 2500 Pentagrams of carbon (Pg C) in
the upper 100 cm depth [1, 2]. Cropland soils, occupying 37.5% of the total world land area [3], are a
major land use type and are considered to have the
potential to sequester carbon, although world
cropland has expanded by displacing natural ecosystems, e.g., forests and wetlands, which has been estimated to have released 50-100 Pg C [4]. Recently,
most attention has been paid to changes in the soil
organic carbon (SOC) accumulation for mitigating
climate change due to excess CO2 emissions from
human activities [5], whereas the power of SOC in
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Order
C
D
E
F
G
H
J
K
L
M
All


125
92
46
37
138
185
9
33
79
65
809

Topsoil
Coefficient


0.180
0.229
 
 
0.562
 
 



 
17.1%
11.2%
1.0%
2.1%
7.5%
18.8%
9.4%
14.8%
38.2%
40.6%
18.80%


288
265
114
69
213
353
21
55
152
105
1635

emissions [30]; and 3) physical processes of leaching
the dissolved inorganic carbon irons (bicarbonate,
carbonate) into groundwater [17]. However, limited
previous studies have concentrated on the responses
of SIC and SOC on the soil pH changes in the topsoil
layer. There is little known about how the soil pH
impacts the soil carbon dynamics in the subsoil.
In this study, we synthesized the soil carbon
data collected in the second national soil survey in
China [31-37] to analysis the differences in the responses of carbon dynamics to the soil pH changes
in the topsoil (0-30 cm) and the subsoil (> 30 cm).
We supposed that the soil carbon data in the same
soil order had similar properties. Then we applied
the space-for-time strategy to analyze the relationships between the SIC dynamics and soil pH
changes. We hypothesized that if the more SOC can
buffer the soil acidification [38], then the responses
of SIC changes in the top soil will be slower than the

Subsoil
Coefficient
 
 
0.157
0.582

 
0.131
0.507
 

 

 
13.6%
12.8%
1.3%
5.5%
14.6%
7.9%
0.2%
7.0%
43.3%
16.3%
12.00%

Difference
0.127
-0.091
0.023
-0.353
-0.546
0.163
0.431
0.323
-0.125
0.879
0.111

responses in the subsoil. Furthermore, we proposed
a concept model to discuss a new way to quantify the
role of SIC in the carbon cycle.
#)'"($#)%(
Data of carbonate soil used in this study was
collected in the second national soil survey in China
(Figure 1), which included the soil organic matter,
calcium carbonate, soil pH, taxonomic classification.
The soil organic matter was measured using wet
combustion with K2Cr2O7. The calcium carbonate
was measured using collection of CO2 evolved with
an HCl treatment. The soil pH was measured using a
pH meter (PHS-3C) on a 1:5 soil to water extraction.
The soil order is followed the Genetic Soil Classification of China [37]. To test the proposed hypothesis, the soil depth was divided into the topsoil (<= 30
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cm) and subsoil (>30 cm). Further, the data with soil
pH lower than 7 and with no SIC was omitted. The
soil organic matter converted to SOC by dividing
them by 1.724. The calcium carbonate converted to
SIC by multiplying them by 0.12. Before the analysis, we transformed them using logarithmic method
to ensure the data normal distribution. A simple linear model was applied to determine the relationships
between the SIC and SOC and soil pH. All data analyses and figures were performed using R [39].


'(*")(

Table 1 showed decreasing soil pH will decrease the SIC in China’s carbonate soils. In addi-

tion, the SIC at the topsoil layer has a greater increasing rate than the subsoil when soil pH decreased. Although the SIC in each soil order decreased with the
declines in the soil pH, for some soil orders, e.g.
Semi-Luvisols and Alpine soil, the topsoil had
greater corresponding rates than the subsoil. This implied that the SIC would loss more when more SOC
in the soils.
Table 2 showed decreasing soil pH will increase the SOC in China’s carbonate soils. The response rates of SOC in the topsoil were greater than
the subsoil in all soil orders. This implied that the
SOC would increase more, if more SOC existed in
the soils, when the soil pH decreased. Furthermore,
the greater decline rate for the SIC than the SOC (Tables 1-2) implied the soil acidification will decrease
the soil carbon stocks in China’s carbonate soils.
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Order
C
D
E
F
G
H
J
K
L
M
All

Topsoil
Coefficient
  
 
-0.183
0.343
 
 
0.225
-0.409
-0.257
  
  


125
92
46
37
138
185
9
33
79
65
809

 
7.2%
12.5%
1.9%
2.6%
17.1%
10.5%
0.6%
11.2%
4.1%
6.5%
9.40%

Subsoil
Coefficient
-0.116


0.110
0.098
  
 
-0.909
  
0.008
 
  


288
265
114
69
213
353
21
55
152
105
1635

Topsoil
log(SIC:SOC ratio)

5.0

Coef=1.58
R2=0.25
P<0.001

2.5
0.0
−2.5
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-0.347
-0.293
0.246
-0.677
-0.033
1.134
0.196
-0.265
0.056
-0.159
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7.5

Coef=1.36
R2=0.16
P<0.001
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0.3%
1.6%
0.3%
0.2%
2.8%
3.9%
9.7%
20.7%
0.0%
6.6%
3.30%

7.5



8.0

8.5

9.0

Soil pH
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There were 54.5% and 77.7% of the soil layers,
which the SIC was greater then SOC, in the topsoil
and subsoil, respectively (Figure 2). It is expected
that the relative importance of SIC would decline because of declines in the SIC and increase in the SOC
when the soil pH decreased (Figure 2). In addition,
Figure 2 verified the relative importance of SIC at
the topsoil decreased greater than at the subsoil.

of bicarbonate ions produced from the dissolution of
carbonate is a fundamental way to understand the
role of SIC in the carbon cycle. However, this is also
currently hard to determine [43]. Therefore, according to previous studies [13, 43, 44], we proposed a
conceptual model to attempt to verify whether the
changes in SIC represent a carbon sink or source. In
this model, determining the origin of emitted CO2 is
the core question for natural systems. Based on the
law of mass conservation, the role of carbonate in the
carbon cycle can be decided based on four parts: calcium carbonate production, CO2 emissions from the
dissolution of the SIC, residue from the SIC, and
leaching of bicarbonate ions into the groundwater
(Figure 3). The values in three out of the four parts
can be detected with current available technology.
The calcium carbonate production and re-crystallization, can be checked using 14C labeling [28, 45, 46];
the SIC residue is the stock in the soil profile; the
contribution of inorganic carbon to CO2 efflux in calcareous soils can be partitioned using stable isotope
13
C labeling [26, 30, 45, 47-49]. The question is how
to identify the extent of the production rate and efflux of CO2 sourced from calcium carbonate. For
carbonate production, the natural rate is relatively
slow; however, the irrigation of agricultural systems
can accelerate this rate [50]. Therefore, the final
measurement to establish the sink or source nature of
SIC is to the production rate of calcium carbonate
from irrigation and the contribution of SIC to CO2
fluxes.

(:57;-90=:57/-<.:9 Our results indicate
that the soil pH can regulate the SIC and SOC dynamics in carbonate soils. For detail, using the spacefor-time framework, it is expected the SIC will loss
by dissolution when facing the soil acidification,
while the SOC will grow. Although the processes of
precipitation and dissolution of the SIC is comprehensive [50], changing acidity is a dominant factor
controlling these processes [51]. Under natural conditions, the major acidity source is H2CO3 due to the
hundreds-fold higher CO2 partial pressure in the soil
compared to the atmospheric CO2 partial pressure
[52]. The decrease in pH caused high CO2 partial
pressure in carbonate soils, which can accelerate the
dissolution of SIC to bicarbonate and dominate the
carbon ion when the pH ranged from 7 to 9. Further,
our results for the response of SOC to the soil acidification were consistent with the experiment in two
acidy agriculture soils [23], but differed with a longterm fertilization experiments in Sweden [53]. In this
study, we only observed the relationships between
the SOC and soil pH using big dataset, but failed to
discuss the reasons to increase the SOC in carbonate
soils. However, this analysis with big data suggested
the soil acidification will decrease the soil carbon
stocks in China’s carbonate soils.

(*((%$
In this study, we investigated relationships between the soil pH and SIC and SOC using the spacefor-time framework in China’s carbonate soils. Our
results did not support our hypothesis, suggesting
that, when soil pH declines, the SIC at soil layers
with more SOC will be accelerating loss. In the following discussion section, we will from the importance of the SIC, which includes one concept
model to estimate more accurate of the roles of SIC
in the carbon cycle, and the relationships between
SIC and SOC and soil pH to spread our study.
%@1<7::610 58;:<>-9/1 :2 =:57 59:<3-95/
/-<.:9  Our results implied that the relative importance of the SIC would decline when soil acidification occurred (Figure 2). The role of SOC in the
terrestrial ecosystem carbon cycle has been accepted
as an unquestioned fact over the past 15 years [6].
However, this has directly resulted in neglect of the
roles of SIC, especially in dryland ecosystems,
which occupy 47.2% of the world’s land area [2].
The SIC stores more than SOC in global dryland
ecosystems [1, 2, 40]. Based on regional reports, taking China as the example here, the SIC in the deeper
soil (> 100 cm) stored 2.45 times greater SOC [41].
This implies that the SIC should be more thoroughly
considered when estimating the carbons stock and
soil carbon sequestration potential because of its
high carbon content, especially in the deep soil. Although the role of SIC in carbon stocks has been generally agreed upon as possessing a large stock [42],
controversies about the role of SIC in carbon sequestration are unresolved [13, 17, 18]. A lexicon and a
classification system for assessing the roles of carbon sequestration of SIC had been proposed [13].
Specifically, the source of calcium generating SIC
can determine whether the SIC sequesters carbon.
The growth in SIC will be a net carbon sink when the
calcium from silicate minerals or calcium carbonate
re-precipitated in the groundwater from bicarbonate
leached from the dissolution of SIC in the soil [13].
Although this classification can be used as a communication tool when discussing the potential carbon
sequestration from changes in SIC in the soil profile,
the biogeochemical technology for tracking calcium
requires development. Furthermore, the movement
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This present study, using a big dataset, found
the soil acidification in China’s carbonate soils can
decrease the SIC but increase the SOC. The topsoil
would have a greater response rate than the subsoil
to the soil acidification than the subsoil. In addition,
our results implied that the soil acidification will decrease the soil carbon stocks in China’s carbonate
soils. Therefore, more accurate estimation of the impacts of soil acidification on the soil carbon cycle is
needing for future studies.
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with wet and dry weather in the Cholistan desert. The
entire desert is dependent on rain for irrigation,
ground water restoration and drinking purpose.
Rain-water is gathered in low-lying areas or in dugout pools locally called as “Tobas”. The sub-surface
water is as deep as 25-40 m and is customarily brackish having dissolved higher concentration of salts
9000-24000 mg L-1. The soils may be saline and/or
saline-sodic, with higher pH=8.2 to 9.6 [1, 3]
In the view of taxonomic importance, the leaf
epidermal characters are very important [5]. The
plant components in gut, rumen and/or dung are very
important source of sample preparation for studying
epidermal traits of characteristic plants [6]. There is
gathering evidence of using epidermal traits like
shape of epidermal cells, stomata shape and number
and hairs have been used very important element for
delineation of taxa in different plant families [7-11].
    Linn.Trin., is perennial
plant with distinct rhizome and culms high up to 15
cm, erect and /or creeping at the base. Its leaf-blades
are tapered, spreading, sub distichous, 2-4 cm long,
2-3 mm broad, inflexible, glabrous and pungent. The
plants in arid and saline soils show a considerable
better growth to show halophytic traits to exclude
salt efficiently and concentrate solutes for osmotic
adjustment [12, 13]. The aim of this research was to
study the leaf pattern of     in
Cholistan Desert of Punjab Province, Pakistan.

Since last many decades, leaf epidermises have
been given due importance in taxonomy especially
of Poaceae family. The current study was designed
to study the leaf epidermal traits by macroscopic and
microscopic techniques. These grasses were collected from the various localities of the Cholistan desert, Pakistan. The selected plants were examined
both abaxial and adaxial epidermal layers of a particular species. The study was aiming at evaluate determine the pattern of differences in epidermal morphology for appraisal of their importance in plant
identification and classification. The most important
features were the frequency of occurrence, morphological form and presence of silica bodies, short
cells, long cells and prickles. By using sharp scalpel
blade, both the abaxial and adaxial epidermal layers
along with discrete mesophyll cells were removed
keeping leaf on smooth hard tile. In almost all sample of plant species, enlarged long cells were found
with anticlinal walls typically undulated and thickened, but not elevated, in relation to the periclinal
walls.
)' "#
Abaxial, Adaxial, Cholistan, Leaf epidermises, Pakistan,
Poaceae
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The geographical location of Cholistan desert is
spreading over and area 26000 km2 in southern Punjab province of Pakistan. It is located amid latitudes
27o 42’ & 29o 45’ the North and longitudes 69o 52’
and 75o 24’ the East [1-3]. It is the hottest one desert
whose annual rainfall is range from 100 mm 200 mm
during July to September and January to March [4].
While its temperature ranges from 20oC to 40oC with
variations. The mean temperature in (May to June) is
34oC with exceedingly high enough 51oC [1,2].
There are characteristically occurring in clusters

The present investigation was executed to study
the anatomical features of    
grass predominantly found in Cholistan Desert, Pakistan. The whole study was divided into two phases.
One is the survey of the Cholistan Desert for the collection of grass and the other one was the experimentation.
#+7:6/ 966/->398 !</=/<@+>398 +8. #>+38
381 Leaf samples of perennial grasses were collected from natural habitats of the Cholistan Desert
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(Fig. 1) and were preserved in FEAA (10% formalin,
50% ethyl alcohol, 5% acetic acid) using distilled
water. Fresh leaves were used directly for the study
of epidermis of abaxial and adaxial surfaces of leaf
scraped by following the methods described by [14].
The small rectangular pieces were taken from the
median third of the leaf-blade for the study of the epidermal surface view by following the modified
standard improved protocol [15, 16]. The leaves
were dipped in a test tube containing 4 mL con.
HNO3 and 2 gram KCl and 1 mL distilled water. The
resultant mixture was boiled cautiously. The epidermal peels were separated, washed with distilled water and then placed on glass slide by adding 2 drops
of bleach for 30 sec to exterminate the chloroplast.
Thereafter, leaves strips were again water washed,
then added 2 drops of lactic acid and placed cover
slip. Peeling of epidermis by hand was most effective method of peeling. The abaxial and adaxial epidermal layers were removed, with the mesophyll
cells with the help of scalpel blade, till only abaxial
leaf layer leaf left on the tile. All the above materials
were removed with the help of camel hairbrush. Afterwards, the peels were retained in bleach for few
second to remove the additional traces of chloroplast
and twicely washed with water. It was placed on a
clean glass slide containg a drop of lactic acid that
followed by cover slip over it. The micrographs of
the fixed materials were taken with Canon camera of
model IXUS 130 attached on light microscope.





!+<+7/>/<=A/</=>?.3/.
Number of rows in Costal zones
Number of rows in Intercostal zones
Width of Costal zone (μm)
Width of Intercostal Zone (μm)
Types of stomata
Number of Stomatal(mm-2)
Size of stomata (μm)
Micro-hairs (μm)
Epidermal cells
Hairiness
Silica bodies (μm)
Prickle hairs (μm)
Any other

"#%$#
The number of rows in costal zones was mostly
13-16 in number. In the costal zone, cells were narrowly spaced and were rectangular in shape having
width ranged from 27.5 to 77.5μm. The number of
the stomata mm-2 was calculated by dividing the average mean of stomata by the measured area of the
epidermis. The number of stomata mm-2 was ranged
from 0.84 mm-2 to 1.48 mm-2. The type of stomata
was “paracytic” in all the plants. The intercostal
zones were 10-115 in number. There were widely
spaced long cells. Marginal hairs were found externally on the base of the leaf. They were 2-70 in number. However, bulliform cell were not observed.
(Figure 2-7).

%" 
+:902963=>+8/=/<>=29A381=3>/=0<97A3>2:6+8>==+7:6381=3>/=.
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The silica bodies were found to in pairing with
cork cell. These were predominately present over the
veins and often spherical or elliptical in shape. Those
silica bodies founded between the veins were saddle
shape or sometime rectangular in shape. They were
ranged from 10 to 22.5μm in length. Prickle hairs
were present on the mid-ribs and on the leaf margin.
The length of the prickle hairs ranged from 12.5 to
135μm. Stomata were usually irregularly round
shaped cells. The length of the stomata was ranged

from 17.5 to 40 μm as given in Table 1. Somewhat,
the large cells were rectangular in shape having stomatal cells. Mostly, their length was 40μm and width
ranged from 10-30μm. The small cells were present
between the veins. They were narrowly spaced cells.
Their length varied from 10 to 350μm. Micro hairs
were rectangular in shape. They were present in
large cells. The length of micro hair was ranged from
10 to 42.5μm.(Figure 8-11).
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Length
(µm)
Width
(µm)
Length
(µm)
Width
(µm)
Width
(µm)
Width
(µm)
Length
(µm)
Width
(µm)
Length
(µm)
Width
(µm)
Length
(µm)s
Width
(µm)
Length
(µm)
Width
(µm)
Length
(µm)
Width
(µm)

13

16

14

14

16


13


11


13


14


12

Mean
13.6

14

15

115

15

15

11

10

12

13

12

23.2

0.84

1.28

1.38

1.12

1.28

1.41

1.48

1.41

1.48
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Paracyt
ic
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Paracyt
ic
50

Paracyt
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70
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40
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35
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14

2.5

5

7.5

10

5
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The epidermal feature of adaxial plants was
quite similar to those abaxial plant but some of their
character show variation. (Table 2). The measureable number of rows in costal zones ranged from 6
to 17. Most of the rows in the intercostal zone were
distributed continuously while discontinuous rows
were in small proportion. The silica cells in costal
zone were paired with irregular shape. The silica
bodies were cross shaped or dumb-bell shaped. The
micro-hairs were mostly rectangular in shape and
found in large cell. The observed type of stomata was
paracytic from all the plants collected from various
habitats. Prickle hairs were elongated and found on
the leaf mid-rib and leaf edges. The stomata were
usually dumb-bell shaped, with triangle auxiliary
cells. (Figure 12-19). The marginal hairs were observed with the help of hand lens. Hairs were observed occasionally and mostly absent from the
plants collected from different locations.

Based on data, it can be inferred that microscopic traits of the leaf epidermal layers are critically
important for plant identification and classification.
The studies regarding leaf epidermal anatomy of the
plants may be helpful in explaining the taxonomic
problems within family [17]. There is accumulative
evidence that the anatomical characters have been
used as taxonomic traits in classification of the
grasses [18]. Small and large cells on abaxial and
adaxial surfaces of leaves were discriminated on the
basis of their relative sizes. Long cells are rectangular shaped having thin lithe walls, which were alternating with rounded short cells which are solitary.
The cells of intercostal zone were found in greater
number as compared to the costal zone in all samples.
Leaf epidermis characters such as epidermal
cell density, number of stomata and their distribution
over the abaxial and adaxial leaf surfaces, have vital
role in plants functioning and their association with
environmental factors [19, 20].

616

"!



 # 





    


In connection with overall plant growth and
functioning, stomata are very important in controlling influx of CO2 influx and efflux of water vapor.
In this way stomata are the most important leaf epidermal appendage for the existence of the land plants
[21]. In view of the whole plant, analysis of the trend
concerning number of stomata, their distribution, is
very helpful in determining the response of plants
and environment interaction [19, 22, 23].
The paracytic type of stomata was observed in
all the samples. Stomata were found dumb-bell
shaped having triangular auxiliary cells. However,

abaxial and adaxial surface of leaves showed different number of stomata. Stomatal density plays significant role in drought tolerance as it decreases with
increasing water stress [24-26]. On the other hand,
some researchers reported no increase in the stomatal number [27, 28]. All the replicates in the current study suggested that lower stomatal number on
the adaxial leaf surface than that of abaxial surface.
This may assist the plant to hold up undesirable environmental conditions because it has a capability to
limit water thrashing when there is limited availability of water for plant.
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Silica bodies were found to occur on the abaxial
and the adaxial leaf surfaces. Diversity and the form
of silica bodies are important characters [29]. Their
shape ranged from slightly rectangular to dumb-bell
in shape having thick elongated walls. There found
much variation in distribution and frequency of silica
bodies.
Prickle hairs were very large in size. Marginal
hairs were present infrequently on the base of leaves.
Also, micro-hairs were present at random in large
cells. Epidermal appendages, like micro-hair, prickle
hair, peripheral hair or trichomes, may be associated
with drought tolerance as their number frequently escalate under drought stress [30]. These appendages
might be responsible for controlling unnecessary
water loss from the aerial parts of plants [31].
The Leaf surfaces were most often highly complex with well-defined chemistry and structure and
function of barrier to control water loss due to leaf
cuticle. The study of very thin and often complex
wax-like leaf cuticle morphology in natural state has
been great challenge for the researchers. The surfaces of the leaves are often covered with a thin waxy
layer known as the cuticle [32]. The cuticle is a mixture of polymers cutin matrix and cutan impregnated
with fixed waxes [33].
To resist water stress, olive trees display an intra-specific inconsistency in their capability [34, 35].
It was noted that ‘Chemlali’ was much water stress
resistant as compare to ‘Meski’ [36] and under
drought situations it had the ability to keep more
photosynthetic assimilation rates. This variability
can be recognized to alterations in the ability of the
resistance processes that used by the cultivars. Related variations have been documented in case of olive cultivars study [37] that exhibited higher assimilation rate under moderate water stress.
Under drought stress conditions, olive trees
produce a wide-ranging of morphological, functional, and biological variations in their leaves, the
key tissues of inner water stress. Water shortage by

transpiration in ‘Chemlali should be additional decreased through high density of trichomes around the
stomata and more safety against dryness for the internal leaf tissues provided by thicker upper and
lower epidermis [38]. With reduced leaves, ‘Chemlali’ looked well modified to water shortage and water stress caused to decrease the leaf tissue thickness
in both cultivars, however, most of the portion of leaf
volume was occupied by intercellular space [37].
Tissue morphology generally reflects shape and tissue dimensions. The different responses of different
tissues might arise due variances in leaf structure,
epidermal wax and silica coatings and composition
of cell wall. Dimensional changes during specimen
preparation found to be different in various parts of
the tissue [39].
Through the stomatal openings transpiration
and CO2 uptake take place mainly and conductance
is due to stomatal concentration and their opening
[40, 41]. Decreased stomatal compactness did not affect CO2 assimilation and biomass accretion and
caused in greater cohesive and instant plant water
use efficiency. In most of the C3 plants, net CO2 assimilation rate may have correlation with stomatal
conductance. The transpiration rate my directly be
linked with stomatal conductance [42]. So, as temperature falls below the critical limits, there would
be decrease in transpiration. It is reasonable that further substantial decrease in stomatal density would
lessen CO2 gain noticeably and lesser biomass accumulation and water use efficiency.
The alterations in stomata density and stomata
index of the species are frequently a consideration of
bodily reactions to grouping of ecological features
which could be valuable in restriction at the species
level. The trichomes are multicellular uniseriate bodies yet, having altered forms and mass. The hairs
usually are supposed to benefit in retaining the leaf
coolness and also helping to avoid quick wind current passing near to the leaf surface. The presence of
extra stomata on the abaxial surface is an advantage
to deter damage caused by shortage of water [42].
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ence of trichomes may be important tools for combating the drought conditions and herbivory in some
plants [28, 50, 52].
Epidermal accessories such as hair or trichomes
are supposed to be associated with the drought tolerance since they frequently rise in water stress [30],
and these may be adaptations for avoiding water loss
[31]. In addition to importance of the taxonomic
view point, the trichomes on leaves may be involved
in plant struggle against grazing and herbivory.
There are constant shapes of epidermal cell (irregular) as well as anticlinal wall shape (undulate) in
some plant varieties. The thickness epidermal cell on
the abaxial surface is usually small (10.00–39.00
mm) and great on the adaxial surfaces (38.86–
103.20 mm).
Based on data, the presence of leaf epidermal
appendages,   may be a candidate plant for drought tolerance model system. These
adaptive features assist this plant to withstand under
drought hit soils, indicating its capability to grow
well under water scarcity.

There is evidence of managing scheme to endure water stress among the plants such as 
  . With existing xeromorphic structures
for example dense cuticle and a type of hypodermis
below the bigger trichomes, found to be present in
   L. leaves [43]. It has small openings
of stomata that were some extent depressed whereas,
some additional types of structures were present on
the adaxial surface. Additionally, it has thinner
leaves and air borne portions which were being sluggish extended throughout the desiccated period. Depressed stomata might reflect the scarcity of water in
the environment under higher light intensity with reduced photosynthetic tissue and dense cuticle and
hypodermis [44]. The fleshy tissue could advantage
the light dispersal underneath the great trichomes,
basal cells and epidermis to keep moisture supplement [43].
The Amaranthaceae species showed alike stomatal index (SI) and number of cells per unit of area
was tabulated [45]. The stomatal index was 19.5 on
abaxial region and 18.2 on adaxial region. The alteration in stomatal index per unit area between  
  and   were found to be minor.
However, the data may be associated with size and
shape and the period of drought in Cerrado species
leaves. It could be stated that there are life lasting
structure with minor thickness in the leaf. Thus, if
severe drought conditions prevail, that may affect
the whole cell surface [46]. There may be a correlation of morphology of the roots and leaf plans in
Gomphrena spp. that ensure water uptake during
sprouting and flowering phases of the growth [47].
There is a literature disagreement for stomatal
size, number of stomata and kinds of stomata to be
used as anatomical traits in taxonomy. There is great
deal of agreement that trichome form may be a good
trait for taxonomic drives, and scanning electron microscopy would be a suitable tool to tag the traits under consideration. Nevertheless, stoma size may be a
constant feature to be used as an analytic character
and slight stomata might be interrelated to great density but, huge number of stomata with with low density of other traits [48].
Photosynthesizing structures can have correlation with the transpiration associated traits [47].
From the other point of view, cuticle and dense anticlinal walls as well as organization of the epicuticular wax have a tendency of thin plates, characters
measured xeromorphic and inducible during water
stress [46]. Enlarged leaf width may appears to be
related to tolerate the water stress.
The plant species with heaviest leaves in relation to water conduction can be linked to the water
stress resistance [49, 50]. Drought might be associated with decrease in leaf width [51], however, the
data suggested that improvement in leaf wideness
under humid conditions may lead plant to show
drought loving behaviour. Dense cuticle and pres-

 %# 
It is obvious that in grasses, morphology and
epidermal peels of leaves seemed to be useful for the
identification of the different habitat. However, it
was not possible, with present state of our
knowledge, to diagnose the vegetative and anatomical characters equally at the generic level for the separation of the genus. The presence, scattering and
frequency of prickles vary significantly among the
plant species, regardless of genus and sub-genus. Enlarged long cells are common features of almost all
the plants dewelling in xerophytic habitate. The costal long cells found to be shorter than the intercostal
long cells in diverse surfaces and tend to be rectangular to square shape. The anticlinal walls of the
cells are highly undulated.
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Nosocomial infection, especially treatment-resistant forms is a serious problem in the health system and can impose much cost on countries' the
health sector. The purpose of this study is to determine antibiotic resistance model and identify mecA
gene in clinical isolates of Staphylococcus aureus. In
this cross sectional study conducted in September
and October 2016, 96 negative and positive coagulase staphylococci isolates were collected from clinical, environmental and personnel samples in wards
CCU, dialysis, surgery and internal of Hazrat Ali
(AS) Hospital in Asadabad, west of Iran. Antibiotic
susceptibility model of the isolates were examined
by 5 antibiotic discs and the minimum inhibitory
concentration of antibiotic oxacillin was used on
Mueller Hinton agar, after extracting DNA PCR test
was used for methicillin-resistance gene for Staphylococcus aureus. Among 96 isolates collected, 65
isolates were Staphylococcus coagulase negative
and 31 isolates were Staphylococcus aureus of which
8 isolates (25%) were mecA gene productive. The
highest resistance rate was related to antibiotic oxacillin (8 isolates) and the lowest resistance rate was
related to antibiotic trimethoprim-sulfamethoxazole
(zero). In none of the isolates, no strain was reported
as MDR. The results indicate that the prevalence of
Staphylococcus aureus was significant in nosocomial samples and resistance to methicillin is increasing
in the bacteria strains.


Staphylococcus aureus bacteremia (SAB) is
known as a common and important infection. Because of high incidence rate, SAB is a major pathogen associated with both community- and hospitalacquired infections. Staphylococcus aureus can
cause a variety of diseases such as pneumonia, skin
and soft tissue infections, urinary tract infections
bloodstream infections, infective endocarditis, and
osteomyelitis [1]. Since the microorganism can be
easily transferred through direct or indirect contact
between patients and the environment and/ or
through the contact between patients and medical
personnel plays a significant role in creating nosocomial infection [2-4]. Different antimicrobial factors such as compounds containing beta-lactam antibiotics resistant to penicillinase, clindamycin, glycopeptides, sulfonamides and aminoglycosides are administered against diseases caused by Staphylococcus aureus [5, 6]. The main challenge related to
Staphylococcus aureu is difficulty in treatment because of evolved resistance to antimicrobial drugs.
To treat because of evolved resistance to antimicrobial drugs. Methicillin resistant Staphylococcus aureus is one of common nosocomial microbes and the
main known cause of nosocomial infection that during recent decades the prevalence has been increasing worldwide [7]. Klein et al estimated the annual
number of hospitalization and deaths related to
Staphylococcus aureus and MRSA during the period
of 1999 to 2005. Their study showed that the number
of Staphylococcus aureus- related hospitalization increased 62 percent, and during this period the number of MRSA- related hospitalization was doubled.
So, today MRSA is one of the major concerns of
public health and should be considered a priority for
disease control [8]. The disadvantages of nosocomial
infection are long hospitalization, increased
healthcare and hospital costs and high mortality [9].

!,+%'(
Staphylococcus aureus, antibiotic resistance, mecA
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Relevant personnel in the field of control and prevention of infectious diseases in hospitals and health
centers by measuring the prevalence of these microorganisms should have a protection program to prevent the bacteria, to achieve this goal understanding
antibiotic resistance model and the role of factors
and genes effective on the occurrence of resistance
is useful for infection control programs (8). Resistance to methicillin is mediated via the mec operon. This operon is a part of staphylococcal chromosome cassette (SCCmec). Gene mecA encodes
penicillin binding proteins called PBP2a that have
little affinity for beta-lactam antibiotics. As a result,
such new protein will not be affected by antibiotics
and the bacteria are not easily removed.
Since microbial diagnostic and sensitivity
measurement tests lack the ability to diagnose the
bacteria and resistance to methicillin accurately,
therefore, the need of using more accurate methods
such as PCR with greater specificity is felt. The purpose of this study is to examine the prevalence of
mecA gene in Staphylococcus aureus strains isolated
from Hazrat Amir Hospital, Asadabad.


#)'"($#)%(

At this stage, PCR reaction was performed in a 25l
volume of 12.5 l of Master Mix, 1 l of the forward
and reverse primers, 1 microliter of DNA sample and
9.5 l of distilled deionized water with heat program
10 minute at 95 o C for a cycle, followed by 34 repeated cycles 95 o C for 45 seconds, 50 o C for 45 seconds and 72 o C for 40seconds and a final cycle72
o
C for7 minutes. PCR reaction was performed in
thermocycler (BioRad, USA). Staphylococcus aureus isolate ATCC 25423and ATCC 25923 were
used as control strains.
The procedure of examining antibiotic sensitivity Antibiogram test was performed by standard disk
diffusion method (Bauer Kirby) on Mueller Hinton
agar medium. This test was performed based on the
disk diffusion and according to guidelines of National Committee for Clinical Laboratory Standards
(CLSI) (9) by 5 different antibiotic discs including
gentamicin (10 mg), trimethoprim-sulfamethoxazole
(10 mg), ciprofloxacin (5 micrograms), oxacillin (1
microgram), and erythromycin (15 mg) (Table 2).
Then, isolated strains were identified and confirmed
using standard Biochemical tests including Gram
stain, oxidase test, catalase, DNAase, coagulase and
mannitol fermentation. Confirmed isolates were
stored in a Freezer at -20° C to do next experiments.
All 31 strains of Staphylococcus aureus were confirmed using phenotype tests.

In this study, we examined a collection of s.aureus isolated (n=96) from different sources including
patient bed, patient bed sheet, sink, and nasal passage
of personnel of Hazrat Amir Hospital, Asadabad, in
September and December 2016. This study was approved by the ethics and research committee of
Hamadan University of Medical Sciences.

'(*")(
Among the study samples, 31 isolates were
Staphylococcus aureus and 65 isolates were coagulase negative staphylococci. Also, PCR test results
showed that 25% of isolates had mecA gene (Figure
1).
31 Staphylococcus aureus isolates' antibiotic
resistance was studied (Table 2). The highest resistance rate was related to antibiotic oxacillin (8 isolates) and the lowest resistance rate was related to
antibiotic trimethoprim-sulfamethoxazole (zero). In
none of the isolates, no strain was reported as MDR.
The prevalence of   in this study was
47.6% (162/340). The isolation of    from
health professionals varied according to the professional category, working sector and levels of adherence to specific precautions against multi-resistant
microorganisms.

#961/?6-<>1=>:<9/10?<1In order to confirm
the presence of mecA gene in Staphylococcus aureus
cultured samples were evaluated using polymerase
chain reaction (PCR). For this purpose, first chromosomal DNA of all isolates was extracted using commercial kits for extracting DNA (SinaClon, Iran).
Then, the quantity and quality of extracted DNA was
studied by spectrophotometer and agarose gel electrophoresis. The concentration and purity of samples
were examined using optical absorption at the wavelength of 280 nm and 260 nm. The fraction absorbed
of DNA between 1.8 and 1.6 represents proper purity. Then, PCR test using primer specific for mecA
gene was used for isolates' final approval (Table 1).
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worldwide [15]. Our finding is somewhat differed to
previous studies. For example, Kaminski et al assessed MRSA among hospital staff in a German
trauma centre and reported that 36.4 % of the identified S. aureus were MRSA[16]. In the other study
conducted in the USA, the prevalence of MRSA was
found to be 15%[17]. Some previous studies, however reported a comparable results. For example in
2007, Prado found 26.9 % of the health care workers
were carriers of MRSA [18]. In their systematic review, Albrich and Harbarth assessed 127 investigations and reported that the average MRSA carriage
rate was 4·6%[19]. These mixed findings may reflect methodological challenges as well as body site
investigated. Several preventive policies such as periodic screening of all hospital personnel and treat
the carriers have been recommended for the control
of MRSA. However, advantages and disadvantages
of each of these policies should be discussed considering characters and capacity of different settings.
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Detection of MRSA in health care settings such
as hospital wards is essential because these places
may act as a potential source of microorganisms. Our
findings showed that out of 80 isolates of Staphylococcus, Staphylococcus aureus appeared in 31 isolates (32%) and 65 isolates (68%) are related to coagulase negative staphylococci. Different rates of
prevalence of Staphylococcus aurous have been reported through the previous studies conducted in different health care settings in Iran and other countries.
These results range between 16% to 47.6[10-13]. For
example, de Carvalho et al. reported that the prevalence of   at a large public hospital, in Santo
Andre, São Paulo, Brazil was 47.6% [12]. In a recent
study conducted by Rahimi-Alang, the requency of
S.aureus was 24% [14]. The different findings may
partly explain by the differences in assessed hospital
wards and levels of adherence to precautions against
multi-resistant microorganisms. Our study showed
that of the 32 positive Staphylococcus aureus culture, 25% presented resistance to oxacillin, 16 % to
Ciprofloxacin, 16 % to erythromycin, 10% to Gentamicin. Based on our molecular test using PCR,
presence of mecA gene was positive for 6 isolates
(25%). Increasing evidence shows that controlling
MRSA is an important challenge in most hospital

The results revealed a high incidence of methicillin-resistant strains, which pose a threat to public
health. Regarding high prevalence of methicillin-re-
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sistant Staphylococcus aureus in hospital environments, more effective methods to disinfect the hospital environment on the one hand and reduce the indiscriminate use of antibiotics on the other hand
should be considered. Also, identify the type of antibiotic resistance genes in infection control programs
and prevent spreading of resistant strains is very important.
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fields make up the in the noise pollution strengthen
mentioned. Decrease its health effects and warnings
to workers in industries are one of the most important organizations and institutions actions. Also,
living in megacities with regard to the frequency and
intensity of sound can be induced different health
endpoint [1]. One of the most important concerns of
human resource managers was understand improved
health and consequently their performance were [24]. Most prevalent occupational hazard in modern industries is the Noise-Induced Hearing Loss (NIHL)
[5]. According to estimate of The U.S. Environmental Protection Agency (EPA) at least 9 million US
workers were occupationally exposed to daily noise
levels exceeding 85 dB [6]. According to the result
of several studies, the most important symptoms of
noised-exposed workers increases prevalence of
hearing loss (HL), metabolic changes, damages
cochlear hair cells, cardiovascular disease; hypertension; sleep quality; mental disorders [6, 5, 7-11].
Based on reported to the Bureau of Labor Statistics
in the US, NIHL accounted for approximately 11%
of all occupational illnesses [6]. Based on different
study identify factors affecting the increase the hearing loss of the main researchers and practitioners in
the field [12, 13].
Belachew and Berhane studied noise-induced
hearing loss among textile workers [10]. In similar
work, in Ahvaz the Noise pollution and health effects by Geravandi et al in 2015 [9]. Ahmed et al.
evaluation of hearing loss of workers and occupational noise exposure in two plants in eastern Saudi
Arabia [1]. The time of hearing loss onset among
workers in the copper by-industry and its effective
factors studied by Khaldari in 2017 [13].
The aim of this study was evaluation of factors
affecting on hearing loss among workers in Abadan
petroleum refinery during 2016.

Hearing loss among workers can be caused
many economic losses by the reduction of labor
productivity in the industry. The aim of this study
was assessment of factors affecting on hearing loss
(HL) among workers in Abadan petroleum refinery
(Abadan PR). This is a cross-sectional study, which
was conducted in Abadan petroleum refinery, Iran,
during 2016. The data collection tool was a questionnaire included two parts, demographic characteristics and factors affecting on hearing loss among
workers. The coded data were entered into SPSS version 16. According result this study, the minimum
and maximum working time per shift was 1 and 18
hr. Based on results this study, the mean age of participants was 39.5±3.42 years. The results showed
that the highest work experience was 10 years. The
results showed that there are a signification relationship between hearing loss among workers and average distance of resource (P=0.0037), years of work
experience (P=0.001) and tinnitus and a feeling of
sound in the ears (P=0.0042). According to the research, industries by improved equipment, increase
knowledge, periodic examinations, and rotation in
work force have been able to increase labor productivity and prevention of hearing loss among workers.
&% !
Hearing Loss, Labor Productivity, Economic Losses, Petroleum Refinery, Abadan.
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Hearing reduction is one of the factors affecting
in the efficiency of workers. Nowadays, in a great
variety of industrial exposure to excessive noise is
encountered [1].
In recent years, the widespread use of machinery and advancement of technology in all industrial
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,:/6+9This cross-sectional study was conducted during 2016 at Abadan petroleum refinery, in
the southwest of Iran. 291 employers in different departments of the petroleum refinery were invited to
participate in this study. After inviting the workers,
the researcher-made questionnaire including demographic data as well as the factors affecting on hearing loss among workers in Abadan PR questionnaires were completed. The instrument was a researcher-made questionnaire included demographic
data (characteristics such as age, gender and years of
work experience) and questions which were related
to the factors affecting on hearing loss (with 6 items).
The coded data were entered into SPSS version 16.
According to the source reliability questionnaire alpha Krumbach used to in this study was 0.88 and validity of this confirmed by professors in this field
[14]. All factors affecting on hearing loss were analyzed. Data analysis was performed, using SPSS-16.
Abadan city is coordinated in 48°17′ of the
eastern longitude in the Greenwich meridian and
30°20′ of the northern latitude from the equator. Its,

one of the industries metropolitans of Iran, with an
area of 2796 square kilometers, this region has a long
summer and short winter with climate hot [15-18].
In recent years, development of transportation, industries (petroleum, gas, petrochemical) and population growth are the most reasons increase noise pollution that threaten the human’s health in Ahvaz. Abadan city with about population of 300,000 persons.
Located Abadan in the southwest of Iran (Figure 1).


!#"!
This study was performed on 291 workers who
were working in different departments of Abadan
petroleum refinery during 2016. The years of work
experience, gender and age are presented in Table1.
According result our study the mean age of participants was 39.5±3.42 years. Based on the results most
of workers (97.25%) were male. According results
this study, 68.7% and 31.3% had more than 5 years
and 1-5 years’ work experience, respectively (Table
1).
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Gender

Age group

Years of work experience

     
Male
Female
15-24
2534
3544
4555
More than 55
15 years
5 years and more

 
283
8
19
90
125
45
12
91
200

  
(97.25%)
(2.75%)
(6.53%)
(30.94%)
(42.95%)
(15.46%)
(4.12%)
(31.3%)
(68.7%)

" 
(5205.6--(*:689(--,*:05.65/,(805.3699(465.=682,8905)(+(57,:863,;48,-05,8>

(*:689
Hard of hearing
Feel the sound in the ear after the end of work
Feeling buzzing in the ears
History trauma
Use a protective device
Average distance from sound source

;4),8
36 (12.4%)
31 (10.7%)
32 (11%)
26 (8.9%)
110 (38.2%)
114 (39.2%)

Obstacles to factors affecting on hearing loss
among workers in the in Abadan petroleum refinery
based on ranking variables showed in Table 2. According result showed, hard of hearing (P=0.001),
feel the sound in the ear after the end of work
(P=0.0001), feeling buzzing in the ears (P=0.004),
and history trauma (P=0.034), had signification relationship with environmental factors in the improvement of labor productivity. Also according results
this table use a protective device (P=0.54) Average
distance from sound source (P=0.25) hadn’t signification relationship with hearing loss among workers.


$(3;,
0.001
0.0001
0.004
0.034
0.54
0.25

In 2015 Lookzadeh et al evaluation of relationship between noise-induced hearing loss with age
and work duration in tile industry [19]. They found
out there is an increases significantly after 10 years
of exposure to noise and work-related hearing loss
[19]. Khaldari et al in 2017 also showed that at all
frequencies within 8-12 years after exposure, 50%
of the people will suffer from hearing loss [13].
Based on study Sam et al in Selangor, Malaysia that
accrued to prevalence of hearing loss among workers. They concluded that among workers with workers of more than 10 years, > 80% of them suffered
from hearing loss [12].
In another study, Feder et al reported that there
is signification relationship between hearing loss and
hazardous occupational noise exposure; 10 years or
more (42% workers) [20]. In similar study in welding units in Thailand, Sriopas et al realized that there
is a relation between with employment duration exceeding 10 years significantly developed hearing
loss in either ear [11].
Result different studies were similar to our
study that showed hearing loss is one of the most important factor effects in Abadan petroleum refinery
employee health.


#!

!#!!
Nowadays, health and prevented of illness for
the increase of labor productivity and the cost of industries and organizations is very important. According result our study, signification relationship
was found between hard of hearing, history trauma,
feeling buzzing in the ears and feel the sound in the
ear after the end of work and hearing loss among
workers. Result showed that 283 and 8 of the employers were men and women, respectively. The
most reason increase of prevalence HL can be including: feel the sound in the ear after the end of
work, hard of hearing, history trauma and feeling
buzzing in the ears. Based on result, the most factors
on HL was feel the sound in the ear after the end of
work (P=0.0001). According to results our study the
highest work experience was 10 years. The results
showed that there are a signification relationship between hearing loss among workers and years of work
experience (P=0.001).

According to results of this study, hearing loss
had one of the greatest role in the health and efficiency work between Abadan petroleum refinery
workers. According result this study, there is signification relationship between factors affecting on
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hearing loss among workers in Abadan petroleum refinery. This result shows, feel the sound in the ear
after the end of work and feeling buzzing in the ears
are the most factor obstacle in on hearing loss among
workers. Hearing protective devices (HPDs), decrease-term exposure to noise, surveillance of workplace noise exposure, decrease distance of source
can prevent HL among workers.
The results of this study showed that for more
understand factors affecting on hearing loss among
workers for prevention of this complication and increase of labor productivity in the Abadan PR and
another industries should be performing more studies.
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