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PREPARATION AND CHARACTERISTICS OF N-AND SDOPED TiO2 WITH SENSITIZED DYE OF EOSIN Y FOR
PHOTOCATALYSIS APPLICATION
Chiu-Hsuan Lee1, Je-Lueng Shie2,*, Ching-Yi Tsai2, Yen Li2, Ching-Yuan Chang1
1

Graduate Institute of Environmental Engineering, Nation Taiwan University, 106, Taipei Taiwan
2
Department of Environmental Engineering, National I-Lan University, 260, I-Lan, Taiwan

solar cells (DSSCs) since the first introduction of
high surface area TiO2 nanoparticles as a photoanode has focused on improving the photoelectricity conversion efficiency for commercial
products [6]. DSSCs have been attract- ing
considerable attention owing to their compara- tively
low cost and high efficiency in recent years [7]. A
DSSC is essentially a photoelectrochemical system,
in which the light harvesting is accomp- lished by
dye molecules that are adsorbed on the surface of the
oxide nanostructures that form the photoelectrode
film. During operation, photons captured by the dye
monolayer create excitations that are rapidly split at
the nanocrystallite surface of the oxide film.
Electrons are injected into the oxide film and holes
are released by the redox couples in the liquid
electrolyte. Dyes are the crucial factor for the solar
to energy efficiency of DSSCs. There are several
types of properties related with dyes which
determine the efficiency of DSSCs, such as sunlight
harvesting efficiency, quantum yield of electron
injection on the surface of semiconductor film,
transparent conducting oxide substrate, photoanode,
light absorber, redox electrolyte and counter
electrode, photo-response wavelength etc. [8-9].
Accordingly, the various approaches using the light
scattering effect associated with light absorbers have
been surveyed and investigated to increase the light
absorption to longer wavelength [10-11].
Improvement in the light harvesting efficiency
(LHE) of the photo-electrodes of DSSCs and
molecular modification of dyes are tough task for
their complicated synthesis routes. Polybipyridyl
ruthenium dyes are the most efficient photosensitizer in DSSCs by now [12]. One way to improve the LHE of a photoelectrode is a use of new
sensitizers with increased absorption coefficients
and/or extended long-wavelength absorption edges.
Such an approach has led to significant improvements in the conversion efficiency of DSSCs. A
remarkable advance in the use of organic dyes for
DSSCs was recently made by the group of Hara et
al. [13-14]. Using coumarine or polyene type
sensitizers, strikingly high solar to electric power
conversion efficiencies reaching up to 7.7% in full
sunlight have been achieved. With the dye sensitized

ABSTRACT
This study investigated
the surface
modification of N- and S- doped TiO2 (TiNxSyO2-x-y)
and photoelectrochemical characteristics of dyesensitized TiNxSyO2-x-y using visible light sources for
further application of photocatalysis. TiNxSy O2-x-y
was prepared by Ti(SO4)2 and NH3 calcined at 400
o
C (723 K). TiO2 and TiNxSyO2-x-y films on indiumdoping tin oxide (ITO) promoted with nature Eosin
Y (C20H6Br4Na2O5) sensitizers, which were prepared
by precipitation method following by calci- ned at
muffle furnace and tested for electricity and
photoelectrochemical characteristics. The opencircuited output voltage (Voc), short-circuit output
current (Isc) and maximum power (Pm) of TiO2 solar
cell (TSC) and TiNxO2-xSy solar cell (TNSSC) dyed
with Eosin Y (ETSC and ETNSSC) under the
irradiation of VLL, BLED, WLED and RLED were
measured. The Voc per gram (Voc/g) of ETNSSC was
in the order of BLED (26.7) > WLED (26.1) > RLED
(25.8) > VLL (22.0). The maximum value of I sc and
Pm ZHUHP$DQGȝ:IRU(7166&XQGHU
BLED, respectively. All the values of Voc, Isc and Pm
of ETNSSC are larger than those of TSC and ETSC.
This result shows that the TiNxO2-xSy solar cell dyed
with Eosin Y can largely increase the
photoelectrochemical characteristics and change the
absorption light wavelength to red shift obviously. It
is expected to have more applications in the
photocatalytic degradation of pollutants.

KEYWORDS:
Dye sensitized solar cell (DSSC), Eosin Y, light emitting
diode (LED), N- and S-doped TiO2, photoelectrochemical
characteristics.

INTRODUCTION
The photocatalyst of TiO2 is widely used in the
environment photocatalysis, especial for the
photodegradation of pollutants, such as 1-naphthol
[1], texbrite BA-L [2], acetochlor [3], selenium [4]
and ciprofloxacin [5]. Interest in dye-sensitized
3098
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2100, Micromeritics, USA), Elemental Analyzer
(EA) (Elementar VarioEL-III, German) and
ultraviolet-visible (UV/vis) spectroscopy (UV/vis
spectrophotometer, EVOLVTION-220, Thermo.,
USA) were used for the characteristic analyses of
these catalysts.

system, more of the incident solar radiation would be
available to activate the TiO2 resulting in accelerated
photo-oxidation. However, sunlight is not easy
available in indoor or dark night, high reaction rates
require intense light in the appropriate spectral
region. Asahi et al. [15] found that nitrogen- doped
TiO2 possesses visible light activity. The nitrogendoped TiO2 was prepared under the atmos- phere of
NH3 gas using commercial TiO2. There have been
many other reports [16-22] on the introduction of N
atoms through substitutional doping into the TiO2
lattice in place of O atoms, mainly to decrease the
TiO2 band gap (3.2 eV) and hence to improve the
associated photocatalytic acti- vity under visible
light. Additionally, Nitrogen- doped TiO2 also can
be prepared directly in the calcinations process of
TiO2 using the method of neutralization
hydrolyzation [23]. It has been report- ed that
nitrogen-doped TiO2 is visible light active for
photocatalytic hydrogen evolution [24], but its activity is very low. However, there had no discussions
on the N-and S-doping process combined with
organic dye of Eosin Y for DSSCs and also no evaluation of the N-doped DSSCs with the light sources
of LED for Building-integrated photovoltaic
(BIPV). Dyes are best used with sources wellmatched to their absorption spectra, which can be
achieved with a choice of a high intensity LED,
especially in indoor lighting circumstance [25-32].
In this paper, we mainly studied the N- and S-doping
process into TiO2 films sensitized by Eosin Y under
the irradiation of LED light sources and the
evaluated factors of DSSCs of the Eosin Ysensitized N-and S-doped TiO2 thin films.

'66& SUHSDUDWLRQ 7L2 DQG 7167 were
suspended in solutions of acetylacetone (2,4Pentanedione, Nacalai Tesque Inc., Kyoto, Japan)
and Triton X-100 (Nacalai Tesque Inc., Kyoto,
Japan). The photocatalysts were then uniformly
coated on the indium-doping tin oxide (ITO) surface.
The ITO film was then calcined at 723 K for 20 min
and the coated catalyst was 0.03 g. For the DSSC
preparation, the ITO film was inserted into the
solution of Eosin Y at 0.5 mM for 10 min.The ITO
film, wetted with a film of the catalyst coating, was
dried at 378 K in an oven and denoted as negative
electrode. The positive electrode was prepared by
coating pure carbon film. The electro- lyte was
chosen as KI3 solution. The DSSCs prepared from
catalysts of 7L2 7167 DQG EYNSDST ZHUH
GHQRWHG DV TiO2 solar cell (TSC), 7167 solar cell
(TNSSC), EYDST solar cell (EYDSSC) and
EYNSDST solar cell (ETNSSC), respectively. The
photoelectrochemical character- istics of DSSCs
were analyzed by Cyclic Voltammetry (5600
Electrochemical Workstation, Jichan, Taiwan). The
cyclic voltammetry measure- ments were carried out
using a conventional three-electrode assembly
(working electrode (WE), counter platinum
electrode (CE) and saturated calomel reference
electrode saturated calomel electrode (SCE)).
TABLE 1
Characteristics of Light Sources Used in This
Study

MATERIALS AND METHODS
Reagents and catalyst. In this work, an Eosin
Y (C20H6Br4Na2O5) dye was used as a photosensitizer of the catalysts. N-and S-doped TiO2 was
prepared by the incipient wet impregnation method
with Ti(SO4)2 (20 wt.%) solution which was adjusted to PH = 7 and concentration of SO42- less than 0.5
mg L-1 with aqueous ammonia (28 wt. %). After
being filtered and washed to remove SO42- with
distilled water, the samples were dried at 378 K in an
oven for 30 min and milled in a mortar. Then the
samples were calcined at 673 K for 1 h to prepare Nand S- doped TiO2 (denoted asTiNxO2-xSyRU7167)
and then grinded for use. TiO2 of Degussa P-25 was
supplied by Degussa, and used as received without
any pretreatment for comparison. 7L2 DQG 7167
ZHUH DGGHG LQWR 0.5 mM solution of Eosin Y. The
obtained samples were denoted as EYDST and
EYNSDST, respectively. An X-ray single crystal
diffractometer (XRD) (Rigaku TTRAX ɜ, Japan),
scanning electron microscope (SEM) (Hitachi
Tabletop TM-3000, Japan), Brunauer Emmett Teller
(BET) surface measurement device (Model ASAP

9LHZLQJ
DQJOH

3RZHU :

:OHUDQJH
QP

,OOXPLQDWL
RQ /PI

5OHGD



a

a

a

%OHGE



a

a

a

:OHGF



a

a

a

9OOG





a



A. Red light emitting diode bar. B. Blue light emitting
diode bar. C. White light emitting diode bar. D. Visible
light lamp. E. Wavelength. F. Luminous flux.

Light source. In this work, the application of
DSSC is focusing on the indoor circumstance or
Building-integrated photovoltaic (BIPV). The light
sources were chosen as lighting-emitting diode
(LED) used in indoor lighting. The LED is more
novel, and has lower power, electromotive
force(emf) demand and price, but higher efficiency,
life-span and security as compared to a lamp. Also,
it does not generate heat. This study investigated the
feasibility of the applications of visible light LEDs
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),*85(
u  E (<'67 u  F 7L1[2[6\ u  G 
3KRWRVRI+56(0RI D 7L2 u
(<16'67 u  H 7L1[2[6\ u  I (<16'67 u 
were open-circuited output voltage (Voc), shortcircuit output current (Isc) and maximum power (Pm).
A high input resistance X±Y recorder was used to
record I±V curves. The photo I±V characteristics
were done by illuminating the cell from RLED,
BLED, WLED and VLL, which were connected to a
stabilized power supply. I±V curve of the sample
was given in units of milli-Ampere (mA) or milliAmpere per gram of catalyst (mA/g) vs. voltage (V).
The intensity at the location of the sample was given
in units of mW/cm2. This was calculated from the
readings of lux meter which gives the illumination at
the surface of the sample in units of lux and the exact
value of intensity was calculated using the
illuminated area of the sample, knowing that the
mechanical equivalent of light [28] is equal to
0.00161 W/lm and 1 lux=1 lm/m2.

as the light sources for DSSC instead of traditional
lamps in the indoor circumstance. The visible light
used in this study were red light emitting diode bar
(RLED), blue light emitting diode bar (BLED),
white light emitting diode bar (WLED) and visible
light lamp (VLL) for the comparison light. Table
1shows the characteristics of light sources used in
this study.
Apparatus. Four types of cells were used in
this work: TiO2 solar cell (TSC), 7167 solar cell
(TNSSC), EYDST solar cell (EYDSSC) and
EYNSDST solar cell (ETNSSC). I±V characteristics
were measured using the two-electrode system: WE
DQG &( $ VPDOO UHVLVWDQFH ȍ  ZDV XVHG WR
convert current to voltage. The tested parameters for
electricity and photoelectrochemical characteristics
3100
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TABLE 2
BET Surface Areas and Pore Sizes of Dye-Sensitized Catalysts
6DPSOH

%(7
6XUIDFH
$UHD
PJ

/DQJPXLU
6XUIDFH
$UHD PJ

%-+$GVRUSWLRQ
FXPXODWLYH
VXUIDFHDUHD
PJ

%-+'HVRUSWLRQ
FXPXODWLYHVXUIDFH
DUHD
PJ

%-+$GVRUSWLRQ
$YHUDJH
3RUH'LDPHWHU
9$  c

%-+'HVRUSWLRQ
$YHUDJH3RUH
'LDPHWHU 9$  c

7L2>@
(<'67
7L1[2[6\
(<16'67

51.85



























RESULTS AND DISCUSSION
Characteristics of dye-sensitized N- and Sdoped TiO2. HRSEM. HRSEM spectra were taken
for TiO2, TiNxO2-xSy and dye-sensitized samples, as
illustrated in Figure 1. From Figure 1(a) and 1(b),
the sizes of the TiO2 and EYDSTwere between 40±
50 and 50±70 nm, respectively. $IWHU WKH G\H
VHQVLWL]DWLRQ RI TiO2, the particles became larger
than those without sensitization because of the
aggregation phenomenon. The aggregated phenolmena may have been due to the electrostatic
attraction. From more high revolution image (Figure
1(e)-1(f)), the sizes of TiNxO2-xSy and EYNSDST
were between 15±25 nm. The particles of N- and Sdoped TiO2 with or without sensitization ZHUH DOO
VPDOOHUDQG PRUHXQLIRUPWKDQWKRVHRI7L2 It is
believed that the flocculent settling in the
precipitation process of TiNxO2-xSy let the nucleation
mechanism appearing Ostwald ripening [33].
Therefore, the particle size was smaller than that of
TiO2. The HRSEM resolution was between 2±5 nm;
therefore, the N particle could not be detected by
HRSEM due to the limited resolution of the
microscope [22].

FIGURE 2
XRD PATTERNS OF (A) TIO2, (B) EYDST, (C)
TNST, (D) EYNSDST.

FIGURE 3
UV/vis absorption spectra of dye solutions. Eosin
Y:0.5 mm.
BET surface area. The BET surface areas of
TiO2, EYDST, TiNxO2-xSy (TNST) and
EYNSDST calculated by BET equation are listed in
Table 2. Using the precipitation method, the BET
surface area of TiNxO2-xSy increased to 120.71
m2g-1, and was larger than those of commercial
TiO2, EYDST and EYNSDST by about 2.33, 2.18
and 1.26 times, respectively. The reason for the
larger BET surface area of TiNxO2-xSy was
believed to have been due to the smaller particle size
(15±25 nm). Dye-sensitization on the surface of
TiO2 and TiNxO2-xSy changed the BET surface
area, especial for the case of EYNSDST about the
decrease of 25.03 m2g-1. The reason is believed that
the dye concentrated into the pore of particle. The
adsorption average pore and desorption average pore
are opposite against to the BET surface areas.
Therefore, Dye-sensitization will increase the
adsorption average pore and desorption average
pore.

XRD. Figure 2 shows the XRD patterns of
TiO2, EYDST, TNST and EYNSDST. As compared
with the database of the Joint Committee on Powder
Diffraction Standards (JCPDS), the crystal
distribution of TiO2 and EYDST were composed of
about 70% Anatase and 30% Rutile (Figure 2(a)2(b)). From Figure 2(c) and 2(d), the crystal
distributions of TNST and EYNSDST were composed of almost all Anatase. Therefore, the dye sensitization did not change the crystal distribution;
however, the precipitation process of TiNxO2-xSy
changed the crystal distribution all toward to
Anatase. Due to the lower effective mass of
electrons, a higher production rate of electron-hole
pairs and a lower recombination rate in Anatase, the
mobility of electrons in Anatase is higher than in
rutile [22]. TNST had the smallest particle size,
almost half that of commercial TiO2 (Degussa P25).
The peak of Anatase of TNST and EYNSDST were
lower and wider, these characteristics may be the
factors of red shift for light spectra.

UV/Vis Spectroscopy. Figure 3 shows the
UV/Vis absorption spectra graph of dye of Eosin Y.
The absorption peaks were between 263~317.5 nm
3101
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YROWDJH DQG VKRUW FLUFXLWHG FXUUHQW DW GLIIHUHQW
OLJKWVRXUFH7KHYDOXHVRI9RFRIDOO'66&VZHUH
WHVWHGDWGLIIHUHQWOLJKWVRXUFHVDQGVKRZQLQ)LJXUH
7KHDYHUDJH9RFDQG,VFDUHDOVRFRPSDUHGDW)LJ
XUH7KHYDOXHRI9RFZDVVWDEOHDQGGLGQRWFKDQJH
ZLWKWLPH7KHKLJKHVWDQGORZHVWYDOXHVRI9RFDUH

and it is lying in the range of UVA and UVB.
Therefore, the light source of short wavelength is
fevered for Eosin Y.
TABLE 3
Elemental Analysis of Dye-Sensitized Catalyst.
(<'67
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(<16'67
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Accuracy: ±0.1 %. Precision: ±0.2 %. Unit: wt.%.

Elemental Analyses. The results of the
elemental analyses for EYDST, TNST and
EYNSDST are listed in Table 3. The N source for
doping is derived from the ammonia and dye, and the
mass percentage of N is in the order of EYNSDST >
TNST > EYDST. The S source is contributed from
Ti(SO4)2 and Eosin Y, and it is the highest value
among the analyzed elements. Also their order is the
same as that of N component. Comparison with the
sum of all elements, including N, C, S, H,
EYNSDST has the highest mass percent- tage, and
the value is about 3.21 wt.%. S element in
EYNSDST contains about 48.91 wt.% and the value
is lower than that of TNST (70.6 wt.%) because the
additional adsorption of dye of Eosin Y on TNST.
The dye sensitization of Eosin Y rare increased S
mass percentage on TiO2 and TNST about 0.09 and
0.06 wt.%, respectively, however, it increased the
mass percentages of N, C and H obviously.

(a)

(b)

(c)

FIGURE 4
Average open-circuited output voltage (Voc) per
unit mass vs. Different dye concentration using
BLED light bar at ETNSSC.
Photoelectrochemical Characteristics of
dye-sensitized N- and S-doped TiO2. Characteristics of open-circuited output voltage at different
dye concentration. The open-circuited output
voltage (Voc) of ETNSSC prepared at different dye
concentrations at the light of BLED is shown in
Figure 4. The Voc value was in the order of 2.5ɧ0.5
ɧ0.25ɧ0.05 mM. However, the increase of Voc did
not clearly after the concentration of 0.5 mM.
Therefore, it is the chosen concentration in this
study.

(d)
FIGURE 5
Open-circuited output voltage (Voc) per unit
mass vs. Irradiation times at different DSSC
点:
using different light sources. Ɣ(7166&点
7166&Ÿ(76&ی: TSC. Catalyst mass=
0.02 g, Eosin Y=0.5 mm and 0.5 mL. (a) RLED,
(b) BLED, (c) WLED, (d) VLL.

&KDUDFWHULVWLFV RI RSHQFLUFXLWHG RXWSXW
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DWGLIIHUHQWOLJKWVRXUFHVDQG7DEOHOLVWVDOOYDOXHV
RI9RF,VFILOOIDFWRU )) DQGPD[LPXPRXWSXWSRZHU
3PD[ 7KH YDOXHV LQ 7DEOH  DUH WKH RULJLQDO RQHV
ZKLFKDUHGHULYHGIURP)LJXUHDQGGLGQRWHYDOXDWH
WKHXVHGPDVVRIFDWDO\VWVRUirradiation area)URP
)LJXUH  RU 7DEOH  WKH KLJKHVW YDOXH RI 3 PD[ LV
ȝ:DW%/('IRU(7166&

9JDW%/('DQG9JDW9//IRU(7166&
DQG76&UHVSHFWLYHO\DQGWKHLUGLIIHUHQFHLVDERXW
WLPHV,QDOOOLJKWLUUDGLDWLRQWKHDYHUDJH9RF
DUHDOOLQWKHRUGHURI(7166&!7166&!(76&!
76& %RWK WKH GRSLQJ RI 1 DQG 6 DQG G\H
VHQVLWL]DWLRQDOOLQFUHDVHGWKHYDOXHRI9RF)URPWKH
899LV DEVRUSWLRQ VSHFWUD WKH DEVRUSWLRQ SHDN RI
(RVLQ < LV O\LQJ RQ VKRUW ZDYHOHQJWK DQG LW LV
HYLGHQFHG WKDW DOO 9RF KDYH WKH KLJKHVW YDOXH DW
%/('LQDOO'66&EHFDXVHWKHZDYHOHQJWKRI%/('
LV WKH VKRUWHVW RQH LQ DOO OLJKW VRXUFHV $ERXW WKH
YDOXHRI,VF'66&SUHSDUHGIURP1DQG6GRSHG
7L2 TiNxO2-xSy 7167  KDYH KLJKHU YDOXH WKDQ
WKDWRI7L2ZLWKRUZLWKRXWG\HVHQVLWL]DWLRQ([FHSW
RI9//DOO,VFRI'66&IURPG\HVHQVLWL]DWLRQZHUH
KLJKHUWKDQWKRVHRI'66&ZLWKRXWG\HVHQVLWL]DWLRQ
DW5/('%/('DQG:/('7KHKLJKHVWDQGORZHVW
YDOXHVRI,VFDUHP$JDW%/('DQGP$JDW
:/(' IRU (7166& DQG 76& UHVSHFWLYHO\ DQG
WKHLUGLIIHUHQFHLVDERXWWLPHV7KHLURUGHULVWKH
VDPHDVWKDWRI9RFLight absorbers such as Ru(II)
complex-based dye have
attracted attention due to their narrow photoresponse
(350±650 nm), despite their high extinction
coefficient (55,000cmí1) at a wavelength of 30 nm,
compared to that (800 nm) of Si-based solar cells.
For more obvious comparison, it is suggested to
evaluate the maximum output power (P max) of
different DSSC at the irradiation of all light sources.

FIGURE 6. (A)
The average open-circuited output voltage (Voc)
irradiation at different light sources of RLED,
BLED, WLED and VLL. Catalyst mass=0.02 g,
Eosin Y=0.5 mm and 0.5 ml.

FIGURE 6. (B)
The average short circuited current (Isc)
irradiation at different light sources of RLED,
BLED, WLED and VLL. Catalyst mass=0.02 g,
Eosin Y=0.5 mm and 0.5 ml.

FIGURE 7
I-V curves of different DSSC at the irradiation
of different light source. Ʌ: ETNSSC, *:
TNSSC, ɇ: ETSC, Ɍ: TSC. Catalyst mass=0.02
g, Eosin Y=0.5 mm and 0.5 ml. (a) RLED, (b)
BLED, (c) WLED, (d) VLL

Characteristics of I-V curves at different
light source. Figure 7 shows I-V curvesRIDOO'66&
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TABLE 4
I-V Curve Factors of Different DSSCs at the Irradiation of Different Light Sources
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,Q DOO OLJKW LUUDGLDWLRQ 3PD[ DUH DOO LQ WKH RUGHU RI
(7166&!7166&!(76&!76&)URP7DEOH
WKH GLIIHUHQFHRI3PD[EHWZHHQ (76&DQG76&LV
QRWREYLRXVDQGLWDSSHDUHGWKDW'66& ZLWKRXW1
DQG6GRSLQJGLGQRWLQFUHDVHWKH3 PD[DSSDUHQWO\
$IWHUWKHG\HVHQVLWL]DWLRQRI1DQG6GRSHG7L2
WKH LQFUHDVH RI 3PD[ IURP 7166& WR (7166& LV
FOHDU DQG LW LV DERXW  WR  WLPHV DW WKH WKUHH
OLJKW VRXUFHV RI %/(' :/(' DQG 9// ZLWK WKH
FRPSDULVRQ RI (7166& DQG 7166& ,W LV WKH
HYLGHQFH WKDW ERWK 1 DQG 6GRSLQJ DQG G\H
VHQVLWL]DWLRQDUHWKHNH\IDFWRUVIRU'66&WRLPSURYH
WKHLUHIILFLHQF\The N- and S-TiO2 (7L1[2[6\ has
smaller crystalline size and larger specific surface
area to enhance the adsorption amount of Eosin Y
than commercial TiO2. Surface oxygen defects
produced by nitrogen and sulfur doping would
improve the adsorption of Eosin Y and excited
electron to transfer to the conduction band of N-and
S-TiO2. Therefore the visible light activity of the
sensitized N- and S-doped TiO2 is much higher than
that of the sensitized TiO2 at different wavelength
light of indoor LED.
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photosynthesis, water relation, nutrient imbalance,
oxidative stress, and yield [2-4]. Thus a remarkable
number of investigations have concentrated on
resolving salinity problem and developing new
methods for overcoming it. For instance, addition
of some chemical compounds (salicylic acid,
jasmonic acids, calcium, nitric oxide, hydrogen
SHUR[LGH WRWKHSODQW¶VJURZLQJPHGLDLVRQHRIWKH
methods in prospect of being a solution for the
osmotic and oxidative stresses caused by salt stress.
Salicylic acid, which is naturally synthesized
by plants, plays an important role as a signal
molecule that is required for stimulating specific
responses against various biotic and abiotic stresses
[5-8].
The protective effect of SA against several
abiotic stress factors has been demonstrated [9-17].
Furthermore, the role of SA in inducing salt
tolerance has been investigated in detail for various
plants [18-23].
For being able to work with a large number of
plant materials in small areas under controllable
optimum conditions, tissue culture techniques are
preferred in physiological studies and for the
purposes of clarifying basic mechanisms [24, 25].
Eggplant (Solanum melongena L.), belongs to
family Solanaceae, is an important crop for Turkey.
According to the FAO 2012 statistics, Turkey holds
the first place in eggplant production in Europe
with a yield of 799,285 tons in 30.000 hectares.
Furthermore, it is known that embryo culture
applications in eggplants shortens the period of
time needed for a generation almost 2-2,5 months
[26].
Although there are some reports about effects
of salinity on eggplants under in vivo and in vitro
conditions [27-29], no reports can be found about
effects of salicylic acid individually and
accompanied with salt stress.
The aim of this study was to investigate the
effects of salicylic acid individually and

ABSTRACT
Growth and some physiological traits of
eggplant (cv. Kemer, salt sensitive and cv. Mardin
Kiziltepe, salt tolerant) embryos cultured under
different saline (NaCl), salicylic acid (SA) and salt
with salicylic acid conditions were investigated.
Germination percentage appeared to be the
least effected parameter among all treatments for
both cultivars except 100 mM NaCl + 150μM SA
treatment in Mardin Kiziltepe. On the other hand,
seedling stage was found to be more sensitive to
salt and salt+SA treatments. While growth of salt
treated plants showed a slight decrease in
development compared to control plants, SA with
or without salt treatment caused a significant
decrease when compared to both control and just
salt treated plants.
A burst in proline content was found in both
FXOWLYDUV VSHFLILFDOO\ DW P0 1D&Oȝ0 6$
In salt treated plantlets, while Na+ and Cl- contents
of tissues were induced, Ca2+ and K+ levels were
lowered. As a result, seedling stage was found to be
more sensitive to salt and salt+SA treatments and
the reduced growth rate during the developmental
stage of eggplant embryos might be related to the
osmotic stress induced by salicylic acid
individually and SA accompanied with salt stress.

KEYWORDS:
Salicylic acid, salt stress, eggplant, embryo culture, in
vitro

INTRODUCTION
Salinity is one of the major problems of the
world territory affecting 800 million hectares of
area in the world [1]. Salt stress affects all the
major processes such as germination, growth,
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compared with least significant differences (LSD)
at the 5% probability level.

accompanied with salt stress on the growth and
some physiological traits and to evaluate whether
SA may alleviate or remove the negative effects of
salt stress for two different eggplant (cv. Kemer,
salt sensitive and cv. Mardin Kiziltepe, salt
tolerant) embryos cultured in vitro.

RESULTS AND DISCUSSION
Since it limits crop yield and restricts use of
land previously uncultivated, soil salinity is a major
constraint to food production. Salt stress induced
inhibition on plant growth could be attributed to
specific ion toxicity, disturbance in homeostasis of
Na+ and Cl- ions, stomatal closure, and the
increased production of ROS in chloroplasts [3335]. Recent studies have shown that some
substances added exogenously increases stress
tolerance of the plant and fixes the negative effects
created by stress. One such substance is SA.
In general, applying low concentrations of SA
have positive effect on photosynthesis, growth,
physiological and biochemical traits of plants. On
the contrary, high concentrations of SA caused a
stress and also with salt and osmotic stresses may
enhanced stress symptoms [12]. It was observed
that exogenous application of SA promotes growth
and counteracts the stress
induced growth
inhibition due to abiotic stresses in a range of crop
species [13, 15, 36-38].
In our study, both of eggplants embriyos
which are salt tolerant Mardin Kiziltepe and salt
sensitive Kemer were exposed to different saline
(NaCl), salicylic acid (SA) and salt with salicylic
acid treatments. Salt stress and salicylic acid
individually or accompanied with salt stress
affected all the investigated physiological and
biochemical traits in this study.
With regards to germination, both the
genotypes showed differences in their response
against applications (Table 1). Except for the
negligible decrease of 4.2% in the 6th application
(of 150 mM NaCl + 50 μM SA) in the Kemer, all
the applications had a 100% germination rate while
the germination percentage of Mardin Kiziltepe
was between 66.6-100%. The lowest values were
observed in the 5th application (of 100mM NaCl +
150 μM SA), also appearing in the 3 rd, 5th, and 7th
applications. The application of 150 mM NaCl has
decreased germination by 25% in Mardin Kiziltepe
(Table 1). Additionally, the application of 150 mM
NaCl and SA has increased germination by 5-12%
when compared to the other groups where salt
(NaCl) was applied, however this was found to be
statistically negligible. It can be deduced from the
statistics that, when compared to the Kemer, the
Mardin Kiziltepe embryos are more sensitive
towards salt and SA during the germination
process. When the germination percentages are
compared it can be observed that Mardin Kiziltepe,
known for its tolerance against salt, shows variation
in its germination percentages for all the treatments

MATERIAL AND METHODS
As the plant material, embryos obtained from
immature seeds which are known as salt tolerant
Mardin Kiziltepe (M) and salt sensitive Kemer (K)
eggplant cultivars were used by <DúDU[29].
Embryos gently isolated from the 32 days old
seeds of eggplants transplanted on MS (Murashige
& Skoog) [30] medium containing 2% sugar, 7%
agar at pH 5.7 [26]. Also different concentrations of
NaCl and salicylic acid were applied. The embriyos
of eggplants were divided into 9 groups. The
identification of plant group treatments was as
follows:
Group Treatment
1 Control
2 Embryos treated with 100 mM NaCl
3 Embryos treated with 150 mM NaCl
4 Embryos treated with 100 mM NaCl + 50 μM SA
5 Embryos treated with 100 mM NaCl + 150 μM
SA
6 Embryos treated with 150 mM NaCl + 50 μM SA
7 Embryos treated with 150 mM NaCl + 150 μM
SA
8 Embryos treated with 50 μM SA
9 Embryos treated with 150 μM SA
Embryos were incubated for 21 days at 25±1
϶C and 16/8 hours of light/dark. After the
incubation period, plantlets were harvested and
germination percentage (%), shoot and root lengths
(cm), fresh weight (FW) and dry weight (DW)
(after drying at 80 °C for 48 h) of seedlings were
recorded.
For ion and prolin analyses, tissues were dried
in an oven at 80 ƕC for 48 hours and then finely
crushed to fine powder with a mortar and pestle.
The mineral ions were determined from extracts
prepared according to the methods of Weimberg
[31]. Na+, K+, and Ca2+ were measured by using a
flame photometer (Analytic Jena), Cl- was
measured by using a Cotlove chloridometer. The
proline content was determined by using the
method of Bates et al. [32].
The experiments were set up in a completely
randomized design. All analyses were carried out
with 4 replications. All statistical analyses were
done with STATGRAPHICS Centurion XV.II. The
results were subjected to analysis of variance
(ANOVA). Means differing significantly were
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attributed to the oxidative stress caused by SA.
Even though the concentrations used were less than
the concentrations needed to cause harmful
symptoms, the observed decrease in germination
rates can be attributed to the fact that, as opposed to
seeds, embryos have no protective outer layer and
have less defence against stressful conditions.
The data showing the effects of applying salt,
SA, and SA+salt treatments on fresh and dry
weights are given in Table 1. When compared to
the controls (1), salt treatments (2 and 3) and
salicylic acid treatments (4-9), the relative decrease
of fresh weights of cultivars were the highest in
salicylic acid treatments (4-9) (Table 1). In SA
treatments, fresh weight decreased by 50-80%
compared to the control. While treating with 100
mM NaCl resulted in a 2.8% increase, this increase
after SA treatment has been found to be statistically
significant (Mardin Kiziltepe). Additionally,
treatment with 150 mM NaCl has resulted in a
59.4% increase. Both the decrease seen during SA
treatment and the increase seen in the 3rd treatment
was found to be statistically significant. Even
though SA treated groups did not show important
differences amongst themselves, it was found that
the salt treated groups and the control group
showed significant differences amongst themselves.
The fresh weights of stem and root varied
between 28.1 to 194.5 mg and 2.6 to 116.3 mg,
respectively, in Mardin Kiziltepe. The fresh
weights of stem and root varied between 12,8 to 98
mg and 2.9 to 24.3 mg, respectively, in Kemer. The
fresh weight of roots decreased with all salicylic
acid treatments, but increased with 100 and 150
mM NaCl treatments (Table 1). Salt+SA and SA
treatments negatively effected dry matter
accumulation in the roots and shoots of both cv.
Kemer and Mardin Kiziltepe. The dry weights of
stem and root varied between 2.3 to 14.7 mg and
0.3 to 9.7 mg, respectively, in Mardin Kiziltepe.
The dry weights of stem and root varied between
0.9 to 7.1 mg and 0.4 to 0.95 mg, respectively, in
.HPHU 7KH HIIHFWV RI  ȝ0 6$ LQKLELWHG URRW
development of tested cultivars (Table 1).
According to the control group, except for the
150 mM NaCl treatment, all the dry mass data of
the treatments showed a statistically significant
decrease which differed between the percentages
40-80%. Additionally, the increase of 56.3% shown
by the 150 mM NaCl treatment when compared
with the control group was also found to be
statistically significant. These findings also
correlated with the fresh weight values
As observed in the case of fresh weight, SA
applications did not show significant differences
amongst themselves while the difference between
the salt applications and the control group was
significant.

as opposed to the Kemer. This may be because the
Mardin Kiziltepe was propagated twice. As for
Kemer, it is an openly fertilised, standard,
commercial cultivar, and no variations were
observed in individuals or in the seeds that had
propagated. Although Kemer retained its
germination percentage almost uneffected in all
applications, Mardin Kiziltepe seemed to be more
effected of salt and salt + SA applications (Table
1). Differences between treatments and germination
of cultivars were not significant. It is possible to
say that germination was not effected by salicylic
acid and salt treatments.
In all treatments germination was found less
effected parameter in two tested cultivars. This
result showed that SA, individually or accompanied
with salt stress, has no significant effect on the
germination. This result is consistent with Demir et
al. [28], who reported that seedling stage was more
sensitive than germination stage under the salt
stress conditions. Also Perry [39] has suggested
that seedling stage is useful for healty comparison
under the stress conditions.
On the other hand, in a study where 100 mM
NaCl was applied, SA usage resulted with a 35%
increase in seed germination against salt induced
inhibition. It was put forth that this effect of SA on
the germination process resulted from protein
translation and accumulation, increased seed
metabolism and synthesis of antioxidant enzymes
[40].
The conflicting evidence about the effects of
SA in the previous studies was on the germination
and seedling development. Some researcher
reported that SA synthesize and accumulate very
important for seed germination in salt stress. On the
other hand, SA alone inhibited seed germination in
Arabidopsis [41], maize [42] and barley [43] in a
dose-dependent manner.
It was observed in Arabidopsis that SA
increased the oxidative and osmotic stress caused
by NaCl and thus resulted in the death of the
seedlings [11]. It was reported that in some studies
these effects by SA were due to SA concentrations
and it was claimed that concentrations between 3-5
mM completely prevented germination [42], while
it was also observed that when the concentration
was less than 1 mM there was no observable
change in germination rate or ratio [40]. For the SA
concentrations over 0.5 mM, it was put forth that
the reason for decreased germination rates and the
discolouration of the plants into white was due to
high concentrations of SA causing oxidative stress
[44]. For this reason, the SA concentrations in our
studies were kept below 0.5 mM; 50 μM (0.05
mM) and 150 μM (0.15 mM). The low
concentrations used did not result in significant
changes in germination rates. However, the
decrease seen in some of the groups can still be
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When compared with the control group, the
root dry weight of all the groups showed a decrease
between 87-97%, and these changes were found to
be statistically significant. It can be deduced that
the groups that were treated with SA were again
found to be similar amongst themselves and that the
ones that were treated with SA+salt were found to
inhibit root development. In fact, the applications
(6, 7 and 9) that had the highest concentrations of
salt (150 mM) and SA (150 mM) were found to
have no root development at all. For this reason, the
data for these groups are given in Table 1.
It was observed that all the treatments resulted
in a statistically significant decrease in stem length
of the Mardin Kiziltepe by 14% to 60%. Whilst the
control group showed the highest stem length with
5.5 cm, the lowest value was shown to be 2.2 cm in
the 100 mM NaCl + 150 μM SA treatment (Table
1). In the same cultivar, it was also observed that
the highest root height value was 9.2 cm for the
100mM NaCl application while the shortest root
height was found to be 0.6 cm for the 150μM SA
treatment. When compared to the control group, the
salt treated groups were found to have a statistically
significant increase in their root length by 60%. As
for the groups treated with SA and SA + salt, a
statistically significant decrease of 50-90% was
observed, while the 7th treatment resulted in the
complete inhibition of root development. When all
the plant height values for the Mardin Kiziltepe
were studied (Figure 1a), the highest value was

observed to be 13.9 cm for the 100 mM NaCl
treatment, while the least value was 2.6 cm due to
the 150 mM NaCl + 150μM SA treatment, where
the highest concentrations for both salt and SA
were used. When compared with the control group,
the 23% increase observed in the 2nd treatment and
the 47% to 77% decrease in the SA and SA + salt
treatment were found to be statistically significant
changes.
For the Kemer, the average stem height data
(Table 1) shows that, when compared with the
control group, all the applications resulted in a
statistically significant decrease between 23% and
48%. While the highest stem length of 3.9 cm was
observed in the control group, the lowest stem
length was found to be 2.0 cm in the 150μM SA
treatment. When the average root height data were
analysed (Table 1), the highest root height value
was found to be 6.7 cm in the 150 mM NaCl treated
group, while the lowest value was found to be 0.1
cm in the 100mM NaCl + 150 μM SA treated
group. The application of salt resulted in a
statistically significant increase of 65% in root
height when compared to the control group. While
the application of SA and SA + salt resulted in a
statistically significant decrease in root height by
60% to 97%, while in the 6th, 7th, and 9th
applications (150mM NaCl + 50 μM SA, 150 mM
NaCl + 150 μM SA, 150 μM respectively)
complete inhibition in root development was
observed.

TABLE 1.
Growth parameters of eggplants cultivars treated with salt, salicylic acid and salt+salicylic acid (1.
&RQWUROP01D&OP01D&OP01D&Oȝ06$P01D&Oȝ06$
P01D&Oȝ06$P0 1D&Oȝ06$ȝ06$ȝ06$treatments).

Shoot
weight

Root
weight

Root
weight

Shoot height

Root height

1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9

100 ± 0,0
100 ± 0,0
75 ± 21,5
87,4 ± 8,3
66,6 ± 33,3
87,4 ± 15,9
79,1 ± 8,3
100 ± 0,0
87,4 ± 15,9
100 ± 0,0
100 ± 0,0
100 ± 0,0
100 ± 0,0
100 ± 0,0
95,8 ± 8,3
100 ± 0,0
100 ± 0,0
100

189,2 ± 0,11
194,5 ± 0,03
120,7 ± 0,05
48,3 ± 0,02
33,2 ± 0,0001
32,5 ± 0,03
33,8 ± 0,01
39,1 ± 0,006
28,1 ± 0,02
61,4 ± 0,03
52,3 ± 0,02
98± 0,03
24,4 ± 0,006
30,4 ± 0,009
29,5 ± 0,006
33,2 ± 0,03
20,9 ± 0,003
12,8 ± 0,0008

14,7 ± 0,01
11,6 ± 0,002
7,5 ± 0,02
3,0 ± 0,001
3,2 ± 0,0001
2,3 ± 0,0003
2,6 ± 0,0006
2,7 ± 0,0005
2,5 ± 0,001
4,5 ± 0,002
2,7 ± 0,001
7,1 ± 0,003
1,4 ± 0,0002
2,2 ± 0,002
2,3 ± 0,002
2,3 ± 0,002
1,4 ± 0,001
0,9 ± 0,0009

73,6 ± 0,03
116,3 ± 0,06
54,5 ± 0,01
9,1 ± 0,004
4,1 ± 0,001
4,3 ± 0,002
2,6 ± 0,0001
8,3 ± 0,002
11,6 ± 0,003
24,3 ± 0,007
4,4 ± 0,0001
2,9 ± 0,0001
2,9 ± 0,001
-

4,2 ± 0,002
7,1 ± 0,007
3,6 ± 0,001
1,25 ± 0,001
0,6 ± 0,0002
0,7 ± 0,0002
0,3 ± 0,0001
0,95 ± 0,003
1,0 ± 0,0002
2,1 ± 0,0003
0,4 ± 0,0001
0,8 ± 0,0001
0,4 ± 0,0002
-

5,5 ± 1,2
4,7 ± 0,9
3,2 ± 0,9
2,9 ± 1,1
2,2 ± 0,5
2,3 ± 0,8
2,6 ± 0,9
3,6 ± 0,9
2,6 ± 0,9
3,9 ± 1,0
3,0 ± 0,5
2,6 ± 1,0
2,2 ± 0,5
2,9 ± 0,5
2,3 ± 0,5
2,1 ± 0,4
2,6 ± 0,5
2,0 ± 0,5

5,8 ± 4,3
9,2 ± 3,7
8,1 ± 3,1
2,8 ± 2,2
0,9 ± 0,3
1,8 ± 0,6
2,4 ± 1,6
0,6 ± 0,2
4,0 ± 1,7
6,4 ± 2,4
6,7 ± 1,6
0,5 ± 0,2
0,1 ± 0,01
1,7 ± 1,0
-
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can be attributed to the increase in osmotic stress
due to the salt concentration in the medium, thus
resulting in the plant elongating its roots so as to
increase the surface area for absorption, and
increasing the amount of water in the tissues so as
to dilute the high salinity concentration resulting
from excess salt entering the tissues. As for treating
with 150 mM NaCl, it was observed that both the
dry and the fresh weight was less than that of the
control group, even though the plant heights of both
groups were very similar to each other. The reason
for this could be due to the plant not showing the
same tolerance to a 150 mM salinity treatment than
to the 100 mM concentration, and the elongation of
the roots to increase surface area for absorption
resulting in the decrease of leaves could also be
reasons for the decrease in fresh and dry weight.
The plant height and the fresh and dry weight
values of the Mardin Kiziltepe were found to be in
close correlation when treated with SA+salt and SA
(Table 1). It can be said that the growth and
development was much less in this group than in
the first three treatments because the mechanisms
for tolerance could not work and the development
of the plant height and the fresh and dry weight
were suppressed due to the high osmotic and
oxidative stress found in the medium.
Unlike Mardin Kiziltepe, Kemer answered
150 mM NaCl treatment with a higher fresh and dry
weight value as opposed to 100 mM NaCl (Table
1). The high difference seen in fresh and dry weight
when treated with 150 mM NaCl, shows that the
tissues increase their water content under these
circumstances. Similar to Mardin Kiziltepe, the
Kemer also showed plant height and fresh and dry
weight values consecutively following one another
for the groups treated with SA and SA+salt. This
phenomenon means that development of the
seedling is inhibited since they could not tolerante
the osmotic and oxidative stress in the environment.
When the eggplant cultivars are compared,
there is statistically significant differences (p<0.05)
between the Mardin Kiziltepe and the Kemer
cultivar in terms of growth and development. The
root and stem tissues of the Mardin Kiziltepe had
higher values than the Kemer for both dry and fresh
weight in the control group and in the groups
treated with 100mM concentrations. Similarly, the
stem and root height values were found to be higher
in the Mardin Kiziltepe. The values for the stem,
root, and the whole plant height for the control
group, salinity treated groups (2 and 3), SA+salt
treated groups with 50 μM SA (4 and 6), and the 50
μM SA treated groups, were found to have
statistically significant (p<0.05) differences in their
values compared to the Kemer. The groups treated
with 150 μM SA (5, 7, and 9) for both the cultivars
showed no statistically significant differences thus
it can be deduced that these SA concentrations were

When the plant height for the Kemer was
analysed (Table 1, Figure 1a), it was proven that the
highest value was 9.4 cm observed in the 100 mM
NaCl application and the lowest value was 2.0 cm
observed in the SA application where the highest
concentration of the acid was used (150 μM SA).
When compared with the control group, the 1718% increase in the salt applied group and the 45%
to 75% decrease observed in the SA and SA+salt
applied groups were found to be statistically
significant. All the plant height data in general
suggest that the ordering of the heights show, from
the groups treated with the highest concentrations
of salt+SA to that of the control groups, that plant
height can be represented in a graph with linear
increase, and that salt has a positive effect on plant
height.
Figure 1a shows the effect of various
treatments on plant height of eggplant cultivars.
When compared to the controls, the stem heights of
the cultivars decreased in all treatments. Although
salinity caused an increase, SA and SA+salt
treatments caused a significant decrease in the root
height of the two tested cultivars. Salt treatments
induced a total increase in height of the plant, but
this was only due to root elongations. Namely, as
the stem height becomes shorter, the root height
becomes longer. Contrary to this effect, treatment
with SA had a more distinct effect on root
development than on stem development; in fact, the
highest salinity concentration applied (150 mM)
together with SA treatment (6th and 7th treatments),
and applying the highest SA concentration alone
(150μM SA) has completely inhibited root
development.
Salinity treatment resulted in shortening in
stems for both cultivars. While the stem height
became shorter the roots elongated. Other
researchers [45, 46] also showed that salinity stress
resulted in dwarfism in their studies. On the other
hand, SA was found to inhibit development in both
the stem and the roots, even its inhibitory effect had
a greater impact on root development. One reason
for this inhibitory effect that SA has on
development, may be due to the disruption of the
internal ion order, in addition to SA and salinity in
the environment leading to oxidative stress. It can
be deduced for both of the cultivars, due to the fact
that a 150 μM SA treatment results in serious
negative effects on development, that this
concentration of SA is too high for treating
eggplant embryo cultures.
The increase in plant height and fresh weight
and the decrease in dry weight in the treated groups
in comparison to the control group can be explained
as the effect of spaces between cells and the
increase in water content in tissues. This situation
can be observed when 100 and 150 mM NaCl is
applied to the Mardin Kiziltepe. The reason for this
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too high for treating eggplant embryo cultures.
When evaluating the growth and development of
the cultivars it is possible to say that the Mardin
Kiziltepe has shown better results than the Kemer
in terms of all the developmental parameters
applied to the embryo cultures.
When the studies about the effects of SA on
growth and development in scientific literature are
analyzed, it can be deduced that this molecule has
generally a positive effect and it can be observed
under salinity stress that such parameters like the
plants fresh and dry weight, height, and number of
leaves, all increase [47, 48]. On the other hand,
there are also studies that show SA having an
inhibitory effect on plant growth. Pancheva et al.
[49] shows in their work that after treating barley
with SA with respect to the dosage used, leaf
growth is delayed and development of both the
leaves and the roots decline.
The proline contents changed between 1.1 and
 ȝPRO J ): LQ 0DUGLQ .L]LOWHSH DQG  DQG
 ȝPRO J ): LQ .HPHU ,Q ERWK WKH FXOWLYDUV
proline contents significantly increased when
treated with 150 mM NaCl+50 μM SA. The highest
proline contents were determined by this treatment
(Figure 1b). It can be generally deduced that 50μM
SA treatment by itself and when used with 150 mM
salt can result in the increase of endogenous proline
content.
It is known that SA treatments under salty
conditions may increase proline content [48]. The
increase in endogenous proline amount may arise
from the increase in activity of enzymes involved in
proline biosynthesis or decrease in activity of the
enzymes involved in proline degradation [50].
When the proline amount of the cultivars were
compared (Figure 1b), it was found that the Kemer
showed higher values than the Mardin Kiziltepe.
Especially in the control group, Kemer was found
to contain 3 times as much proline as Mardin
Kiziltepe, showing that there is a difference
between the two genotypes related with proline
accumulation. However, there is no clear answer
regarding proline accumulation being caused by
salt tolerance or sensitivity. For example, Lutts et
al. [51] reported that the proline accumulation in
rice plants under salinity stress occurred more as a
damage symptom than a response for salt tolerance.
The concentration of proline in many salttolerant plants has been found to be higher than that
of saltsensitive plants. However, other researchers
have reported a larger accumulation of proline in
salt-hypersensitive plants than in salt-tolerant ones
[52, 53]. Lutts et al. [54] did not find a significant
role of proline in salt stressed rice and reported that
proline did not take part in osmotic adjustment. In
tomatoes, salt-tolerant wild cultivars accumulated
less proline in their leaves than the salt-sensitive
cultivars [55]. Moftah and Michel [56] reported that

proline contributed less than 1% to osmotic
adjustment in salt-stressed soybeans. Ashraf [2]
concluded that contrasting reports on the role of
proline in salt tolerance and its use as a selection
criterion for salt tolerance have been questioned.
Also Baysal Furtana [57], except for Çengelköy, in
which the proline content did not change
significantly, the NaCl treatment induced a
remarkable increase in proline content in the leaves
of all cultivars. This result suggests that proline
accumulation may be a response to leaf damage in
the tested cucumber cultivars.
Salt treatments increased Na+ and Cl- content
in both cultivars (Figures 1d and 1f). When the
cultivars were compared according to their ion
concentrations, it was observed that Mardin
Kiziltepe had higher ion concentrations than the
Kemer. The differences between the cultivars
showed that while Cl- was found statistically
significant only in the control group, Ca2+, Na+ and
K+ were found statistically significant when the
control group was treated with 100 and 150 mM
NaCl.
While application of SA caused a decrease,
salt and salt+SA treatments increased Cl- contents
compared to the controls of Mardin Kiziltepe. This
changes were found statisticaly significant
(p>0,05). Similarly in Kemer salt and salt+SA
treatments significantly increased Cl- contents, only
SA treatments decreased Clcontents
insignificantly.
When the cultivars were compared it was
detected that the control group of Kemer had twice
as much K+/Na+ ratio as Mardin Kiziltepe.
Although salt treatment decreased the K+/Na+ ratio
for both cultivars, it was observed that Kemer had
more of a decrease than Mardin Kiziltepe.
In both the cultivars, SA and SA+salt
treatments disrupted the equilibrium of the
endogenous ions and inhibited ion consumption.
This case can be observed more openly when there
is no extra ion source present when treating with 50
and 150 μM SA. These treatments resulted in the
decrease of Ca2+, Na+, K+ and Cl- values in both the
cultivars. Because of this, it is possible to say that
one reason for the negative effect SA treatment has
on growth and development is due to the changes in
ion equilibriums that occur in seedlings and
insufficient nutrition. Hayat and Ahmad [58] have
indicated that SA effects nutrition uptake by roots
and ion equilibrium thus resulting in the decrease of
K+ concentration.
Application of salt treatments reduced Ca2+
and K+ content in cultivars while increasing Na+
and Cl- content. These results are consistent with
Tuna [59]. SA treatments caused a decrease only in
Mardin Kiziltepe. There were no reducing effects
of SA treatments in Na+ contents of Kemer and Clcontents of two cultivars. Also only SA treatments
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had no negative effects on ion uptake and ion
imbalance. Generally, negative effects of salt on ion
imbalance SA had no optimizer roles.
The three effects that salt stress has on plants
identified by Marschner [60] are: water deficiency
(water stress), ion toxicity from the uptake of
excess Na and Cl ions, the disruption of the mineral
system in the cell fluid and disorder in Ca
equilibrium due to disruption in ion transportation.
When the seedlings of both cultivars are examined
for these symptoms, it is possible to state that the
effects mainly resulted from ion toxicity and
imbalance.
When comparing with just the SA treated
group and the control group, all the salt applied
groups showed significant increases in Na+ and Clconcentrations. For this case, the effect of SA was
only visible in the Mardin Kiziltepe where Na +
concentrations decreased. On the other hand, no
positively reducing effect of SA against increasing
salt concentrations has seen above Na+ for Kemer
and Cl- for both cultivars. With regards to Ca2+ and
K+ concentrations, the cultivars showed a general

decrease in these ion concentrations when treated
with salt and no positive effect of SA against this
situation has been seen (Figures 1c and 1e).
Generally SA was not found to be alleviating those
salt spesific effects on ions. Also SA itself
negatively affected the ion uptake and ionic balance
of tissues. Consequently, it can be stated that when
SA is applied, either by itself or with salt, it plays a
role in internal ion balance and limits nutrient
uptake. This inhibitory effect of SA, could have
resulted from the disruption of the balance in
internal ion concentrations and from the
concentrations of salt and SA present in the
environment.
Taking high concentrations of salt (NaCl) by
the plant, results in competition with other ions,
especially K+, thus resulting in K+ shortage [61]. It
was shown by Zhu [62], Volkov et al. [63], Ghars
et al. [64] that the genotypes in plants that allow the
absorption of Na and K in different proportions,
allowing them to have different K +/Na+ ratios, plays
a role in salt tolerance.
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FIGURE 1.
Plant height (a), proline (b), Ca2+ (c), Na+ (d), K+ (e) and Cl- (f) contents of eggplants cultivars treated with
salt, salicylic acid and salt+salicylic acid (1. Control, 2. 100 mM NaCl, 3.150 mM NaCl, 4.100 mM NaCl +
ȝ06$P01D&Oȝ06$P01D&Oȝ06$P01D&Oȝ06$
ȝ06$ȝ06$treatments). Values were the means of four replicates and vertical bars represent
the standart errors.
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induced physiological and biochemical
changes in wheat seedlings under water stress.
Plant Growth Regulation 39, 137-141.
[14] Shim, I.S., Momose, Y., Yamamoto, A., Kim,
D.W. and Usui, K. (2003) Inhibition of
catalase activity by oxidative stress and its
relationship to salicylic acid accumulation in
plants. Plant Growth Regul. 39, 285-292.
[15] Khodary, S.E. (2004) Effect of salicylic acid
on the growth, photosynthesis and carbohyd-

CONCLUSION
SA is a hormone-like signaling molecule
which plays an important role in regulating the
plant defense responses against a variety of biotic
and abiotic stresses as the recent studies support.
The density of the concentration and process of
treatment are the factors that affect the tolerance of
plants aganist stress factors. The type of plant,
stress factor, concentration of stress factor, duration
of exposure to stress, and structure of the tissue or
organ exposed to stress are also effective in this
process.
SA behaves as a signaling molecule for
activating tolerance mechanisms against stress
factors [37]. When scientific literature pertaining to
6$¶VHIIHFWLQLQFUHDVLQJVDOWWROHUDQFHLVDQDO\]HG
it can deduced that treatments are generally
involved in pre-treating seeds [65-67], or given via
roots [36] or leaves [14, 68] in developed plants. In
addition, it is also known that when intracellular SA
reaches very high concentrations, it begins the cells
process of programmed cell apoptosis [69]. It is
thus possible to also explain the inhibitory effect on
plant development that SA has when continuously
administered to the cultivation environment of the
plant. In the light of all this data, it is possible to
VD\ WKDW 6$¶V HIIHFW RQ HJJSODQW HPEU\RV FXOWXUHG
under salty conditions is based in two parameters:
the period of application and the method of
application. The embryos used in this study were 32
days old and were separated from all tissues,
including seed coat and endosperm, and these could
be the reason for the sensitivity observed when the
treatments were applied as opposed to the findings
in relevant literature. Moreover, this study revealed
that when SA is constantly exist in the cultivation
environment of newly developing plant tissues, it
can result in toxic consequences. As the application
of 150 μM SA had serious negative effects on the
development of both cultivars, it is possible
conclude that this SA concentration is too high for
applying on to eggplant embryo cultures. Due to
these reasons, it is recommended that future studies
involving SA, should be based on pre-applying SA
or by applying to leaves or roots of developed
plants.
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%XVLQHVV6FKRRO-LDQJVX1RUPDO8QLYHUVLW\;X]KRX&KLQD

6WXG\LQJ WKH GHFRXSOLQJ RI HFRQRPLF JURZWK IURP
&2 HPLVVLRQV LQ &KLQD FDQ UHYHDO WKH LPSDFW RI
HFRQRPLF JURZWK RQ FDUERQ HPLVVLRQV LQ GLIIHUHQW
SHULRGVDQGFDQIDFLOLWDWHDQDO\VLVRIWKHXQGHUO\LQJ
UHDVRQV 7KLV DSSURDFK FDQ SURYLGH D WKHRUHWLFDO
LQVLJKW IRU IRUPXODWLRQ RI VXLWDEOH PHDVXUHV WR
UHGXFH &2 HPLVVLRQV DFFRUGLQJ WR WKH HFRQRPLF
GHYHORSPHQWFKDUDFWHULVWLFVLQ&KLQD7KHUHIRUHZH
DQDO\]HWKHGHFRXSOLQJRI&2HPLVVLRQVFDXVHGE\
IRVVLOHQHUJ\FRQVXPSWLRQIURPHFRQRPLFJURZWKLQ
&KLQD GXULQJ ± H[SODLQ FKDQJHV LQ WKH
GHFRXSOLQJ VWDWXV LQ GLIIHUHQW SHULRGV DQG LGHQWLI\
NH\ IDFWRUV DIIHFWLQJ WKH GHFRXSOLQJ LQGH[ 7KH
UHVXOWV SURYLGH SROLF\ UHIHUHQFHV IRU &KLQD WR
DFKLHYH HPLVVLRQ UHGXFWLRQ WDUJHWV DQG SURPRWH
VXVWDLQDEOHHFRQRPLFGHYHORSPHQW
7KH GHFRXSOLQJ IRUPDOO\ SURSRVHG DV DQ
LQGLFDWRU E\ WKH 2(&' KDV EHHQ ZLGHO\ XVHG WR
VWXG\ GHFRXSOLQJ DQDO\VLV >@ )RU H[DPSOH .YHL
ERUJ LQYHVWLJDWHG WKH GHFRXSOLQJ RI WUDIILF JURZWK
IURP HFRQRPLF JURZWK >@ ,Q WKH ILHOG RI HQHUJ\
HFRQRPLFV GHFRXSOLQJ LV GHILQHG E\ WKH 2(&' DV
EUHDNLQJWKHOLQNEHWZHHQHQYLURQPHQWDOKDUPDQG
HFRQRPLF EHQHILWV >@ 7KHUHIRUH WKH GHFRXSOLQJ
LQGH[ LV D PHDVXUH RI WKH UHODWLRQVKLS EHWZHHQ
HFRQRPLF GHYHORSPHQW DQG WKH HQYLURQPHQW DQG
UHIOHFWVWKHVXVWDLQDELOLW\RIHFRQRPLFGHYHORSPHQW
=KDQJ ZDV WKH ILUVW WR H[DPLQH GHFRXSOLQJ RI
LQFUHDVLQJFDUERQHPLVVLRQVIURPHFRQRPLFJURZWK
LQ &KLQD XVLQJ DQ HFRQRPLFV DQDO\VLV PHWKRG >@
6LQFHWKHQRWKHUUHVHDUFKHUVKDYHXVHGWKHGHFRXSO
LQJ LQGH[ WR DQDO\]H WKH UHODWLRQVKLS EHWZHHQ
HFRQRPLFJURZWKDQGHQHUJ\FRQVXPSWLRQRUFDUERQ
HPLVVLRQV )RU H[DPSOH &OLPHQW DQG 3DUGR
LQYHVWLJDWHGGHFRXSOLQJRIHQHUJ\FRQVXPSWLRQIURP
*'3 LQ 6SDLQ >@ (QHYROGVHQ HW DO DQDO\]HG
GHFRXSOLQJ RI LQGXVWULDO HQHUJ\ FRQVXPSWLRQ DQG
&2 HPLVVLRQV IRU HQHUJ\LQWHQVLYH LQGXVWULHV LQ
6FDQGLQDYLD >@ )UHLWDV DQG .DQHNR GHFRXSOHG
FDUERQ HPLVVLRQV IURP HFRQRPLF JURZWK LQ %UD]LO
>@$QGUHRQLDQG*DOPDULQLH[DPLQHGGHFRXSOLQJ
RI&2IURPHFRQRPLFJURZWKLQ,WDO\>@:DQJ
PHDVXUHG GHFRXSOLQJ RI HFRQRPLF JURZWK IURP
HQHUJ\ FRQVXPSWLRQ LQ &KLQD IURP  WR 
>@ <X HW DO LQYHVWLJDWHG GHFRXSOLQJ RI
HQYLURQPHQWDO SUHVVXUH IURP HFRQRPLF JURZWK LQ
&KLQD DQG SRLQWHG RXW WKDW GHFRXSOLQJ IURP

ABSTRACT
:H GHFRPSRVH WKH GHFRXSOLQJ RI HQHUJ\
UHODWHG &2 HPLVVLRQV IURP HFRQRPLF JURZWK LQ
&KLQD LQWR HQHUJ\ VWUXFWXUH HQHUJ\ LQWHQVLW\
HFRQRPLF VWUXFWXUH DQG HFRQRPLF RXWSXW HIIHFWV
XVLQJ WKH ORJDULWKPLF PHDQ 'LYLVLD LQGH[ /0', 
PHWKRG DQG H[SORUH NH\ IDFWRUV LQIOXHQFLQJ
GHFRXSOLQJVWDWXVLQGLIIHUHQWSHULRGV:HILQGWKDW
GHFRXSOLQJ YDULHV GXH WR FKDQJHV LQ HFRQRPLF
JURZWK DQG HQHUJ\ LQWHQVLW\ 7KH HFRQRPLF RXWSXW
VLJQLILFDQWO\ HQKDQFHV WKH GHFRXSOLQJ ZKHUHDV WKH
HQHUJ\LQWHQVLW\JUHDWO\GHFUHDVHVLW7KHHQHUJ\DQG
HFRQRPLF VWUXFWXUHV KDYH OLWWOH LPSDFWV RQ
GHFRXSOLQJ 7KH ,QGXVWULDO VHFWRUV GHWHUPLQH WKH
GHFRXSOLQJVWDWXV3ROLF\LPSOLFDWLRQVUHODWHGWRWKH
HFRQRPLF JURZWK HFRQRPLF VWUXFWXUH DQG HQHUJ\
FRQVXPSWLRQDUHGLVFXVVHG
.(<:25'6
GHFRXSOLQJ LQGLFDWRU HQHUJ\ FRQVXPSWLRQ FDUERQ
HPLVVLRQV/0',PHWKRG

INTRODUCTION
$WSUHVHQW&KLQDLVRQHRIWKHZRUOG¶VODUJHVW
XVHUVRIHQHUJ\DQGVRXUFHVRIFDUERQHPLVVLRQV7R
UHGXFHFDUERQHPLVVLRQVWUDQVIRUPDWLRQRIWKHPRGH
RIHFRQRPLFGHYHORSPHQWIRU&KLQDLVHVVHQWLDO7KH
&KLQHVHJRYHUQPHQWWDUJHWIRULVWRUHGXFH&2
HPLVVLRQVSHUXQLWRXWSXWWR±EHORZWKHOHYHO
LQ  >@ 7KHUHIRUH UHVHDUFK RQ UHGXFLQJ &2
HPLVVLRQV LQ &KLQD LV YHU\ VLJQLILFDQW DQG XUJHQW
DQGWKHUHODWLRQVKLSEHWZHHQHFRQRPLFJURZWKDQG
&2HPLVVLRQVLVLQIRFXVDWSUHVHQW
5HVHDUFKRQWKHUHODWLRQVKLSEHWZHHQHFRQRPLF
JURZWK DQG &2 HPLVVLRQV LV PDLQO\ GLYLGHG LQWR
WZR FDWHJRULHV 2QH EUDQFK VWXGLHV WKH QRQOLQHDU
UHODWLRQVKLS EHWZHHQ HFRQRPLF JURZWK DQG &2
HPLVVLRQV PDLQO\ LQYHVWLJDWLQJ ZKHWKHU DQ
HQYLURQPHQWDO.X]QHWVFXUYHH[LVWV>@7KH
RWKHU EUDQFK VWXGLHV WKH GHFRXSOLQJ UHODWLRQVKLS
EHWZHHQ HFRQRPLF JURZWK DQG &2 HPLVVLRQV E\
DQDO\]LQJ WKH GHSHQGHQFH RI HFRQRPLF JURZWK RQ
WKH HPLVVLRQV LQ WHUPV RI GHFRXSOLQJ LQGLFDWRUV
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)LUVWRQO\ IDFWRUVDIIHFWLQJHQHUJ\FRQVXPSWLRQRU
FDUERQ HPLVVLRQV KDYH EHHQ GHFRPSRVHG DQG IHZ
VWXGLHV GHFRPSRVHG WKH GHFRXSOLQJ RI HQHUJ\
FRQVXPSWLRQ RU FDUERQ HPLVVLRQ IURP HFRQRPLF
JURZWK VR LW LV LPSRVVLEOH WR LGHQWLI\ NH\ IDFWRUV
DIIHFWLQJ GHFRXSOLQJ LQGLFDWRUV 6HFRQG PDQ\
VWXGLHV IRFXVHG RQ D &KLQHVH UHJLRQ RU VHFWRU VR
WKHUH LV D ODFN RI FRPSDUDWLYH DQDO\VLV DPRQJ
GLIIHUHQWUHJLRQVRUVHFWRUV7KLUGO\IHZVWXGLHVKDYH
XVHGWKH/0',PHWKRGWRH[DPLQHWKHLQGLFDWRUVRI
GHFRXSOLQJ RI FDUERQ HPLVVLRQV IURP HFRQRPLF
JURZWKDWGLIIHUHQWVWDJHVLQ&KLQD%HFDXVH &KLQD
H[KLELWV GLIIHUHQW FDUERQ HPLVVLRQ DQG HFRQRPLF
JURZWK FKDUDFWHULVWLFV DW GLIIHUHQW HFRQRPLF
GHYHORSPHQW VWDJHV LW LV QHFHVVDU\ WR DQDO\]H WKH
GHFRPSRVLWLRQRILQGLFDWRUVRIGHFRXSOLQJRIFDUERQ
HPLVVLRQV IURP HFRQRPLF JURZWK LQ RUGHU WR
H[DPLQHWKHPDLQIDFWRUVGULYLQJDQGLQKLELWLQJWKH
LQGLFDWRUV DW GLIIHUHQW VWDJHV 7KXV ZH H[WHQG WKH
/0', PHWKRG IRU GHFRPSRVLWLRQ RI D GHFRXSOLQJ
LQGLFDWRU DQDO\]H WKH NH\ IDFWRUV LQIOXHQFLQJ WKH
GHFRPSRVHG LQGLFDWRUV DQG LQYHVWLJDWH WKH GH
FRXSOLQJ RI FDUERQ HPLVVLRQV GXH WR IRVVLO HQHUJ\
FRQVXPSWLRQ IURP HFRQRPLF JURZWK IRU WKH ZKROH
&KLQHVH HFRQRP\ DQG GLIIHUHQW VHFWRUV LQ GLIIHUHQW
SHULRGV 2XU VWXG\ WKXV FRQWULEXWHV D QHZ ERG\ RI
NQRZOHGJHLQWKLVUHVHDUFKILHOG
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV
IROORZV 6HFWLRQ  SUHVHQWV WKH PHWKRGRORJ\ 6HF
WLRQGHVFULEHVWKHGDWD,Q6HFWLRQZHSUHVHQWRXU
HPSLULFDO DQDO\VLV DQG GLVFXVV WKH PDLQ UHVXOWV
6HFWLRQ  LQFOXGHV FRQFOXVLRQV DQG SROLF\
LPSOLFDWLRQV

HFRQRPLFJURZWKKDVEHHQDEVROXWHIRUWKHGLVFKDUJH
RI VRRW FKHPLFDO R[\JHQ GHPDQG &2'  DQG
DPPRQLDQLWURJHQZLWKDYHU\ORZGHFRXSOLQJOHYHO
IURP  WR  >@ =KDQJ HW DO GHFRXSOHG
DJULFXOWXUDO ZDWHU FRQVXPSWLRQ DQG HQYLURQPHQWDO
LPSDFW IURP FURS SURGXFWLRQ >@ =KDQJ DQG 'D
GHFRPSRVHG HQHUJ\UHODWHG FDUERQ HPLVVLRQV DQG
LQYHVWLJDWHG GHFRXSOLQJ IURP HFRQRPLF JURZWK LQ
&KLQD>@
6RPH VWXGLHV KDYH H[DPLQHG GHFRXSOLQJ RI
FDUERQ HPLVVLRQV IURP HFRQRPLF JURZWK IURP D
UHJLRQDO SHUVSHFWLYH )RU H[DPSOH :DQJ HW DO
HYDOXDWHG GHFRXSOLQJ RI HQHUJ\UHODWHG &2
HPLVVLRQV IURP HFRQRPLF JURZWK LQ -LDQJVX DQG
GHFRPSRVHG WKH IDFWRUV DIIHFWLQJ &2 HPLVVLRQV
>@:DQJHWDOPHDVXUHGLQGLFDWRUVIRUGHFRXSOLQJ
RI UHJLRQDO LQGXVWULDO GHYHORSPHQW IURP FDUERQ
HPLVVLRQV LQ WKH %HLMLQJ±7LDQMLQ±+HEHL HFRQRPLF
EDQG >@ 2WKHU VWXGLHV KDYH XVHG D VHFWRUDO
SHUVSHFWLYH WR H[DPLQH GHFRXSOLQJ IURP HFRQRPLF
JURZWK)RUH[DPSOH*DRHWDO  DQDO\]HGWKH
GHFRXSOLQJ RI WUDQVSRUWDWLRQ HQHUJ\ FRQVXPSWLRQ
IURPWUDQVSRUWDWLRQLQGXVWU\JURZWKLQ&KLQD>@
7DQJ HW DO GHFRXSOHG &2 HPLVVLRQV IURP WKH
WRXULVP LQGXVWU\ LQ &KLQD >@ 5HQ HW DO
LQYHVWLJDWHG GHFRXSOLQJ RI &2 HPLVVLRQV IRU WKH
&KLQHVHPDQXIDFWXULQJLQGXVWU\>@
7KH VWXGLHV PHQWLRQHG DERYH DQDO\]HG WKH
UHODWLRQVKLSEHWZHHQHQHUJ\FRQVXPSWLRQRUFDUERQ
HPLVVLRQVDQGHFRQRPLFJURZWKPDLQO\DWDUHJLRQDO
RU QDWLRQDO OHYHO VRPH VWXGLHV DOVR DQDO\]HG WKH
IDFWRUV DIIHFWLQJ HQHUJ\ FRQVXPSWLRQ RU FDUERQ
HPLVVLRQVEXWWKHUHDUHVRPHJDSVLQWKHUHVHDUFK

7$%/(
&ODVVLILFDWLRQRIGHFRXSOLQJRI&2HPLVVLRQVIURPHFRQRPLFJURZWK
G&&

G**

'



!

'

6WURQJGHFRXSOLQJ

'HFRXSOLQJFODVVLILFDWLRQ

!

!

'

:HDNGHFRXSOLQJ





'!

5HFHVVLYHGHFRXSOLQJ

!



'

6WURQJQHJDWLYHGHFRXSOLQJ





'

:HDNQHJDWLYHGHFRXSOLQJ

!

!

'!

([SDQVLYHQHJDWLYHGHFRXSOLQJ

! 

! 

' 

&ULWLFDO

0HDQLQJ
7KHUDWHRIFKDQJHLVQHJDWLYHIRU&2HPLVVLRQVDQG
SRVLWLYHIRUHFRQRPLFJURZWK
7KHUDWHRIJURZWKLVORZHUIRU&2HPLVVLRQVWKDQIRU
WKHHFRQRP\
7KHUDWHRIGHFUHDVHLVKLJKHUIRU&2HPLVVLRQVWKDQIRU
WKHHFRQRP\
7KHUDWHRIFKDQJHLVSRVLWLYHIRU&2HPLVVLRQVDQG
QHJDWLYHIRUWKHHFRQRP\
7KHUDWHRIGHFUHDVHLVORZHUIRU&2HPLVVLRQVWKDQIRU
WKHHFRQRP\
7KHUDWHRIJURZWKLVKLJKHUIRU&2HPLVVLRQVWKDQIRU
WKHHFRQRP\
7KHUDWHVRIFKDQJHDUHHTXDOIRU&2HPLVVLRQVDQG
HFRQRPLFJURZWK

7$%/(
'HILQLWLRQRIWKHYDULDEOHVLQ(T 
9DULDEOH
&
&LM
(LM
(L
*L
&,LM
(6LM
(,L
6L
*

'HILQLWLRQ
7RWDO&2HPLVVLRQV
&2HPLVVLRQVIURPFRQVXPSWLRQRIHQHUJ\ME\VHFWRUL
&RQVXPSWLRQRIIXHOME\VHFWRUL
7RWDOHQHUJ\FRQVXPSWLRQE\VHFWRUL
2XWSXWRIVHFWRUL
&2HPLVVLRQIDFWRUIRUIXHOMLQVHFWRUL
(QHUJ\VWUXFWXUHIRUIXHOMLQVHFWRUL
(QHUJ\LQWHQVLW\LQVHFWRUL
3URSRUWLRQDOHFRQRPLFRXWSXWE\VHFWRUL
7RWDORXWSXW
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LVDOZD\V]HURLQWKHGHFRPSRVLWLRQ7KHWRWDOHIIHFW
RQ GHFRXSOLQJ RI FDUERQ HPLVVLRQV IURP HFRQRPLF
JURZWKLV
D ¦ 'DES  'DEI  'DS  'DG  

METHODOLOGY
'HFRXSOLQJLQGLFDWRUV$FFRUGLQJWR>@WKH
GHFRXSOLQJLQGH[RI&2HPLVVLRQVIURPHFRQRPLF
JURZWK LV GHILQHG DV WKH UDWLR RI WKH SHUFHQWDJH
FKDQJHLQ&2HPLVVLRQVWRWKHSHUFHQWDJHFKDQJHLQ
*'3LQDJLYHQWLPHSHULRGH[SUHVVHGDV
dC / C  
D

ij

)RU GHFRXSOLQJ RI &2 HPLVVLRQV GXH WR
FRQVXPSWLRQ RI HQHUJ\ W\SH M E\ VHFWRU L IURP
HFRQRPLF JURZWK WKH IROORZLQJ LQGLFDWRUV FDQ EH
GHFRPSRVHG
(QHUJ\VWUXFWXUHHIIHFW
Cijt  Cij0 G 0 / C 0
t
0  

dG / G

ZKHUH'LVWKHGHFRXSOLQJLQGH[&LV&2HPLVVLRQV
*LV*'3DQGG&DQGG*GHQRWHWKHFKDQJHVLQ&
DQG * UHVSHFWLYHO\ EHWZHHQ WKH EDVH SHULRG DQG
WDUJHWSHULRG%DVHGRQWKHVWXGLHVRI7DQJHWDO>@
WKHGHFRXSOLQJMXGJPHQWLVVKRZQLQ7DEOH

'DES

¦¦ E
i

j

ij





Ei Gi G

G

'DS

j

dG / G (Gt  G 0 ) / G 0 (Gt  G 0 ) / G 0

¦

ij

 ln ESij  ln ESij

ln Cijt  ln Cij0 G t  G 0

 ln EI ijt  ln EI ij0

 

(FRQRPLFVWUXFWXUHHIIHFW
Cijt  Cij0 G 0 / C 0
ln Cijt  ln Cij0 G t  G 0

 ln Sijt  ln Sij0

 

(FRQRPLFRXWSXWHIIHFW

ZKHUHWKHYDULDEOHVDUHGHILQHGLQ7DEOH
'HFRPSRVLWLRQ PHWKRGV DUH ZLGHO\ XVHG WR
DQDO\]HWKHFDUERQHPLVVLRQVDQGHQHUJ\FRQVXPS
WLRQ7KHVHPHWKRGVDUHFXUUHQWO\GLYLGHGLQWRVWUXF
WXUDO GHFRPSRVLWLRQ DQDO\VLV 6'$  DQG LQGH[ GH
FRPSRVLWLRQ DQDO\VLV ,'$  /0', LV D SUHIHUUHG
PHWKRG LQ ,'$ EHFDXVH LW FDQ EH XVHG IRU WKH
GHFRPSRVLWLRQRILQFRPSOHWHGDWDVHWVDQGEHQHILWV
IURP WKH ODFN RI DQ XQH[SODLQDEOH UHVLGXDO LQ WKH
UHVXOWV >@ 0DQ\ UHVHDUFKHUV DSSOLHG /0',
PHWKRGWRLQYHVWLJDWHWKHIDFWRUVGULYLQJDQGFXUELQJ
FDUERQ HPLVVLRQV RU HQHUJ\ FRQVXPSWLRQ LQ &KLQD
>@
$FFRUGLQJWRWKH/0',PHWKRGWKHFKDQJHRI
&2 HPLVVLRQV EHWZHHQ WKH EDVH SHULRG  DQG WKH
SHULRG W FDQ EH GHFRPSRVHG LQWR WKH IROORZLQJ
GHWHUPLQDQWIDFWRUV
L  7KH FDUERQ HPLVVLRQ FRHIILFLHQW HIIHFW
GHQRWHG E\ ǻ&,  UHIOHFWLQJ WKH &2 HPLVVLRQ
FKDQJHVSHUXQLWRIHQHUJ\FRQVXPSWLRQ
LL  7KH HQHUJ\ VWUXFWXUH HIIHFW GHQRWHG E\
ǻ(6  UHIOHFWLQJ FKDQJHV LQ WKH UHODWLYH VKDUHV RI
HQHUJ\W\SHVLQWRWDOHQHUJ\FRQVXPSWLRQ
LLL  7KH HQHUJ\ LQWHQVLW\ HIIHFW GHQRWHG E\
ǻ(, UHIOHFWLQJWKHFKDQJHVLQWKHUDWLRRI VHFWRUDO
HQHUJ\FRQVXPSWLRQWRLWVSURGXFHGYDOXHDGGHG
LY 7KHHFRQRPLFVWUXFWXUHHIIHFW GHQRWHGE\
ǻ6  UHIOHFWLQJ WKH FKDQJHV LQ WKH UHODWLYH VKDUH RI
VHFWRUDORXWSXWYDOXHLQWRWDOYDOXHDGGHG
Y  7KH HFRQRPLF RXWSXW HIIHFW GHQRWHG E\
ǻ* UHIOHFWLQJFKDQJHVLQWKHWRWDORXWSXW
8VLQJ DGGLWLYH /0', GHFRPSRVLWLRQ   FDQ
EHUHZULWWHQDV
« 
dC / C (C t  C 0 ) / C 0
1/ C 0
D

Cijt  Cij0 G 0 / C 0

'DEI

¦¦ CIij  ESij  EIi  Si  G
i

ln Cijt  ln Cij0 G t  G 0

(QHUJ\LQWHQVLW\HIIHFW

'HFRPSRVLWLRQPRGHO&2HPLVVLRQVFDQEH
H[SUHVVHGDVDQH[WHQGHG.D\DLGHQWLW\DFFRUGLQJWR
 
Cij Eij Ei Gi
C
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Cijt  Cij0 G 0 / C 0

'DG

ln Cijt  ln Cij0 G t  G 0

 ln Gijt  ln Gij0

 

)RU (Cijt  Cij0 ) /(ln Cijt  ln Cij0 ) LQ(TV  ±  ZH
GHILQH
(Cijt  Cij0 ) /(ln Cijt  ln Cij0 ), Cijt z Cij0

°°
L(Cijt , Cij0 ) ®Cijt , Cijt Cij0
°
t
0
°̄0, Cij Cij 0



:H FDQ XVH (TV  ±   WR GHFRPSRVH WKH
GHFRXSOLQJRI&2HPLVVLRQVIURPHFRQRPLFJURZWK
LQ&KLQD
'DWD GHVFULSWLRQ &RQVLGHULQJ WKH DFFHVV WR
WKH GDWD RI WKH VWXG\ ZH GLYLGHG WKH ZKROH &KLQD
HFRQRP\LQWRVL[VHFWRUV L DJULFXOWXUH LL LQGXVW
U\ LLL FRQVWUXFWLRQ LY WUDQVSRUW Y FRPPHUFLDO
VHFWRU DQG YL  RWKHU VHFWRUV 7KH GDWD RQ RXWSXW
YDOXHV IRU HDFK VHFWRU DUH IURP &KLQD 6WDWLVWLFDO
<HDUERRN IRU WKH DSSURSULDWH SHULRGV 6LQFH RXU
VWXG\SHULRGLVIURPWRWKHGDWDRQRXWSXW
YDOXHV ZHUH FRQYHUWHG WR VWDQGDUG SULFHV XVLQJ D
PRUH UHFHQW SULFH LQGH[     7KH &2
HPLVVLRQV DUH PDLQO\ IURP WKH IRVVLO HQHUJ\
FRQVXPSWLRQ VR ZH LQYHVWLJDWHGWKH GHFRXSOLQJRI
HQHUJ\UHODWHG &2 HPLVVLRQV IURP HFRQRPLF
JURZWK:HGLYLGHGWKHIRVVLOHQHUJ\W\SHVLQWRHLJKW
JURXSV UDZFRDOFRNHFUXGHRLOJDVROLQHNHURVHQH
GLHVHO IXHO RLO QDWXUDO JDV  7KH GDWD RQ HQHUJ\
FRQVXPSWLRQFRPHIURP&KLQD6WDWLVWLFDO<HDUERRN
DQG &KLQD (QHUJ\ 6WDWLVWLFDO <HDUERRN IRU WKH
DSSURSULDWH SHULRGV 7KH FRQVXPSWLRQ XQLW LV
VWDQGDUGL]HGWRWRIVWDQGDUGFRDO WVF 7KH
FRHIILFLHQWV IRU FRQYHUWLQJ GLIIHUHQW HQHUJ\ LQWR
VWDQGDUGFRDODUHIURPQDWLRQDOVWDQGDUG*%7
 ³*HQHUDO 5XOHV IRU &RPSUHKHQVLYH (QHUJ\
&RQVXPSWLRQ &DOFXODWLRQ´ 7KH FDUERQ HPLVVLRQ
FRHIILFLHQWVDUHIURPWKH(QHUJ\5HVHDUFK,QVWLWXWH
1DWLRQDO'HYHORSPHQWDQG5HIRUP&RPPLVVLRQRI
&KLQD&DUERQHPLVVLRQVGDWDZHUHFDOFXODWHGXVLQJ
FDUERQ HPLVVLRQ FRHIILFLHQWV DQG HQHUJ\

'CI  'ES  'EI  'S  'G

& DQG &W GHQRWH WRWDO &2 HPLVVLRQV GXH WR
IRVVLOHQHUJ\FRQVXPSWLRQLQWKHEDVHSHULRGDQG
SHULRGWUHVSHFWLYHO\*DQG*WGHQRWHV*'3LQWKH
EDVHSHULRGDQGSHULRGW%HFDXVHWKH&2 HPLVVLRQ
FRHIILFLHQW LV FRQVWDQW IRU D FHUWDLQ HQHUJ\ W\SH D
FRQVWDQWLVXVHGLQSUDFWLFDODSSOLFDWLRQV7KXVǻ&,
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DQ LQFUHDVH LQ WKH SURSRUWLRQ RI WHUWLDU\ LQGXVWU\
LQFOXGLQJ WUDQVSRUW WKH FRPPHUFLDO VHFWRU DQG
RWKHU VHFWRUV )LJ   ZKLFK LPSURYHG HFRQRPLF
VXVWDLQDELOLW\
'XULQJWKHWK)LYH\HDU3ODQWKHUHZDVZHDN
RUH[SDQVLYHQHJDWLYHGHFRXSOLQJRI&2 HPLVVLRQV
IURP HFRQRPLF JURZWK UHIOHFWLQJ KLJK HQHUJ\ DQG
HQYLURQPHQWDO FRVWV GXULQJ HFRQRPLF JURZWK7KLV
FDQPDLQO\EHDWWULEXWHGWRWKH:HVWHUQGHYHORSPHQW
VWUDWHJ\ ZKLFK SURPRWHG UHJLRQDOO\ FRRUGLQDWHG
GHYHORSPHQW DQG WKH GHYHORSPHQW RI HQHUJ\
LQWHQVLYH LQGXVWULHV VXFK DV WUDQVSRUWDWLRQ DQG
LQIUDVWUXFWXUH ZKLFK OHG WR LQFUHDVHV LQ HQHUJ\
FRQVXPSWLRQDQG&2HPLVVLRQV

FRQVXPSWLRQGDWD

RESULTS AND DISCUSSION
'HFRXSOLQJ LQGLFDWRUV 7DEOH  VKRZV WKDW
GXULQJWKHWK)LYH\HDU3ODQGHFRXSOLQJRIHQHUJ\
UHODWHG &2 HPLVVLRQV IURP HFRQRPLF JURZWK ZDV
ZHDN RU VWURQJ LQGLFDWLQJ JRRG HFRQRPLF
VXVWDLQDELOLW\ 7KH PDLQ UHDVRQ LV WKDW WKH &KLQHVH
HFRQRPLFVWUXFWXUHLPSURYHGLQWKLVSHULRGZKLFKLV
UHIOHFWHGLQDGHFUHDVHLQWKHSURSRUWLRQRIVHFRQGDU\
LQGXVWU\ LQFOXGLQJ LQGXVWU\ DQG FRQVWUXFWLRQ  DQG

7$%/(
5HVXOWVIRUGHFRXSOLQJRIFDUERQHPLVVLRQVIURPHFRQRPLFJURZWKLQ&KLQDGXULQJ±
Time period
The 9th Five-year
Plan

The 10th Five-year
Plan

The 11th Five-year
Plan

Start of the 12th
Five-year Plan

Year
1995±1996
1996±1997
1997±1998
1998±1999
1999±2000
2000±2001
2001±2002
2002±2003
2003±2004
2004±2005
2005±2006
2006±2007
2007±2008
2008±2009
2009±2010
2010±2011
2011±2012
2012±2013

D
0.294
0.008
-0.426
-0.02
0.197
0.228
0.907
1.765
1.815
1.064
0.927
0.577
0.665
0.604
0.723
1.019
0.578
0.496

Decoupling classification
Weak decoupling
Weak decoupling
Strong decoupling
Strong decoupling
Weak decoupling
Weak decoupling
Weak decoupling
Expansive negative decoupling
Expansive negative decoupling
Expansive negative decoupling
Weak decoupling
Weak decoupling
Weak decoupling
Weak decoupling
Weak decoupling
Expansive negative decoupling
Weak decoupling
Weak decoupling

),*85(
3URSRUWLRQDORXWSXWRIGLIIHUHQWVHFWRUVLQ&KLQD
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),*85(
'HFRPSRVHGLQGLFDWRUVRIGHFRXSOLQJRI&2HPLVVLRQVIURPHFRQRPLFJURZWKLQ&KLQD
QHJDWLYH HIIHFW RI WKH HFRQRPLF FULVLV WULJJHUHG E\
WKH$PHULFDQ VXESULPH FULVLV LQ  WKH &KLQHVH
JRYHUQPHQWLQYHVWHGDSSUR[LPDWHO\WULOOLRQ50%
WRVWLPXODWHWKHHFRQRP\GXULQJ±ZKLFK
SURPSWHGHFRQRPLFJURZWKDQGUHVXOWHGLQLQFUHDVHV
LQ IRVVLO HQHUJ\ FRQVXPSWLRQ 7KHUHIRUH WKH
HFRQRPLF RXWSXW HIIHFW LQ WKHVH WZR SHULRGV OHG WR
WKHJUHDWHVWHQKDQFHPHQWRIWKHGHFRXSOLQJLQGLFDWRU
RI&2HPLVVLRQV
  7KH HQHUJ\ LQWHQVLW\ HIIHFW UHGXFHG WKH
GHFRXSOLQJ LQGLFDWRU H[FHSW LQ WKH SHULRGV ±
DQG±LQGLFDWLQJWKDWRQWKHZKROH
HQHUJ\LQWHQVLW\KDVEHHQGHFOLQLQJDQGHQHUJ\HIILFLHQF\LQFUHDVLQJLQ&KLQD7KHJUHDWHVWGHFUHDVHLQ
WKHGHFRXSOLQJLQGLFDWRUIRUWKHHQHUJ\LQWHQVLW\HIIHFWZDVREVHUYHGGXULQJWKHWK)LYH\HDU3ODQLQ
SDUWLFXODUWKH HQHUJ\LQWHQVLW\HIIHFWGHFUHDVHGWKH
GHFRXSOLQJLQGLFDWRUWREHORZ±GXULQJ±
7KLVLVPDLQO\GXHWRWKH6RXWKHDVW$VLDILQDQFLDO FULVLV LQ WKLV SHULRG ZKLFK OHG WR LQGXVWULDO
GHSUHVVLRQDQGUHVXOWHGLQDGHFUHDVHLQHQHUJ\LQWHQVLW\IRUWKHZKROHHFRQRP\7KHHQHUJ\LQWHQVLW\HIIHFWGXULQJ ± KDGDSRVLWLYH HIIHFWRQWKH
GHFRXSOLQJLQGLFDWRUIRUWKHIROORZLQJPDLQUHDVRQV
)LUVW WKH :HVWHUQ GHYHORSPHQW VWUDWHJ\ ZDV HQIRUFHG GXULQJ WKDW SHULRG ZKLFK GURYH UDSLG
GHYHORSPHQW RI WUDQVSRUWDWLRQ DQG WKH XUEDQ LQIUD
VWUXFWXUHLQFUHDVLQJWKHGHPDQGIRUHQHUJ\DQGWKXV
OHG WR DQ LQFUHDVH LQ HQHUJ\ LQWHQVLW\ 6HFRQG WKH
SURSRUWLRQ RI LQGXVWULDO RXWSXW LQFUHDVHG )LJ  
OHDGLQJWRDQLQFUHDVHLQHQHUJ\LQWHQVLW\
 7KH HQHUJ\ VWUXFWXUH DQG HFRQRPLF VWUXFWXUH HIIHFWV KDG VOLJKW LPSDFWV RQ WKH GHFRXSOLQJ
LQGLFDWRU$VFRDOLVWKHPRVWDEXQGDQWHQHUJ\VRXUFH
LQ &KLQD WKH SURSRUWLRQ RI FRDO FRQVXPSWLRQ KDV
EHHQKLJKGXULQJHFRQRPLFGHYHORSPHQWUHDFKLQJD
PD[LPXPRIDSSUR[LPDWHO\%HFDXVHRIWKHUHVRXUFHFKDUDFWHULVWLFVLQ&KLQDLWLVOLNHO\WKDWFRDO
ZLOO EH WKH GRPLQDQW HQHUJ\ VRXUFH IRU HFRQRPLF
GHYHORSPHQWLQWKHORQJWHUP+RZHYHULWLVZRUWK
QRWLQJ WKDW HQHUJ\ VWUXFWXUH KDG D QHJDWLYH HIIHFW
GXULQJ±UHGXFLQJWKHGHFRXSOLQJLQGLFDWRUZKHUHDVLWVHIIHFWZDVSRVLWLYHDIWHURQWKH

'XULQJWKHWK)LYH\HDU3ODQWKHUHZDVZHDN
GHFRXSOLQJRI&2HPLVVLRQVIURPHFRQRPLFJURZWK
LQGLFDWLQJUHODWLYHO\ORZHUGHSHQGHQFHRIHFRQRPLF
GHYHORSPHQWRQHQHUJ\DQGWKHHQYLURQPHQW7KLVLV
EHFDXVH WKH JRYHUQPHQW IRFXVHG RQ WKH LQFUHDVLQJ
SUHVVXUH RQ UHVRXUFHV DQG WKH HQYLURQPHQW GXULQJ
WKLV SHULRG IRU VXVWDLQDEOH GHYHORSPHQW 7KH
JRYHUQPHQWDOVRSURSRVHGWKDWWKH&KLQHVHHFRQRP\
VKRXOG PDLQWDLQ VXVWDLQDEOH UDSLG DQG KHDOWK\
GHYHORSPHQW 'XULQJ WKLV SHULRG WKH HQHUJ\
LQWHQVLW\GHFOLQHGE\DSSUR[LPDWHO\7KHUHIRUH
WKH UHODWLRQVKLS EHWZHHQ &2 HPLVVLRQV DQG
HFRQRPLFGHYHORSPHQWLQWKLVSHULRGFRUUHVSRQGHG
WRZHDNGHFRXSOLQJ
'XULQJ WKH HDUO\ VWDJHV RI WKH WK )LYH\HDU
3ODQ WKH UHODWLRQVKLS EHWZHHQ &2 HPLVVLRQV DQG
HFRQRPLFJURZWKFKDQJHGIURPH[SDQVLYHQHJDWLYH
GHFRXSOLQJ WR ZHDN GHFRXSOLQJ LQGLFDWLQJ DQ
LPSURYHPHQW LQ WKH VXVWDLQDELOLW\ RI HFRQRPLF
GHYHORSPHQW 7KLV LV EHFDXVH RI D IRFXV RQ
HQYLURQPHQWDOSURWHFWLRQDQGWKHFRQVWUXFWLRQRIDQ
HFRORJLFDO VRFLHW\ LQWURGXFHG DW WKH WK 1DWLRQDO
&RQJUHVVRIWKH&RPPXQLVW3DUW\'XULQJWKLVSHULRG
HFRQRPLFJURZWKGHFOLQHGVOLJKWO\ RQO\± DQG
WKH JRYHUQPHQW SDLG PRUH DWWHQWLRQ WR HFRQRPLF
GHYHORSPHQWLQKDUPRQ\ZLWKUHVRXUFHXVHDQGWKH
HQYLURQPHQW
'HFRPSRVLWLRQ RI WKH GHFRXSOLQJ LQGLFDWRU
 'HFRPSRVLWLRQXVLQJ(TV  ±  UHYHDOHGWKDW
HFRQRPLFJURZWKKDGWZRHIIHFWVRQWKHGHFRXSOLQJ
LQGLFDWRU )LJ  VKRZV WKDW WKH HFRQRPLF RXWSXW
HIIHFW KDG WKH JUHDWHVW SRVLWLYH HIIHFW RQ WKH
GHFRXSOLQJLQGLFDWRU ! 7KLVLVEHFDXVHORQJ
WHUP UDSLG HFRQRPLF JURZWK LQ &KLQD OHG WR KXJH
HQHUJ\ FRQVXPSWLRQ DQG DQ LQFUHDVH LQ &2
HPLVVLRQV,QWKHSHULRGV±DQG±
WKH HFRQRPLF RXWSXW HIIHFW JUHDWO\ SURPRWHG WKH
GHFRXSOLQJ LQGLFDWRU 7KH PDLQ UHDVRQV DUH DV
IROORZV )LUVW WKH &KLQHVH JRYHUQPHQW LQYHVWHG
DSSUR[LPDWHO\  ELOOLRQ 50% LQ :HVWHUQ
GHYHORSPHQWGXULQJ±WKHUHE\VWLPXODWLQJ
UDSLG HFRQRPLF JURZWK 6HFRQG WR GHDO ZLWK WKH
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SURSRUWLRQDO RXWSXW IRU LQGXVWU\ LQFUHDVHG LQ WKHVH
SHULRGVZKLOHLQRWKHUSHULRGVLWGHFUHDVHG )LJ 
VR WKH SURSRUWLRQDO RXWSXW IRU LQGXVWU\ GHWHUPLQHG
WKHHFRQRPLFHIIHFWRQWKHGHFRXSOLQJLQGLFDWRU
7KH DERYH DQDO\VLV LQGLFDWHV WKDW HFRQRPLF
RXWSXWDQGHQHUJ\LQWHQVLW\HIIHFWVKDGWKHJUHDWHVW
LPSDFWRQGHFRXSOLQJ,QJHQHUDOWKHHFRQRPLFRXWSXWHIIHFWLPSURYHGWKHGHFRXSOLQJLQGLFDWRUZKLOH
WKHHQHUJ\LQWHQVLW\HIIHFWUHGXFHGLW)LJVKRZV
WKDW WKH JURZWK UDWH WUHQGV IRU &2 HPLVVLRQV DQG
HQHUJ\ LQWHQVLW\ LQ &KLQD DUH FRQVLVWHQW ZLWK HDFK
RWKHU7KXVVLQFHWKHWUHQGIRUHQHUJ\LQWHQVLW\ DIIHFWVWKHWUHQGIRU&2 HPLVVLRQVLWLVQHFHVVDU\WR
FRQWLQXHWRUHGXFHWKHHQHUJ\LQWHQVLW\LQ&KLQDDQG
LPSURYHWKHTXDOLW\RIHFRQRPLFGHYHORSPHQW

ZKROHDQGHQKDQFHGWKHGHFRXSOLQJLQGLFDWRUIRUWKH
IROORZLQJUHDVRQV7KHSURSRUWLRQRIFRDOFRQVXPSWLRQZDVGHFUHDVLQJXSWRDQGWKHQVWDUWHGWR
LQFUHDVH )LJ &DUERQHPLVVLRQVIDFWRUVGHFUHDVH
LQWKHRUGHUFRDO!SHWUROHXP!QDWXUDOJDV7KHUHIRUHLIRWKHUIDFWRUVUHPDLQXQFKDQJHGD GHFUHDVH
LQ WKH SURSRUWLRQDO FRQVXPSWLRQ RI FRDO DQG LQFUHDVHV LQ WKH SURSRUWLRQ RI SHWUROHXP DQG QDWXUDO
JDVZRXOGUHGXFHFDUERQHPLVVLRQVDQGYLFHYHUVD
>@ 7KH PDLQ UHDVRQV IRU WKH GHFUHDVH LQ WKH
SURSRUWLRQ RI FRDO FRQVXPSWLRQ GXULQJ ±
DUH WKDW WKH SURSRUWLRQ RI LQGXVWULDO RXWSXW ZDV
GHFUHDVLQJXSWRDQGWKH)RXUWK3OHQDU\6HVVLRQRIWKHWK3DUW\&HQWUDO&RPPLWWHHSURSRVHG
WKDW VRPH VPDOO FRDOLQWHQVLYH IDFWRULHV VKRXOG EH
FORVHG >@ $IWHU  WKH SURSRUWLRQ RI FRDO
FRQVXPSWLRQ LQFUHDVHG EHFDXVH WKH SURSRUWLRQ RI
LQGXVWULDORXWSXWVWDUWHGWRLQFUHDVHZKLFKLQFUHDVHG
HQHUJ\ FRQVXPSWLRQ HVSHFLDOO\ IRU FRDO ,Q WKH
SHULRGV ± ± ± DQG
±WKHHFRQRPLFVWUXFWXUHHIIHFWHQKDQFHG
WKHGHFRXSOLQJLQGLFDWRUZKLOHLQRWKHU\HDUVLWUHGXFHGWKHGHFRXSOLQJLQGLFDWRU7KLVLVEHFDXVHWKH

'HFRXSOLQJ LQGLFDWRU IRU GLIIHUHQW VHFWRUV
)LJVKRZVWKDWLQGXVWU\KDGWKHJUHDWHVWLPSDFWRQ
WKHGHFRXSOLQJLQGLFDWRU7KLVLVEHFDXVHLQGXVWU\DFFRXQWHG IRU WKH ODUJHVW SURSRUWLRQ RI HQHUJ\
FRQVXPSWLRQ UHVXOWLQJ LQ PD[LPXP FDUERQ
HPLVVLRQVE\LQGXVWU\,QGXVWU\DFFRXQWHGIRU

),*85(
3URSRUWLRQDOFRQVXPSWLRQRIIRVVLOHQHUJ\

),*85(
$QQXDOFKDQJHVLQHFRQRPLFRXWSXWHQHUJ\LQWHQVLW\DQG&2HPLVVLRQVIRU&KLQD
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FRQVXPSWLRQDQG&2HPLVVLRQVZHUHORZHU6HFRQG
WKH SURSRUWLRQ RI FRDO XVHG E\ LQGXVWU\ GHFUHDVHG
GXULQJWKHSHULRGZKLFKUHGXFHG&2HPLVVLRQVWRD
FHUWDLQ H[WHQW 7KLUG HQHUJ\ LQWHQVLW\ GHFUHDVHG
GXULQJWKHSHULRGZKLFKUHGXFHG&2HPLVVLRQV
)XUWKHU DQDO\VLV UHYHDOHG WKDW WKH HFRQRPLF
RXWSXWHIIHFWRILQGXVWU\KDGWKHJUHDWHVWLPSDFWDQG
JUHDWO\ LPSURYHG GHFRXSOLQJ ZKLOH WKH HQHUJ\
LQWHQVLW\HIIHFWRILQGXVWU\GHFUHDVHGGHFRXSOLQJRQ
WKHZKROHH[FHSWWKHSHULRG±,QJHQHUDO
WKHHQHUJ\LQWHQVLW\IRULQGXVWU\VKRZHGDGRZQZDUG

DSSUR[LPDWHO\RIWRWDORXWSXW )LJ EXWWKH
SURSRUWLRQ RI &2 HPLVVLRQV GXH WR IRVVLO HQHUJ\
FRQVXPSWLRQ ZDV XS WR  )LJ   7KHUHIRUH
LQGXVWU\ GHWHUPLQHG GHFRXSOLQJ RI &2 HPLVVLRQV
IURPHFRQRPLFJURZWKLQ&KLQD,QFRQWUDVWWRRWKHU
SHULRGVZKHQLWHQKDQFHGGHFRXSOLQJLQGXVWU\KDG
DSRVLWLYHLPSDFWRQWKHGHFRXSOLQJLQGLFDWRUGXULQJ
±7KHPDLQUHDVRQVDUHDVIROORZV)LUVW
WKH$VLDQ ILQDQFLDO FULVLV GXULQJ WKDW SHULRG OHG WR
VHULRXV LQGXVWULDO GHSUHVVLRQ VR WKH SURSRUWLRQ RI
LQGXVWULDO RXWSXW GHFOLQHG )LJ   DQG HQHUJ\

),*85(
,PSDFWRIGLIIHUHQWVHFWRUVRQWKHGHFRXSOLQJLQGLFDWRU

),*85(
3URSRUWLRQDO&2HPLVVLRQVE\DOOVHFWRUVLQ&KLQDGXULQJ±

),*85(
'HFRPSRVHGGHFRXSOLQJLQGLFDWRUVIRULQGXVWU\LQ&KLQD
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IURP ZHDN WR VWURQJ GHFRXSOLQJ 'XULQJ WKH WK
)LYH\HDU 3ODQ WKH GHFRXSOLQJ RI &2 HPLVVLRQV
IURPHFRQRPLFJURZWKZDVWUDQVIRUPHGIURPZHDN
WR H[SDQVLYH QHJDWLYH 'XULQJ WKH WK )LYH\HDU
3ODQWKHGHFRXSOLQJZDVPDLQO\ZHDN,QWKHHDUO\
VWDJHVRIWKHWK)LYH\HDU3ODQWKHGHFRXSOLQJZDV
WUDQVIRUPHGIURPH[SDQVLYHQHJDWLYHWRZHDN
 'HFRPSRVLWLRQRIWKHGHFRXSOLQJLQGLFDWRU
UHYHDOHG WKDW WKH HFRQRPLF RXWSXW VLJQLILFDQWO\
HQKDQFHG GHFRXSOLQJ ZKLOH WKH HQHUJ\ LQWHQVLW\
JUHDWO\ GHFUHDVHG LW 7KH HQHUJ\ DQG HFRQRPLF
VWUXFWXUHVKDGVOLJKWLPSDFWVRQGHFRXSOLQJ
  ,QGXVWU\ KDG WKH JUHDWHVW LPSDFW RQ WKH
GHFRXSOLQJRI&2HPLVVLRQVIURPHFRQRPLFJURZWK
DQG LQGXVWULDO JURZWK LQ &KLQD GHWHUPLQHV WKH
GHFRXSOLQJ 7KH PDMRU LQGXVWULDO VRXUFHV RI &2
HPLVVLRQV DUH HOHFWULFLW\ VWHDP DQG ZDWHU
SURGXFWLRQ DQG RWKHU HQHUJ\LQWHQVLYH LQGXVWULDO
VHFWRUV
2XUHPSLULFDODQDO\VLVLQGLFDWHVWKHIROORZLQJ
SROLF\ LPSOLFDWLRQV WR PLWLJDWH &2 HPLVVLRQV LQ
&KLQD
 (FRQRPLFGHYHORSPHQWVKRXOGEHEDODQFHG
ZLWKVXVWDLQDELOLW\DQGFDUERQHPLVVLRQVPLWLJDWLRQ
&KLQD¶VHFRQRPLFJURZWKLQUHFHQWGHFDGHVZDVDWWULEXWHG WR LQGXVWULDO H[SDQVLRQ ZKLFK OHG WR D
VXEVWDQWLDOLQFUHDVHLQFDUERQHPLVVLRQVVR&KLQD¶V
HFRQRPLF GHYHORSPHQW VKRXOG EH EDODQFHG ZLWK
VXVWDLQDELOLW\DQG&2HPLVVLRQPLWLJDWLRQ>@7KH
&KLQHVH JRYHUQPHQWVKRXOGWUDQVIRUPWKH PRGH RI
HFRQRPLF GHYHORSPHQW DQG FRQVLGHU TXDQWLWDWLYH
JURZWK DQG TXDOLW\ LPSURYHPHQW GXULQJ HFRQRPLF
GHYHORSPHQWWRWUDQVIRUPIURPDQH[WHQVLYHJURZWK
HFRQRP\ WR DQ LQWHQVLYH JURZWK HFRQRP\ DQG
LPSURYH WKH TXDOLW\ RI HFRQRP\ JURZWK WR UHGXFH
HQHUJ\FRQVXPSWLRQDQG&2HPLVVLRQV
 7KH &KLQHVH JRYHUQPHQW VKRXOG RSWLPL]H
WKH LQGXVWULDO VWUXFWXUH E\ GHYHORSLQJ KLJK VFLHQFH
DQG WHFKQRORJ\ DQG PRGHUQ VHUYLFH LQGXVWULHV DV
ZHOODVYLJRURXVO\GHYHORSLQJWKHWHUWLDU\VHFWRU,Q

WUHQG7KHUHDVRQIRUWKHVXGGHQLQFUHDVHLQHQHUJ\
LQWHQVLW\LQ±ZDVPDLQO\WKHKXJHLQYHVWPHQW E\ WKH &KLQHVH JRYHUQPHQW LQ :HVWHUQ
GHYHORSPHQW PDLQO\ LQ LQIUDVWUXFWXUH FRQVWUXFWLRQ
DQG RWKHU HQHUJ\LQWHQVLYH VHFWRUV &RPSDULVRQ RI
)LJDQG)LJUHYHDOVWKDWWKHLPSDFWRILQGXVWU\
RQWKHGHFRXSOLQJLQGLFDWRUGHWHUPLQHGWKHVWDWXVRI
GHFRXSOLQJ RI HFRQRPLF JURZWK IURP FDUERQ
HPLVVLRQV,QLQGXVWU\WKHWRSWHQHQHUJ\FRQVXPLQJ
VXEVHFWRUV DUH HOHFWULFLW\ VWHDP DQG ZDWHU
SURGXFWLRQ RLO SURFHVVLQJ DQG FRNLQJ EODFN PHWDO
VPHOWLQJ DQG UROOLQJ FKHPLFDO PDQXIDFWXUH QRQ
PHWDOOLFPLQHUDOSURGXFWVFRDOPLQLQJDQGZDVKLQJ
SHWUROHXPDQGQDWXUDOJDVH[SORLWDWLRQSDSHUPDNLQJ
DQGSDSHUSURGXFWVQRQIHUURXVPHWDOVPHOWLQJDQG
UROOLQJ DQG WH[WLOH )LJ   ZKLFK DFFRXQWHG IRU
PRUH WKDQ  RI WKH WRWDO LQGXVWULDO HQHUJ\
FRQVXPSWLRQ LQ SDUWLFXODU HOHFWULFLW\ VWHDP DQG
ZDWHUSURGXFWLRQFRYHUHGPRUHWKDQRIWKHWRWDO
LQGXVWULDOHQHUJ\FRQVXPSWLRQDIWHU ZKLFKLV
DOVR VXSSRUWHG E\ ;X HW DO >@ 7KHUHIRUH WKH
HQHUJ\ LQWHQVLYH VXEVHFWRUV RI WKH LQGXVWU\ VHFWRU
KDYH JUHDW FRQWULEXWLRQV WR HQHUJ\ FRQVXPSWLRQ
ZKLFK DOVR DIIHFWV WKH GHFRXSOLQJ VWDWXV RI &2
HPLVVLRQV VR WKH IRFXV IRU &KLQD VKRXOG EH RQ
HQHUJ\LQWHQVLYHLQGXVWULDOVXEVHFWRUV

CONCLUSIONS AND POLICY
IMPLICATIONS
2XU DQDO\VLV \LHOGV WKH IROORZLQJ LQWHUHVWLQJ
FRQFOXVLRQV
  'XULQJ GLIIHUHQW SHULRGV RI HFRQRPLF
GHYHORSPHQWLQ&KLQDGHFRXSOLQJRI&2HPLVVLRQV
IURP HFRQRPLF JURZWK YDULHG ZLWK FKDQJHV LQ
HFRQRPLF JURZWK DQG HQHUJ\ LQWHQVLW\ 'XULQJ WKH
WK)LYH\HDU3ODQWKHUHODWLRQVKLSEHWZHHQFDUERQ
HPLVVLRQV DQG HFRQRPLF JURZWK ZDV WUDQVIRUPHG

),*85(
3URSRUWLRQDOHQHUJ\FRQVXPSWLRQE\LQGXVWU\VXEVHFWRUVGXULQJ±
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potential for long-range transport [3]. Mercury
deposited from the atmosphere becomes subject to
chemical reactions and is converted into highly toxic
and bioaccumulative methylmercury [4]. The need
of regular monitoring and research of mercury fate
in the environment is embodied in both national
legislation and international conventions and
emphasized by the scientific community [5, 6].
Automated (continuous) and manual (periodical)
measurements of mercury in the air and mercury
deposition were incorporated into the agenda
of various international monitoring networks and
programmes [7].
The latest trends in atmospheric mercury
monitoring were reflected in designing the new rural
EDFNJURXQG $WPRVSKHULF 6WDWLRQ .ĜHãtQ X 3DFRYD
(central Czech Republic) established in 2012 [8]
close to the .RãHWLFH 2EVHUYDWRU\ VSHFLDOL]HG LQ
long-term monitoring of pollutant concentrations [9,
10]. In .ĜHãtQ X 3DFRYD FRQWL-nuous gaseous
elemental mercury (GEM) measurements are
conducted with two Tekran 2537B instruments in
order to measure a vertical concentration gradient
using a 250m tall atmos-pheric tower. Before doing
this, the measurement differences of both
instruments have to be described. Co-located
measurements of Tekran instruments were already
conducted in the past during short-term (i.e. days to
weeks) inter-comparison campaigns [11, 12, 13].
Here we inves-tigate co-located GEM measurements
collected over six months which allows for a
thorough statistical investigation of temporal
variability and the character of measurement
differences.

INTRODUCTION

METHODOLOGY

Anthropogenic sources have increased the
atmospheric mercury reservoir and associated
deposition to terrestrial and aquatic ecosystems
approximately threefold compared to pre-industrial
levels [1, 2]. Increasing scientific evidence of
intercontinental flows has proven that atmospheric
mercury was classified as a pollutant with a high

Instrumentation. The study is based on GEM
concentration data obtained by two automated
continuous Tekran 2537B mercury analysers
(Tekran, Inc., Toronto, Canada) co-located in one
container. The instrument samples pre-filtered air,
and traps vapor phase mercury on a cartridge

ABSTRACT
Gaseous elemental mercury was measured by
two co-located continuous Tekran 2537B analyzers
DWWKH$WPRVSKHULF6WDWLRQ.ĜHãtQXPacova, Czech
Republic, from December 2012 to June 2013. The
average concentration of 1.50 ng m-3 corresponds to
the central European and northern hemisphere
background levels of airborne mercury. The large
dataset was further investigated by advanced
statistical methods in order to characterize the
variability of co-located measurement differences in
17 weekly data subsets. Internal variability in
measurement data resulted from random effects only
as proved by capability analysis. Due to considerable
differences in statistical characteristics of individual
weekly subsets a calculation of one conversion
formula for the whole co-located measurement
campaign in order to predict measure-ments by one
instrument if measurements by the other are known
was not a suitable option. Thus five clusters in which
regression lines of weekly subsets showed
similarities were identified. The cluster containing 4
weekly intervals from May-June 2013 performed the
best with it´s average regression equation  ݕൌ
ͳǤͲͶ ݔ ͲǤͲͲǤ Both analysers measured almost
identically concen-trations up to 1.6 ng m-3 in this
period.
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FIGURE 1
Box-and-whisker-plot for differences between measurements from co-located instruments in weekly
intervals. Numbers in brackets denote serial numbers of intervals.
distant. The sampling line from the manifold to the
instrument inside the container was a 3m long and
1/4'' outer diameter teflon tubing. A teflon
membrane (filter diameter: 47mm and pore size:
ȝP) was placed 20cm upstream of the sampler
inlet.

containing an ultra-pure gold adsorbent. The
amalgamated mercury is thermally desorbed into an
argon carrier gas stream and detected using cold
vapor atomic fluorescence spectrometry. A dual
cartridge design allows for alternate sampling and
desorption, resulting in continuous measurement of
the air stream and giving a concentration value every
5 minutes. Until April 2014, the newly built
Atmospheric Station .ĜHãtQX3DFRYDZDVGHSHQGHQW
RQ WKH GDWD WUDQVIHU V\VWHP RI WKH QHDUE\ .RãHWLFH
Observatory (run by the Czech Hydrometeorological
Institute), that is adjusted to a minimal transferred
data time resolution of 10 minutes. Therefore, we
used 10min concentration values obtained by
averaging two 5min concentration values, i.e.
averaging one output from each cartridge.
The detection limit of a Tekran 2537B
instrument is < 0.1 ng m-3 (www.tekran.com). At
.ĜHãtQ X 3DFRYD the sampled air volume was
7.5 L min-1. The instruments were automatically recalibrated every 24 h with an internal permeation
source. Zero air was used as an instrument blank.
Manual calibration was conducted with a portable
mercury source (Tekran, model 2505) by manual
injections of 5 ȝORI+JVDWXUDWHGDLUZLWKDJDVWLJKW
digital syringe (Hamilton 1700) at defined parameters. The instruments were new when the
measurement campaign started. Time periods of
argon tank replacements and instrument services
(pump repair, manual calibration, inlet filter
exchange) are depicted in Fig. 1.
Both instruments were installed in a ground
based air-conditioned container. They were
connected to a manifold system consisting of teflon
and a 1/4'' outer diameter insulated borosilicate glass
tubing with the upstream end approximately 3m
above ground and a flow rate of 10 L min-1. The
sampling ports for both instruments were 12mm

Statistical
evaluation
of
co-located
measurements. The co-located sampling campaign
with both instruments (further referred to as
³Tekran-X´ and ³Tekran-Y´) installed in a groundbased container was run from December 2012 to
June 2013. Weekly descriptive statistics for a basic
GHVFULSWLRQRI*(0OHYHOVDW.ĜHãtQX3DFRYDZHUH
calculated from all measured data including periods
where only one instrument provided reasonable data
(i.e. April 2013). Further, only temporal intervals
with complete data pairs (i.e. both instruments
operating properly) were used for the statistical
evaluation of co-located measurements. This was
conducted using weekly measurement intervals in
order to obtain more homogeneous data subsets.
Significant data gaps appeared especially due to
pump problems, replacements of argon tanks, and
instrument service (Fig. 1).
Data below the detection limit, daily automatic
calibrations, identified non-valid measurements, and
extreme values were removed. The differences di =
xi ± yi between co-located n pairs of measure-ment
(xi, yi), i = 1, 2« n were visualised in a box-andwhisker plot. xi denotes values measured by TekranX, and yi denotes values measured by Tekran-Y.
Lower and upper specification levels (LSL and USL,
respectively) were added for differences di. LSL and
USL are considered to be ± 0.2 ng m-3 (twice the
detection limit of the Tekran 2537B instrument).
Determined specification levels were also used
in the analysis of measured process capability, which
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yi are close to zero in the area where the regression
line y = a + bx intersects the line y = x. If the xcoordinate of this intersection is marked as x0, where
x0 = a/(1 ± b), and if x measurements are close to x0,
measurement differences di = xi ± yi will be close to
0, even if both instruments measure differently (a 
0, b    Thus graphical represen-tation and
determination of capability index for comparison of
co-located measurements is not sufficient.
The conformity of regression lines of
individual weekly intervals was tested. In order to
find intervals of similar co-located measurements
(despite a statistical rejection of a hypotesis a = 0,
b = 1), a cluster analysis of a and b regression
parameters of individual weekly intervals was
performed. The individual regression lines were
grouped into homogeneous clusters. Out of a wide
range of general classification methods [17, 18],
approaches based on agglomerative hierarchical
clustering were selected and applied. As a measure
of the distance of objects (lines), the Euclidean
distance and single linkage was used. The number of
clusters was determined empirically [17]. Average
regression lines were determined for each cluster and
represent the measurement conversion formula of
Tekran-Y and Tekran-X analysers. Tolerance
intervals for regression lines of clusters containing
the majority of measurement data were determined
[19, 20].

allows for the assessment of inherent process
variability. A measured process is considered
statistically capable (under statistical control), when
its internal variability results from random effects
only, and is not influenced externally (e.g. by
technical problems or climatic factors). The process
ௌିௌ
[14],
capability indexܥ is defined as ܥ ൌ 
ఙ
where ı is the monitored process standard deviation.
Assuming the difference measurement process has a
normal distribution (verified by Q-Q plots,
histograms and Pearson's Ȥ2 test) with mean ȝ and
standard deviation ı, the value of observed process
will lie in the interval ȝ ± 3ı with a probability of
0.9973 and the variation of the process
approximately within the 6ı interval. If ܥ > 1.33,
the measurement process is considered to be highly
capable; when 1 < ܥ  , it is moderately
capable, and in case 1 t ܥ , it is statistically
incapable. The ܥ index estimate was made on the
basis of partial measurement lengths of 18
observations. An estimate of standard deviation ı
was determined according to [15]. Then the obtained
estimate ܥመ  f index eligibility ܥ was completed
with 100(1±Į FRQILGHQFHLQWHUYDOIRUܥ given by:
షభ ௨ഀȀమ
షభ ௨భషഀȀమ
ܥመ ൬ͳ 
൰ <  < ܥመ ൬ͳ 
൰ , where
ඥషభ

ܽିଵ ؐ ටͳ െ

ඥషభ

ଵ
ଶሺିଵሻ

, ܾିଵ ؐ ට

ଵ

ଶሺିଵሻ

and ݑఈȀଶ ,

ݑଵିఈȀଶ are quantiles of normal distribution N(0,1).
The capability index ܥ is not related to the
location parameter, and allows merely for variability
assessment of the monitored process. However, a
centering measurement process is assumed in its use.
If the difference measurement process is not
centered (ȝ    the ܥ index can acquire a high
value even if exceeding the prescribed specification
levels. In such cases, we use the modified capability
index ܥ defined as ܥ ൌ ݉݅݊൫ܥ ǡ ܥ ൯ [16,
ௌିఓ

RESULTS AND DISCUSSION
Measured concentrations. The Tekran 2537B
model is functionally identical to its predecessor, the
2537A model. There are no significant differences in
the detection or integration components between the
two models [21]. Therefore, results of this study will
be compared also with findings of other studies
based on Tekran 2537A measurements. It is not clear
whether data collected by Tekran 2537 instruments
represent total atmospheric mercury (the sum of
GEM, gaseous oxidized mercury, and particle bound
mercury), GEM, or some fraction of all forms. GEM
is expected to constitute 90-99% of the atmospheric
mercury [13]. It has been established earlier that if a
teflon filter is installed at the front end, the sample
collected by Tekran 2537 analyser is GEM [22].
Therefore, we present our data as GEM. However,
many studies using Tekran 2537 instruments do not
specify the filter material, and report both GEM and
total gaseous mercury (TGM). The GEM
FRQFHQWUDWLRQV GHWHUPLQHG DW .ĜHãín u Pacova is
compared with these studies.
The average GEM concentration LQ .ĜHãtQ u
Pacova for the measurement period between
December 2012 and June 2013 was 1.50 ng m-3.

ఓିௌ

ܥ ൌ
are
14], where ܥ ൌ
ଷఙ
ଷఙ
upper and lower modified capability indices,
respectively. Their estimates ܥመ and ܥመ were
determined according to [15] and the approximative
100(1 ± Į  FRQILGHQFH LQWHUYDO IRU the modified
capability index
 is given by: ܥመ ൬ͳ 
௨ഀȀమ

௨

൰<  < ܥመ ቆͳ 

ඥଶሺିଵሻ

ഀ
భష
మ

ቇǡwhich is used

ඥଶሺିଵሻ

for identifying the centering process, and assessing
its variability.
Even when the process is under statistical
control, values yi are linearly dependent on values xi.
This statistical dependency is described by the
regression function yi = a + bxi + ei, where ei is a
random error of the i-th measurement and a, b are
regression parameters. Then the differences di = xi ±
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FIGURE 2
Q-Q plots of measurement differences and weekly intervals 3 (right) and 4 (left).
TGM average concentration of 1.52 ng m-3 for the
years 2010 to 2011 reported by [23]. The half-year
DYHUDJHYDOXHIRU.ĜHãtQX3DFRYDLVDOVR within the
range of yearly TGM average concentrations of 1.22.0 ng m-3 at six OSPAR sites at the North Sea coast
between 1995 and 2002 [24]. 7KH.ĜHãtQX3DFRYD
levels comply with the current northern hemisphere
background concentration of airborne mercury,
which is considered to be within the range of 1.5-1.7
ng m-3 [2, 6, 25].

between weeks 11 and 12. However, the
measurement differences are small and constant, as
the Tekran-Y instrument was switched on already at
the beginning of May 2013, and the measurement
differences declined until May 8th, when the next
inspected weekly interval started. It seems that after
a longer opera-tion disruption of one or both
instruments, a certain time window is needed for the
measurement lines to approach each other again.
Capability analysis. First the normality of
measurement differences was verified using Q-Q
plots, histograms and Ȥ2 goodness-of-fit test. The QQ plots were drawn for all the weekly measurements. In case points in the Q-Q plot lie approximately on a line, we can assume those data come
from normal distribution. In Fig. 2, Q-Q plots of
selected weekly intervals 3 (right plot) and 4 (left
plot) can be found. Serial numbers of the weekly
intervals can be found in Fig. 1. Data represented by
Q-Q plot in the right column come from normal
distribution (p-YDOXHRIWKHȤ2 goodness-of-fit test is
0.053), and data represented by Q-Q plot in the left
column are not normally distributed (p-value of the
Ȥ2 goodness-of-fit test is < 1u10-6). Goodness-of-fit
tests were carried out at the significance level of 5%.
Although in some weeks the distribution of
measurement differences was not normal but
symmetrical (which was verified by histograms and
skewness coefficients) and included outliers,
capability analysis was carried out assuming normal
distribution. The observed process of measurement
differences in all weekly intervals is statistically
highly capable (ܥ > 1.33, Tab. 1), i.e. its variability
is within the chosen specification levels. We further
compare results in Fig. 1 and Tab. 1. If the ܥ index
estimate is negative, the process is not centered
(intervals 5 and 10, Tab. 1), and the means of
measurement differences exceed the specification
levels (Fig. 1). A similar, however less pronounced
situation (ܥ  1) is observed for intervals 6 and 9.

Co-located measurements. Measurement
differences. The mean differences between
measurement data pairs are considered small if they
lie between LSL and USL, which was the case for all
weekly intervals except for 5 and 10 (Fig. 1). The
following discussion is supported by visual
inspection of unshown charts depicting measurement lines of both instruments. Between intervals 4
and 5, the Tekran-Y instrument was switched off for
several days due to argon tank replacement. After
being switched on again in mid-January 2013, the
measurement line of Tekran-Y is slowly
approaching the Tekran-X measurement line during
weeks 5 and 6. Measurement differences between
both instruments are fairly constant and small by the
end of the month and at the beginning of week 7.
Measurement differences between both analysers are
higher but constant in weeks 9 and 10. In comparison
with the other inspected weekly intervals, this is a
period of constantly elevated GEM concentrations.
As for weekly intervals 5, 9 and 10, the average
GEM concentrations (measured by both analysers)
are the highest of the whole measurement campaign,
and so are the differences in the measured
concentrations ranks among the three highest ones.
The Tekran-X instrument was switched off due to an
argon tank replacement at the beginning of March
2013. After being switched on, the measurement
differences between both instruments in interval 11
are not big, but declining. A third longer interruption
of the co-located measurement campaign took place
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TABLE 1
Results of capability analysis. Bold values correspond to weeks with a not centered process.
  the modified index capability estimate.
  denotes the capability index estimate, and 

Estimate of capability index
95% confidence interval for
 ǡ 
  
Weekly
and
modified
capability

Number of
interval
index
data pairs
number
 
  

  




1
2

737
919

4.589
4.668

3.623
2.908

(4.347;4.832)
(4.447;4.890)

(3.433;3.813)
(2.771;3.045)

3

1088

4.194

3.864

(4.013;4.376)

(3.697;4.030)

4

972

3.465

3.350

(3.305;3.624)

(3.197;3.503)

5

834

2.933

-1.377

(2.788;3.077)

(-1.309;-1.444)

6

1067

2.617

0.628

(2.503;2.731)

(0.601;0.656)

7

954

2.862

2.681

(2.729;2.995)

(2.557;2.805)

8

951

2.600

1.849

(2.479;2.721)

(1.764;1.935)

9

956

2.311

0.513

(2.204;2.419)

(0.489;0.537)

10

957

2.323

-0.568

(2.216;2.430)

(-0.542;-0.594)

11

949

2.587

1.748

(2.467;2.708)

(1.667;1.829)

12

1107

2.567

2.007

(2.457;2.677)

(1.921;2.093)

13

1107

2.520

1.657

(2.412;2.628)

(1.586;1.728)

14

1113

2.457

1.458

(2.351;2.563)

(1.396;1.521)

15

970

2.310

1.160

(2.203;2.416)

(1.107;1.213)

16

971

2.303

1.190

(2.197;2.410)

(1.136;1.245)

17

973

2.246

1.056

(2.143;2.350)

(1.008;1.105)

different if the x-measurements would not be close
to x0. However, this difference cannot be seen in Fig.
1, since the x-measurements are actually close to x0.
On the contrary, in week 5 (a = 0.007, b = 0.868),
measurements obtained by both analysers are quite
similar. However, mean measurement differences
are not within specification levels in Fig. 1. The
process in this interval is not centered (Tab. 1,
column ܥመ . Thus, it is not possible to compare colocated measurements by applying one of the
statistical methods solely.
The hypotheses that all regression lines are
identical, parallel or have the same intercept were
rejected at a significance level of 5%. It can be
suggested that the co-located instruments do not
provide statistically identical measurements in any
of the investigated weekly periods. It is therefore
impossible to define a single conversion formula for
the whole co-located measurement period for
predicting measurements by one instrument if
measurement values of the other instrument are
known. Thus, cluster analysis was applied to find
clusters of weekly intervals in which both
instruments were providing similar measurements.

Regression analysis. Regression analysis
results (Tab. 2) do not correspond with data
visualisation by the box-and-whisker plot (Fig. 1). A
box-and-whisker plot depicts measurement
differences, while regression analysis describes the
linear relationship between co-located measurements. This is ilustrated by weekly intervals 4 and 7,
where the coefficient b significantly deviates from 1
and a from 0 (Tab. 2), thus the instruments do not
provide identical measurements. However, the
differences between measurement data pairs are
well within the specification levels (Fig. 1) as
analysers providing higher and lower concentration
measurements switch and differences cancel out.
If a > 0 and b   Tekran-Y systematically
provides higher values for every concentration
compared to Tekran-X. If a > 0 and b < 1, this applies
only for Tekran-X measurements  x0. For Tekran-X
measurements ! x0, Tekran-Y displays a lower value.
This occurred in 8 weekly intervals when the
Tekran-X minimum value was  x0 (compare
columns x0 and min Tekran-X in Tab. 2).
Statistical tests for regression coefficients were
carried out at the 5% significance level. All 17 slopes
b are significantly different from 1, and only two
absolute terms a are insignificantly different from 0
(weekly intervals 5 and 16, Tab. 2). Thus, all
regression lines significantly differ from y = x. For
example, in week 4 (a = 0.521, b = 0.599), colocated measurements would be considerably

Cluster analysis. Five clusters in which the
individual regression lines showed similarities were
identified on a 0.07 clustering level (see dendrogram in upper Fig. 3) and confirmed by a scatterplot
(lower Fig. 3).
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TABLE 2
Regression analysis results for all weekly co-located measurement intervals, a and b denote estimated
regression parameters, s.e.(a) and s.e.(b) are their standard errors, R2 is the determination index, Min
Tekran-X the minimum concentration value measured by Tekran-X and x0 is the intercept of regression
line with line y = x. For clusters see dendrogram in upper Fig. 3
x0

Cluster

0.983
0.983

Min
Tekran-X
0.723
1.156

0.910
0.830

1
1

0.940

0.859

1.098

1

Week
number
1
2

a

s.e.(a)

b

s.e.(b)

R2

0.126
0.094

0.005
0.006

0.862
0.887

0.004
0.004

3

0.101

0.009

0.908

0.007

4

0.521

0.010

0.599

0.008

0.858

1.128

1.301

2

5

0.007

0.004

0.868

0.002

0.997

1.577

0.051

3

6

0.162

0.004

0.825

0.002

0.994

1.197

0.922

1

7

0.408

0.013

0.678

0.010

0.834

1.093

1.268

4

8

0.196

0.007

0.852

0.004

0.982

1.141

1.331

1

9

0.088

0.007

0.874

0.003

0.985

1.472

0.698

1

10

0.196

0.008

0.785

0.004

0.976

1.693

0.910

1

11

0.157

0.006

0.880

0.003

0.988

1.224

1.309

1

12

0.199

0.009

0.881

0.007

0.934

1.089

1.678

1

13

0.162

0.013

0.928

0.010

0.893

1.109

2.247

1

14

0.015

0.007

1.052

0.005

0.980

1.019

-0.299

5

15

0.028

0.009

1.051

0.006

0.969

0.964

-0.548

5

16

-0.009

0.012

1.076

0.009

0.941

1.102

0.112

5

17

0.035

0.009

1.048

0.006

0.971

1.163

-0.734

5

FIGURE 3
Classification of individual weekly intervals into five clusters based on regression coefficients a and b
(dendrogram in upper Fig. 3) and depiction of clusters in a scatterplot ± numbers of weekly intervals
belonging to each cluster are indicated in the chart (lower Fig. 3).
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FIGURE 4
Average regression line for the individual clusters

FIGURE 5
Regression line for all investigated weekly intervals
TABLE 3
Regression parameters a and b for five regression lines based on measurement data apportioned into five
clusters, and regression line for all investigated weekly intervals.
Number of
weeks

n

a

s.e. (a)

b

s.e. (b)

R2

Cluster 1
Cluster 2

10
1

9838
972

0.263
0.521

0.003
0.010

0.793
0.599

0.002
0.008

0.966
0.858

Cluster 3

1

834

0.007

0.004

0.868

0.002

0.997

Cluster 4

1

954

0.408

0.013

0.678

0.009

0.834

Cluster 5

4

4027

0.006

0.004

1.064

0.003

0.969

All weekly intervals

17

16625

0.323

0.002

0.770

0.002

0.939

5ሺ ݕൌ ͳǤͲͶ ݔ ͲǤͲͲ Regression equations for
cluster 2 and 4 indicate non-identical measurements.
A similar, yet short-term study was conducted by
[13], where the measurements of two colocated
Tekran 2537 instruments were described by the
regression equation  ݕൌ ͳǤͳ ݔെ ͲǤǤ Compared to
this, the regression equation for data belonging to
cluster 5 performed considerably better, however,
equations for other clusters were characterised by
a worse parameter b (Tab. 3).
For clusters 1 and 5 containing the most weekly
periods, tolerance intervals were constructed (Fig.
6). For concentration values

Then an average regression line was
constructed for each cluster based on measurement
data from intervals belonging to this cluster (Fig. 4)
and also for the whole co-located measurement
period (Fig. 5).
The regression parameters a and b vary
considerably (see Tab. 3). The regression equations
represent conversion formulas for predicting
measurements by one instrument if measurements by
the other are known. Clusters 1, 3 and 5 are
characterized by acceptable equation parameters and
indicate the periods with colocated measure-ments
close to each other. The best aggreement between
measurements
was
observed
in
cluster
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FIGURE 6
Tolerance intervals for cluster 1 (n = 9836) and cluster 5 (n = 4024). The black line y = x denotes the ideal
functioning of both instruments, i.e. providing nearly identical measurements.
contain 99% of values measured by Tekran-Y with
95% probability. Measurements of vertical or spatial
gradients are possible if instruments operate in the
regime of cluster 5 and the statistical homogenity of
data is ensured.
Information obtained from the box-andwhisker-plot and using the capability index are in
correspondence to results of the regression analysis.
Continuously calculated indices of measurement
differences process also allow for an immediate
orientation in the measurement process, and give a
warning when the analysers start to work in a nonstandard way. The indices indicate when there are
changes beyond random fluctuations caused by
external influences; for example, by unpredictable
behavior of the analyser, and can be seen as a part of
the analyser monitoring system. This statistical
approach also served as an additional control for data
quality and for excluding non-standard behavior of
the analyser, because there were errors in data
transmission from the analyzers diagnostic system.

obtained by Tekran-X, the tolerance interval
contains 99% measurements obtained by Tekran-Y
with probability of 95%. For cluster 1, line y = x lies
within the tolerance interval for concentrations of ca.
1 - 2.1 ng m-3, and out of the interval for other
concentrations. On the contrary, line y = x for cluster
5 starts almost at the same point as the average
regression line, which means that both analysers
measured almost identically concen-trations up to
1.6 ng m-3 in this period. The line y = x lies within
the tolerance interval for most of the measurement
data points; however, measurements from Tekran-Y
are systematically higher than those obtained from
Tekran-X.

CONCLUSIONS
A combination of advanced statistical methods
for the comparison of long-term co-located
continuous measurements of gaseous elemental
mercury was presented. The necessity of assessing
the temporal variability and character of measurement differences was demonstrated. Both instruments provided very similar measurements in
weekly intervals belonging to cluster 1, which was
interrupted by intervals 4, 5 and 7. Interval 5 is
suggested to fall into a certain time window that is
needed unless the measurements lines approach each
other again after one or both instruments were
switched off for a longer period of time. The
regression equation and tolerance intervals for
cluster 5 containing the last four weekly intervals
suggests that the instruments were providing almost
similar measurements for concentrations up to 1.6 ng
m-3. The regression equation serves as a conversion
formula for predicting measurements by one
instrument if measurement values provided by the
other instrument are known. Thus in the future, a
vertical or spatial concentration gradient can be
determined. The tolerance interval determines limits
which, for arbitrary values measured by Tekran-X,
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quantity. The measurement of minerals is important
because they may have pharmacological activity [1].
Ash values are important Qualitative standards and
the purity and authenticity of sample is confirmed by
this method. The more quantity of ash shows that
plant has higher value of minerals. Higher
digestibility of plants on consuming indicates that
the much of the ash is insoluble in acid. Plant has
higher energy value when the total amount of ash is
lower so it is the indication of good bio fuel. The
lower value of moisture content in plants indicates
high calorific value [2]. The quantity of ash,
depending upon the part of plant, age and treatment
is different [3]. The parts of plant containing crude
protein and carbohydrates makes it beneficial for
compounding of livestock feed [4]. High content of
protein is valuable for proper development and
growth of children, adults, pregnant and lactating
mothers. The required amount of protein for
children, adults, pregnant and lactating is 13-19, 3456 and 17-71 respectively [5]. The digestion and
proper elimination of wastes is largely affected by
crude fibers present in diet. This is also useful in
hypertension, diabetes, constipation, colon and
breast cancer, lowering serum cholesterol and also in
coronary heart disease [6]. Dietary fibers are
effective in control and prevention of Type 2 diabetes [7]. The crude fiber is a better fodder for animals [4]. The fraction of carbohydrates is obtained
by treating the crude fiber with acid and alkali [8].
The quantity of dietary fiber ranging from 2035g/day is helpful in obesity, irritable bowel syndrome, type 2 diabetes mellitus and coronary heart
disease [9, 10]. The moisture content and fiber has
strong relation between them that is beneficial for
human health because they are easily digested and
disintegrated by human stomach. The difference in
content is due to the environmental changes and
physiological setup [11]. Main objectives of this
study were to explore the proximate composition of
20 wild plants of Soone Valley, Khushab to improve
the animal nutrition of that area and to gain

ABSTRACT
The investigation was carried out to explore the
proximate composition of wild plants of Soone
valley, Pakistan. Plants were randomly collected
from different sites of Soone Valley, Pakistan. Wild
plants which showed the high-quality composition
of proximate analysis have potential to cultivate as
forage to improve the food qualities for ruminants.
Ruminants of Soone valley largely depend on wild
plants to overcome feed deficiencies and to perk up
health problems. Proximate composition include
ash, moisture content, dry matter, crude protein,
crude fiber, ether extract, net energy and nitrogen
free extractable substance (NFES). Propsopis juliflora 7.24% showed the highest ash content and
highest moisture content was observed in Oenothera
deltoids 7.24%. Crude proteins showed significant
(P < 0.05) variations in all plant species. All the
proximate contents showed significant (P < 0.05)
variations in all plant species.

KEYWORDS:
Proximate, forage, moisture content, dry matter, crude
protein, ruminants

INTRODUCTION
Proximate analysis provide meaningful inforPDWLRQ DQG DOVR KHOSIXO LQ DFFHVVLQJ WKH VDPSOH¶V
Quality. The analysis gives basic information about
ash, ash content, moisture content, volatile matter
content and fixed carbon. Ash is inorganic residue,
produces after burning of organic matter and water
that is removed by heating, give the measurement of
total amount of minerals present in the food. The
heating process, destroy the food not minerals and
minerals has low volatility than other components in
the food. The variable physiological or natural ash
has effect on genuine drugs specimen in Total ash
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knowledge that how these wild plants can fulfill the
requirements of animals. One of the objectives was
also to know about the amount of crude protein and
ether extract etc. on which animal of Soone Valley
lived from a long time.

managerially falls in District Khushab, Punjab
Province, Pakistan. It is surrounded by Potohar
plateau from the north, Punjab Plains (Khushab
plains) to the South, Indus River at some space to the
West of Sakesar Peak and Kalar Kahar near the
eastern margins. Geographically valley is located
between coordinates 32. 26' 11" to 32. 41' 18"North
and 71. 50' 33" to 72. 30' 07" East. Geographical
Coordinates of Some important locations are given
below for quick access

MATERIALS AND METHODS
Study Site. The current investigation was carried out in Soon Valley, Khushab, Pakistan. The
Soone Valley or Soone Sakesar is one of the wellknown valleys of Pakistan located in the Punjab
province. It is situated in the north west of Khushab
and the main town of the Valley is Naushehra.
Central Salt Range is another name of Soone Valley,
situated to the North West of Khushab city,

1.
2.
3.
4.
5.
6.

Naushahra Village 32. 34' 09"N & 72. 09' 15"
Uchhali Lake 32. 33' 30"N & 72. 01' 25"
Khabeki Lake 32. 37' 19"N & 72. 12' 48"
Jahlar Lake 32. 29' 53"N & 72. 05' 14"
Amb Temples 32. 30' 30"N & 71. 56' 11"
Akrand Cliff Fort 32. 39' 27"N & 72. 15' 47"

FIGURE 1
Study site
TABLE 1
Plants with scientific, family and common names
Sr. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Plant Species
Vicia sativa L.
Sophora mollis [Royle] Baker in Hook.f.
Propsopis juliflora Swartz, DC.
Melilotus indica [L.] All.
Artemisia dracunculus L.
Achyranthes aspera Linn.
Calotropis procera [Aiton] W.T. Aiton
Senna holosericea [Fresen.] Greuter.
Baileya multiradiata Harv. & A. Gray ex A. Gray.
Purshia tridentata [Pursh] DC.
Oenothera deltoides Torr. & Frém.
Prosopis glandulosa Torr.
Polygonum alpinum Allioni
Eriodictyon californicum [Hook. & Arn.] Torrey
Anemopsis californica [Nutt.] Hook. & Arn.
Rheum rhabarbarum L.
Datura stramonium L.
Mirabilis jalapa L.
Delphinium scaposum Greene.
Fallugia paradoxa [D. Don] Endl. ex Torr.

Family
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Asteraceae
Amaranthaceae
Apocynaceae
Leguminosae
Asteraceae
Rosaceae
Onagraceae
Leguminosae
Polygonaceae
Hydrophyllaceae
Saururaceae
Polygonaceae
Solanaceae
Nyctaginaceae
Ranunculaceae
Rosaceae
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Common Name
Common Vetch
Baker
Mesquite
Sour Clover
Tarragon
Prickly Chaff Flower
Sodom Apple
Sennas
Marigold
Buck Brush
Bird Cage
Honey Mesquite
Knot Weed
Yerba Santa
Yerba Mansa
Rhubarb
Datura
Sanji Phalli
Larkspur
Apache Plume
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and sodium hydro oxide. Add methyl red as indicator
and titrated it with sulphuric acid until light pink
color appeared. The amount of protein is measured
by the amount of acid used.

Plant Sample Collection. Twenty plants
having potential of forage was collected randomly
from the different sites of Soone Valley, Punjab,
Pakistan. Each plant has 3 replicates of different
sites. Plants are collected which was not damaged by
any material. Stems, leaves and other part of plants
were collected. Diggers and knifes were used for
obtaining the parts of plants. A hat, long shirt, long
trouser, boot and first aid box were present to avoid
any unwanted events during collection. Plants are
stored in small brown paper bags. Plants identification was also done at sites and after collection.
The selected forage plant samples were clean with
distilled water to rinse dust particles and other impurities. These samples were dried in air and place
in oven at 70 0C temperature for 5 to 7 days. Dried
samples were used for further processes.

Crude Fibers Detection. Crude fibers were
measured with the help of a method of acid base digestion. 1.25% of diluted sulfuric acid and 1.25% of
sodium hydroxide used. Put the sample in a beaker.
200 ml of sulfuric acid was added. For half an hour
boiled the sample and chilled the sample and filter
them by using filter paper. The material was washed
three times by using distilled water. The material
was then transferred in to the beaker and again
digested by using 200 ml of sodium hydroxide, boil
it for 30 minutes, cooled and then filtered to obtain
residues of the sample, washed three times by using
25 ml of ethanol. This material was dried by putting
it in to the oven, cooled and weight. The difference
between the weights of the sample was the contents
of crude fibers.

Plant Sample Identification. Identification of
samples was done in the Biological sciences department of Sargodha University.
Table of these plants with scientific, family and
common name is given above (Table 1).

Ether Extract. A dried sample (2 g) was exWUDFWHGZLWKSHWUROHXPHWKHU Û&- Û& LQVR[KOHW
apparatus to remove the ether soluble component
present in it. The extracted material was dried to a
FRQVWDQWZHLJKWLQDQRYHQDWÛ&

Proximate Analysis. This method was used for
the study of, crude protein, crude fibers, moisture
contents, ether extract, ash and dry matter. Proximate
Analysis Procedure including the percentage of
moisture content, crude protein, ash contents and
crude fiber in the sample were determined by AOAC
[12].

Ash Detection. Take a sample of 1g, burn it at
600C0, burn all the organic contents. Ash contents
were investigated by using formulae
Ash % = weight of ash
x 100
weight of sample

Dry Matter Detection. The amount of dry
matter was investigated by using the formula
Dry matter in percentage = 100 - moisture amount

Net Energy. (crude protein x 4) + (ether extract
x 8.7) + NFES

Moisture Contents Detection. The amount of
moisture was also find out by using the following
formula

Nitrogen Free Extractable Substance
[NFES]. 100 ± (Crude protein + mineral matter +
ether extract + crude fiber)
Statistical Analysis. For statistical analysis,
the SPSS software version 17 was used. The oneway analysis of variance and Correlation between
different metals was worked out. The significance of
means was at 0.001, 0.01 and 0.05 probability levels
as suggested by Steel and Torrie [13].

Crude Protein Detection. Crude protein was
detected by taking sample of 1g in the flask and digested it with sulphuric acid and potassium sulfate.
Boil the sample till it became transparent. Dilute the
sample by adding distilled water. 10 ml of this
sample was taken and distilled it with 50 mg of zinc

TABLE 2
Analysis of variance for Proximate concentrations of different Plant Species
Source of
Variation
S.O.V.
Plant Spp.
Error

Degree
of
freedom
df
19
40

Ash [%]

Moisture
Content [%]

7.62***
1.44

2.23**
0.86

Dry
Matter
[%]
2.23**
0.86

***=significant at 0.001 levels
**=significant at 0.01 levels
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Mean Squares
Crude
Crude
Fiber
Protein
[%]
[%]
2.91**
1.95***
1.28
0.30

Ether
Extract
[%]
0.008**
0.003

Net
Energy
[Kcal/g]
35.31**
12.65

NFES
[%]
15.10***
3.25
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Dry Matter. Dry matter contents varied from
92.76% to 95.70%. Melilotus indica plant species
show the maximum dry matter contents while the
Oenothera deltoids plant species show the minimum
dry matter contents. Dry matter contents showed
highly significant (P < 0.05) variations in all plant
species. Possible difference from normality was due
to the values below 93.50% dry matter content and
above 94.97% dry matter content. These values were
the cause for significance.
Dry matter contents of the current study were
higher by the findings of Bolanle and Adedayo [23].
Dry matter content s of the peanut greens observed
by Almazan and Begum [24] were much lower than
our present values. However the results of the
present analysis of all plant species for dry matter
contents showed low values as compare to the dry
matter contents of Moringa olifera investigated by
Ogbe and Affiku [25]. The data of present
investigation showed higher concentration of dry
matter as compare to the findings of Olugbemi et al.
[26] and Mutayoba et al. [27].
According to Zhang [22] dry matter allocation
to the shoot and fruit did not show any variation. An
increase in the amount of dry matter to the root
systems was observed in plants grown under poor
moisture conditions as a result of sand burial.

RESULTS AND DISCUSSIONS
Analysis of variance of all proximate composition is given in Table 2 and all the mean values of
proximate contents are also given below from Figure
2 to 9.
Ash. Analysis of variance of data for ash
showed highly significant (P < 0.05) variation in all
plants species. The Ash contents ranges from 15.74%
to 21.73% in all plant species. The highest Ash
content found in Propsopis juliflora and the lowest
in Oenothera deltoids plant samples. Possible
divergence from normality was exhibited in the
observation below 17.23% ash content and above
20.23% ash content. These observations were also
might be the possible reason for significance.
In present research Ash contents were higher
than the early findings of Ahmad et al. [14]. The
values investigated by Qayyum et al. [15] were
greatly lower than current values. In present work,
higher Ash contents observed than Lentil plant species as reported by Suliman et al. [16]. Current Ash
contents were also higher from the findings of
Tsoukala et al. [17]. The data of present analysis
showed higher concentration of Ash from work of
Mortuza et al. [18].
By nature Ash are devoid of protein, calories,
energy or nutrients. If Ash contents of forage are
unusually high, it specify that forage is contaminated
with soil which is not indispensable [19].

Crude Protein. Analysis of variance of data
for crude protein showed least significant (P < 0.05)
variation in all plant species. The Crude Protein
contents in all plant species were ranged from
17.07% to 21.01%. The highest crude protein
contents were observed in Fallugia paradoxa and
the lowest in Datura stramonium plant samples.
Promising difference from regularity was exhibited
in the observation below 18.06% crude protein
content and above 20.03% crude protein content.
These observations were might be the cause for
significance.
In present investigation Crude protein contents
were just about same as investigated by Bolanle and
Adedayo [23]. The crude protein contents indicated
in IAR 48 improved variety of Vigna Unguiculata by
Owolabi et al. [21] were lower than the crude protein
contents of the present study. The values observed
by Aberoumand [28] are much lower than our
current values. The crude protein contents indicated
by Onyeike and Ehirim [29] in Chlorophytum
comosum are much lower than the concentration of
crude protein indicated in present work. The values
observed by Ogbe and Affiku [25] were lower to
some extent than our present values.
The presence of high protein concentration in
this plant shows that this plant can involve significantly to the daily human protein requirements [30,
31].

Moisture Content. Moisture contents showed
highly significant (P < 0.05) variation in all plant
species. In all plant species the Moisture contents
were ranged from 4.29% to 7.24%. From the all plant
species of the present research the highest Moisture
contents were observed in Oenothera deltoids and
the lowest in Melilotus indica plant samples. The
variation from familiarity was due to values low
5.03% moisture content and high 6.50% moisture
content. These values were the reason for
significance.
In present investigation moisture contents were
lower by the early findings of Qayyum et al. [15] and
also lower than the values of Aurelia et al. [20]. In
present work, lesser moisture contents were
observed in current study than the findings of
Tsoukala et al. [17]. Present work was also in accordance with the findings of Owolabi et al. [21].
In the growth of plants moisture content play
very important role. More leaves are produced by
plant at high moisture content as compare to low
moisture content, under rich nutrient conditions.
Under poor nutrient conditions, there was little difference in the number of leaves between plants
grown under high moisture content and low moisture
content [22].
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FIGURE 2
Ash level fluctuations in different plant species

    !








 
FIGURE 3
Moisture Content level fluctuations in different Plant Species
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FIGURE 4
Dry Matter level fluctuations in different Plant Species
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FIGURE 5
Crude Protein level fluctuations in different Plant Species
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FIGURE 6
Crude Fiber level fluctuations in different Plant Species
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FIGURE 7
Ether Extract level fluctuations in different Plant Species

3143

Volume 26 ± No. 5/ 2017 pages 3138-3147

© by PSP

Fresenius Environmental Bulletin

    










 

FIGURE 8
NFES level fluctuations in different Plant Species

   










 

FIGURE 9
Net Energy level fluctuations in different Plant Species

findings of Aberoumand [28]. Early findings of
Singh [32] were much higher than recent indications.
Evidence from epidemiological studies recommend that increased fiber utilization may contribute to a reduction in the incidence of certain diseases like diabetes, coronary heart disease, colon
cancer, high blood pressure, obesity, and various
digestive disorders [33, 34, 35].

Crude Fiber. Crude fiber contents showed
highly significant (P < 0.05) variations in all plant
species. Crude fiber concentration ranges from
13.83% to 17.08% in all plant species. The maximum Crude fiber contents were observed in Delphinium scaposum and the minimum in Vicia sativa.
The difference from normality was due to the values
low from 14.65% crude fiber content and high from
16.27% crude protein content. Significance of crude
fiber was due to these values.
The Crude fiber concentrations of the present
study were much higher than the findings of Bolanle
and Adedayo [23]. The concentrations of the Crude
fiber contents in the improved varieties of Vigna
unguiculata by Owolebi et al. [21] were much lesser
than our present values. Beside this the crude fiber
contents of present research were minimum than the

Ether Extract. Ether Extract values varied
from 0.77% to 0.89% in all plant species. The highest Ether Extract concentration was investigated in
Melilotus indica and the lowest Ether Extract concentration in Rheum rhabarbarum plant samples.
Ether Extract contents showed least significant (P <
0.05) variation in all plants species. The difference
from normality was due to the values low from
0.75% Ether Extract content and high from 0.85%
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energy of seed [45]. Furthermore, higher alkaloids
showed some sort of nutritional stress [46] or
composite relations between environment and soil.

Ether Extract content. Significance of Ether Extract
was due to these values.
In present investigation Ether Extract concentration were lower as indicated by Ahmad et al. [14].
In Asteracantha longifolia leaf and aerial parts the
Ether Extract concentration were minimum investigated by Dash et al. [36] than the Ether Extract
contents of the current study. The values observed
by Chatterjee and Chatterjee [37] are much higher
than our current values.
According to Babayemi and Bamikole [38] the
energy which is used by animal for body safe
guarding and production is utilized from ether extract. Higher energy level in plants is observed if
Ether Extract value is higher because Ether extract
store large amount of energy [39].

CONCLUSION
Current study on the proximate composition of
20 wild plants of Soone Valley have exposed that
these plants are proved as a excellent supply of crude
protein, crude fibre, ether extract, dry matter,
moisture content, NFES and net energy. We can also
suggest that people of these areas can harvest these
wild plants or animals of Soone Valley accomplish
their nutrient requirement on these wild plants.
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risk [42]. Prolific eminence of food depends on the
eaten quantity and energy values [43].
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ABSTRACT

INTRODUCTION

The Xihu desert wetland of Dunhuang (Gansu
province) has the dual features of an extremely arid
desert ecosystem and wetland ecosystem and plays
a particularly important role in China. However,
research on soil salinity in this region is very rare.
This study collected samples of different soil types
in the Xihu desert wetland ecosystem and analyzed
the soil salinity characteristics at different sites.
This study provides theoretical and data support for
the assessment of soil salinization, ecological restoration and sustainable use of desert wetlands. According to the results, of the eight types of ions in
the Xihu desert wetland soils, Na+, Ca2+, Mg2+ and
K+ dominate the positive ions, while SO42í, Clí and
HCO3í dominate the negative ions, but CO32í was
not detected. Na+ had the highest positive ion concentration, while K+ had the lowest concen- tration.
Na+ was mainly present in the form of sodium and
calcium salts. SO42í had the highest negative ion
concentration, while HCO32í had the lowest concentration. The salinity is mainly contri- buted by
Na2SO4 and CaSO4. The correlation analysis of the
salt ions in the Xihu desert wetland soils suggested
that there were correlations between the different
salt ions in the soil and these reflected the sedimentation characteristics of the salts. The cluster analysis of soil salt ions showed that salinity analysis
could be restricted to just three ions (Ca2+, Clí, and
SO42í) and these ions would sufficiently reflect the
changes in the various salt contents in the Xihu
desert wetland. The formation of saline soil in the
research area was due to the combined actions of
parent material, landform and hydrogeology.

Soil is very complex and changes with spatial
position under the influence of climate, biology,
parent material, landform and formation time
[1,2,3,4,5,6]. Soil salinization often occurs in regions with an arid climate, high soil evaporation
and high underground water levels. These conditions are due to natural factors, such as climate,
landform and hydrogeology [7,8,9,10,11]. They are
also the result of land deterioration caused by excess human activities and a fragile ecological environment [12,13,14]. When the salts in the soil have
accumulated to a critical level, they will restrict the
ability of crop roots to absorb water and nutrients,
and plant root growth. This affects the normal development and growth of plants. Soil salinization
also affects soil productivity and leads to severe
agricultural production losses. Moreover, salt accumulation changes the plant growth environment
and results in the dominance of saline and desert
plants, thus ultimately leading to the deterioration
of the ecological environment [15,16]. At present,
salinized soil is widely distributed in around 100
countries and regions, covering an area of 10×108
hm2 [17]. About 7, 700×104 hm2 of salinized soil
has been caused by human activities [18] and due to
the serious impact on economic and ecological systems, salinization is beginning to receive more attention from the public [4,5,10,11,19].
Located in northwest China's arid extremely
region, the Xihu desert wetland ecosystem is a typical example of a desert and wetland ecosystem in
an arid region. Occupying a highly significant position in China, it is a natural laboratory for carrying
out various studies on desert wetland ecosystems
[20,21]. In recent years, because of the combination
of climate change and human activities, the Xihu
desert wetland ecosystem has been confronted with
a series of environmental problems, such as water
shortage, declining groundwater levels, desertification, soil salinization and a decrease in wetland area.
However, due to natural
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TABLE 1
Geographic location details for the sampling points
Plot name

Geographical coordinates

Altitude

Soil and vegetation

Plot 1

ƍ1ƍ(

1005 m

Plot 2

ƍ1ƍ(

1008 m

The soil type was marsh soil; vegetation was
dominated by Phragmites communis.
The soil type was marsh soil; vegetation was
dominated by Phragmites communis.

Plot 3

ƍ1ƍ(

1004 m

Plot 4

ƍ1ƍ(

1000 m

Plot 5

ƍ1ƍ(

1007 m

Plot 6

ƍ1ƍ(

993 m

Plot 7

ƍ1ƍ(

1004 m

Plot 8

ƍ1ƍ(

943 m

The soil type was marsh soil; salinity was
serious with a crust layer; vegetation was
dominated by low Phragmites communis and
Nitraria tangutorum.
Located in HouKeng ecological restoration
area; the soil type was marsh soil and
meadow soil; vegetation was dominated by
Alhagi sparsifolia and Glycyrrhiza.
Located in the lake; the soil type was marsh
soil; salinity was serious; vegetation was
Hsuaeda salsa.
Gobi Desert; vegetation was dominated by
Alhagi sparsifolia; Glycyrrhiza; Nitraria
tangutorum and Calligonum were sporadically distributed
Severe desertification; vegetation was Populus euphratica and low Phragmites communis.

sunshine rate is 70%-73%. The total radiation is
641.84 kJ cmí1, the average wind velocity is 2.20 m
sí1 and the mean annual number of days with gales
is 15.4 d. The dryness degree is greater than 16
[21,22]. The flora belongs to the Asia desert
sub-region [21] and is temperate desert in nature,
which reflects the plant distribution characteristics
and adaptions to the regional climate [23]. The
main plants include Lycium ruthenicum, Alhagi
sparsifolia and Phragmites communis and associated plants include Leymus secalimus, Carex orbicularis and Salsola collina. Soil types are mainly
marsh soil, meadow soil and saline alkaline soil
[24].

condition limitations, there has been very little research on soil salinity in this region. This study
provides a better understanding of the soil characteristics in this region and gives theoretical and data
support for soil salinity assessment in desert wetlands, vegetation recovery and recons- truction,
sustainable use of wetlands and regional ecological
protection.

MATERIALS AND METHODS
Sites description. The Xihu desert wetland is
located at the western end of the Hexi corridor,
Gansu Province, which is approximately 120 km
from Dunhuang city. It borders the Kumtagh Desert
to the west, Aksai Kazakh autonomous county to
the south and Xinjiang Uygur Autonomous Region
to the north. It covers an area of 6.6×108 m2 (92°
45ƍE-93°50ƍE, 39°45ƍN-40°36ƍN). The topography
is low in the north and high in the south and the
center is an alluvial plain surrounded by the Gobi
Desert. It has an extremely dry temperate continental climate. The annual average temperature is
9.90°C, the lowest temperature is í30°C and the
highest temperature is 40°C. Average annual precipitation is 39.90 mm and evaporation is 2,486 mm.
Annual total sunshine is 3,115-3,246.70 h and the

Plot selection and soil sampling. Soil samples were collected according to landform, soil type,
vegetation, etc. Eight sampling sites were selected
XVLQJ DQ ³6´-shaped sampling method. The depth
of each sampling point depth was 100 cm, with soil
taken in columnar samples (20 cm long drill bit,
drill body length 100 cm). Samples were collected
in 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm and
80-100 cm layers. GPS was used to determine the
longitude, latitude and altitude of each site. The
geographic locations, altitudes and vegetation for
the sampling points are listed in Table 1.
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calcium salts were the dominant components of the
total salt content and were mainly in the form of
Na2SO4, CaSO4, NaHCO3 and Ca(HCO3)2.

Soil chemical analysis. After the soil samples
were air dried in the laboratory, intrusions other
than soil were eliminated (e.g. plant residues, stones,
bricks and other impurities). The air-dried soil was
passed through a 1-mm sieve, and 10 g of soil sample and 25 g of distilled water (at a water/soil ratio
of 2.5:1) were blended. After shaking and centrifugation, the supernatant was collected for determination of pH value, soil salinity and composition. The
pH value was determined by a LP-115 pH Meter;
CO32í and HCO3í were determined by double-tracer
neutralization; Clí was determined by AgNO3 titration; SO42í was determined by EDTA-indirect titration; Ca2+ and Mg2+ were determined by EDTA
complexometric titration and K+ and Na+ were determined by subtraction.
Total content of soluble salts in the soil The
K+, Na+, Ca2+, Mg2+, HCO3í, CO32í, SO42í and Clí
contents in the soil leaching liquor were determined.
The sum of the respective contents of these ions
was the total amount of soluble salts in the soil.

FIGURE 1
The percentage components of the eight ions in
the total salt content

Data processing. Excel 2010 was used to input the soil sample data and IBM SPSS statistics 20
analysis software was used to conduct correlation
and statistical analyses of the soil nutrients. The
charts were plotted using Origin 8.0.

Correlation analysis of the inorganic ions in
the soil. The correlations between the inorganic
ions in soils can provide a scientific basis for the
prevention and improvement of salinized soil [26].
This research conducted a correlation analysis on
the concentrations of inorganic ions in soil samples
taken from the Xihu desert wetland ecosystem (Table 2).

RESULTS AND ANALYSIS
Composition and types of soil salinity. The
major components of the soluble salts in the soil
samples were HCO3í, Clí, SO42í, CO32í, Ca2+, Mg2+,
K+ and Na+. Theoretically, the total molar quantity
of positive ions (Ca2+, Mg2+, K+ and Na+) and negative ions (HCO3í, Clí, SO42í and CO32í) should be
in a balanced state. However, in reality, there are
large errors in using the traditional volumetric
method to determine the calcium, magnesium and
sulfate contents at extremely low or high amounts.
Therefore, it is hard to achieve a balance between
the positive and negative ions in the samples and
errors are unavoidable [25]. The proportions of the
eight major ions in Xihu desert wetland soils are
shown in Figure 1. According to Figure 1, Na+ has
the highest positive ion content, while K+ has the
lowest content, whereas SO42í has the highest negative ion content, and CO32í was not detected in the
test. HCO3í, the lowest detectable negative ion,
only accounted for 0.3% of the total salt content.
There were 12 types of salts in the Xihu desert
wetland soils, namely, soluble salts (NaCl, Na2SO4,
MgSO4, Na2CO3, NaHCO3, MgCl2 and CaCl2), a
moderately soluble salt (CaSO4), two slightly soluble salts (Ca(HCO3)2 and Mg(HCO3)2) and two
insoluble salts (CaCO3 and MgCO3). Sodium and

TABLE 2
Correlation coefficients between the various inorganic ions
HC
O3í
HC
O3í
Clí
SO
2í

4

Ca2
+

Mg
2+

K+
Na+

SO4

Ca2+

2í

Mg2

K+

+

N
a+

1
0.27
3
0.42
1**
0.08
9
0.35
3*
0.27
6
0.37
7*

1
0.82
8**
0.49
7**
0.44
6**
0.60
3**
0.95
1**

1
0.68
7**
0.61
1**
0.70
6**
0.95
1**

1
0.53
9**
0.69
0**
0.55
7**

1
0.51
1**
0.49
2**

1
0.64
1**

1

*The significance level was set at 0.05 (2-tailed).
**The significance level was set at 0.01 (2-tailed).
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TABLE 3
Statistical results for the frequency distributions of the different salt ions
Statistical item

HCO3í

Clí

SO4í

Ca2+

Mg2+

K+

Na+

Total salt

Mean (cmol kg-1)

.4041

21.7088

41.4428

7.2516

2.9175

1.4234

51.9845

130.2090

Std. Error of Mean (cmol kg )

.02532

4.86603

6.85445

.85096

.76311

.32831

10.07476

22.77618

Median (cmol kgí1)

.3813a

9.5233a

25.8800a

7.5100a

1.6300a

.6233a

29.6750a

76.0200a

Mode (cmol kg )

.27b

10.81

53.90

.15

.05b

.56

23.08

3.15b

Variance (cmol2 kgí2)

.027

994.485

1973.308

30.414

24.458

4.527

4263.035

21268.924

Skewness

.934

2.521

1.520

1.164

3.343

2.613

2.016

1.830

Kurtosis

2.548

6.120

1.425

2.642

11.685

6.750

3.612

2.623

Minimum (cmol kgí1)

.19

.56

.25

.15

.05

.05

1.27

565.14

.93

135.60

167.05

26.36

24.35

9.77

262.50

3.15

í1

í1

-1

Maximum (cmol kg )

1RWH,Q7DEOHµD¶UHSUHVHQWVWKHPLQLPXPYDOXHVRIWKHYDULRXVPRGHYDOXHV
extremely significant positive correlation with Ca2+,
Mg2+, K+ and Na+. This suggested that in the soil
profile, the lower soil layers, which had accumulated HCO3í, Clí and SO42í, had developed the
characteristics of a neutral soil. This had led to the
accumulation of Ca2+, Mg2+, K+ and Na+. There
were extremely significant correlations between
Ca2+ and Mg2+, K+ and Na+ and between Mg2+, K+
and Na+. These results showed that correlations
exist between different inorganic ions in the soil
and that they reflect the sedimentary characteristics
of salt.
Frequency distribution analysis of the inorganic ions in the soil. There is a chemical relationship between various inorganic ions in the soil.
Frequency distribution can reflect the distribution
of the samples as a whole [26]. Table 3 and Figure
2 show the results for the soluble inorganic ion frequency distribution analysis of the Xihu desert
wetland soils.
The statistical analysis of the test data (Table 3)
showed that the characteristic values for soil salinity at each sampling point in the research area were
significantly different The salt content in the soil
ranged from 3.15 to 565.14 cmol kgí1 and the average value was 130.21 cmol kgí1, which suggested
that the soils in the research area were principally
saline soils. Figure 2 shows the variation patterns
for the different salt contents in the various soil
layers. Although there were a few differences between the saline ions, their frequency distri- butions
were roughly symmetrically or incomple- tely
symmetrically unimodal. The HCO3í content basically had a normal distribution and the Clí, SO4í,
Ca2+, Mg2+, K+ and Na+ contents were posi- tively
skewed (asymmetrical, right-skewed). The average
value for each inorganic ion in Figure 2 indicates
the composition of the inorganic ions in Xihu desert
wetland soils. The main negative ion is SO4í,
which had a soil content of 41.44 cmol kg í1, and

FIGURE 2
Frequency distribution of salt ions (A, HCO3í; B,
Clí; C, SO4í; D, Ca2+; E, Mg2+; F, K+; G, Na+)
There was an extremely significant positive
correlation between HCO3í and SO42í. They were
also significantly correlated with Mg2+ and Na+,
which suggested that the HCO3í content rose as the
SO42í, Mg2+, and Na+ levels increased. Clí had an
extremely significant positive correlation with
SO42í, Ca2+, Mg2+, K+ and Na+ and SO42í had an
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accounted for 65% of the total ion content. Cl í is
next, with a content of 21.71 cmol kgí1 and accounted for the 34% of the total content of negative
ions. The main positive ion was Na+ with a content
of 51.98 cmol kgí1, which accounted for 82% of the
total content of positive ions. The variation in the
soil salt contents across the region may be due to
the different ion compositions of the various soil
parent materials and by underground water.

DISCUSSION AND CONCLUSION
The salinized soil in the research area is the
outcome of the combined actions of parent material,
climate, landform, hydrogeology and biology.
(1) Parent material: the research area is located
at the end of the Shule River. Most parent materials
are alluvial in nature and the salt they contain has
accumulated over a long geological period. Due to
frequent gales, strong evaporation and weak eluviation, the salt has moved up to the ground surface
under the capillary force effect. As a result, most
soil parent materials contain salt, which has led to
primary salinization of the soil in the research area.
(2) Water resources and hydrogeological conditions: the water sources in the Xihu wetlands are
mainly formed when the subsurface flow, caused by
precipitation, mixes with the glacial snowmelt from
the Shule River, Danghe River, West Qilian Mountain and East Aerjin Mountain. With the growth in
population, the development of a social economy
and constant expansion of agricultural irrigation
areas, water resource utilization has gradually
turned from natural utilization to artificial utilization. The inadequacy of the surface water resource
compels people to dig wells to exploit underground
water. The digging of more wells with greater
depths has caused a sharp drop in the groundwater
level. The underground water storage space in this
area is mainly the space formed by the unconsolidated quaternary deposit, which is distributed in the
terraces and alluvial fan areas at an altitude of
1000±2000 m and at a depth of 3±100 m. The degree of mineralization is quite high, at 1±16 g Lí1.
The salinity is mainly caused by sulfates or chloride
and sulfates and the water is mainly saline and
brackish.
(3) Soil texture: Differences in soil textures
are associated with different porosities, which, in
turn, affects the salt accumulation process. The research area is located at the end of the Shule River.
The low-lying strata have high clay particle contents, which affects groundwater runoff, and the
water is under high pressure, as shown by capillary
pressure test results for the area and the small critical depth. This makes it extremely easy to transport
various salts to the surface and cause salinification.
Through analysis and discussion of the salt
characteristics in the different layers of the Xihu
desert wetland ecosystem, the following con- clusions can be drawn. Among the eight major ions in
the Xihu desert wetland ecosystem, SO42í, Clí and
HCO3í were the main negative ions, while CO32í
was not detected. Na+, Ca2+, Mg2+ and K+ were the
main positive ions. SO42í had the highest negative
ion concentration, while HCO32í had the lowest.
Na+ had the highest positive ion concentration,
while K+ had the lowest. The salts were mainly

Cluster analysis of the inorganic ions in the
soil samples. There are many variables that can
affect the characteristics of an object. Research is
often conducted on a certain set variables that are
dependent on the specific research issue. Due to
limited understanding of objects, it is often difficult
to find independent representative variables, which
affects further understanding and research. Cluster
analysis can cluster the observed variables of the
research object based on the closeness of the relationships between the variables, grouping those
with common characteristics into one type. To this
end, this study analyzed the relationships between
the seven quantitative indicators (excluding CO32í)
for inorganic ions in the Xihu desert wetland soils
using nearest neighbor clustering.

FIGURE 3
Dendrogram of the cluster analysis based on
correlation coefficients
According to Figure 3, a distance threshold of
3.5 was the classification standard. The seven saline
ions were classified into three cluster types: type I:
HCO3í, Mg2+, K+ and Ca2+; type II: Clí and type III:
SO42í and Na+. Therefore, according to the cluster
analysis results, analyses can be confined to three
ions, one taken from each cluster type, as they reflect the changes in various saline ions in farmland
if the sample size is large enough. This method can
reduce the workload without missing useful information. Three saline ions were selected, namely
Ca2+, Clí and Na+.
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characteristics of soil water evaporation in the
corn fields under different climate conditions in
arid regions of Northwestern China. Fresen.
Environ. Bull., 25(2), 548-564.
[7] Dehaan, R. L. and Taylor, G. R. (2002)
Field-derived spectra of salinized soils and
vegetation as indicators of irrigation-induced
soil salinization. Remote sensing of
Environment, 80(3), 406-417.
[8] Ding, J. L., Wu, M. C. and Tiyip, T. (2011)
Study on soil salinization information in arid
region using remote sensing technique.
Agricultural Sciences in China, 10(3), 404-411.
[9] Ma, M. J., Zhou, X. H., Ma, Z. and Du, G.
(2012) Composition of the soil seed bank and
vegetation changes after wetland drying and
soil salinization on the Tibetan Plateau.
Ecological Engineering, 44, 18-24.
[10] Wang, Y. and Li, Y. (2013) Land exploitation
resulting in soil salinization in a desert-oasis
ecotone. Catena, 100(1), 50-56.
[11] Wu, J., Li, P., Qian, H. and Fang, Y. (2014)
Assessment of soil salinization based on a lowcost method and its influencing factors in a
semi-arid agricultural area, northwest China.
Environmental Earth Sciences, 71(8), 34653475.
[12] Alfiky, A., Kaule, G. and Salheen, M. (2012)
Agricultural fragmentation of the Nile Delta; a
modeling approach to measuring agricultural
land deterioration in Egyptian Nile Delta.
Procedia Environmental Sciences, 14, 79-97.
[13] Shoshany, M. (2014) Remote Sensing of
Agricultural Soils degradation: Studying Soil
Losses, Soil Drying and Soil Quality Deterioration. EGU General Assembly Conference
Abstracts 1725.
[14] Lagunes-Diaz, E., Gonzalez-Avila, M. E., Diaz-Castro, S., Poujol, F. and Ortega-Rubio A.
(2016) Energy consump- tion drivers: demand
side management VS device penetration, which
is stronger? Impli-cations in climate change in
arid Mexico. Fresen. Environ. Bull., 25(8),
3023-3029.
[15] Moradi, A., Tahmourespour, A., Hoodaji, M.
and Khors, F. (2011) Effect of salinity on free
living- diazotroph and total bacterial
populations of two saline soils. African Journal
of Microbiology Research, 5, 144-148.
[16] Rengasamy, P. (2010) Soil processes affecting
crop production in salt-affected soils.
Functional Plant Biology, 37(7), 613-620.
[17] Verma, K. S., Saxena, R. K., Barthwal, A. K.
and Deshmukh, S. (1994) Remote sensing
technique for mapping salt affected soils.
International Journal of Remote Sensing, 15(9),
1901-1914.
[18] Metternicht, G. I., and Zinck, J. A. (2003)

sodium and calcium salts, typically Na2SO4 and
CaSO4. The soils in the research area were mainly
saline soils. According to the correlation analysis of
the inorganic ions, there were some correlations
between the different saline ions in the soil, which
reflected the sedimentary characteristics of salt. The
cluster analysis of the inorganic ions in soil showed
that the analyses of only three ions, one from each
cluster type (Ca2+, Clí, and Na+ were chosen) sufficiently reflected the changes in various salt ion levels in the Xihu desert wetland soils. Finally, the
formation of salinized soil was caused by the combined action of a number of factors, such as parent
material, climate, landform and hydrogeological
conditions.
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)H ,, DQG)H ,,, DUHSUHVHQWLQWKHVHGLPHQWLQERWK
DPRUSKRXVDQGFU\VWDOOLQHIRUPV>@&U\VWDOOLQH)H
R[LGHV KDYH D JUHDW VWDELOLW\ ZKLOH DPRUSKRXV )H
FDQEHUHGXFHGE\PLFURELDODQGFKHPLFDOUHDFWLRQV
>@
7KHUKL]RVSKHUHLVRIELRORJLFDOVLJQLILFDQFHWR
PLFURELDO SRSXODWLRQV HVSHFLDOO\ WR WKH LURQ
R[LGL]LQJEDFWHULD )H2% DQGLURQUHGXFLQJEDFWH
ULD )H5%  IRU )HSODTXH IRUPDWLRQ >@7KHUH LV
LQFUHDVLQJ HYLGHQFH WKDW )H2% DUH XELTXLWRXV LQ
VHGLPHQWV ZKHUH WKH\ SOD\ D PDMRU UROH LQ WKH
R[LGDWLYHSDUWRIWKH)HF\FOLQJ>@)H2%KDYHEHHQ
GHWHFWHG LQ D ZLGH YDULHW\ RI HQYLURQPHQWV DQG
VKRZQWRLQFUHDVHWKHUDWHRI)HR[LGDWLRQE\XSWR
IRXU RUGHUV RI PDJQLWXGH ZKHQ FRPSDUHG ZLWK WKH
UDWHRIVWULFWDELRWLFR[LGDWLRQ>@0DQ\VWXGLHV>
@ KDYH VKRZQ WKDW )H2% FRXOG VXFFHVVIXOO\
FRPSHWH ZLWK DELRWLF R[LGDWLRQ IRU )H ,,  DQG D
VWDWLVWLFDO PRGHO ILWWHG WR WKH H[SHULPHQWDO GDWD
GHPRQVWUDWHG WKDW PHWDEROLF )H ,,  R[LGDWLRQ DF
FRXQWV IRU  WR  RI WKH WRWDO R[LGDWLRQ >@
7KHJHQXV*DOOLRQHOODLVDJURXSRIȕSURWHREDFWHULD
NQRZQDVDFKDUDFWHULVWLF)H2%>@,QDGGLWLRQWR
)H2%)H5%DUHLPSRUWDQWPHPEHUVLQWKHURRW)H
F\FOLQJLQWKHUKL]RVSKHUH>@*HREDFWHULVUHSUH
VHQWDWLYHVWUDLQRI)H ,,, UHGXFHUVUHTXLULQJGLUHFW
FRQWDFWWRUHGXFH)HR[LGHV>@
)HSODTXHVSOD\DUROHDVDVLQNIRUKHDY\PHWDOV
DQGSKRVSKRUXV 3 >@3LHWDO>@IRXQG)H
SODTXH IRUPDWLRQ RQ PDQJURYH URRWV FRXOG LPPR
ELOL]H3DQGHQKDQFHWKHLUUHPRYDO/LDQJHWDO>@
DOVRIRXQGWKDW)HSODTXHDFWVDVDQXWULHQWUHVHUYRLU
IRU 3 LQ WKH UKL]RVSKHUH DQG KHOSV HQKDQFH 3
DFTXLVLWLRQ E\ ULFH +RZHYHU WKH UKL]RVSKHUH LV D
FRPSOH[ DUHD DQG WKH H[DFW UROHV RI 52/ DQG )H
SODTXHV RQ PLFURELDO )H F\FOLQJ DQG 3 UHPRYDO
FKDUDFWHULVWLFVLQWKHUKL]RVSKHUHDUHVWLOOXQFOHDU
+\GULOODYHUWLFLOODWDD PHPEHURIWKH +\GUR
FKDULWDFHDHIDPLO\LVDSHUHQQLDOVXEPHUVHGDTXDWLF
SODQW WKDW LV ZLGHO\ XVHG LQ ODNH HFRORJLFDO UHVWR
UDWLRQ7KHREMHFWLYHVRIWKLVVWXG\ZHUHWRVWXG\WKH
HIIHFWVRIURRW52/RI+YHUWLFLOODWDRQPLFURELDO)H
F\FOLQJDQG3UHPRYDOFKDUDFWHULVWLFVLQUKL]RVSKHUH

ABSTRACT
,W LV QRZ ZHOO NQRZQ WKDW URRW UDGLDO R[\JHQ
ORVV 52/  FDQ DIIHFW WKH PLFURELDO DFWLYLWLHV DQG
QXWULHQWYDULDWLRQVLQWKHUKL]RVSKHUHR[LGL]HG]RQH
,URQ )H  SODTXH RFFXUV RQ WKH URRWV RI VXEPHUVHG
SODQWV ZKHUH LW FDQ LQIOXHQFH WKH PRELOLW\ RI WUDFH
PHWDOVDQGSKRVSKRUXV 3 7KLVVWXG\LQYHVWLJDWHG
WKHHIIHFWVRIURRW52/RQPLFURELDO)HF\FOLQJDQG
3UHPRYDOFKDUDFWHULVWLFVLQVXEPHUJHGSODQWUKL]RVSKHUH7KHUHVXOWVVKRZHGWKDWURRW52/FDQSURPRWHWKHIRUPDWLRQRIWKHUKL]RVSKHUHR[LGL]HG]RQH
5RRW 52/ FDQ DOVR FKDQJH WKH QXPEHU RI WRWDO
%DFWHULD 6SHFLILFDOO\ *DOOLRQHOODUHODWHG LURQR[L
GL]LQJEDFWHULDDQG*HREDFWHUUHODWHGLURQUHGXFLQJ
EDFWHULDZHUHDOOLQFUHDVHGLQURRWR[LGL]HG]RQH)H
SODTXHV FRQWDLQ PRUH SRRUO\ FU\VWDOOLQH )H ZKLFK
PD\ DIIHFW WKH QXPEHU RI *HREDFWHU LQ WKH UKL]R
VSKHUH 2ZLQJ WR WKH GXDO FRQWURO RI )H SODTXH
DFFXPXODWLRQ E\ )H R[LGDWLRQ DQG UHGXFWLRQ WKHUH
DUHQRWHQRXJKELQGLQJVLWHVIRUPRUH3DEVRUSWLRQ
7KHVH UHVXOWV VXJJHVW WKDW URRW 52/ SOD\V D YHU\
LPSRUWDQWUROHRQ)HSODTXHIRUPDWLRQPLFURELDO)H
F\FOLQJDQG3DGVRUSWLRQLQUKL]RVSKHUH
.(<:25'6
5DGLDOR[\JHQORVV)HSODTXH*DOOLRQHOOD*HREDFWHU3
DEVRUSWLRQ

INTRODUCTION
6XEPHUJHGSODQWVJURZQLQZDWHUORJJHGDUHDV
SRVVHVV PDQ\ PRUSKRORJLFDO DQG SK\VLRORJLFDO
VWUDWHJLHVWRFRSHZLWKDQR[LFHQYLURQPHQWV>@)RU
H[DPSOH WKH\ KDYH HYROYHG H[WHQVLYH DHUHQFK\PD
LQ URRWV DQG VWHPV ZKLFK FDQ WUDQVSRUW 2 WR WKH
URRWV IRU UHVSLUDWLRQ DQG H[FHVVLYH 2 PD\ GLIIXVH
IURP URRWV LQWR WKH UKL]RVSKHUH ]RQH FDOOHG UDGLDO
R[\JHQ ORVV 52/  >@ 5RRW 52/ FDQ FDXVH
R[LGDWLRQ RI WKH UKL]RVSKHUH 6SHFLILFDOO\ 52/
R[LGL]HV )H ,,  LQ WKH UKL]RVSKHUH LQWR )H ,,,  DQG
LQGXFHVWKHIRUPDWLRQRI)HSODTXHVRQURRWVXUIDFH
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VHGLPHQW > @ $IWHU JURZLQJ IRU  GD\V LQ
UKL]REDJVDOOSODQWVZHUHKDUYHVWHG$IWHUWKHURRWV
ZHUHFDUHIXOO\H[WUDFWHGWKHVHGLPHQWDWWDFKHGWRWKH
URRWV ZDV FROOHFWHG DQG GHHPHG DV UKL]RVSKHUH
VHGLPHQWLQWKLVVWXG\&RQWUROVHGLPHQWZDVGHILQHG
DV WKH VHGLPHQW RXWVLGH RI WKH UKL]REDJ ZLWKRXW
SODQWV DQGZDVVDPSOHGDWFPGHSWK
)H ,,, DQG)H ,, LQVHGLPHQWZHUHGHWHUPLQHG
XVLQJ WKH PRGLILHG ELS\ULG\O VSHFWURSKRWR
PHWULF PHWKRG >@ IROORZLQJ D  K K\GURFKORULF
DFLG 0 GLJHVWLRQ3SRROVZHUHGHWHUPLQHGZLWK
VHTXHQWLDO H[WUDFWLRQV E\$]]RQL HW DO >@ %ULHIO\
WRWDOLQRUJDQLFSKRVSKRUXV 7,3 ZDVPHDVXUHGDIWHU
WZRH[WUDFWLRQVIRUKZLWK00J&O S+ DQG
 K ZLWK  0 +&O 7RWDO SKRVSKRUXV 73  ZDV
PHDVXUHGDIWHUH[WUDFWLRQIRUKZLWK 0+&O
E\ WKH DPPRQLXP PRO\EGDWH VSHFWURSKRWRPHWULF
GHWHUPLQDWLRQ DW  QP >@ 7RWDO RUJDQLF SKRV
SKRUXV 723  ZDV FDOFXODWHG DV WKH GLIIHUHQFH EH
WZHHQ73DQG7,3
7R GHWHUPLQH WKH FU\VWDOOLQLW\ DQG SRWHQWLDO
ELRDYDLODELOLW\RIWKH)HLQUKL]RVSKHUHDQGWKHFRQW
URO VHGLPHQWV WKH VHTXHQWLDO H[WUDFWLRQ SURFHGXUH
GHVFULEHGE\:HLVV>@ZDVXVHG)LUVWDQLQLWLDOK
H[WUDFWLRQ ZDV SHUIRUPHG ZLWK  P/ RI  0
0J&O S+ WRUHPRYHH[FKDQJHDEOH)H7KLVZDV
IROORZHGE\DKH[WUDFWLRQZLWKP/RI0
VRGLXP S\URSKRVSKDWH WR REWDLQ WKH RUJDQLFDOO\
ERXQGIUDFWLRQ3RRUO\FU\VWDOOLQH)HZDVH[WUDFWHG
LQ WKH GDUN IRU  K ZLWK  P/ RI  0 DFLG
DPPRQLXP R[DODWH S+   1H[W VDPSOHV ZHUH
H[WUDFWHGIRUKZLWKP/RIGLWKLRQLWHFLWUDWH
ELFDUERQDWH VROXWLRQ '&% FRQWDLQLQJ  0
1D&+2ā+2  0 1D+&2 DQG  0
1D62 WRUHPRYHWKHVWURQJO\FU\VWDOOLQHIRUPVRI
)H)LQDOO\UHVLGXDO)HZDVH[WUDFWHGE\VKDNLQJIRU
 K ZLWK  P/ RI FRQFHQWUDWHG QLWULF DFLG $OO
H[WUDFWDQWVZHUHDQDO\]HGIRU)HEDVHGRQWKH
ELS\ULG\OVSHFWURSKRWRPHWULFPHWKRGDWQP

MATERIALS AND METHODS
3ODQWDQGVHGLPHQWVDPSOLQJ+YHUWLFLOODWD
ZDVFROOHFWHGIURP&DRKDL/DNHDQLQWHUQDOODNHRI
'LDQFKL /DNH .XQPLQJ <XQQDQ SURYLQFH &KLQD
6DPSOHVZHUHLPPHGLDWHO\WUDQVSRUWHGWRWKHODERUD
WRU\ ULQVHG ZLWK WDS ZDWHU VHYHUDO WLPHV DQG WKHQ
LQRFXODWHGLQGRRUV
7ZRVHGLPHQWVDPSOHVZHUHVHOHFWHGIURPWZR
WRSLFDOODNHVRI&KLQDLQWKLVVWXG\)UHVKVHGLPHQWV
ZHUH SDVVHG WKURXJK D  P VLHYH LPPHGLDWHO\
7KH SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI WKH VHGL
PHQWVZHUHWHVWHGEHIRUHWKHH[SHULPHQWDQGOLVWHG
LQ7DEOH
0LFURFRVP H[SHULPHQWV &\OLQGULFDO UKL]R
EDJV Q\ORQEDJPHVKFPGLDPHWHUDQGFP
KHLJKW  ZHUH XVHGWRVHSDUDWH WKH UKL]RVSKHUH IURP
WKHFRQWUROVHGLPHQWV$ERXWFPGHSWKVHGLPHQWV
ZHUHILOOHGLQDQGRXWVLGHWKHUKL]REDJVZKLFKZHUH
WKHQ SODFHG LQ DTXDULXPV LQQHU GLPHQVLRQ
îî FP  $IWHU VWDQGLQJ  GD\V DW URRP
WHPSHUDWXUHWKHSODQWVZHUHLQVHUWHGLQWKHUKL]REDJ
7KHQ DTXDULXPV ZHUH FXOWLYDWHG LQ D JUHHQKRXVH
XQGHU D  K OLJKWGDUN  OX[  F\FOLQJ DW
& 'XULQJ WKH H[SHULPHQW GLVWLOOHG ZDWHU ZDV
DGGHGGDLO\WRUHSOHQLVKZDWHUORVWZLWKHYDSRUDWLRQ
7KHWUDLQLQJF\FOHIRUWKLVH[SHULPHQWZDVGD\V
2[\JHQSURILOHRIZDWHUVHGLPHQWLQWHUIDFH
7KHR[\JHQSURILOHRIWKH ZDWHUVHGLPHQWLQWHUIDFH
ZDVPHDVXUHGXVLQJDQR[\JHQPLFURHOHFWURGH7KH
R[\JHQ PLFURHOHFWURGH ZDV FDOLEUDWHG EHIRUH HDFK
PHDVXUHPHQW E\ LPPHUVLRQ LQWR D ]HUR FDOLEUDWLRQ
VROXWLRQ REWDLQHGE\PL[LQJPRO/DVFRUEDWH
DQGPRO/1D2+HTXLYROXPLQDOO\ DQGD
DLUVDWXUDWLRQ FDOLEUDWLRQ VROXWLRQ JHQHUDWHG E\
EXEEOLQJDLUWKURXJKXOWUDSXUHZDWHUIRUPLQ $
PRWRUFRQWUROOHU 0&8QLVHQVH ZLWKDPLFUR
PDQLSXODWRU 00  8QLVHQVH  ZDV FRQQHFWHG WR
WKHR[\JHQPLFURHOHFWURGHDQGZDWHUVHGLPHQWR[\
JHQSURILOHPHDVXUHPHQWVZHUHPDGHLQWKHFHQWHURI
WKHUDQJHDWDGLVWDQFHRIDERXWPPIURPWKHURRW
RI+YHUWLFLOODWD7KHVSDWLDOUHVROXWLRQRIDOOPHD
VXUHPHQWVZDVȝPDQGWKHPLFURHOHFWURGHKDGD
GLDPHWHU RI DSSUR[LPDWHO\  ȝP7KH SHULRGV IRU
³ZDLWEHIRUHPHDVXUH´DQG³PHDVXUH´ZHUHERWKVHW
DWV

'1$H[WUDFWLRQDQGUHDOWLPHT3&50LFUR
ELDO'1$ZDVH[WUDFWHGXVLQJ(=1$VRLO'1$
NLWV' 20(*$86$ IROORZLQJWKHPDQX
IDFWXUHU¶VLQVWUXFWLRQV([WUDFWHGJHQRPLF'1$ZDV
GHWHFWHGE\HOHFWURSKRUHVLVLQDDJDURVHJHOLQ
î 7ULVERUDWH('7$ 7%(  EXIIHUV DQG VWRUHG DW ±
&XQWLOXVH
4XDQWLWDWLYHDQDO\VLVZDVFRQGXFWHGRQWKH6
U51$JHQHIUDJPHQWVRIWRWDO%DFWHULD*DOOLRQHOOD
DQG*HREDFWHU$OOSULPHUVVXPPDUL]HGLQ7DEOH
ZHUHV\QWKHVL]HGE\7LDQ\LKXL\XDQ%LRWHFKQRORJ\
&RPSDQ\ :XKDQ &KLQD  DQG GLOXWHG WR D 

3K\VLFRFKHPLFDO SDUDPHWHUV RI VHGLPHQWV
3UHYLRXVVWXGLHVKDGGHILQHGWKHVHGLPHQWZLWKLQD
PP GLVWDQFH DURXQG WKH URRW DV WKH UKL]RVSKHUH
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QDWLRQDWQP>@

PPRO/FRQFHQWUDWLRQDQGVWRUHGDW&P/UHDFWLRQYROXPHVFRQWDLQLQJP/L7DTXQLYHUVDO6<%5
*UHHQ 6XSHUPL[ %LR5DG$PHULFD   P/ ZDWHU
 P/ RI HDFK SULPHU DQG  P/ WHPSODWH '1$
&RQVLVWHQFLHVRIWKH UHVXOWV ZHUH FRQILUPHGE\WKH
VWURQJOLQHDUUHODWLRQVKLSEHWZHHQWKHWKUHVKROGF\FOHDQGWKHORJYDOXHRIJHQHFRS\QXPEHU 5!
DPSOLILFDWLRQHIILFLHQF\ a 6WDQGDUGVDQG
'1$ VDPSOHV ZHUH PHDVXUHG LQ WULSOLFDWH LQ DOO
TXDQWLILFDWLRQH[SHULPHQWV
$VVWDQGDUGVIRUT3&5SODVPLGVZHUHXVHGWR
FDUU\ 6 U51$ JHQH IUDJPHQWV RI WRWDO %DFWHULD
*DOOLRQHOODDQG*HREDFWHU%ULHIO\DIWHUFRQILUPDWLRQ E\ DJDURVH JHO HOHFWURSKRUHVLV WKH 3&5 SURGXFWVZHUHFORQHGLQWRDS0'7YHFWRU 7DNDUD-DSDQ DQGWKHQWUDQVIRUPHGLQWRWKHKRVW(VFKHULFKLD
FROL FHOOV '+ Į 7DNDUD -DSDQ  DFFRUGLQJ WR WKH
PDQXIDFWXUHU¶V LQVWUXFWLRQV 3RVLWLYH FORQHV ZHUH
VHSDUDWHG3ODVPLG'1$FRQWDLQLQJWKHWDUJHWJHQH
IUDJPHQWV ZHUH H[WUDFWHG XVLQJ $[\3UHS SODVPLG
PLQLSUHS NLWV $[\JHQ &KLQD  DQG WKHQ OLQHDUL]HG
ZLWK $DW ,, UHVWULFWLRQ HQ]\PH 7DNDUD -DSDQ 
DFFRUGLQJWRWKHLQVWUXFWLRQV7KHQWKHOLQHDUIUDJPHQWVZHUHSXULILHGDQGFRQFHQWUDWLRQVZHUHGHWHUPLQHG /LQHDUL]HG SODVPLG '1$ IUDJPHQWV ZHUH
WKHQ GLOXWHG VHULDOO\ WR JHQHUDWH H[WHUQDO VWDQGDUG
FXUYHV
7KH WDUJHW JHQH VHTXHQFHV UHFRYHUHG LQ WKLV
VWXG\ ZHUH GHSRVLWHG LQ WKH 1&%, *HQ%DQN XQGHU
DFFHVVLRQ QXPEHU .3 WRWDO %DFWHULD 
.3 *DOOLRQHOOD DQG.3 *HREDFWHU 
UHVSHFWLYHO\

6WDWLVWLFDODQDO\VLV/LQHDUPRGHO&V .Gî
&HDQG)UHXQGOLFKPRGHO&V .Iî&HQZHUHXVHG
WRGHVFULEHWKH DGVRUSWLRQRI3RQWRWKH VHGLPHQWV
ZKHUH &V LV WKH HTXLOLEULXP FRQFHQWUDWLRQ RI 3
ȝJNJ  LQ VROLG SKDVH &H LV WKH HTXLOLEULXP
FRQFHQWUDWLRQRI3 ȝJ/ LQOLSLGSKDVH.GLVWKHOLQHDU GLVWULEXWLRQ FRHIILFLHQW /NJ  .I LV WKH )UHXQGOLFKVRUSWLRQFDSDFLW\FRQVWDQW ȝJNJ ȝJ/ QDQG
Q LV WKH )UHXQGOLFK VRUSWLRQ LQWHQVLW\ FRQVWDQW
'DWDZDVDQDO\]HGXVLQJ6WDWLVWLFDO3URGXFWDQG6HUYLFH 6ROXWLRQV 6366 86$  VRIWZDUH 6LJQLILFDQW
GLIIHUHQFHVZHUHLGHQWLILHGE\RQHZD\$129$DQG
KRPRJHQHLW\ RI YDULDQFH WHVW ZDV SHUIRUPHG IROORZHGE\/6'DQG7DPKDQH¶V7IRUFRPSDULVRQRI
PHDQV EHWZHHQ UKL]RVSKHUH DQG WKH FRQWURO VHGLPHQWV7KHVLJQLILFDQWOHYHOZDVVHWDW

RESULTS
,QVLWXR[\JHQSURILOH7RLGHQWLI\WKHHIIHFWV
RIURRW52/RQWKHR[\JHQSURILOHRIWKHZDWHUVHGLPHQW LQWHUIDFH PLFURHOHFWURGH ZDV XVHG LQ VLWX WR
LQYHVWLJDWHWKHDFWXDOVWDWXVRIWKHUKL]RVSKHUHR[\JHQFRQFHQWUDWLRQSURILOHV )LJXUH 2[\JHQFRQWHQWLQWKH RYHUO\LQJ ZDWHU ZDVDWDUHODWLYHO\KLJK
FRQVWDQW FRQFHQWUDWLRQ :KHQ WKH PLFURHOHFWURGH
WRXFKHGWKHZDWHUVHGLPHQWLQWHUIDFHWKHGLVVROYHG
R[\JHQFRQFHQWUDWLRQGHFOLQHGVKDUSO\WRDYHU\ORZ
FRQFHQWUDWLRQ7KHR[\JHQFRQFHQWUDWLRQGHFUHDVHG
WR]HURDWDGHSWKRIDSSUR[LPDWHO\PP ' DQG
PP 7  EHORZ WKH ZDWHUVHGLPHQW LQWHUIDFH LQ WKH
FRQWUROV FN 2[\JHQFRQFHQWUDWLRQVVKRZHGREYLRXVSHDNVRIDERXWȝPRO/EHFDXVHRIURRW52/
DWDERXWPPEHORZWKHLQWHUIDFH

3DGVRUSWLRQH[SHULPHQW3KRVSKRUXVDGVRUSWLRQ NLQHWLFV ZHUH H[DPLQHG DW URRP WHPSHUDWXUH
&  XVLQJ VWDQGDUG SURFHGXUHV EULHIO\ VXPPDUL]HGKHUH%DWFKHTXLOLEULXPH[SHULPHQWVZHUHSHUIRUPHG WR LQYHVWLJDWH WKH 3 DGVRUSWLRQ LQ GLIIHUHQW
VHGLPHQWV)UHH]HGULHGVHGLPHQWVDPSOHV J ZHUH
PL[HG KRPRJHQHRXVO\ ZLWK  P/  0 .&O
LQFOXGLQJ  ZY  1D1  FRQWDLQLQJ GLIIHUHQW
FRQFHQWUDWLRQVRI.+32 UDQJLQJIURPWRPJ
3/ LQVWHULOHSODVWLFWXEHV$OOWXEHVZHUHPL[HG
E\YLEUDWLRQFXOWLYDWLQJER[ USP IRUKDQG
WKHQ FHQWULIXJHG DW  îJ IRU  PLQ DQG WKH
VXSHUQDWDQW3FRQFHQWUDWLRQVZHUHPHDVXUHGE\WKH
DPPRQLXPPRO\EGDWHVSHFWURSKRWRPHWULFGHWHUPL

3K\VLFRFKHPLFDOSDUDPHWHUVRIVHGLPHQW$V
VKRZQ LQ )LJXUH  WKH SHUFHQWDJH RI )H ,,  LQ WKH
UKL]RVSKHUH ZDV ORZHU WKDQ WKH FRQWURO VHGLPHQWV
$IWHUGD\VWKHDPRXQWRIWRWDO)HGLGQRWFKDQJH
REYLRXVO\ ZKLOH )H ,,  DQG )H ,,,  FRQFHQWUDWLRQV
FKDQJHG VLJQLILFDQWO\ )H ,,,  FRQFHQWUDWLRQV LQ WKH
UKL]RVSKHUH VHGLPHQWV ZHUH DERXWWLPHV KLJKHU
WKDQWKHFRQWUROVHGLPHQWVVXJJHVWLQJWKDWWKH52/
FDQSURPRWHWKHR[LGL]DWLRQRI)H ,, 

7$%/(
&RQGLWLRQVDQGSULPHUVHPSOR\HGGXULQJUHDOWLPHT3&5DQDO\VLV
7DUJHWJURXS
7RWDO
%DFWHULD
*DOOLRQHOOD
*HREDFWHU

3ULPHU
)
5
)
5
)
5

6HTXHQFH
&&7$&***$**&$*&$*
**$&7$&&$***7$7&7$$7&&7*7
7
$7$7&**$$&$7*7&&**
&7&7**$$$&77&&7*$&
&$$*7&*7$&*$*$$$&$7$7&
*$$*$**$7&*7&777&&$&*$
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),*85(
,QVLWXPHDVXUHPHQWRIR[\JHQSURILOHRIWKH
ZDWHUVHGLPHQWLQWHUIDFH

),*85(
&KDQJHVLQ)H ,, DQG)H ,,, LQUKL]RVSKHUHDQG
WKHFRQWURO FN VHGLPHQWV

),*85(
&RPSDULVRQVRI)HIUDFWLRQVLQUKL]RVSKHUHDQG
WKHFRQWURO FN VHGLPHQWV

),*85(
&KDQJHVLQ3IUDFWLRQLQUKL]RVSKHUHDQGWKH
FRQWURO FN VHGLPHQWV
UHVXOWV RI SUHYLRXV VWXGLHV 0DVWHUV   7KH
)UHXQGOLFKHTXDWLRQDSSHDUHGWRSURYLGHDEHWWHUILW
U!7DEOH 7KHUHVXOWVVKRZHGWKDWWKHDELOLW\
IRUDGVRUSWLRQE\UKL]RVSKHUHVHGLPHQWVZDVORZHU
WKDQWKHFRQWUROVHGLPHQWV7KHPRGHOFDOFXODWHGQ
YDOXHVDUHDOOOHVVWKDQIRUERWKUKL]RVSKHUHDQGWKH
FRQWUROVHGLPHQWV
7KH FRPSDULVRQ RI VHGLPHQW PLFURELDO FRP
PXQLWLHVLQFOXGHGWKHGHWHUPLQDWLRQRIWRWDO %DFWH
ULDOFRXQWVDQGWKHHYDOXDWLRQRI*DOOLRQHOODUHODWHG
)H2% DQG *HREDFWHUUHODWHG )H5% E\ T3&5
)LJXUH 7KHQXPEHUVRIWRWDO%DFWHULDZHUH
î 7 DQGî ' FRSLHVJGU\VHGLPHQW
ZKLFK ZHUH KLJKHU WKDQ WKH FRQWURO VHGLPHQWV
6SHFLILFDOO\ *DOOLRQHOODUHODWHG )H2% ZHUH 
î 7  DQG î '  LQ WKH UKL]RVSKHUH
*DOOLRQHOODDFFRXQWHGIRU 7 DQG ' RIWKH
WRWDO %DFWHULD LQ WKH UKL]RVSKHUH VHGLPHQWV *HR
EDFWHUJHQHFRSLHVZHUHî 7 DQGî
'  FRSLHV J GU\ VHGLPHQW LQ WKH UKL]RVSKHUH
ZKLFKZHUHKLJKHUWKDQWKHFRQWURODQG*HREDFWHU
DFFRXQWHG IRU  7  DQG  '  RI WKH WRWDO
%DFWHULDLQUKL]RVSKHUHVHGLPHQWV

$VVKRZQLQ)LJXUH)HSULPDULO\FRPPRQO\
H[LVWHG LQ SRRUO\ FU\VWDOOLQH IRUPV LQ UKL]RVSKHUH
VHGLPHQWEXWFDQFRQWDLQPRUHFU\VWDOOLQH)HIRUPV
LQ WKH FRQWURO VHGLPHQWV 7KH UKL]RVSKHUH KDG D
VLJQLILFDQWO\KLJKHUSHUFHQWDJHRISRRUO\FU\VWDOOLQH
)H 7DQG' WKDQWKH
FRQWURO VHGLPHQWV 7  DQG '
  FRQYHUVHO\ WKH FRQWURO VHGLPHQWV
KDG D VLJQLILFDQWO\ KLJKHU SURSRUWLRQ RI FU\VWDOOLQH
)H 7DQG' WKDQWKH
UKL]RVSKHUH VHGLPHQWV 7  DQG '
 
7RWDO 3 ZDV QR VLJQLILFDQW FKDQJHG EHWZHHQ
UKL]RVSKHUHDQGWKHFRQWUROVHGLPHQWVEXW7,3ZDV
KLJKHU LQ UKL]RVSKHUH VHGLPHQW IRU ERWK WZR VHGLPHQWV )LJXUH +HUH7,3DFFRXQWHGIRUOHVVWKDQ
RIWRWDO3ZKLOH723DFFRXQWHGIRUPRUHWKDQ
RIWRWDO3
3KRVSKRUXV DGVRUSWLRQ 7R GHWHUPLQH LI WKH
UKL]RVSKHUH FDQ DGVRUE PRUH 3 RU QRW DQRWKHU
H[SHULPHQW ZDV GHVLJQHG $OO VDPSOHV VKRZHG
SRWHQWLDOIRU3DGVRUSWLRQDQGSURGXFHGWKHH[SHFWHG
LVRWKHUPV )LJXUH ZKLFKZDVFRQVLVWHQWZLWKWKH
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),*85(
*HQHFRSLHVRIWRWDO%DFWHULD*DOOLRQHOODDQG
*HREDFWHULQUKL]RVSKHUHDQGWKHFRQWURO FN 
VHGLPHQWV

),*85(
3KRVSKRUXVDGVRUSWLRQG\QDPLFHTXDWLRQV

7$%/(
3DUDPHWHUVRIDGVRUSWLRQLQVHGLPHQWV

T ck
T
D ck
D

Kd


169.20
123.76

r


0.8140
0.9347

1/n


0.76
0.79

Kf


258.11
173.19

r


0.9445
0.9627

LGHVLQ)HSODTXHV )LJXUH  DUH FRPPRQO\GRPLQDWHGE\SRRUO\FU\VWDOOLQHIRUPVVXFKDVIHUULK\GULWH
>@ ,W LV XQFHUWDLQ KRZ VHGLPHQW HVSHFLDOO\ )H
SODTXH PLQHUDORJ\ FRPSDUHV ZLWK QHDUE\ QRQ
UKL]RVSKHUHVHGLPHQW<DQJHWDO>@VKRZHGWKDWD
KLJKHU52/DPRQJVXEPHUJHGSODQWVZDVDVVRFLDWHG
ZLWKWKLFNHU)HSODTXHIRUPDWLRQ7KHPHFKDQLVPV
IRU)HSODTXHIRUPDWLRQDUHH[WUDRUGLQDULO\FRPSOH[
$WQHXWUDOS+RQFH)H ,, LVR[LGL]HGWR)H ,,, ZLWK
WKHUHOHDVHRIDQHOHFWURQWKH)H ,,, ZLOOLQVWDQWDQHRXVO\ K\GURO\]H +2 DQG SUHFLSLWDWH D VROLG )H
R[\K\GUR[LGH>@,QDGGLWLRQWR52/VRPHRWKHU
IDFWRUVFDQDIIHFW)HSODTXHIRUPDWLRQVXFKDV)H ,, 
DYDLODELOLW\S+DQGUHGR[SRWHQWLDO>@
)HR[LGHVDUHH[FHOOHQWVRUEHQWVIRU3UHPRYDO
GXHWRWKHLUODUJHVSHFLILFVXUIDFHDUHD>@7RWDO3
ZDVQRVLJQLILFDQWFKDQJHGEHWZHHQWKHUKL]RVSKHUH
DQG WKH FRQWURO VHGLPHQWV EXW 7,3 ZDV KLJKHU LQ
UKL]RVSKHUHVHGLPHQWZKLOH723ZDVORZHU )LJXUH
 7KH PDLQO\ UHDVRQ ZDV SODQW FRXOG DEVRUE 23
DQGWKHURRWH[XGDWHVFRXOGSURPRWHWKHFKDQJHRI
23 WR RWKHU 3 IRUP >@ 3 DGVRUSWLRQ H[SHULPHQW
GHPRQVWUDWHGWKDWVHGLPHQWVKDGVWURQJHUDGVRUSWLRQ
DELOLW\WKDQWKHUKL]RVSKHUH )LJXUH 2QHUHDVRQ
IRU WKLV SKHQRPHQRQ PD\ KDYH EHHQ PRUH SRRUO\
FU\VWDOOLQH)HLQWKHUKL]RVSKHUH )LJXUH 0DVWHUV
>@ VXJJHVWHG WKDW DGVRUSWLRQ RI 3 WR ELRJHQLF )H
R[LGHV RFFXUUHG YLD ZHDN HOHFWURQLF OLQNDJH DQG
WKHUHPD\EHQRWHQRXJKELQGLQJVLWHVIRUDEVRUSWLRQ
RIPRUH3$QRWKHUIDFWRUIDYRULQJWKHVOLJKWO\ORZHU
FRQFHQWUDWLRQ RI 3 LQ WKH UKL]RVSKHUH LV )H ,, 
FKDQJHVWR)H ,,, RZLQJWRURRW52/$IWHUGD\V

DISCUSSION
6XEPHUJHGSODQWVKDYHHYROYHGXQLTXHSURSHUWLHV WR IDFLOLWDWH WKHLU VXUYLYDO LQ DQR[LF HQYLURQPHQWVVXFKDV52/DQG)HSODTXHIRUPDWLRQ'LIIXVLRQLVWKH PHFKDQLVPE\ ZKLFK2 PRYH LQWRDQG
DORQJSODQWURRWV>@5RRW52/DOORZVURRWVWRFUHDWH D SURWHFWLYH QLFKH DGMDFHQW WR WKHLU SHUPHDEOH
VXUIDFHV WR R[LGL]H WR[LF SURGXFWV IURP DQDHURELF
PLFUREHVEHIRUHHQWHULQJWKHURRWVZKLFKLVNQRZQ
DV WKH UKL]RVSKHUH R[LGL]HG ]RQH >@ 7KH UKL]RVSKHUH R[LGL]HG ]RQH LV XELTXLWRXV IRU PDQ\ VXEPHUJHGVSHFLHVEHFDXVHRIURRW52/>@7RSUHYHQWH[FHVVLYHR[\JHQORVVIURPWKHURRWPDQ\VXEPHUJHG VSHFLHV V\QHUJLVWLFDOO\ VXEHUL]H DQG OLJQLI\
SDUHQFK\PDFHOOVWKDWDUHDGMDFHQWWRWKHHSLGHUPLV
LQ WKH URRW EDVDO ]RQHV IRUPLQJ D EDUULHU ZLWK )H
SODTXHVWRR[\JHQORVV>@7KHUHIRUHWKHLQWHUQDO
DQG H[WHUQDO FKDUDFWHULVWLFV RI WKH URRWV DUH OLNHO\
DPRQJWKHPRVWLPSRUWDQWIDFWRUVGHWHUPLQLQJURRW
52/
,QWKHSUHVHQWVWXG\WKHR[\JHQFRQFHQWUDWLRQV
PHDVXUHGLQWKHUKL]RVSKHUHVHGLPHQWZHUHVLJQLILFDQWO\ KLJKHU WKDQ WKRVH RI WKH VHGLPHQW ZLWKRXW
SODQWV7KH UHVXOWV )LJXUH   VKRZHG WKDW D UKL]RVSKHUHR[LGL]HG]RQHH[LVWVDQGURRW52/FUHDWHVDQ
R[LGL]HG]RQHRIDSSUR[LPDWHO\PPDGMDFHQWWR
WKHURRWVXUIDFH
2ZLQJWRLWVFDSDELOLW\WRUHOHDVHR[\JHQWRWKH
UKL]RVSKHUH)H ,, ZDVR[LGL]HGWR)H ,,,  )LJXUH 
DQG)HSODTXHVIRUPHGRQWKHURRWVXUIDFH7KHR[-
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PD\KDYHVWURQJHUDELOLW\IRU3DGVRUSWLRQ

WKHFRQFHQWUDWLRQVRI)H ,, ZHUHGHFUHDVHGVKDUSO\
LQWKHUKL]RVSKHUH&KDFRQHWDO>@IRXQGPLFURELDO UHGXFWLRQ RI )H ,,,  OHG WR WKH UHOHDVH RI 3
VWURQJO\ DEVRUEHG RQ WKH VXUIDFHV RI )H R[LGHV
ZKLFKPHDQ)H ,, PD\KDYHDVWURQJHUFDSDFLW\IRU
3DGVRUSWLRQWKDQ)H ,,, 
2Q WKH RWKHU KDQG URRW 52/ FDQ FDXVH WKH
QXPEHU RI WRWDO %DFWHULD WR LQFUHDVH )LJXUH  
WKHUHIRUHWKHWRWDOPLFURELDODFWLYLW\ ZDVKLJKHULQ
WKH UKL]RVSKHUH WKDQ WKDW WKH FRQWURO )H SODTXH
DVVRFLDWHG PLFUREHV FDQ GLUHFWO\ LQIOXHQFH SODTXH
IRUPDWLRQ>@:HLVVHWDO>@LGHQWLILHG)H2%RQ
WKH URRWV RI  ZHWODQG DQG DTXDWLF KDELWDWV LQ WKH
0LG$WODQWLFUHJLRQRIZKLFKFRQWDLQHG)H2%
DVVRFLDWHGZLWK)HSODTXHVH[FLVHGIURPWKHLUURRWV
*DOOLRQHOOD LV D PLFURDHURSKLOH UHTXLUHG )H ,,  IRU
JURZWK7KHLQFUHDVHLQQXPEHUVRI*DOOLRQHOODZLWK
HOHYDWLRQ LQGLFDWHV WKDW URRW 52/ LV DQ LPSRUWDQW
HQYLURQPHQWDOIDFWRUWKDWDIIHFWVWKHGLVWULEXWLRQRI
*DOOLRQHOODUHODWHG)H2%6WXG\KDGVKRZQVLPXO
WDQHRXVFKHPLFDODQGPLFURELDO)H ,, R[LGDWLRQ>@
1HXWURSKLOLF )H2% FDQ VXFFHVVIXOO\ FRPSHWH ZLWK
UDSLGFKHPLFDOR[LGDWLRQRI)H ,, LQWKHSUHVHQFHRI
26WXGLHVKDYHVKRZQWKDWPLFUREHVPD\DFWLYHO\
PHGLDWHaRI)H ,, R[LGDWLRQ>@
2EVHUYDWLRQV RI ERWK )H2% DQG )H5% RQ WKH
URRWVRI+YHUWLFLOODWD )LJXUH VXJJHVWWKDW)H ,, 
R[LGDWLRQ DQG )H ,,,  UHGXFWLRQ DUH FRXSOHG ZLWKLQ
WKHUKL]RVSKHUH>@:HLVVHWDO>@KDYHVKRZQWKDW
WKH ELRJHQLF )H R[\K\GUR[LGHV SURGXFHG E\ )H2%
DUHH[FHOOHQWVXEVWUDWHVIRU)H5%LQWKHUKL]RVSKHUH
7KHUHDUHPDQ\IDFWRUVWKDWDIIHFWWKHQXPEHU
RI )H5% 2QH IDFWRU IDYRULQJ WKH UHODWLYHO\ KLJK
GHQVLWLHVRI)H5%LQWKHUKL]RVSKHUHPD\EHWKHKLJK
DEXQGDQFHRISRRUO\FU\VWDOOLQH)HLQWKHUKL]RVSKHUH
)LJXUH   ZKLFK DUH VXSHULRU VXEVWUDWHV IRU )H5%
>@$QRWKHUIDFWRUFRQWULEXWLQJWRWKHODUJHGLIIHUHQFH LQ WKH SHUFHQWDJH RI )H5% LQ WKH UKL]RVSKHUH
VHGLPHQW YHUVXV WKH FRQWURO VHGLPHQW PD\ EH WKH
KLJKHUOHYHOVRIODELOHFDUERQDVVRFLDWHGZLWKURRWV
>@
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CONCLUSIONS
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A COMPARATIVE STUDY ON ENERGY EFFICIENCY OF
WHEAT PRODUCTION UNDER DIFFERENT TILLAGE
PRACTICES IN MIDDLE ANATOLIA OF TURKEY
Tamer Marakoglu*, Kazim Carman
Department of Agricultural Machinery and Technology Engineering, Faculty of Agriculture, University of Selcuk, 42068 Konya, Turkey

tems, conservation tillage practices, and low-input
have been proposed.
The minimum tillage and no-tillage systems
represent excellent alternatives to the conventional
system of soil tillage, due to their conservation effects on the soil and to crop yield increases as compared to the conventional system. Correct choice of
the right soil tillage system for the crops in a rotation help reduce energy consumption. Rusu [1]
found that energy efficiency was highest in no-till.
For wheat, 5.66 Mj ha-1 was produced for each MJ
of input energy.
There are various opinions on the energy
balance of plants growing. The evaluation of different energy systems of plant production is actual at
different scientific workplaces [2], [3]. The most of
the studies focus on energy balance of arable plants,
IHUWLOLVHU¶V HIIHFWLYHQHVV HIILFLHQF\ RI SHVWLFLGHV
used, different tillage and energetic influence of
preceding crops, cultivars and various agro-ecological conditions [4], [5], [6].
Rathke et al. [7] observed that the output/input
ratio tended to increase when soil tillage operations
were reduced. In the present studies, energy inputs
for the conservation system were 10% lower than
for the conventional system, with a reduction in energy output of the same proportion. Bielski [8]
found that the most preferable energy efficiency index (9.86) was determined for the lowest yield
technology. An increase in the energy value of triticale grain did not compensate for the higher energy
inputs expended to its production.
The consumption energy (6,091,826 kcal ha-1),
production energy (9,145,938 kcal ha-1), energy per
unit (3.238 kcal), production energy to consumption
energy ratio (1.50) and consumption energy to production energy ratio (18.68) of wheat seed production were obtained from a study carried out in
northern Iran. Energy balance efficiency in this
study was calculated 1.50, showing the affective
use of energy in the agro ecosystems wheat grain
production [9].
Turkey has 7.91 million hectares under wheat
cultivation of which 5.97 million hectares is as nonirrigated land. The average grain yield (2880 kg ha-1)
in the region is quite low. This study has attempted
to achieve greater sustainability of agricultural

ABSTRACT
Conservation tillage practices results in lower
energy consumption as well as soil erosion protection, structural damage control, and a reduction in
time and energy required for seedbed preparation.
Different soil tillage practices were examined in
2013±2014 production year on clay soil entisol. The
treatments were carried out in natural field conditions with four soil tillage treatments. The tillage
treatments were: moldboardplow + discharrow +
roller + seeding (T1), vertical shaft rotory tiller +
roller + seeding (T2), winged chisel + roller +
seeding (T3) and no-till (direct seeding) (T4).
Wheat yield parameters and energy indices (net energy gain, energy productivity) were recorded.
There were significant differences (P < 0.01)
among the treatments in terms of energy indices
and for wheat yield and biomass values. It was
found that T4 had the highest grain and biomass
yield and T2 had the lowest. T3 had the lowest energy productivity and energy use efficiency and T4
had the highest. The least energy consumed for
wheat produced was 3.63 Mj kg-1 for T4 and the
most was 4.71 Mj kg-1 for T2. The highest energy
use efficiency were in the T4 (11.56), and followed
by T2 (9.80). It was concluded that T4 was the most
efficient overall in the Middle Anatolia.

KEYWORDS:
Direct seeding, energy balance, energy input-output, tillage system.

INTRODUCTION
Increasing population as well as land and
water scarcity has become the main challenges for
food security which creates pressure on agricultural
production. Therefore, sustainable agriculture is
gaining increasing importance. In recent years the
relationship between agriculture and the environment has changed, and concerns regarding the sustainability of agricultural production systems have
come to the fore. To achieve these goals, solutions
such as developing integrated arable farming sys-
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plough. After plowing, the field was harrowed with
disc harrow and leveled with float. In the reduced
tillage method, soil was prepared for seeding with
only one pass of tillage. For the direct seeding application, seeding was made no tillage.
The specifications of the tools used in the
experiment are given Table 2. New tractor Holland
TD90 (producer 2011, country Turkey) was used in
the experiments. In determination of forward velocity, measurements were made with John Deerbranded speed measuring radar.
The direct drill was home made. Row spacing
was 13 cm, seeding rate was 220 kg ha-1 and there
were 12 seeding units. Diameter of press cylinder in
direct drill is 490 mm, it has a width of 53 mm,
height of 32 mm and has a pressing ability of 0.25
daN cm-2. In all treatment, 96 kg nitrogen and 69 kg
phosphorus was applied per hectare. Furthermore,
the chemical agents 3 kg per hectare for fight
against to herbicide was used.
Energy equivalent of inputs and outputs in
wheat production are given in Table 3. The energy
use efficiency (energy ratio), the energy productivity, the energy profitability, the net energy gain and
energy consumption per unit (specific energy), and
were calculated as follows [4], [10], [11].

systems, whatever the production system employed,
and to get sustainable and profitable production for
the farmer with a minimal energy and environmental damage. The aim of this study was to
analyse and to quantify the energy-material inputs
and outputs in wheat production. In this regard, a
study in Middle Anatolia was conducted to assess
and compare the energy indices and wheat yield
parameters for the different tillage systems used in
the region.

MATERIALS AND METHODS
The analysis of energy efficiency presented in
this paper was performed on data resulting in 2013±
2014 years field experiments on wheat (Triticum
aestivum L.) Gerek-79. The field trials were carried
out at Karaaslan Soil, Water and Combating Desertification Research Station in Konya (37°52މN latitude, 32°29މE longitude and 1016 m altitude). The
study carried out on trial plots of 100x10 m, was
planned in completely randomized parcel design
with four replications. The long-term average annual temperature of the site is 11.6 °C and during
the vegetation period is 11.19°C. The average rainfall is 301.2 mm during the vegetation period. Some
physical and mechanical properties of the soil were
given in Table 1.
The tillage methods are given as follows: T1 ±
the conventional method: plough + disc harrow ±
float (2 times) + seeding; T2 ± reduce tillage: vertical shaft rotary tiller ± roller + seeding; T3 ± reduce
tillage: winged chisel ± roller combination; T4 ± the
direct seeding.
For the conventional tillage method, the soil
was first ploughed with three bottom moldboard

TABLE 1
Some physical and mechanical properties of the soil
Particle size distribution
Sand %
Clay %
Silt %
Bulk density (0±20 cm) g cm-3
Moisture content (0±20 cm) %
pH
EC micromos cm-1
Organic matter %

36.88
42.94
20.18
1.18
15.9
8.20
0.67
1.21

TABLE 2
The specifications of the tools used in experiment
Tool
Plough
Disc harrow
Winged chisel-roller combination
Vertical shaft rotary tiller-roller combination
Seeding machine
Direct seeding machine

Average velocity (km h-1)
5.5
5.8
2.9
3.2
6.5
5.5
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Working depth (cm)
22
15
23
18
4
4

Working width (m)
1.20
2.20
2.30
2.30
1.68
1.68
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TABLE 3
Energy equivalent of inputs and outputs in wheat production
Particulars
A. Inputs:
1. Human labor
2. Machinery
3. Diesel fuel
4.Chemicals
5. Fertilizers:
Nitrogen (N)
Phosphate (P)
6.Seed (wheat)
B. Output
Grain yield
Biomass

Unit

Energy equivalent (Mj unit-1)

References

h
h
l
kg

1.87
62.7
41
120

[4]
[12]
[12]
[12]

kg
kg
kg

47.1
15.7
25

[2]
[2]
[4]

kg
kg

14.7
9.25

[4]
[4]

TABLE 4
Mean least significant difference test, LSD, for the wheat grain and biomass
Treatment
T1
T2
T3
T4
LSD (0.05)

Wheat grain yield (kg ha-1)
2.890a
2.530b
2.830a
3.060c
163.21

Biomass yield (kg ha-1)
7.370a
8.610b
6.790c
9.020d
251.53

Note: The means with minimum common letter are not significantly different.

effect of tillage systems on fuel consumption was
significant at the 1% level. There was no significant
difference between methods T2 and T3 with regard
to the fuel consumption.

The input energy is also classified into direct
and indirect, renewable and non-renewable forms
[6], [13]. The indirect energy consists of chemicals,
machinery, seed and fertilizer while the direct energy includes human power, diesel and electric energy used in the production process. On the other
hand, non-renewable energy includes petrol, diesel,
electricity, chemical, fertilizers and renewable energy consists of human, animal and seed.
The experimental data was analyzed by
statistical packet programme MINITAB. Analysis of
variance and least significance difference (LSD)
test were performed to identify results that were
statistically significant.

TABLE 5
Mean least significant difference test, LSD, for
average fuel consumption
Methods
T1
T2
T3
T4
LSD0.05

Fuel consumption (l ha-1)
40.45a
20.77b
20.28b
8.90c
5.03

RESULTS AND DISCUSSION
The total energy equivalent of inputs and
outputs in wheat production are summarized in Table 6. The highest total energy equivalent of inputs
was calculated as 12,309.48 MJ ha-1 in conventional system (T1). In this method, seed had the
highest share of 44.77%, followed by fertilizer
(35.54%), diesel-oil (16.73%) and tractor (1.23%)
respectively. The total energy input for wheat production in direct seeding method was 11,108.79 Mj
ha-1, compared to 11,921.31 MJ ha-1 for T2 system
and 11,725.88 MJ ha-1 for T3 system. When the direct seeding method compared to conventional and
reduced tillage methods, ÕW ZDV IRXQG WKDW WKH
energy input amounts reduced 9.7 % and 5.2-6.8 %,
respectively.

Based on the analysis of variance, wheat yield
values were found to be different in different tillage
applications at the 1% level of significance (Table
4). As seen from this table, T4 had the highest
yields, with a grain yield mean of 3.060 kg ha-1 and
biomass yield mean of 9.020 kg ha-1. The lowest
yield (2,530kg ha-1 grain yield) was observed for
T2.
The total calculated fuel consumptions are
shown in Table 5. The lowest fuel consumption was
found in T4 with 8.90 l ha-1. The conventional
method required 4.5 times more fuel compared to
the direct seeding. The findings are also in agreement with the research results of Koller [14]. The
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TABLE 6
General energy budget in wheat production
Quantity
A. Inputs
1. Human labor
2. Tractor
3. Machinery
4. Diesel-oil
5. Fertilizers:
Nitrogen (N)
Phosphate (P)
6. Chemicals
7. Seed
Total energy inputs
B. Output
1. Grain yield
2. Biomass yield
Total energy outputs

Total energy equivalent (MJ ha-1)
T2
T3
6.07
6.40
114.63
120.83
84.66
83.60
1,720.36
1,519.46

T1
8.03
151.54
94.89
2,059.43

T4
3.29
62.04
98.31
949.56

3,292.29
1,083.30
120
5,500
12,309.48

3,292.29
1,083.30
120
5,500
11,921.31

3,292.29
1,083.30
120
5,500
11,725.88

3,292.29
1,083.30
120
5,500
11,108.79

42,483
68,173
110,656

37,191
79,643
116,834

41,601
62,808
104,409

44,982
83,435
128,417

TABLE 7
The average values of energy analyses of different tillage systems for wheat production
Treatment
T1
T2
T3
T4
LSD0.05

Energy use efficiency
8.98a
9.80b
8.90a
11.56c
0.39

Energy productivity (kg MJ-1)
0.83a
0.93b
0.82a
1.08c
0.047

Net energy gain (MJ ha-1)
98,346.52a
104,912.69b
92,683.12c
117,308.21d
1,154.12

Energy profitability
7.98a
8.80b
7.90a
10.56c
0.206

FIGURE 1
Energy consumed for each kg of wheat production

rate, it can be seen that direct seeding is much more
profitable production method when compared to
conventional and reduced tillage applications.
There was no significant difference between methods T3 and T1 with regard to energy use efficiency.
While the energy productivity was ranged between
0.82 and 0.93 kg Mj -1 for T1, T2 and T3 methods,
1.08 for T4 method.
The energy profitability reached maximum
value of 10.56 for T4 method. It revealed that T4
had the highest net energy gain and T3 had the lowest. Therefore, direct seeding T4 was recommended
for semi arid land farming of wheat in the region.
Energy consumption for each kilogram of
wheat grain production in different tillage systems
were compared as shown in Figure 1. T2 had the
highest energy consumed (4.71 MJ kg-1) and T4
had the lowest (3.63 Mj kg-1). In this study, T1 was

In all treatment, the share of human labor in
the total energy input to produce 1 ha of wheat was
found the lowest while the seed energy having the
biggest share. The human labor and diesel have the
lowest share with changing values of 3.29 Mj ha-1
and 949.56 Mj ha-1 for direct seeding system (T4).
These inputs were found the biggest in conventional tillage system (T1). The highest total energy
equivalent of outputs was found in T4 with 128,417
MJ ha-1.
Different tillage treatments showed statistically significant effects on energy parameters (Table
7). The effect of tillage systems on the energy use
efficiency (energy ratio) was significant at the 1%
level. The energy use efficiency was the highest in
direct seeding (T4) method with the value of 11.56
while the lowest ratio in T3 (reduced tillage)
method with the value of 8.90. Considering this
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(10.61%) and water (9.65%), respectively. Hamedani et al. [13] found that average yield and energy
consumption in grape production were calculated as
18,530 kg ha-1 and 45,213.66 MJ ha-1 respectively.
Among input energy sources, fertilizers, electricity
and farmyard manure contained highest energy
shares with 37.25, 19 and 17.84 %, respectively.
The fertilizer has the biggest share in silage corn
production with the changing rate of 61.94% for
reduce tillage system and 68.86% for no tillage
system. While the seed energy ranging between
12.74% for reduce tillage system and 14.16% for no
tillage system, the diesel and oil energy varied
between 5.18% for no tillage system and 13.34%
for reduce tillage system [6]. The biggest share was
for machinery with 42% and then fertilizers
(28.4%) and diesel (28.4%) in silage production
[17].
Energy use efficiency was lower in
conventional tillage than direct seeding. Hernanz et
al. [18] found energy use efficiencies for the conventional tillage, reduced tillage and direct seeding
in winter wheat as 2.74, 3.19 and 3.62, respectively.
Moghimi et al. [19] reported that energy productivity and net energy gain for wheat production were
0.13 kg MJ-1 and 54,937.18 MJ ha-1, respectively.
These values were lower than values obtained in
this study. Energy use efficiency for grape was calculated as 4.95 by Hamedani et al. [13]. Other researchers reported results such as 2.86 for barely
[20] and 1.1 for potato [21].
The energy consumption for each kilogram of
wheat grain production obtained in present study
was quite low compared to other studies. Energy
consumption for one kilogram of wheat in different
tillage systems were calculated between 8.81 and
11.78 MJ kg-1 [4]. Direct seeding with no tillage
saves time and energy and uses soil moisture more
effectively. As a consequence, germination and
yield are improved. Direct seeding system can be
recommended for the semi arid land farming of
wheat. This conclusion is in close agreement with
the findings of Kosutic et al. [22] and Tabatabaeefar et al. [4].

similar to T3. Soil tillage systems differ greatly
with respect to energy requirements. When direct
seeding system compared to conventional tillage
system and reduced tillage systems, it was found
that the direct seeding enabled savings of 17% energy and 14±29.8% energy per hectare and per
yield unit, respectively.
When the input energy classified into different
types, it is clear that, indirect energy and non-renewable energy share is higher in all cropping systems (Fig. 2). The share of indirect energy varied
between 83.27% and 91.45% in wheat production.
T1 method had the highest direct energy. As expected the lowest direct energy was observed at T4
method. While the average share of non-renewable
energy is 53.15%, this rate was 46.85% for renewable energy. Renewable and non-renewable energy
sources were quite close to each other in the T4
method.
The average grain yield obtained in direct
seeding treatment was quite high compared to other
treatments. Tabatabaeefar et al., [4] found and
16.7% greater winter wheat yield with direct seeding than with conventional tillage. In similar research, field experiments were conducted by Carman [15] on clay soil entisol to determine the effect
of different tillage on the wheat yield in Middle
Anatolia. He reported that tillage systems had a
significant effect on wheat yield. The greatest yield
was obtained with a stubble cultivator, followed by
disc harrowing treatment.
The lowest energy input in our study was
observed in direct seeding treatment. The highest
share of this amount was the seed energy. Total energy input obtained in present study was quite low
compared to other studies. Total energy input was
highest by 27,040 MJ ha-1 under conventional tillage in wheat-wheat crop rotation and the lowest by
13,640 MJ ha-1 under direct seeding in wheat-fallow crop rotation [16]. The total energy equivalent
of inputs was calculated as 17,963 MJ ha-1 under
watered farming wheat by Azarpour [9]. The highest shares of this amount were reported for diesel
fuel (41.69%), nitrogen fertilizer (25.42%), seed

FIGURE 2
Different energy types for wheat production
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for wheat production was 53.15%. The direct
seeding and reduced tillage technologies make the
saving of fossil energy consumption possible.
6. These findings indicate that wheat can be
grown successfully under conservation tillage systems with approximately equal yield to conventional practice and lower labor and fuel inputs. In
addition, it can be concluded that the direct seeding
can be easily applied in wheat production in the
Middle Anatolia region.

When the input energy classified into different
types, it is clear that, indirect energy and non-renewable energy share were higher in all tillage systems. Similar results were reported by other studies.
The share of indirect and non-renewable energy
was around 80% in corn silage production [6]. In a
study conducted on corn silage production, while
the rate of indirect energy was about 75%, nonrenewable energy was about 86% [17]. The share of
inputs energy used in the grape production was calculated 43% for the direct, 57% for indirect, 39%
for renewable and 61% for non-renewable energy
[13]. A study conducted for the production of potato in Hamadan province, Iran, by Zangeneh et al.
[10], the total energy input consumed could be classified as direct energy (55.56%), indirect energy
(45.34%). Esengün et al. [2] found that the ratio of
direct energy is higher than that of indirect energy
in dry apricot production. The energy consumption
reduced by 11.51% while the agricultural production value was increasing by 15.80% in Turkey
[23].
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DETERMINING SURFACE SOIL PROPERTIES OF WIND
EROSION AREA OF IGDIR-ARALIK AND ESTIMATING
THE SOIL LOSS
Mucahit Karaoglu1,*, Ugur Simsek1, Faruk Tohumcu1, Erhan Erdel1
1

Igdir 8QLYHUVLW\$JULFXOWXUDO)DFXOW\6RLO6FLHQFHDQG3ODQW1XWULWLRQ'HSDUWPHQW,÷GÕU-Turkey

process is a very active physical course where loose,
dry, and bare soils are transferred by strong winds
[28].
Wind erosion takes place across a range of
areas including playa lakes [2], croplands [30],
shrubland [24], forests [25], and deserts [14]. Wind
erosion separates the most fertile fraction from the
soil and reduces its productivity, cumulates the
sediment in ditches and waterways, pollutes the air,
causes to fall visibility, and damages machineries
[13].
Wind erosion suspends the finest soil
aggregates and particles, changes the soil texture,
carries nutrients and OC, and reduces soil depth. For
this reason, wind erosion is considered to be an
irreversible soil degradation process [16,1].
Non-erodible aggregates can be turned into
erodible aggregates by many processes such as
corrosion during wind transport, the degradation
caused by tillage practices or the impact of raindrops.
The dimension and steadiness of soil aggregates are
the primary factors that affect soil susceptibility to
wind erosion [7].
Aggregates, the diameter of which is smaller
than 0.84 mm, are considered erodible by wind [3].
The rate of these aggregates in the upper layer (25.4
mm) of the soil surface is defined as the wind
erodible fraction (EF). This parameter indicates the
soil erodibility index of some wind erosion
prediction models such as WEQ [26] and RWEQ
[10]. Dry sieving is a standard method used to
determine some parameters related to soil aggregation and its susceptibility to wind erosion [5].
Turkey has a wind erosion area of 457.243 ha.
Covering an area of 13.554 ha, Aralik-Igdir region is
the second largest wind erosion area of Turkey after
the wind erosion area of Karapinar-Konya [21]. A
portion of the wind erosion area is located in Kazim
Karabekir State Farm, and has an 8-km width and a
20-km length and stretches out from skirts of Big and
Little Agri mountains to county town of Aralik [6].
When the wind speed increases, the life is
affected adversely by virtue of cloud of dust.
Furthermore, sand storm stops the traffic on IgdirNakhchivan highway, sediment transported by wind
deposits on sites, and agricultural structures for
irrigation and drainage become unavailable.

ABSTRACT
This study was conducted on Turkey's second
largest wind erosion area located in the Aralik-Igdir
region. Plots of 500 m2 including protected, less
protected, and unprotected areas over a land of 12
km2 having a 2-km width in the north-south direction
and a 6-km length in the east-west direction were
made and 48 disturbed surface soil samples (0±10
cm) were randomly taken as two samples (24x2) per
plot. Erodible fraction of surface soil samples was
determined based on dry sieving by using a vibratory
sieve shaker. Estimated soil loss was determined by
using the Wind Erosion Equation (WEQ). Surface
soil textures of plots were sandy loam and loamy fine
sand, organic matter contents were very low, lime
amounts were medium to high, pH values were
slightly to moderately alkaline, and EC values were
essentially salt-free. The estimated soil loss for
unprotected plots varied between 0±48.18 t ha-1 y-1.
In dry sieving, the percentage of materials bigger
than 0.84 mm was 0.48±30.47%, the percentage of
materials bigger than 0.106 mm was 47.17±87.73%,
and the percentage of materials smaller than 0.02
mm was 0.40±6.79%.

KEYWORDS:
Erosion studies, dry sieving, erodible fraction, wind
erosion equation (WEQ), wind erosion area of IgdirAralik.

INTRODUCTION
Wind erosion is an important soil degradation
event in arid and semiarid regions of the world [15]
including the semiarid Igdir-Aralik area. Wind
erosion arises from insufficiently protected soil
against wind shear. A shortage of vegetative cover to
protect the soil surface against wind shear is a serious
problem causing wind erosion in arid and semiarid
regions because of low rainfall and high evaporation
rates. Soil aggregation, crusting, soil moisture, and
humidity are factors that may reduce erosion [13].
Wind erosion signifies the detachment,
transport, and deposition of sediment by wind. This
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Erosion studies in field. When soil samples
were taken from plots of 500 m2 in July, erosion
studies were performed and recorded in erosion
charts. Slopes of plots, vegetation and percentage of
cover, and soil roughness were determined (Figure
2). The coordinates of study area and altitudes of
sampling points were detected by using Magellan
eXplorist XL brand GPS.

In wind erosion area, there are two different
protected plots surrounded by peasants with only
fence to prevent the destruction of the shrub form of
Ephedra distanchya L., and 2.5-m height and 25-m
interval acacias trees planted.
This paper presents erosion studies conducted
on a 12-km2 section composed of protected and
unprotected plots of Aralik-Igdir wind erosion area.
As a result of the analysis performed and dry sieving
made on surface soil samples; the wind erosion
susceptibility of soils, the estimated soil loss from
plots, and the percentage of erodible fraction were
determined.

The application of WEQ. By using data
regarding vegetation and percentage of cover, soil
roughness, and the length of the unprotected plot,
predicted soil losses were calculated for each plot
with the help of wind erosion equation ( I ,ƍ.ƍ&ƍ
/ƍ9 developed [26]. :KHUH,ƍWKHLQGH[RIHURVLRQ
susceptibility of soil, was derived from the
percentage of soil material bigger than 0.84 mm. .ƍ
the factor of soil surface roughness, was derived
from the values of soil ridge roughness (Kr). C,
regional climate factor of wind erosion, obtained
[23], and equations was calculated as 0.21 for July
[27]. /ƍHTXLYDOHQWILHOGOHQJWKZDVIRXQGE\XVing
value of 707.2 m calculated based on prevailing wind
direction, and 9ƍ HTXLYDOHQW YHJHWDWLRQ FRYHU ZDV
found by weighting dried vegetation of plots. The
soils in the study area have unfavorable bedrock and
the regeneration is not economical. Due to these soils
have a depth of more than 152.4 cm, the soil loss
tolerance values are 1.23 t ha-1 y-1.

MATERIALS AND METHODS
Study site. The study site of wind erosion area
of Aralik-Igdir (Figure 1) is located between
394752.4; 394720.9; 394950.1; 394906.7 north
latitudes and 443529.9; 443415.8; 443222.2;
443119.8 east longitudes. Stretching out 2 km in the
north-south direction and 6 km in the east-west
direction, the study site has unprotected, less
protected, and protected plots. Disturbed surface soil
samples (0±10 cm) were taken from 24x2 points by
forming plots of 500 m2.

The equations for erodible fraction. The
percentage of >0.84 mm aggregates, the erodible
fraction of the soil (EF), was calculated first by using
the equation [29];
EF=(W<0.84/TW)x100
FIGURE 1
Wind erosion area of Aralik-Igdir

(1)

where EF is the erodible fraction, W <0.84 is the
weight (g) of the fraction >0.84 mm aggregates after
sieving, and TW is total weight (g) of the soil sample.
The second equation [9] is:

Physical analysis . Texture [11], pH [17],
CaCO3 [19], organic matter [20] and EC [8] were
determined by sieving a portion of disturbed samples
with a 2-mm sieve.
It is known well and accepted that aggregates,
the diameter of which is bigger than 0.84 mm, are
resistant to wind erosion [3]. The most important
event is saltation in phases of wind erosion. Saltation
is bouncing of aggregates >0.106 mm diameter, it
erodes immobile surface clods, and crusts to form
both additional suspension-size (<0.106 mm
diameter) and saltation/creep aggre-gates [13].
Aggregates in saltation are broken up and get
involved in suspended particles in the air [12,18].
Soil samples (48 plots), each one of which was
200 gr, were sieved for 5 minutes at 50 Hz vibration
frequency by using Retsch AS 200 basic, a vibratory
sieve shaker, with 2 mm, 1 mm, 0.840 mm, 0.420
mm, 0.106 mm, and 0.020 mm sieves. The mean of
two values of each plot was calculated.

EF=29,9 + 0,31Sand + 0,17Silt +
0,33Sand/Clay - 2,59OM - 0,95CaCO3

(2)

where OM is organic matter (%).
Tukey multiple comparison test. In order to
determine whether differences between values
obtained from protected, fenced, and unprotected
plots were statistically significant or not, Tukey
multiple comparison test was applied to all values of
the study and is presented in Table 1.
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394752,4 N 443529,9 E
826
A1
C=20% S
Kr=5 0%
2.60 4.75
827
A2
C=20% S
Kr=15 0%
0.25 13.76
829
A3
C=40% ED-S
Kr=25 0%
48.17 1.86
829
A4
C=40% ED-S
Kr=30 0%
23.77 3.66
830
A5
C=40% ED-S
Kr=50 0%
25.02 5.35
829
A6
C=40% ED-S
Kr=25 0%
16.82 10.19
831
A7
C=60% S
Kr=5 0%
0 6.61
831
A8
C=60% S
Kr=5 0%
0 7.78
831
A9
C=60% S
Kr=5 0%
0 7.63
831
A10
C=60% S
Kr=5 0%
0 6.86
831
A11
C=60% S
Kr=5 0%
0 4.88
831
A12
C=60% S
Kr=5 0%
0 4.75
831
394906,7 N 443119,8 E

826
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830
B1
C=20% ED-S
Kr=10 0.8%
13.59 13.76

827

C1
C=20% ED-S
Kr=10 1%
11.12 2.82
831

B2
C=20% ED-S
Kr=15 0.8%
18.53 11.35
829

837
C2
C=20% ED-S
Kr=10 1.2%
16.33 6.18

831
B3
C=40% ED-S
Kr=20 0.4%
13.65 1.86

829

838
C3
C=20% ED-S
Kr=15 1.4%
23.47 2.37

833
B4
C=40% ED-S
Kr=25 0.8%
18.53 5.12

830

841
C4
C=20% ED-S
Kr=20 1.6%
23.47 2.94

831
B5
C=40% ED-S
Kr=30 0.2%
35.52 3.75

829

838
C5
C=10% S
Kr=20 1.4%
18.53 3.12

834
B6
C=40% ED-S
Kr=20 1%
16.52 1.98

831

839
C6
C=40% SP-S
Kr=15 1%
2.24 0.48

835
B7
C=60% S
Kr=5 0.8%
0 6.61

831

841
C7
C=10% S
Kr=10 1.2%
2.99 1.55

835
B8
C=60% S
Kr=5 0.8%
0 5.65

831

842
C8
C=10% S
Kr=10 1.4%
2.39 6.57

835
B9
C=60% S
Kr=5 0.8%
0 7.83

831

842
C9
C=20% ED-S
Kr=15 1.4%
0.25 30.47

835
B10
C=60% S
Kr=5 0.8%
0 7.95

831

842
C10
C=20% ED-S
Kr=15 1.4%
0.49 8.45

835
B11
C=60% S
Kr=5 0.8%
0 6.86

831

842
C11
C=20% ED-S
Kr=15 1.4%
5.46 5.65

835
B12
C=60% S
Kr=5 0.8%
0 8.37

831

835

842
C12
C=20% ED-S
Kr=15 1.4%
1.24 8.37

835

842

394720,9 N 443415,8 E
842
D1
C=20% ED-S
Kr=10 1.4%
5.59 4.12
844
D2
C=20% ED-S
Kr=15 1.4%
23.47 1.78
845
D3
C=15% ED-S
Kr=15 1.4%
2.10 9.11
848
D4
C=10% ED-S
Kr=15 1.4%
1.87 2.06
846
D5
C=10% S
Kr=15 1.6%
2.36 10.25
848
D6
C=10% SP-S
Kr=15 1.8%
3.65 11.35
850
D7
C=20% S
Kr=10 1.8%
1.24 11.55
850
D8
C=10% S
Kr=10 1.6%
2.32 12.63
850
D9
C=20% ED-S
Kr=15 1.6%
0.85 30.47
850
D10
C=20% ED-S
Kr=15 1.6%
0 9.91
850
D11
C=20% ED-S
Kr=15 1.6%
0.42 19.69
850
D12
C=20% ED-S
Kr=15 1.6%
0 19.35
850
394950,1 N 443222,2 E

A1-D12: 500 m2 of plots; 826-850: Altitude (m); C: Cover in July; ED: Ephedra distanchya L.; S: Shrub; SP: Stony place;
Kr: Soil roughness (cm); 0%: Slope; 0±48.17: Predicted soil loss t ha-1 y-1 (WEQ); 1.55±30.47: Percentage of >0.84 mm.
Surrounded with fence, no other protection.
2.5 m height and 25 m interval acacias.

FIGURE 2
Erosion studies in field and results.
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TABLE 1
The results of multiple comparisons
Dependent Variable
UP
Silt

Tukey
HSD

F
P
UP

Clay

Tukey
HSD

F
P
UP

Sand

Tukey
HSD

F
P
UP

O.M.

Tukey
HSD

F
P
UP

CaCO3

Tukey
HSD

F
P
UP

pH

Tukey
HSD

F
P
UP

EC

Tukey
HSD

F
P

F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F

M. D.
-3.03571
-1.85238
3.03571
1.18333
1.85238
-1.18333
1.89107
.43690
-1.89107
-1.45417
-.43690
1.45417
1.14464
1.41548
-1.14464
.27083
-1.41548
-.27083
,36714
.08631
-,36714
-,28083
-.08631
,28083
2.60018
1.73726
-2.60018
-.86292
-1.73726
.86292
.16536
.10369
-.16536
-.06167
-.10369
.06167
-.00625
-,08000
.00625
-.07375
,08000
.07375

S. E.
2.22875
1.91820
2.22875
2.53754
1.91820
2.53754
.92425
.79547
.92425
1.05230
.79547
1.05230
2.46162
2.11863
2.46162
2.80268
2.11863
2.80268
.09332
.08032
.09332
.10625
.08032
.10625
1.85027
1.59246
1.85027
2.10662
1.59246
2.10662
.07602
.06543
.07602
.08655
.06543
.08655
.03206
.02759
.03206
.03650
.02759
.03650

Sig.
.369
.602
.369
.887
.602
.887
.113
.847
.113
.359
.847
.359
.888
.783
.888
.995
.783
.995
.001*
.535
.001*
.030*
.535
.030*
.347
.525
.347
.912
.525
.912
.087
.263
.087
.757
.263
.757
.979
.016*
.979
.119
.016*
.119

Dependent Variable
UP
<0.840
mm

Tukey
HSD

F
P
UP

>0.840
mm

Tukey
HSD

F
P
UP

<0.106
mm

Tukey
HSD

F
P
UP

>0.106
mm

Tukey
HSD

F
P
UP

EF1

Tukey
HSD

F
P
UP

EF2

Tukey
HSD

F
P
UP

WEQ

Tukey
HSD

F
P

F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F
F
P
UP
P
UP
F

M. D.
5.66661
3.07286
-5.66661
-2.59375
-3.07286
2.59375
-5.66661
-3.07286
5.66661
2.59375
3.07286
-2.59375
-.40964
1.52202
.40964
1.93167
-1.52202
-1.93167
.40964
-1.52202
-.40964
-1.93167
1.52202
1.93167
-5.66661
-3.07286
5.66661
2.59375
3.07286
-2.59375
-5,74821
-2.92738
5,74821
2.82083
2.92738
-2.82083
-18,10446
6,64679
18,10446
24,75125
-6,64679
-24,75125

S. E.
2.42816
2.08982
2.42816
2.76458
2.08982
2.76458
2.42816
2.08982
2.42816
2.76458
2.08982
2.76458
3.15963
2.71938
3.15963
3.59740
2.71938
3.59740
3.15963
2.71938
3.15963
3.59740
2.71938
3.59740
2.42816
2.08982
2.42816
2.76458
2.08982
2.76458
2.23901
1.92703
2.23901
2.54922
1.92703
2.54922
3.13962
2.70216
3.13962
3.57462
2.70216
3.57462

Sig.
.061
.315
.061
.619
.315
.619
.061
.315
.061
.619
.315
.619
.991
.842
.991
.854
.842
.854
.991
.842
.991
.854
.842
.854
.061
.315
.061
.619
.315
.619
.036*
.292
.036*
.515
.292
.515
.000*
.046*
.000*
.000*
.046*
.000*

(*The mean difference is significant at the 0.05 level. UP: Unprotected; F: Fenced; P: Protected.)

There is a relationship between CaCO3 quantity
of soil and its erosion susceptibility. High lime
content causes to reduce clods and mechanic stability
of soil [4]. All soils of plots had medium and excess
amount of lime (4.90±27.24%) and were susceptible
to wind erosion.
Plots in wind erosion area have slight and
medium alkaline values of pH (7.36±8.21). In arid
climate regions, pH has neutral or alkaline values
due to insufficiency of weathering and percolating of
soils. Soils with high clay and organic matter content
are more resistant to variation of pH, in other words
are buffer than sandy soils [22].
Electrical conductivity (EC) is an indicator for
both amount of salt in soil and health of soil. It
affects crop yields, crop suitability, plant nutrient

RESULTS
While the contents of soil such as sand and silt
tends to a certain extent to increase wind erosion, its
content of clay generally tends to decrease wind
erosion. Plots of the study area had loamy sand and
loamy fine sand texture (63.8±87.6% sand; 4.6±
20.0% silt; 3.9±12.0% clay), and were susceptible to
wind erosion.
Insufficient amount of organic matter
negatively affects aggregation of soil particles and
increases susceptibility to wind erosion. Low and
very low amounts of organic matter are the result and
indicator of inadequate vegetation and precipitation.
The organic matter amounts of plots in study area
were found to be low and very low (0.27±1.42%).
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According to results of Tukey multiple comparison
test, there were no very significant differences
between data obtained at the significance level of
P<0,05.
Although each plot is subjected to direct
measurements, erosion studies in field have showed
that unprotected, flat or nearly flat plots (C3, C4, C5,
D2), and plots with greater shrub cover (A3, A4, A5,
B4, B5) are the most convenient for the direct
measurements of wind erosion.
Fugitive dust dispersion amount should be
determined by making direct wind erosion
measurements in the Aralik-Igdir region, Turkey's
second largest wind erosion area, as soon as possible.

availability, and activity of soil microorganisms.
Excess salts in the soil obstruct plant growth by
affecting the soil-water balance. Soils containing
excess salts occur naturally in arid and semiarid
climates. Salt levels can increase as a result of
cropping, irrigation, and land management [22]. EC
values of plots were measured as salt-free (0.03±0.33
mmhos/cm).
As a result of dry sieving, the percentage of
aggregates, the diameter of which was bigger than
0.84 mm, was 0.48±30.47%, the percentage of those
bigger than 0.106 mm diameter was 47.17±87.73%,
and the percentage of those smaller than 0.020 mm
was 0.40±6.79%. Plots were potentially susceptible
to wind erosion. The percentage of aggregates bigger
than 0.106 mm diameter was notably high. In other
words, the content of materials smaller than 0.020
mm diameter will be increasing, and it will threaten
human health as the wind continues to blow.
With erosion studies in field vegetation,
percentage of cover and soil roughness were
determined, and soil losses were predicted between
0±48.18 t ha-1y-1 for July for each plot by using
WEQ, and slopes of plots were calculated with
values of altitudes (Figure 2).
Erodible fraction values were 69.53±99.52%
and 31.10±60.50% for physical equation (% <0.84
mm) and for the equation with function of OM and
CaCO3, respectively.
At the significance level of P<0.05, fenced
plots were different from the others in terms of
values of OM, protected plots were different from
unprotected ones in terms of values of EC, fenced
plots were different from unprotected ones in terms
of values of EF2, and three diverse treatments were
different from each other in terms of values of WEQ
(Table 1).

CONCLUSION
Due to physical texture and low organic matter,
the soils were all highly erodible and the plots
protected by vegetation had lower WEQ predicted
erosion. Efforts should be made to protect and
restore the vegetative cover in these fragile areas.
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Quick microbial growth, strong adaptability, low
cost and vast microbial metabolic diversity can be
exploited for biological wastewater treatment.
Many researches are committed to perform the
cultivation of high activity strains, screening of the
microbial strains with high decoloration and degradation properties which can be genetically
modified.
Dye decoloration by several mixed and pure
anaerobic/anoxic bacterial cultures have been
reported [8-11]. Only a few aerobic bacterial strains
capable of utilizing dyes as growth substrates have
been isolated so far. Biological treatment of dyes is
based on the microbial enzymes synthesized by the
microbial cells. Although microbial enzymes can
degrade certain types of dyes; the degradation of
others is not efficient. To establish a biological
wastewater treatment system for dye removal, it is
necessary to screen out microorganisms capable of
treating different dyes. In this paper, a new dye
degrading microorganism was screened, isolated,
and tested for the degradation characteristics of
different dyes.

ABSTRACT
The isolated strain JD-3 from a pilot-scale
upflow anaerobic sludge bed (UASB) reactor, was
identified as gram negative facultative anaerobic,
the strains was Pseudomonas aeruginosa. It could
degrade 100 mg/L of several dyes within 72 h. It
had the highest cell growth rate under aerobic
conditions, while the decoloration rate was better
under anoxic. Different structure was the main reason induced different microbial decolorization rate.
KEYWORDS:
Synthetic dyes; isolation; identification; decolorization
rate.

INTRODUCTION
Almost 80% of the total organic dyes comprised of azo dyes. They are the largest and most
diverse group of synthetic dyes containing one or
more azo bonds. Azo dyes are widely used in industries such as printing and dyeing, food, cosmetics,
paper printing and other industrial fields. However,
about 2% of the dye is discharged during the production process. According to Jin et al. [1], an estimated 0.28 million tons of textile dyes are discharged in textile industrial effluent worldwide each
year. Dye containing wastewater has caused serious
environmental problems due to its toxicity or carcinogenicity of these dyes or their metabolites [2].
Many physicochemical methods have been
widely adopted for the treatment of dyeing wastewater; however, these methods are often expensive,
and prone to cause secondary pollution [3-7].
Microbial degradation of dyes has attracted
increasing attention to the degradation as it is low
cost and environmental friendly. Many researchers
have reported highly efficient dyes degrading bacterial, fungal and algal species [8-11]. Biological
decoloration employs microbial enzymes for oxidation or reduction of dye molecules through damaging the unsaturated bonds and chromophore.

MATERIALS AND METHODS
Medium and reagent. Enrichment culture
medium contained following composition: KH2PO4
1.8 g, Na2HPO4·12H2O 3.5 g, MgSO4·7H2O 0.2 g,
FeCl3·6H2O 0.01 g, peptone 2.0 g, beef extract 3.0
g, glucose 5.0 g, dye 0.05 g, using sterilized distilled water 1 L at pH 7.0, under 121°C for 20 min.
Growth medium contained Lysogeny broth
(LB) medium: 10 g peptone, 5 g beef extract, 5 g
NaCl, using sterilized distilled water (1000 mL) at
pH 7.0-7.2. Its solid medium (i.e. nutrient agar) was
added 1.8% agar into LB medium.
Decoloration culture medium was composed
of glucose 2 g, KH2PO4 1.8 g, NaH2PO4 ·12H2O
3.5 g, FeCl3·6H2O 0.01 g, MgSO4·7H2O 0.3 g, urea
0.2 g, dye 100 mg/ L in sterilized distilled water
maintaining pH at 7.0-7.2.
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results of scanning electron microscope (SEM)
showed that the JD-3 was a bacillus with a terminal
flagellum (Fig. 1). The average size was (0.5-0.8)
ȝP î -  ȝP 1either spores nor accumulation of poly-beta-hydroxybutyrate (PHB) was
evident. Each colony of JD-3 was circular smooth,
regular edged, with smooth and moist shiny surface
which appeared green on LB medium (Fig. 2).
Gram test was negative, oxidase test was positive
while pyocyanin test was negative. The nitrate reducing and producing gas test, 42°C growth test,
hydrolysis and liquefaction test of gelatin were all
positive. The M.R test (methyl red test), V.P test
(acetyl methyl carbinol test) were all negative. Final
identification of the strains was Pseudomonas
aeruginosa.

Screening of dye degrading bacteria. The
inoculum sludge was taken from a pilot-scale
upflow anaerobic sludge bed (UASB) reactor
operated for 1 year [12], put in the pre-sterilized
Erlenmeyer flask containing 150 ml decoloration
culture medium with 100 mg/L of Reactive Brilliant
Red X-3B. After 24 h, 10-6 times diluted solution
was prepared; 1 mL of the sample was inoculated
on solid LB medium. Plates were incubated for 24 h
at 35°C. Colonies were selected with the help of
sterilized needle and then put into different
Erlenmeyer flasks containing 150 ml decoloration
culture medium with 100 mg/L of Reactive Brilliant
Red X-3B. One strain (named JD-3) was selected
from five isolated dye degrading strains showing
the best performance and further research was
carried out with selected strain, which almost could
completely decolorize 100 mg/L of different types
of dyes within 72 h. The isolated bacterium was
characterized by standard microbiological methods.
Bacteria identification methods. Following
identification tests were carried out according to the
Bacterial Identification Manual [13]: Gram staining,
Oxidase test, Acetyl methyl methanol (V.P.) test,
Methyl red (M.R.) experiment, 42°C growth test
and Gelatin liquefaction test.
Pyocyanin test: bacterial culture was cultivated
in LB culture medium until the logarithmic growth
phase. Added chloroform 3~5 ml in vitro and
shaking was accomplished, settled for a moment,
and transferred the chloroform to another test tube.
Later, 1 ml of 1 mol/L hydrochloric acid solution
was added and allowed to stand after shaking for a
while. Upon the appearance of pink in hydrochloric
acid solution layer, pyocyanin test was considered
positive. A negative control was also performed at
the same time.
DNA extraction of the strain was performed
according to CTAB method [14] involving 16S
rDNA template in PCR (Polymerase Chain Reaction) amplification. Amplification of 16S rDNA was
based on bacterial universal primers [15]. The sequence of the forward primer BSF8/20 was: 5'-AGAG
TTTGATCCTGGCTCAG-3'; while the reversed
primer BSR1541/20 had sequence: 5'-AAGGAGG
TGATCCAGCCGCA-3'. BlastN program made the
homologous comparison between the obtained
nucleic acid 16S rDNA sequence and GenBank data.
(http://www.ncbi.nlm.nih.gov/blast) [16].

FIGURE 1
The scanning electron microscope
photograph of bacterium JD-3.

FIGURE 2
The photograph of bacterial colony
of JD-3 on LB substrate
In order to double check the identification, the
automatic identification card made of bioMerieux
VITEK-2 (France) was used to identify the strain as
shown in Table 1. This result also confirmed that
the strain was as Pseudomonas aeruginosa.
TABLE 1
Results of VITEK Test. Positive (+) sign shows
that respective test had positive result, while
negative (-) sign showed otherwise.

RESULTS AND DISCUSSION
Physiological and biochemical identification
of the bacteria. The isolated strain JD-3 was Gram
negative, facultative anaerobic and could produce
ink green pigment when grew on LB medium. The

RHA-

NAG+

RIB-

INO-

SAC-

MAL-

ITA+

SUB-

ACE+

LAT+

ALA+

MAN+

GLU+

SAL+

MEL+

FUC-

ARA-

PROP+

CAP+

VALT+

CIT+

HIS+

5KG-

GLYG-

2KG+

30BU+

pOBE+

SER-

PRO+

MNT+

SOR-

mOBE-

Molecular biology identification results of
the isolated strain. Amplification of full-length
16S rDNA sequence showed that it was about 1.5
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TABLE 2
The chemical structure and maximum absorption wavelength of the dyes
C.I. generic

Max. absorption
Dye type

Molecular Structure

name

wavelength/nm
S

O2 N

Disperse Red

N

N

C

CH 2CH 3

N

N

CH2CH2 CN

Monoazo
136

548

CH3

O
Disperse Orange
Monoazo

N

O2N

31

CH 2CH OC
CH 3
2

N

456

N
CH 2CH 2CN

Cl
N

Disperse Yellow
Monoazo
163

CH 2CH 2OH

N

N

CH 2CH 2OH

400

Cl

NO2

Cl

Brilliant Red

Monoazo

N

C

N

OH

Reactive

N

HN-C
N

N

538

C
Cl

X-3B
SO 3 Na

NaO 3 S

Cl
C

N
OH

Reactive

N

HN-C
N

Brilliant Red

N

Monoazo

K-2BP

C

N

HN

532

SO 3Na

NaO3S

SO3Na

Cl

Cl
N
OH

Reactive

N

HN-C
N

Brilliant Red

N

Monoazo

K-2G

C

N

C
HN

510

NaO3S

SO3Na

SO 3Na
SO3Na

HO

Disazo
KN-B

N

N

N

Reactive Black

NH 2

NaO3S

N

SO3 Na
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SO2 CH2CH2 OSO2 Na
SO2 CH2 CH2 OSO2 Na
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NH2

O

Reactive
Brilliant Blue

Cl
C

N

SO 3Na

N

HN-C

Anthraquinone

596

N

X-BR

C

NH

C

Malachite Green

Cl

SO 3Na

O

Cl -

Triphenylmethane
+
N

624

CH 3
CH 3

CH 3
CH 3

N

comparison by BlastN program. The result showed
that, 16S rRNA sequence of JD-3 reached 98% of
homology of Pseudomonas aeruginosa. The data
collected from biochemical and molecular
biological method for species identification results:
the isolated strain was Pseudomonas aeruginosa.

Kb DNA fragment. Part of the 16S rDNA was
sequenced; the sequence was submitted to GenBank
nucleotide database registration, where it was given
accession number. The strain JD-3 was identified as
No. EF489294 (502 bp).
The 16S rDNA sequence of the strain was
submitted to the GenBank, to make the homology
Degradation characteristics of decoloration
bacteria. Dye decoloration rate. After the
purification and amplification of the isolated
bacterial culture, cultured cells reached a certain
concentration in LB medium shaker. Approximately,
5 mL bacterial culture was added into the 250 mL
Erlenmeyer flask with 100 mL decoloration culture
medium and kept under 35 °C. Samples were drawn
after every 12 h, centrifuged for 30 min at 3500 r /
min, and absorbance of the supernatant was noted at
maximum visible absorption peak of the respective
dye were measured (listed in Table 2) . The
decoloration rate represented the bleaching ability.
Decoloration rate: T (%) = (A-B) / A * 100%
Where, A is the absorbance value of the starting
time of the dye, B is the absorbance value at the
time t.

by a spectrophotometer (used LB liquid culture at
OD660 to observe the growth of bacteria). The
results are shown in Table 3. It was evident that
aerobic conditions were best for the growth of the
isolate.
TABLE 3
The effect of oxygen-supply conditions on the
growth rate (OD660nm) of bacterium JD-3
Oxygen
supply

8h

16 h

24 h

Aerobic
Anoxic
Anaerobic

1.22±0.04
0.75±0.02
0.63±0.02

1.63±0.05
1.23±0.04
1.09±0.02

1.65±0.02
1.45±0.04
1.32±0.03

Notes: Values represent means of all determinations ± SD
(Standard deviation).

The effect of oxygen supply on the
performance of decoloration. As can be seen from
the Table 3, JD-3 bacteria had the highest cell
growth rate under aerobic conditions; the slowest
growth was under anaerobic conditions. While,
decoloration rate was better under anoxic or
anaerobic than under aerobic conditions (Fig. 3).
Anoxic conditions accomplished faster dye
degradation than anaerobic one, which may be
induced by the trace of oxygen further oxidizing
dye intermediates such as aniline and so on.
Shaking the bottles can accelerate the mass transfer
rate which may accelerate decomposition of the dye.
So, decoloration under anoxic conditions was the
best.

The effect of aerobic conditions on bacterial
growth. The effect of aerobic conditions on the
growth of bacteria and decoloration was investigated under aerobic conditions (using open bottles
with rotation speed 200 r/min), anoxic conditions
(shaking open bottles once every 4h) and anaerobic
conditions (shaking closed bottles once every 4h)
were compared. Firstly, the effect of oxygen conditions was investigated on the growth of bacteria.
After pure amplification cultivation at 35°C, 5 mL
bacteria was added into a 250 mL Erlenmeyer flask
containing 100 mL of LB medium and cell growth
rates were compared. OD660 values of culture medium were measured at the wavelength of 660 nm,
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difficult to degrade than anthraquinone dyes
Reactive Brilliant Blue X-BR. The research results
demonstrated that different chemical structure was
the main reason induced different microbial
decoloration rate. Normally, all tested dyes could be
degraded within 72h, and simpler structure could be
degraded more quickly than complicated structure,
which are consistent with some reported results [8].

CONCLUSIONS

FIGURE 3
The effect of oxygen-supply conditions on the
decoloration rate for Reactive Brilliant Red
X-3B

The main conclusions of the research are as
follows:
A facultative anaerobic dyes degradation
bacterium was isolated from the UASB reactor,
which named JD-3. The result of species
identification by biochemical and molecular
biological method: the strain was Pseudomonas
aeruginosa. It could decolorize 100 mg/L of several
dyes within 72 h. Different dyes with different
chemical structure had obvious different microbial
decoloration rate, simpler structure could be
degraded more quickly than complicated structure.
The strain obtained the highest cell growth rate
under aerobic conditions, while arrived at the best
decoloration rate under anoxic.

Decoloration test on different dyes. To
examine the effects of the ability of isolated strain
on degradation of different dyes, same cell
concentration was used to test dye degradation for
Reactive Black KN-B, reactive brilliant red X-3B,
reactive brilliant red K-2BP, Disperse Yellow 163,
Disperse Red 136, Disperse Orange 31 , Reactive
Brilliant Red K-2G, Reactive Brilliant Blue X-BR
and Malachite Green. Structural formula and the
maximum absorption wavelengths of each dye were
shown in Table 1. All dye concentration used in the
tests was 100 mg/L. Culture duration was 72 h.
Decoloration test results are shown in Figure 4.
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FIGURE 4

The decoloration ratios of different dyes
As can be seen from Figure 4, the strain had a
strong decoloration capability to various types of
dyes, can be used to mixture dye wastewater
treatment. Structurally similar dyestuff Active Red
X-3B, K-2BP and K-2G have close decoloration
rates, and more complicated substituted group
induced lower decoloration rates which was
consistent with previous reports [8,9,11]. Disperse
Red 136, Disperse Orange 31, Disperse Yellow 163,
have similar results, their degradation rates were
successively increased. Relatively speaking,
Reactive Black KN-B had lower degradation rates
than the above six monoazo dye degradation rates.
The results showed that the dual-azo dyes are
generally harder degraded than monoazo dye.
Triphenylmethane dye Malachite Green was more
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OPTIMAL COST-REIMBURSEMENT RULES COMBINING
CARBON EMISSION REDUCTION TARGETS WITH POWER
CONVERSION EFFICIENCY FOR MICROGRID FIRMS
Weidong Chen, Wanlong Fan, Wenjuan Zang*, Guanyi Yu
College of Management and Economics, Tianjin University, Weijin Road, Tianjin 300072, China

sources, have become more prominent [1-3]. The
environmental incentives and advanced technologies are reshaping the traditional view of global
energy markets [4]. The confirmation of the risks of
climate change underline the importance of
achieving the greenhouse gas emission reduction
targets agreed to in the Kyoto Protocol and the global
mean temperature increase targets agreed to in the
Paris Protocol.
In order to achieve the dramatic environmental
targets, the G8 Heiligendamm summit agreed to cut
greenhouse gas emissions by 50% by 2050 [5]. The
&KLQHVH JRYHUQPHQW SURPLVHG WR UHGXFH &KLQD¶V
GDP CO2 intensity by 40%±45% during 2005±2020
and set a 15% RES target by 2020. To achieve these
targets, there is an urgent need to provide some
measures to accelerate the processing of electricity
to meet the RES targets [6], and microgrids could be
an immediate measure that could be introduced to
help meet these targets. A microgrid is a low voltage
discrete
electricity
system
consisting
of
interconnected renewable and traditional energy
resources and storage with energy management,
which can operate in an inter-connected mode and an
island mode [7].
Over the past decades, every country has
undergone electricity sector reform that has mainly
concentrated on power generation instead of power
transmission and distribution and power retailing [8].
The emergence of microgrids revolutionized the
electricity sector because it breaks the threshold of
power generation and allows new generators, such as
some green electricity producers, to join the
competition among power providers [9, 10]. It can
be interpreted that a microgrid is a key avenue for
increasing the share of RES to mitigate climate
change in the delivery of electricity by combining
various distributed energy resources (e.g., wind,
photovoltaic, gas, fossil fuel) [11]. However, compared to conventional power plants, the electricity
generated by a microgrid has no advantage in price
because of higher per kilowatt hour (kWh) electricity
costs [12]. Thus, governments subsidize producers
through subsidies, price supports, or feed-in tariffs,
which aim to attract an increasing amount of

ABSTRACT
Governments frequently encourage firms or
customers to build microgrids for further introducing
and better utilizing renewable energy sources
through high subsidies and price supports. However,
a bad phenomenon exists whereby some firms that
build microgrids ignore conversion efficiency and
lack management. The unreasonable costreimbursement rules reduce the power of the
incentive schemes. This study presents and analy-zes
a principal-agent model for transfer payments and
regulated CO2 emission reduction quantities that is
motivated by a basic trade-off between rent
extraction and incentives. Under the incentive
scheme we model, the microgrid firm allocates its
support to ensure it obtains the electricity required
and accomplishes the emission reduction targets.
The power conversion efficiency is affected by
asymmetric information that is assumed to be hidden
from the government. Our analysis shows the power
of an incentive scheme is influenced by the
mLFURJULG ILUP¶V WRWDO FRVW LQFXUUHG WUDQVIHU SULFH
regulated CO2 emission reduction quantity, and
power conversion efficiency. Further, increa-sing the
regulated CO2 emission reduction quantity not only
maximizes the expected social utility, but also
increases the cost advantage enjoyed by a higher
power conversion efficiency microgrid firm relative
to a lower power conversion efficiency firm. Finally,
a numerical example shows the effectiveness of
model.

KEYWORDS:
Cost-reimbursement rules; Asymmetric information;
Principal-agent model; Microgrids; Regulated CO2
emission reduction quantity

INTRODUCTION
In recent years renewable energy sources
(RES), which possess unique environmental
advantages compared with conventional energy
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investment in certain countries [13]. As [14] points
out, subsidies play an important role in the
deployment of renewable energy generation.
Subsidies are also conducive to stimulating technical
changes that reflect the efficiency of microgrids [15].
Compared to fossil-based large power plants, the
conversion efficiency is up to 35% better because of
a significant loss of primary energy; the power
conversion efficiency of micro-grids corresponds
with their variable energy resources and construction
materials, such as the different varieties of
photovoltaic panels, wind turbines, and diesel
generators they employ [16-19].
However, the greater advances in microgrid
efficiency have had a positive side effect of
increasing the internal cost of microgrid firms and
also improving the environmental performance [20,
21]. Under this regime, the increased cost is
automatically passed through to the electric utilities
and the government and places a fairly heavy
financial burden on the government [22]. It is difficult for governments or other sectors to assess the
true efficiency of microgrids, and this asymmetric
information results in the incentive schemes having
weak power [23]. To overcome this benefit conflict
and asymmetric information, we present a princi-palagent model that provides useful insights into
incentives in government procurement and regulation [24, 25].
In this study, we mainly analyze the issues
surrounding the selection of the incentive scheme
between the government and the microgrid firm. We
assume the government is a Stackelberg leader
motivated by a desire to maximize the social
economic payoff and the environmental gain and
eager to design an effective contract combining
transfer payments and CO2 emission reduction
quantities where each pair of price-regulated
UHGXFWLRQ TXDQWLWLHV UHVSRQGV WR D ILUP¶V SRZHU
conversion efficiency. Once the new costreimbursement rules are implemented, the microgrid
firms are forced to reveal its true efficiency by the
choice it makes at the cost of offering a transfer price
that includes an information rent which will increase
with power conversion efficiency. In order to obtain
a profit from these projects, microgrid firms have to
cut down their costs, which will cause disutility. Our
analysis demonstrates that the power of incentive
VFKHPHVLVLQIOXHQFHGE\WKHPLFURJULGILUP¶VWRWDO
cost incurred, transfer price, regulated CO2 emission
reduction quantity, and power conversion efficiency.
Mathematically, increasing the regulated CO2
emission reduction quantity not only maximizes the
expected social utility, but it also increases the cost
advantage enjoyed by a higher power conversion
efficiency microgrid firm relative to a lower power
conversion efficiency one.

Methodology. The analytical underpinning of
this study is the principal-agent theory [26], which
gives an introductory description to analyze the
incentive issues. As an important branch of contract
theory, the principal-agent theory was first
introduced to solve benefit conflict problems in
firms. [27] analyzed the principal-agent problem
with hidden action (moral hazard) where the agent
actions are unobservable. [28] analyzed the
principal±agent problem with hidden information
(adverse selection) where the agent has private
information, and they extended the theory into the
procurement and regulation area. [29] analyzed the
mechanism design problem that arises by examining
the benefit conflict between the economic actor who
implements the policy and the government that
makes the policy, where the former takes advantage
of his own private information. Various studies have
applied the principal-agent theory into government
policy-making. [30] applied the principal-agent
theory to stimulate enterprises to take part in lowcarbon activities by providing subsidies. [31]
investigated the incentive effects of tax bonuses by
DQDO\]LQJWKHDJHQW¶VDQGSULQFLSDO¶VEHKDYLRU[24]
studied WKH JRYHUQPHQW¶V RSWLPDO LQFHQWLYHV LQ
public-private partnership projects by integrating the
fairness preference theory with the principal-agent
model.
7KH JRYHUQPHQW RIWHQ XWLOL]HV D ³FRVW-SOXV´
contract to ensure investors obtain a reasonable
return in addition to the reimbursement of their cost.
A contract of this nature carries with it an
administrative burden due to the requirement for the
PLFURJULG ILUP WR IXUQLVK GHWDLOHG ¿QDQFLDO LQIRUmation that the government needs to assess to determine the transfer price. In contrast with conventional energy generation, renewable energies contribute to the protection of clean air and climate stability, which can be an additional source of benefit
for the society [32]. Regulations and incentive
schemes are needed to maximize the policy benefit
for the government, while the microgrid firm wants
WRPD[LPL]HLWVRZQEHQH¿WVE\GHWHUPLQLQJZKHWKHU
to accept this contract or not [33].
Model. The parameters of this model include
two components: one is the technological component that describes the transfer price, the regulated
CO2 emission reduction quantity, and the total cost
incurred function, and the other one is the economic
component that specifies the interaction between the
two participants.The technological component
assumes that this microgrid project has social utility
S , and a single firm can finish this project. To
accept this project by firms, the government should
give a transfer price P , which includes the total cost
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firm exists as part of the grid-connected process. The
electric utilities are subordinate to the government
and are obliged to purchase electricity from
microgrid firms at feed-in tariffs. This assumes the
government moves first and designs the regulatory
contract after considering both the benefit of the
electric utilities and the social utility, so we assume
the government is the principal and the microgrid
firm is the agent. It is meaningful to apportion the
ZKROHEDUJDLQLQJSRZHURQWRWKHJRYHUQPHQW¶VVLGH
in order to avoid the signaling phenomena that arise
in situations in which an informed party takes part in
contract design [29].
Assumption 2: The realized total cost C , the
regulated CO2 emission reduction quantity W , and
the transfer price P are verifiable. However, the
government cannot distinguish the various
components of the cost.
This assumption implies that optimal
regulatory contracts designed by the government are
based on cost and emission reduction data. In reality,
the microgrid firm has several different types of cost;
these include the operational cost, material cost,
installation cost, and depreciation expense. Our
model adds all of these costs and arbitrarily labels
them as the total cost incurred. Similarly, the
emission reduction also includes the power
conversion process emission reduction and the raw
materials in the whole life cycle emission reduction
process.
Assumption 3: For analytical tractability, two
technological
variable
assumptions
on
C W x , x and f x are required:
(a). C W x , x LVWKHPLFURJULGILUP¶VFRVW
of CO2 emission reduction target W under
efficiency x . Moreover, for each x  0,1 ,
assume that

incurred plus a net monetary transfer. Once the
electricity is generated by the microgrid firm, a CO2
emission reduction quantity W is imposed on the
microgrid firm. This is aimed at incentivizing the
microgrid firm to promote the efficiency of energy
saving and emission reduction by such means as
optimizing the power conversion process and the
construction materials used over the whole CO2
emission life cycle. We assume that the microgrid
ILUP¶VWRWDOFRVWLQFXUUHGGHSHQGVRQD&22 emission
reduction quantity W and power conversion
efficiency x  0,1 , which is denoted by a
continuous random variable where 0(1) repre-sents
the poorest (highest) power conversion effici-ency.
Thus, we define C W x , x as the micro-grid
ILUP¶V WRWDO FRVW IXQFWLRQ ZKLFK LV DVVXPHG WR EH
increasing and strictly convex with respect to W
and decreasing with respect to x .
The economic component specifies the information asymmetry and the sequence of events.
Consider the regulation relationship with the
government, which is stronger than the microgrid
firm; the government is the leader and the microgrid
firm is the follower. In reality, the power conversion
efficiency x is known by the microgrid firm itself,
but it is hidden from the government and is
considered to be private information. The power
conversion efficiency is denoted by a continuous
random variable H , and the cumulative distribution

> @

function and the density function of
and

H

are

F 

f  , respectively. Moreover, we define

1  F  as the hazard rate that is nonincreasing.
f 

In fact, the sequence of events can be presented
as follows: (1) Because the model reflects an
adverse-selection problem, the government first
designs and offers a menu of contracts consisting of
a transfer price P x and a regulated CO2
emission reduction quantity W x corresponding
to power conversion efficiency x . (2) The
microgrid firm chooses a pair P x ,W x
among all the options based on its own private
LQIRUPDWLRQ WKDW PD[LPL]HVWKH ILUP¶VWRWDOSD\RII
(3) The government observes and regulates the
PLFURJULG ILUP¶V FRQVWUXFWLRQ DQG RSHUDWLRQDO
process. (4) The microgrid firm commences its
operations and is grid-connected. (5) Finally, the
government pays the microgrid firm.
Based on the above descriptions of the
sequence of events, several economic assumptions
and technological variables are made throughout this
study:
Assumption 1: The government is the principal
and designs the regulatory contract.
In reality, there are three participants: the
government, the microgrid firm, and the electric
utilities. The electricity generated by the microgrid

> @

wC W x , x
wx

w 3C W x , x
wW 2wx

d0

d 0;

;

w 2C W x , x
wW wx
3
w C W x ,x

wW wx 2

d0

;

t0

E $VVXPHWKDWWKHJRYHUQPHQW¶VFRQWUDFWLQ
terms of the power conversion efficiency is denoted
by a continuous random variable x . The distribution
function of

x is F x , the density function of [ is

f x , and the hazard rate

1 F x
f x

is

nonincreasing, where

F x and f x satisfy

d 1 F x
(
)d0
dx f x

x  0,1

Although the government plays a completely
passive role in the process of designing a menu of
contracts, the government cannot observe the
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x  0,1 , the government can find P x and
W x without inducing the microgrid firm to tell

technological parameters except for the total cost of
the microgrid firm that carries out the project. In
order to regulate the microgrid firm and design
appropriate contracts, it is sufficient to make the
microgrid firm reveal its private information power
conversion efficiency x by the option it selects. The
revelation principle [34] is applied here as a set of
, which induce the
functions P x ,W x
parties to tell the truth. P x is the transfer price
that the microgrid firm can receive if it is selected,
and W x is the regulated CO2 emission reduction
quantity that the microgrid firm must observe. In
practice, the microgrid firm chooses a contract and
announces its power conversion efficiency
truthfully. Let P x ,W x
denote the pair
intended for a type x in the microgrid firm. We
define
the
government
payoff
as
U S  P x  OW x , where O represents
the marginal CO2 emission reduction benefit and the
microgrid
firm
payoff
as
V P x  C W x , x , respectively.
7KHJRYHUQPHQW¶VREMHFWLYHLVWRPD[LPL]HWKH
expected social utility by designing a menu of
contracts P x ,W x , x  > 0,1@
E ª¬ S  P x  OW x º¼ ,
(1)

the truth. The model is as follows:

maxE ª¬ S  P x  OW x º¼
°°
®subject to:
°
°̄V P x ,W x , x t P

P C W x ,x

P x

wC W

x ,x

wW

O

7

So the optimal transfer price P satisfies

P x

P C W

x ,x

8

Obviously, there is no adverse selection
problem under this circumstance of symmetric
information. The contract designed by the
government will be a simple and easy thing; offering
contract can give
a fixed pair P x ,W x
perfect incentives to the microgrid firm. The optimal
regulated CO2 emission reduction quantity W x
satisfies the marginal saving cost equal to the
marginal CO2 emission reduction benefit, and the
fixed-price P x is equal to the reservation profit
plus the total cost incurred. The latter only need to
work on saving costs and, hence, maximize the total
social utility.

3

As a consequence, the transfer price and CO2
emission reduction target model can be formulated
as follows:
maxE ª¬ S  P x  OW x º¼
(4)

2.Asymmetric case. Now, we analyze the
model under asymmetric information. In this
circumstance of incomplete information, there are
risks that the microgrid firm will report fake power
conversion efficiency levels to obtain a higher
transfer price and lower regulated CO2 emission
reduction quantity. It is worth noting that the
government can induce the microgrid firm to reveal
its true private information by choosing the pair

Model analysis. The standard procedure for the
principal-agent model consists of two steps. First, we
consider the first-best case under symmetric
information where the government uses the
PLFURJULG ILUP¶V SRZHU FRQYHUVLRQ HIILFLHQF\ DV D
benchmark. Then, we analyze the model under
asymmetric information.

P x ,W x ; thus, this contract must specify a
transfer price

1.Symmetric case. Here we assume the
government knows the power conversion efficiency
x  0,1 to maximize the expected social utility.
Thus, the incentive compatibility constraint given to
induce the microgrid firm to report its true power
conversion efficiency is no longer required. For each

P x and a regulated CO2 emission

reduction quantity

W x for a type x . We refer to

the thoughts presented in [35] to analyze this
mechanism design problem, and it proceeds in two
steps. First, for any given menu of transfer price
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6

Substituting (6) into (1), (1) can be written as
S  C W x , x  P  OW x .
Since C W x , x is convex with respect to
W , thus S  C W x , x  OW x is concave
with respect to W  DQG WKH JRYHUQPHQW¶V RSWLPDO
regulated CO2 emission reduction quantity W x
satisfies the first-order condition

In addition, the participation constraint that the
PLFURJULG ILUP¶V SD\RII ZLOO H[FHHG WKH SUHYDLOLQJ
reservation profit; otherwise, it can reject the
contract

°
°subject to:
®
°V P x ,W x , x t V P y ,W y , x
°V P x ,W x , x t P
¯

(5)

,W¶VQHFHVVDU\DQGVXIILFLHQWIRUVROYLQJ  WR
use the Karush-Kuhn-Tucker conditions. To
maximize the expected social utility, the participate
constraint (3) must be binding

Subject to the incentive compatibility
constraint that the microgrid firm of type x will
choose to maximize its own payoff
V P x ,W x , x t V P y ,W y , x ,
2

V P x ,W x , x t P ,

Fresenius Environmental Bulletin

Volume 26 ± No. 5/ 2017 pages 3182-3190

© by PSP

Fresenius Environmental Bulletin

Applying (12) to (13) yields

P x , we must find the CO2 emission reduction

W x

quantity

w 2C W x , x dW x
d0
wW wx
dx

that will make it acceptable for

Note

the microgrid firm with type x . Second, we must
maximize the expected social utility when
implemented with the incentive scheme under the

P x ,W x

options

w 2C W x , x
wW wx

let

C W x , x C W y ,x

y

x

wC W s , s dW
y wC W s , x dW
ds t  ³
ds
x
wW
ds
wW
ds

C W x , x C W y ,x

when y ! x . Therefore, the incentive compatibility
constraint is satisfied. So the proof of proposition 1
is complete.
Proposition 2 The participation constraint (3)
can be written as:

P 0 C W 0 ,0

P

(15)

In practice, the government will set the transfer
payment for the lowest power generating efficiency
as
low
as
possible,
so
that
.
V P 0 ,W 0 ,0 P 0  C W 0 ,0 P

10
P y C W y , x

L x, y

wC W s , s dW
x wC W s , x dW
ds t ³
ds
y
wW
ds
wW
ds

x
y

³

P x P y

Proposition 1 The incentive compatibility
constraint (2) can be spelled out as the following two
constraints:
dP x wC W x , x dW x

0
9
dx
wW
dx

Proof.

³

when y  x ; and

higher level of CO2 emission reduction increases the
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designed above. In this

study, we consider the case where the cross partials
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denote the payoff of the microgrid firm that has
power conversion efficiency x but chooses the

This proposition shows that if the participation
constraint at the poorest power conversion efficiency
is binding, the others will automatically hold.

P y , W y , where x, y  0,1
and x z y . Thus, for any given x , the incentive
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denote the optimal contract. Then it satisfies

2
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W x plus
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Proposition

By the second-order condition, we can obtain
2

(16)

conversion efficiency so the menu options it chooses
motivates the microgrid firm to reveal its private
information.

0 that

w 2C W x , x § dW x · w 2C W x , x dW x wC W x , x d 2W x

¨
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d 0.

dP x wC W x , x dW x

0
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dx
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By differentiating (11) with respect to x
2

ws

information rent. It is noteworthy that the reservation
profit and the total cost incurred directly affect the
transfer price. It can be interpreted that a high
reservation profit means the microgrid firm has a
higher expectation of its profit. Also, the information

It follows from the first-order condition

wL x, y
wy

wC W s , s

the microgrid firm chooses the desired

0 and the secondx

x

0

The nature of the transfer price equation (16)
provides an important insight. The transfer price for
the microgrid firm of type x is equal to the
reservation profit plus the total cost incurred when

obtains its maximal value at

L x, x ; the microgrid firm with power conversion
efficiency x has no incentive to hide its true private
information. Thus, L x, y satisfies the first-order
condition

P C W x ,x ³
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x for a power conversion efficiency x and the

optimal transfer price P
implements, satisfy (18).

maxe E ª¬15  P x  4W x º¼
°
°subject to:
®
2
2
° P x  4W x (2  x) t P y  4W y (2  x)
° P x  4W 2 x (2  x) t 0
¯

x that the government

Proof. This derivation thought proceeds in two
steps. First, we relax the objective function (for the
time being we ignore the dW x t 0 constraint and

Let W
x and W x denote the optimal
regulated CO2 emission reduction under incomplete
information and complete information respectively.
Figure 1 shows that regardless of whether the
information is complete or incomplete, the optimal
regulated CO2 emission reduction quantity is
increasing in the power conversion efficiency. Then
x d W x as well.
we can obtain W

dx

the model unconstraint). Then we check that it is
satisfied if and only if dW x t 0 . Since the objective
dx

function follows from the second-order condition
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Now, we check the monotonicity of
we can differentiate equation (20) with
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FIGURE 1
Regulated CO2 emission reduction quantity vs.
Power conversion effeciency

.
RESULTS AND DISCUSSION

x denote the optimal
Let P x and P
transfer price under complete information and
incomplete information respectively. Figure 2 shows
the optimal transfer price is increasing in the power
conversion efficiency as set out above.

Numerical example. In this section, we
complement our analytical results with a numerical
example. The purpose of this example is to illustrate
the interaction of the parameters on the regulated
CO2 emission reduction, the electricity price, and the
PLFURJULG ILUP¶V H[SHFWHG SURILW 6XSSRVH WKDW WKH
power conversion efficiency is a continuous random
variable and takes a value between 0 and 1. Thus, we
can obtain a density function:
0  x  1 , and the distribution
1
®
¯0

function as:

F x

Further,

C W x ,x

complete information
incomplete information
1.4

1.2

transfer price P(x)

f x

1.6

others

0
°
®x
°1
¯

suppose

xd0
0<x  1
x t1

the

.

1

0.8

0.6

cost

function

4W 2 (2  x) . The following

0.4

default values of the parameters are used: the social
utility of this project S 15 , the marginal CO2
emission reduction benefit O 4 , and the
prevailing reservation profit P 0 .
We
can
easily obtain
the
model
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FIGURE 2
Transfer price vs. power conversion effeciency
Moreover, the corresponding microgrid firm
expected profit with power conversion efficiency x
under incomplete information is increasing in the
power conversion efficiency. Figure 3 shows the
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PLFURJULG ILUP¶V H[SHFWHG SURILW LQFUHDVHV ZLWK WKH
power conversion efficiency. Thus, the contract
provides stronger incentives for the higher power
conversion efficiency firm because the microgrid
firm with higher power conversion efficiency can
obtain greater cost reductions.

CONCLUSIONS
We have developed a principal-agent model of
an optimal cost-reimbursement rules problem. To
design a more effective incentive scheme for
microgrids that will produce environmental gains,
we combined carbon emission reduction targets with
power conversion efficiency in this model. Our
analysis concludes that the power of an incentive
scheme depends on the total cost incurred, transfer
price, regulated CO2 emission reduction quantity,
and power conversion efficiency. We further analyze
how to incentivize the microgrid firm so as to
maximize the expected social utility without
GDPDJLQJ WKH PLFURJULG ILUP¶V EHQHILW XQGHU
complete information and incomplete information
with two scenarios. The results demonstrate that
increasing the regulated CO 2 emission reduction
quantity not only maximizes the expected social
utility, but it also increases the cost advantage
enjoyed by a higher power conversion efficiency
microgrid firm relative to a lower power conversion
efficiency one. Moreover, reducing the asymmetric
information as far as possible will contribute to a
higher regulated CO2 emission reduction quantity
and lower transfer prices for the government.
The insights from this study provide
meaningful references for designing contracts for a
microgrid. More specifically, there is no worry about
paying too much to the government under complete
information. It is easy to design a fixed-price
contract to give perfect incentives to microgrid
firms. However, in reality the government faces a
trade-off between incentives and rent extraction
because of the lack of private information such as the
power conversion efficiency and the prevailing
reservation profit. Hence, it is optimal to design a
menu of contracts consisting of transfer prices and
regulated CO2 emission quantities that are available
to microgrid firms to select from. These contracts
can screen different kinds of microgrid firms. To
illustrate, a higher power conversion efficiency
microgrid firm is willing to choose a fixed-price
contract, whereas a lower power conversion
efficiency firm would rather choose a cost-plus
contract. Further studies should be carried out on the
issues of variable output and pricing. Furthermore, in
order to take advantage of RES environmental
benefits, a new carbon trading market in microgrids
should be studied as well. These studies will
enlighten the process of microgrid development.

0.35
incomplete information

0LFURJULGILUP¶VH[SHFWHGSURILW3 [

0.3

0.25

0.2

0.15

0.1
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0.5
0.6
0.7
power conversion efficiency x

0.8

0.9

1

FIGURE 3
0LFURJULGILUP¶VH[SHFWHGSURILWYVSRZHU
conversion efficiency
Insights. 1. In this model, there is a basic tradeoff between the incentive, which requires the
microgrid firm to choose the regulated CO2 emission
reduction quantity that maximizes the social utility
with more information rent, and the rent extraction,
which may increase the total cost incurred and
reservation profit with less information rent. 2.
Another important insight from our analysis is that
the optimal regulated CO2 emission reduction
quantity depends on its interaction with the power
conversion efficiency. Increasing the CO2 emission
reduction enhances the marginal power conversion
efficiency, which drives up the information rent.
Hence, it is optimal for the government to design a
menu of contracts from which the microgrid firm
selects. The contracts involve a limited CO2 emission
reduction quantity (the least W x ) and a menu of
extensive CO2 emission reduction quantities (the
more W x ), but at a price discount (the lower
transfer price P x ). From the viewpoint of the
microgrid firm, the higher power conversion
efficiency firm tends to choose a more regulated
quantity at a lower transfer price because it can
promote the efficiency from the proceeds of its
building and operational methods in order to obtain
greater cost reductions. In summary, the microgrid
firms that are confident they can keep their internal
costs low are likely to select a contract with more
regulated quantity at a lower transfer price. Even
though a higher power conversion efficiency firm
gets a lower transfer price than the lower power
conversion efficiency firm, the former retains more
surplus.
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PHOSPHATE SORPTION AND P SOIL-TEST IN SANDY
LOAM SOIL AS AFFECTED BY MANURE AND LIME
APPLICATIONS IN A LONG-TERM FERTILIZATION
EXPERIMENT
Ewa Szara*, Tomasz Sosulski, Magdalena Szymanska, Wojciech Stepien
Department of Soil Environment Science, Warsaw University of Life Sciences-SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland

ABSTRACT

INTRODUCTION

The effect of continuous application of
mineral fertilizers with and without farmyard
manure (FYM) and lime on phosphate sorption and
soil-test phosphorus were studied in a long-term
field experiment on a sandy loam soil.
Regular application of manure and increased
Corg content significantly increased the amounts of
ammonium oxalate extractable Alox and Feox in the
soil. At the same time, in the combinations with
FYM, there was a significant (30%) reduction in
one-point P sorption index (PSI) relative to the
combinations without manure. The negative correlations of PSI with Alox, Feox and Corg may indicate
that the specificity of the organic compounds originating from manure were the reason for the reduced
activity of Feox and Alox in phosphate sorption.
Liming significantly reduced the capacity for
phosphorus retention and decreased the PSI by 21%
by reducing Feox and Alox contents, increasing the
amounts of interchangeable forms of Ca and K, and
above all by significantly reducing the amount of
(Alex).
Regular application of manure caused a
greater increase in the readily available P pool of
water (P-WE) and calcium chloride (P-CaCl2)
extractable P, than in the more recalcitrant P of
double lactate (P-DL) and ammonium oxalate (Pox)
extractable P. A reverse trend was found in the
combination with TSP. The ammonium oxalate P
saturation index (PSIox) increased in proportion to
the amount of phosphorus supplied as FYM and
TSP. The smaller amounts of phosphorus introduced with manure (25% of the amount supplied
with TSP) caused PSIox to increase from 32% in the
soils without FYM to 35.8% in those with FYM.
The annual application of TSP at 50 kg/ha for more
than 40 years increased PSIox from 36% in the
combinations without TSP to 46% in those with
TSP.

The sorption properties of soils with respect to
phosphorus, which are primarily governed by the
processes of adsorption and precipitation, largely
determine the accumulation of various forms of
phosphorus in the soil, its availability to plants and
the susceptibility of phosphates to migration into
the surface and ground waters [1, 2]. The loss of P
from agricultural soils can have serious implications
on the water quality and accelerate eutrophication
processes [3-5]. The phosphorus sorption capacity
of soils depends on many soil properties such as
clay type and content, Fe and Al oxides, organic C,
pH, and CaCO3 [6]. In acid soils, iron and aluminum compounds are of crucial importance in the
determination of the sorption capacity of the soil
[7]. The amounts and reactivity of these compounds
largely depend on the pH of the soil and on the
amount and quality of organic matter [8]. Liming
and organic fertilization of soils can modify these
properties and thereby affect the phosphorus
sorption capacity.
Many studies have shown that organic
fertilization reduces the phosphorus sorption capacity of soils, at the same time increasing the amount
of active phosphorus in the soil solution [9-12]. In
literature, one can encounter not only a notion of
the absence of a direct effect of organic matter on
the soil phosphorus sorption capacity [7], but also
of an increase in the sorption capacity of soils as a
result of long-term organic fertilization [13].
Liming of soils eliminates Al toxicity,
increases the activity of soil microorganisms and P
availability to plants [14-16]. Changing the pH of
the soil solution can modify the sorption properties
of the soil with respect to phosphorus, increasing or
decreasing the release of P [17-20].
The parent material from which the soil is formed determines phosphate sorption; this, however,
can be modified to a large extent by the methods of
soil use and the type and doses of the applied fertilizers [21-24]. Numerous studies on this subject
have been conducted in short-term laboratory
experiments [9, 10, 14, 18, 20, 21], and to a lesser
extent in long-term field experiments [13, 22, 24].

KEYWORDS:
phosphorus, sorption, fertilization, long-term experiment
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determine the amounts of exchangeable cations
(Ca2+, Mg2+, K+, Na+), the soil was subjected to
extraction with 1 mol/L NH4OAc. The exchangeable aluminium (Alex) content after extraction in 1
mol/L KCl (pH 6.0). The available phosphorus (PDL) content was determined according to the
Egner-Riehm-DL method [26]. Readily available P
pools were determined in 0.01 mol/L CaCl2 (PCaCl2) at a soil to solution ratio of 1:10 and in deionized water (P-WE) at a 1:5 ratio [27].
The amounts of amorphous forms of aluminium (Alox), iron (Feox) and phosphorus (Pox)
were estimated in 0.2 mol /L acid ammonium oxalate at the pH=3 (in darkness) [28]. According to
Breeuwsma and Silva [29], the phosphorus saturation index should be calculated as a ratio of Pox/b
Į $Oox+Feox  ZKHUH Į  LH WKH PD[LPXP
amount of phosphorus that can be adsorbed by 1
PPRO)H$OLVPPRO3+RZHYHUFRHIILFLHQWĮ
can take on values in the range 0.4-0.6, and its
value should be determined individually for the
type of soil being analysed. For that reason, P
saturation indices (PSIox) were calculated according
to the modification by Schoumans [28]: PSIox =
Pox/(Alox+Feox), where the amounts of P ox, Alox, Feox
are expressed in mmol/kg.
A determination of the one-point P sorption
index (PSI) in mg/kg of soil was performed using
the method described by Bache and Williams [30],
but the initial P concentration was reduced from 75
to 25 mg P/L. The too high dilution ratio that is
necessary to determine the P content in the equilibration solution did not allow the determination of
the variation in P concentration in the test solutions.
One gram samples of soil were equilibrated with 25
mg P/L in 20 ml 0.01mol/L CaCl2 and agitated for
18 h at 25°C. After that, the samples were
centrifuged and filtered. The PSI indices were
calculated as X/log C, where X is the P sorbed
(mg/kg) and C is the final P concentration in the
solution (mg/L).
The amounts of Al, Fe, Ca, Na, K, Mg in the
extracts were measured using an atomic absorption
spectrometer (Thermoelemental, Soolar; England)).
Phosphorus concentration was determined with a
spectrophotometer (Thermo Electron Corporation;
US) using the molybdenum-blue ascorbic method
[27].

The relatively slow rate of these transformations
means that the impact of fertilization-related factors
on the development of the sorption properties of
soils with respect to phosphorus can best be determined in long-term experiments.
In Poland, the predominant soils are acid
sandy soils with a low organic matter content,
whose sorption properties have been determined to
a limited extent only [13, 25]. The aim of the study
was to determine the impact of 44-year fertilization
with manure and lime applications, as compared to
different mineral fertilization regimes, on soil
sorption properties and soil P tests (STP) under a
long-term experiment on sandy loam soil.

MATERIALS AND METHODS
Experiment description. The study was
carried out on the basis of soil samples collected
from a field under a long-term experiment in
à\F]\Q QHDU :DUVDZ &HQWUDO 3RODQG   1
21°09' E), belonging to the Warsaw University of
Life Sciences ± SGGW, maintained with no alterations since 1965. The soil was Albic Luvisol (FAO
1990) originating from the loamy sand type with
clay (< 0.02 mm) content of 14% in the top soil.
The experiment included 32 fertilization test plots
(25). The 16 treatments: O (untreated), N, P, K, NP,
PK, Ca, CaN, CaK, CaP, CaNK, CaNP, CaPK,
CaNPK were studied under exclusive mineral
fertilization and also in comparison with manure
applications. Each treatment was performed in 4
replications, each with an experimental plot area of
50 m2. Plants were cultivated in rotation: potatoes,
spring barley, rape, and rye. Mineral fertilizers were
applied at the following rates: 140 kg N
(ammonium nitrate), 50 kg P (triple superphosphate
- TSP) and 140 kg K/ha (potassium chloride 50%),
respectively in the selected combinations. Liming at
1.6 Mg CaO/ha was applied to the limed plots every
fourth year. Manure (FYM) was applied at a rate of
30 Mg/ha beneath the potatoes and at 20 Mg/ha
under the rape in the treatments subject to mineralorganic fertilization, respectively. The nutrient
composition of FYM was slightly variable and
contained, on average, N-0.5%; P-0.14%, K-0.5%.
The average annual temperature and precipitation
were 14°C and 341.4 mm, respectively.

Statistical analyses. The results for the 32
experimental plots were presented as mean values
of 4 replications. Because of similar test results
obtained for the combinations N, NK and K, it was
decided to average them. The averaged values from
these test plots (combination N-K) were presented
in variants with and without manure and liming.
The significance of the differences for the mean
values from the plots with and without liming, with
and without FYM, and with and without TSP was
tested in a one-way analysis of the variance model

Soil analysis. The sampling of the arable layer
soil was conducted on all the experimental plots in
all replications (128 samples) after the 11th crop
rotation (after rye harvesting). The soil samples
were air-dried and passed through a 2-mm sieve.
The soil pH was measured in 1mol/L KCl with the
potentiometric method using the Schott apparatus
(Mainz, Germany). The total organic carbon (Corg)
was determined with a TOC analyser (TOCAnalyser 5050A; Shimadzu, Japan). In order to
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TABLE 1
Soil properties
Factor

without
TSP

TSP

liming
no liming
FYM
no FYM

Treatment

pH

K+

Untreated
FYM
Ca
Ca+FYM
N-K
N-K+FYM
Ca+N-K
Ca+N-K+FYM
average
TSP
FYM
Ca
Ca+FYM
N-K
N-K+FYM
Ca+N-K
Ca+N-K+FYM
average
average
average
average
average

5.07
5.32
5,21
5.14
4.61
5.09
5.41
5.80
5.37a
4.90
5.02
5.83
5.73
4.77
5.01
5.40
5.73
5.42a
5.61a
4.97b
5.51a
5.25a

0.41
2.43
0.50
10.17
1.91
6.04
1.59
8.63
4.25a
0.55
3.64
0.57
3.17
1.99
8.13
1.95
10.58
4.74a
5.17a
3.83b
7.47a
1.52b

Ca2+
mmol(+)/kg
9.62
12.20
9.92
13.81
5.81
11.41
10.10
15.92
10.95a
7.97
10.18
11.41
16.11
8.78
8.82
11.72
15.87
11.33a
13.25a
9.03b
13.02a
9.26b

Mg2+

Na+

Alex

1.17
1.77
0.76
1.66
0.68
2.28
0.88
2.20
1.47a
0.94
1.65
0.75
1.87
1.33
1.53
0.89
1.81
1.37a
1.40a
1.44a
1.90a
0.93b

0.13
0.09
0.10
0.09
0.09
0.10
0.08
0.08
0.09a
0.08
0.08
0.08
0.10
0.08
0.09
0.08
0.11
0.09a
0.09a
0.09a
0.10a
0.08b

0.25
1.24
0.54
2.03
7.21
3.21
0.90
0.51
2.47a
4.45
3.25
0.71
0.59
2.48
2.24
0.08
0.12
1.99a
0.65a
3.79b
1.77a
2.70b

Corg
g/kg
4.23
8.61
5.19
9.59
6.95
9.93
6.47
10.15
8,01a
5.27
8.16
4.94
8.22
6.34
9.46
6.86
8.93
7.58a
7.82a
7.77a
9.37a
6.22b

a, b- similar letters indicate homogeneous groups for each factor separately
$129$  DW 3 7KH 3HDUVRQ¶V FRUUHODWLRQ
coefficients were calculated at P<0.01 and P<0.05.
Analyses were performed using the IBM SPSS 22
Statistical Program.

effects of organic fertilization is an increase in Corg
in the soil [20, 21]. This was also evident in our
study; on the plots on which fertilization with
manure had been applied regularly since 1965, the
Corg content (an average of 9.37 g/kg) was higher
than on the plots without FYM (6.22 g/kg). Liming
did not significantly affect the Corg content of the
soil.
The amounts of exchangeable K+ and Ca2+ in
the soil increased considerably as a result of the
liming treatments and fertilization with manure.
Exchangeable Mg2+ content remained at a similar
level on the limed and non-limed plots, but it
increased following the application of manure.
Studies have shown that organic fertilizers can be a
significant source of many elements, not only N and
P [20, 31]. That is why the limed and FYMfertilized plots showed the highest exchangeable
K+, Ca2+ and Mg2+ contents. Regardless of the
fertilization combination, the exchangeable Na+
content remained at a similar level.
The exchangeable aluminum (Alex) content
was significantly negatively correlated with the pH,
and therefore, the highest amounts of it were found
in non-limed plots with the lowest pH and with
mineral fertilization only (N-K and N-K+TSP).
Liming reduced the exchangeable Al content,
whose average value for all the limed combinations
was 0.65, and for the non-limed ones as much as
3.79 mmol(+)/kg. The decrease in exchangeable Al
is not necessarily only a function of the rise in pH.
According to Haynes and Mokolobate [17], the
introduction of organic matter into the soil results in
a decrease in exchangeable aluminum. Long-term
fertilization with manure significantly reduced the
average Alex content from 2.70 to 1.77 mmol(+)/kg
of soil. On the most acidified plots, on which only

RESULTS AND DISCUSSION
Soil properties. The different fertilization
regimes applied for over 40 years had significantly
affected the basic properties of the soil (Tab.1). The
long-term increase or decrease in the soil pH was
dependent on the balance between proton production and consumption in the soil system [17].
The soil pH ranged from 4.61 (N-K) to 5.83
(Ca+TSP). The average of the soil pH on the limed
plots was 5.61 which was significantly higher than
the average for the non-limed plots (pH 4.97). The
soil pH on the control plot (pH 5.07) was higher
than on the plots with mineral fertilization only.
The presence of manure in the dose of
fertilizers in the variant with or without TSP
resulted in an increase in the pH by about 0.3-0.4
units compared with the corresponding plots
without FYM. This was caused by the oxidation of
organic acid anions present in the decomposing
manure, ammonification of organic N, specific
adsorption of organic molecules produced during
the decomposition of manure, and the reduction
reaction induced by anaerobes [17]. The average pH
value for the combination without FYM was 5.25,
and with FYM±5.51, but the difference was not
statistically significant.
The lowest organic carbon content (4.23 g/kg)
was found in the soil from the plot not fertilized
with mineral fertilizers and manure. One of the
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this fertilizer. The average Feox and Alox contents on
the plots with FYM amounted to 15.40 and 14.23
mmol/kg, respectively, and were significantly
higher (P<0.05) than on the plots without FYM.
The regular applications of TSP had contributed to
greater accumulation of Feox and Alox in the soil
compared with the plots not fertilized with this
fertilizer. This may indicate a greater susceptibility
of Feox and Alox than their associations with
phosphates to transform into crystalline forms, with
Alox being involved to a greater extent than Feox. On
the plots where TSP was applied, the average Alox
and Feox contents in the soil were significantly
higher (P<0.05) than on the plots where phosphorus
fertilization was omitted.

mineral fertilization was applied, the use of TSP
markedly reduced the exchangeable aluminum
content from 7.21 (N-K) to 2.48 mmol(+)/kg of soil
(N-K+TSP). A reduction in exchangeable
aluminum content as a result of mineral phosphorus
fertilization has also been reported by Rutkowska et
al. [16].
Ammonium oxalate extractable Al and Fe.
Results of numerous studies indicate that the main
components responsible for the sorption properties
of soils with respect to soil phosphorus are the
amorphous and poorly crystallized Fe and Al
oxides/hydroxides, extracted from the soil with a
solution of acid ammonium oxalate [1, 6]. In an
Albic Luvisol soil, on which the long-term
IHUWLOL]DWLRQ H[SHULPHQW LQ à\F]\Q ZDV FRQGXFWHG
the average Alox content for all the fertilization test
plots was 13.4 mmol/kg. The Feox content on most
plots was slightly greater than the Alox content and
averaged 14.8 mmol/kg. Such quantities of Feox and
Alox signify a potentially low P retention capacity of
the soil from the long-WHUPH[SHULPHQWLQà\F]\Q
The long-term different regimes of mineral
and organic fertilization applied in the experiment
made the Alox content vary in a range, on average,
from 11.34 (N-K) to 17.43 mmol/kg (TSP+FYM),
and the Feox content varied from 13.25 (untreated
soil) to 16.79 mmol/kg (TSP+FYM) (Tab.2).
Although no significant correlation between the pH
and the Alox and Feox contents of the soil was found
(Tab. 3), the Alox content on the plots that had not
been limed for more than 40 years was higher than
on the limed plots. The average Alox content on the
non-limed plots was significantly higher (P<0.05)
than the Alox content on the limed plots. This
corresponds to the literature reports indicating that
liming increases crystallization of amorphous
hydroxy-Al [15]. A similar relationship was found
for Feox, but only for the plots with TSP. On the
plots without TSP, higher Feox amounts were
obtained in the variant with liming rather than
without liming. The ambiguous influence of liming
on the Feox content manifested itself in lack of
significance of the differences between the mean
values for the limed and non-limed plots. Numerous
studies have shown a close relationship between the
Corg content and the amounts of Alox and Feox [20].
In the agricultural soils of Sweden, Börling et al. [1]
obtained a close relationship between Corg and Alox
and Alox+Feox, but not in the case of Feox. The
mechanism of this relationship is believed to be
primarily due to the complexing action of organic
matter, which impedes the crystallization of Fe and
Al oxides [7, 8]. In our study, we have shown a
significant correlation of Corg with Feox and Alox, as
well as with Alox+Feox, which was, respectively,
0.411, 0.371 and 0.447 (P<0.05).
The plots fertilized with manure contained
more Feox and Alox than the plots not fertilized with

TABLE 2
Ammonium oxalate extractable Feox and Alox
contents, and one-point P sorption index (PSI)
Factor

without
TSP

TSP

liming
no
liming
FYM
no
FYM

Treatment

Alox
13.90
15.41
12.98
13.27
11.34
14.29
11.53

Feox
mmol/kg
13.25
14.92
13.66
15.99
14.06
14.43
14.32

Alox+
Feox
27.15
30.33
26.64
29.26
25.40
28.72
25.85

PSI
mg/kg
46.60
44.80
49.39
28.70
71.93
38.27
44.09

Untreated
FYM
Ca
Ca+FYM
N-K
N-K+FYM
Ca+N-K
Ca+NK+FYM
Average
TSP
FYM
Ca
Ca+FYM
N-K
N-K+FYM
Ca+N-K
Ca+NK+FYM
Average
Average

12.28
12.74a
13.67
17.43
13.81
12.56
13.49
15.21
12.55

15.25
14.49a
14.47
16.79
13.45
14.73
15.06
15.93
14.16

27.53
27.24a
28.14
34.22
27.26
27.29
28.55
31.14
26.71

35.07
46.10a
37.90
25.10
51.49
40.49
47.06
35.64
32.63

14.58
14.06b
12.84a

15.72
15.12b
14.76a

30.30
29.19b
27.60a

25.30
36.06b
36.33a

Average
Average

13.96b
14.23a

14.87a
15.40a

28.83b
29.63a

45.81b
33.87a

Average

12.57b

14.23b

26.79b

48.28b

a, b-similar letters indicate homogeneous groups for
each factor separately
One-point P sorption index ± PSI. One-point
P sorption index (PSI) shows a strong correlation
with the maximum sorption capacity determined on
the basis of the Langmuir isotherm and is
considered a good indicator for comparing the
sorption properties of soils [1, 25, 32]. According to
Borggaard et al. [4], removing organic matter from
a sandy soil does not change its phosphate
adsorption capacity because the responsibility for
the variation in this property is attributed, to the
extent of 96%, to the amounts of poorly crystallized
forms of aluminium and iron oxides. Our results
show significant negative correlations of PSI with
the amounts of Alox, Feox, and the sum of Alox and
Feox in the soil. This indicates low reactivity of Fe ox
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TABLE 3
3HDUVRQ¶VFRUUHODWLRQFRHIILFLHQW U EHWZHHQVRLOSDUDPHWHUV
pH
Alox
Feox
Pox
Alox+Feox
PSIox
PSI
P-WE
P-CaCl2
Ca2+
Mg2+
K+

Alox
-0.223
1
-0.477**
0.547**
0.916**
0.403*
-0.353*
0.533**
0.545**
0.130
0.362*
0.355*

Feox
-0.117
0.477**
1
0.572**
0.790**
0.451**
-0.554**
0.605**
0.529**
0.335
0.322
0.425*

Alox+Feox
-0.210
0.916**
0.790**
0.643**
1
0.488**
-0.500**
0.649**
0.622**
0.244
0.400*
0.442*

PSIox
0.059
0.403*
0.451**
0.980**
0.488**
1
-0.321
0.721**
0.767**
0.185
0.201
0.232

P-DL
0.353*
0.294
0.237
0.624**
0.313
0.653**
-0.508**
0.819**
0.799**
0.363*
0.043
0.186

PSI
-0.105
-0.353*
-0.554**
-0.381*
-0.500**
-0.321
1
-0.661**
-0.628**
-0.417*
-0.368*
-0.453**

Corg
0.036
0.371*
0.411*
0.317
0.447*
0.259
-0.440*
0.548**
0.561**
0.424*
0.622**
0.555**

Alex
-0.594**
0.034
-0.128
-0.045
-0.035
-0.057
0.553**
-0.156
-0.235
-0.607**
-0.122
-0.206

*significant at P<0.05; **significant at P<0.01
precipitation. If, however, after the application of
liming, drying of the soil occurs, the polymeric
crystallizes to form gibbsite, thus reducing the
phosphate sorption [15]. In the climatic conditions
of Central Poland, the occurrence of a short-term as
well as prolonged drought on light soils is a typical
phenomenon [31]. Soil acidification promotes the
accumulation of exchangeable Al, and also Fe,
which may participate in the precipitation of
phosphates, resulting in mineral phases such as
variscite and strengite [17]. This can be confirmed
by the existence of a strong correlation between
Alex and PSI, r=0.553 (P<0.01), in the soils tested.
The highest Alex content was characteristic of the
plots on which only mineral fertilization was
applied: N, K, NK (N-K) without TSP. At the same
time, the soils of these plots were found to have the
lowest Alox+Feox, while the PSI index was the
highest ± 71.93 mg/kg. It seems, therefore, that
under light soil conditions the main mechanism of
phosphate retention is its precipitation with Al. An
important role of Alex in the retention of phosphates
in acid soils had also been found by Gichangi and
Mnkeni [13].
A rise in the soil pH can lead to the
deprotonation of the hydroxyl groups of Fe and Al
oxides, which, by receiving a negative charge, gain
a greater affinity for cations than anions [10]. The
soil of the limed plots had a relatively low pH
(pH<6) because it was the last year after the liming
treatment, and it seems that the change in the charge
of the sorption surface was of little significance. In
contrast, liming clearly changed the electrolyte
composition primarily due to the increased amount
of exchangeable Ca2+, and also K+ (tab.1). As
demonstrated by Curtin et al. [19] and Barrow [34],
at a low pH ± below the isoelectric point, an
increase in the calcium concentration, and also in
Na+ and K+, decreases the phosphate adsorption due
to the changes in the ionic strength of the solution
and the distribution of cations in the direction of the
adsorption plane, changing its electrostatic
potential. This is confirmed by the fact that, in our
studies, the PSI showed a significant negative
correlation with the interchangeable forms of Ca 2+,

and Alox in the sorption of phosphorus under the
soil conditions of the experiment. In addition, we
obtained a negative correlation of PSI with the C org
content, r=-0.440, significant at P <0.05. Results of
many studies indicate that low-molecular-weight
organic compounds, mainly organic acids forming
during the decomposition of natural fertilizers, can
chelate Feox and Alox, giving their surface a negative
charge and/or occupy phosphorus sorption sites,
thus reducing the possibility of phosphorus being
retained in the soil [17, 20]. Research by Jiao et al.,
[8] had shown that 4-year application of manure on
soils with a pH of 4 to 7 resulted in an increase in
negative surface charge by 37% compared with the
plots fertilized with superphosphate (TSP), and a
corresponding 23% reduction in the sorption
properties with respect to phosphorus. In our study,
the average value of PSI for all the plots with FYM
was 33.87 mg/kg and was significantly (P<0.05)
lower than the average value on the plots without
FYM (tab.2). The responsibility for reducing the
sorption capacity of soils fertilized with manure
may also be attributed to the organic phosphorus
compounds present in that manure [12].
Inositol hex phosphate (IHP) occurring in
manure contains between 3 and 80% of the total P,
which largely depends on the diet of the animals
from which the fertilizer originates [31]. IHP is
sorbed faster and more easily than other organic
compounds of phosphorus, including orthophosphate on the soil surface, and is recalcitrant to
undergo the process of desorption.
In our study, we also found a reduction in
phosphorus sorption properties under regular liming
of the soil. The average value of one-point P
sorption index (PSI) on the limed plots was 36.3
mg/kg and was by 21% lower than that on the nonlimed plots (45.81 mg/kg). A decrease in phosphate
sorption due to liming had also been obtained by
Gichangi and Mnkeni [20]. However, many studies
have demonstrated a positive role of liming in the
development of soil sorption properties with respect
to phosphates [14, 17]. Liming can lead to the
formation of polymeric hydroxy-Al cations,
reactive in the sorption process, as a result of Al3+
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K+ and Mg2+ (tab.3). The highest amounts of
exchangeable Ca2+, K+ and Mg2+ were characteristic
of the limed plots and those fertilized with manure
(Ca+FM, Ca+N-K+TSP+FYM), for which the PSI
took on some of the lowest values ± 28.7 and 25.3
mg/kg, respectively. An increase in the rates of
long-term P fertilization caused a considerable
reduction in P sorption [2, 22]. Long-term annual
fertilization with superphosphate at a rate of 50 kg
P/ha significantly reduced the possibility of P
retention in the soil. The average PSI value of 46.10
on the plots without TSP decreased to 36.06 mg/kg
on the TSP-fertilized plots.

degree of crystallization and are not released into
the calcium lactate solution [35]. For this reason,
the results of some authors indicate a strong
correlation of Pox with the total P content, while in
soils with high Fe reactivity, ammonium-extractable
P can make up as much as 50-80% of the total P
[36]. Moreover, in some of these soils, there is no
correlation between the amount of P taken up by
plants and the loss of Pox phosphorus. On all the
plots on which 50 kg P/ha in the form of TSP had
been applied annually for more than 40 years, the
amounts of all the estimated forms of phosphorus
increased considerably in comparison with the plots
without TSP. The average P-DL content on the
plots with TSP was higher by approx. 165%, and
Pox by approx. 77%, relative to the average content
on the plots without TSP. P-WE increased by
approx. 89%, and P-CaCl2 by approx. 108%. The
average amounts of the estimated phosphorus forms
on the plots with FYM increased by approx. 20%
for P-DL, by approx. 29% for P ox, by approx. 52%
for P-WE, and by approx. 80% for P-CaCl2 (DRP)
in relation to the plots without FYM. The greater
accumulation of phosphorus forms on the plots with
TSP was largely due to the fact that the amount of
total phosphorus introduced over 40 years in the
form of FYM accounted for only a quarter of the
amount introduced in the form of superphosphate.
As shown by the results of Jiao et al. [10], the
increase in the soil phosphorus content is generally
proportional to the application rates of TSP and
manure, as well as the amount of plant-available P
introduced with these fertilizers. Phosphorus
introduced in the form of manure resulted in a
greater increase in the amounts of labile forms (PWE and P-CaCl2), and as TSP ± in more stable
forms associated to a greater degree with the solid
phase of the soil (Pox and P-DL). As demonstrated
by Jiao et al. [10], phosphate was weakly bound in
manured soils and the phosphate release into the
soil solution was greater compared with TSPfertilized soils.
Applications of lime on the plots where
neither FYM nor TSP were applied resulted in a
significant reduction in P-DL relative to the control.
Under favourable plant growth conditions, the
absence of additional sources of phosphorus on
limed soils (higher pH, less Alex) resulted in the
depletion of the available forms of soil phosphorus.
Liming stimulates the activity of soil
microorganisms, which are actively involved in the
mineralization of organic matter. This process leads
to, among other things, the release of available P
and an increase in the available forms of
phosphorus [37]. In our study, this resulted in an
increase mainly in the P-DL forms, and to a lesser
extent P-WE and P-CaCl2. The average P-DL, PCaCl2 and P-WE contents on the limed plots were
higher by approx. 33%, 14%, and only 5%,
respectively, than on the non-limed plots. In the

TABLE 4
Soil-test phosphorus: double lactate (P-DL),
ammonium oxalate (Pox), water (P-WE),
calcium chloride (P-CaCl2) extractable P;
ammonium oxalate P saturation index (PSIox)
Factor

without
TSP

TSP

liming
no
liming
FYM
no
FYM

Treatment

P-DL

Pox

PWE

PCaCl2

PSIox
%

52.20
53.10
21.13
65.10
35.84

mg /kg
170.42
187.90
124.92
274.21
184.72

2.82
6.23
2.95
6.29
2.90

2.45
4.24
2.06
7.70
1.93

20.3
20.0
15.0
30.3
23.6

74.50
31.58

302.33
179.36

7.04
3.52

7.08
2.72

33.8
22.5

81.41
53.82a
129.32
98.50
162.92
182.85
110.88

283.12
225.4a
447.64
407.25
395.51
431.20
417.04

7.98
5.14a
7.46
10.19
8.20
9.95
8.51

7.02
4.54a
7.67
11.29
9.27
10.65
6.27

33.1
26.5a
51.5
38.3
47.0
51.0
46.7

117.11
175.92

470.41
292.32

11.33
9.39

11.08
8.61

48.6
35.2

164.69
142.46b
112.03a

387.81
399.21b
291.13b

10,73 11.49
9.73b 9.45b
7.62a 7.45a

41.7
44.0b
33.8a

Average
Average

84.25b
107.04a

333.52a
351.94a

7.25b 6.54a
8.98a 8.99a

36.8a
38.2a

Average

89.25b

272.71b

5.89b 5.00b

32.3b

Untreated
FYM
Ca
Ca+FYM
N-K
NK+FYM
Ca+N-K
Ca+NK+FYM
Average
TSP
FYM
Ca
Ca+FYM
N-K
NK+FYM
Ca+N-K
Ca+NK+FYM
Average
Average

Fresenius Environmental Bulletin

a, b-similar letters indicate homogeneous groups for
each factor separately
Soil-test phosphorus (STP). Long-term
fertilization with P in a mineral or organic form
leads to the accumulation of phosphorus in the
topsoil and an increase in STP concentration
determined by different methods [1, 2, 9, 23].
Irrespective of the fertilization applied, the highest
amounts of phosphorus were determined in a
solution of ammonium oxalate (Pox), lower in
calcium lactate (P-DL), and the lowest in water
(P-WE) and P-CaCl2 (Tab.4). On the different plots,
the Pox content was from 2 to 4 times higher than
the P-DL content. Extraction with ammonium
oxalate released larger amounts of P associated with
iron than with aluminium. Phosphorus from the
associations with aluminium is not readily available
to plants because they are characterized by a higher
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competitiveness of the organic compounds from
manure against phosphates for sorption sites on the
surfaces of Feox and Alox.
The omission of liming leads to a reduction in
the soil pH, increased levels of Feox, Alox and Alex,
and consequently to a significant increase in soil
sorption properties towards phosphorus. One-point
P sorption index (PSI) on the non-limed plots was
higher by approx. 26% relative to the limed plots.
Regular applications of manure cause a greater
increase in the readily available P pool (P-WE, PCaCl2) than in the more recalcitrant P (P-DL, Pox).
A reverse trend was found for TSP.
The ammonium oxalate P saturation index
(PSIox) increased in proportion to the amount of
phosphorus supplied as FYM and TSP. The smaller
amounts of phosphorus introduced with manure
(25% of the amount supplied with TSP) caused a
smaller increase of PSIox in the soil with FYM
relative to the soil without FYM than in the soil
with TSP relative to the soil without TSP.

case of Pox, larger quantities of this form of P were
found on the non-limed plots than on the limed
ones, where the phosphorus unused by plants could
accumulate in the form of sparingly available
associations with iron and aluminum. This is
confirmed by the highest amount of Pox found on
the non-limed plots and fertilized with TSP.
Ammonium oxalate P saturation index
(PSIox). PSIox is a good indicator of the
susceptibility of soils to activating and losing
phosphorus through runoff and leaching [38].
Moreover, it shows a significant correlation with PCaCl2 and P-WE [30]. A higher degree of saturation
results in a greater susceptibility to launching
phosphorus into the soil solution. This was also
evident in our study; with the increase in PSIox, the
amounts of P-CaCl2 and P-WE also increased, and
the correlation coefficients were: for PSIox±P-CaCl2
0.745 (P<0.01), and for PSIox±P-WE 0.706 (at
P<0.01). On the zero-fertilization plot, PSIox was
approx. 20.3%, and the exclusive use of liming to
increase the crop yields and phosphorus uptake by
plants resulted in a decrease in PSIox to approx.
15%. Long-term P fertilization reduces the sorption
properties of the soil with respect to this element
and raises the level of saturation, increasing the risk
of dispersion of this component in the environment
[2]. Significant increases in PSIox in our study were
found on the plots fertilized with TSP (PSIox from
33% on the limed plots with mineral fertilization
only to approx. 51.5% on the plots fertilized with
TSP only). On average, PSIox on the plots without
TSP was approx. 26.5%, and with TSP was as
much as approx. 44%. On the plots with FYM,
PSIox was approx. 38%, and without FYM it was
approx. 32%. On the limed plots, PSIox was lower
than on the non-limed ones and was approx. 33.8%
and 36.8%, respectively.
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human health like the one conducted by Grigoropoulos et al. [1]. The most examined pollutants
used to be the micro elements but in recent studies
the toxic metals started to be taken into consideration as well, because of their negative impact on
the environment and human health [2]. Special
emphasis is given on the pollution of lakes because
they are the major providers of freshwater worldwide, covering several human needs like drinking
and irrigation. It is estimated that lakes contain
about 90% of the liquid freshwater on eDUWK¶V
surface [3]. Surface water eutrophication is considered the most widespread problem to water environment quality around the world [4]. The causes of
eutrophication are closely related to nutrients inputs, mainly phosphorus and nitrogen, into the water column through anthropogenic activities such as
sewage discharge and agriculture [2, 5, 6]. In many
cases eutrophication might cause a Harmful Algal
Bloom (HAB) with many unpleasant consequences
for a lake, like fish kills or scum formation [7]. A
possible way to prevent HABs is through monitoring. Monitoring of water resources is a way to
protect them form pollution and to prevent environmental contamination from pollutants like
fertilizers and pesticides [8].
The negative impact of eutrophication on
water quality led to the development of several
models trying to simulate it. Artificial Neural Networks (ANNs) ability to process problems with non
linear and complex data, even if the data are
imprecise and noisy [9], has made the ANNs ideal
for lake eutrophication modeling. Another advantage of ANNs regarding Chl-a forecasting is that
they can satisfy the modeling objectives by using
only routine monitoring data [10]. In our case a
time lagged ANN is created for Chl-a simulation.
Some examples of ANN models used for forecasting Chl-a with weekly time-lag are described
by Muttil and Chau [11]; Palani et al. [12]; Park et
al. [13] while ANN models with monthly time-lag
are described by Belgrano et al. [14]; Li et al. [15].

ABSTRACT
Eutrophication is a serious problem that
affects water quality and it may cause Harmful
Algal Bloom (HAB) events with many unpleasant
consequences. For that purpose, an Artificial Neural
Network (ANN) was developed able to forecast one
month ahead the Chlorophyll-a (Chl-a) levels and
by that way to act as a warning tool when a HAB
event might follow. Sampling data from eleven
monitoring stations were collected from Lake
Pamvotis (Greece), a shallow hypereutrophic lake,
affected by HABs. The created ANN managed with
high accuUDF\ WR VLPXODWH WKH QH[W PRQWK¶s Chl-a
concentration, establishing it as a reliable predictor
that represents well the non-linear relationships
between the Chl-a and the environmental parameters. The significance of each environmental
parameter associated with eutrophication was also
examined. Focusing on the contribution of the environmental parameters three different methods that
give the ANN model sensitivity are applied: (i) the
µ3HUWXUE¶PHWKRG LL WKHµ:HLJKWV¶PHWKRG LLL WKH
µ3D'¶ µ3DUWLDO 'HULYDWLYHV¶  PHWKRG A combined
parameter importance index was introduced, in
order to overcome the computational differences
resulted from the three methods. The combined
interpretation of the results produced led to useful
conclusions regarding the effect of each parameter
on the eutrophication process.

KEYWORDS:
Eutrophication; shallow lake; parameter contribution;
Artificial Neural Network (ANN)

INTRODUCTION
Environmental pollution is a serious problem
affecting the modern world, therefore several
studies were carried out in order to examine the
consequences of pollution on the environment and
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FIGURE 1
Map of the study area combined with a map of Greece, where Ioannina city is located northwestern.
The urban area of Ioannina city is observed in the west part of the lake.

The aim of this modeling study was the
development of a one month ahead forecasting time
series model, which would simulate the Chl-a
levels. The created ANN model has the ability to
predict possible HABs, giving the local authorities
the chance to intervene and prevent the HAB event.
However, the primary purpose of this modeling
study is to evaluate the impact of each environmental parameter associated with the eutrophication
phenomenon. With the usage of sensitivity analysis
techniques the effect of the environmental parameters can be measured and so to have an insightful
of the eutrophication process. By that way the
created ANN model is given the ability to simulate
different management scenarios for its parameters,
especially for the nutrients, and therefore to
produce a guideline for several restoration techniques that could be applied for water quality improvement.

of about 22.8 km2. Lake Pamvotis can be considerHG DV D ³FORVHG´ K\GURORJLFDO V\VWHP DV LW KDV QR
naturally surface outflows and is recharged by
karstic springs [16]. Lake Pamvotis is one of the
most ancient lakes in Europe with great ecological
importance and is included into the NATURA 2000
Network, under the European Community Council
Directive on the conservation of natural habitats
and of wild fauna and flora (Habitats Directive, EC,
92/43) [17].
The lake has an important contribution to the
DUHD¶s economy since it supports local agriculture,
tourism and fisheries. Nearby activities such as
agriculture, livestock, industrial units, discharges of
domestic sewage, irrigation, sediment deposit and
introduction of alien fishes resulted to the
degradation of Pamvotis trophic state the last
decades [18]. Several restoration attempts had taken
place the last two decades, like the operation of
sewage treatment unit in 1995 along with the
removal of some point pollution sources. Also after
a biomanipulation attempt dated in 1986, lake
Pamvotis had been stocked with several native fish
species and the exotic planktivorus Ctenopharygodon idella, leading to great decline of the
submerged vegetation [19]. Despite these efforts the
lake remains eutrophic and HABs are recorded, like

MATERIALS AND METHODS
Monitoring Area and Monitored Data. Pamvotis Lake is located next to the city of Ioannina, in
northwestern Greece (Fig. 1). It is characterized as
a shallow Mediterranean lake with mean depth
4.3m and maximum depth 7.5 m, covering an area
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the October 2004 HAB event.
The used data were from a monitoring study
that was carried out for the chronological period
between June 2004 and August 2005. The data were
collected on a monthly basis from eleven monitoring stations within the lake. The measured parameters were soluble reactive phosphorus (SRP),
dissolved inorganic nitrogen (DIN) species (nitrite,
nitrate, ammonium), carbonate (CO3), bicarbonate
(HCO3), pH, electric conductivity (EC), water temperature (WT), dissolved oxygen (DO), secchi disk
(SD) and chlorophyll-a (Chl-a).

Fresenius Environmental Bulletin

(3)
and
(4)
where N H is the number of hidden layer neurons, N I
the number of inputs and N TR the number of
training samples. The maximum N H must be the
minimum number calculated by those two equations.
Several methodologies have been proposed for
evaluating an ANN model's sensitivity for its input
parameters and finding their contribution. In this
modeling study three different sensitivity techniques are applied. The first one is the µ3HUWXUE¶
method. The µ3HUWXUE¶ PHWKRG LV FRPSXWLQJ WKH
perturbation effect of the input variables regarding
the output variable [25]. The effect that a small
change of an input variable has on the ANN's
output is examined and the input variables are
classified by an order of importance [26]. The
µ:HLJKWV¶ PHWKRG LV UHODWHG ZLWK WKH LQWHUSUHWDWLRQ
of the connections weights from the input layer to
the hidden layer [11]. The contribution of each
input parameter to the ANN's output is measured
with the relative parameter importance (I) equation, which is given by Lee et al. [27] as bellow:

Artificial Neural Networks Methodologies.
A very popular ANN is the multi-layer feedforward
network. Feedforward networks are usually divided
into three layers and each layer is consisted by
neurons. The first layer is the input layer, one
intermediate hidden layer and the output layer that
gives the final result. Each neuron in a layer is
connected with all the neurons in the next layer
with a synaptic weight. Aggregation is performed
on the weighted inputs of every neuron from the
previous layer and an output value is yielded
through a transfer function [20]. The output value
of the jth neuron (oj) is given by the equations:
(1)
and

(2)
where f is the transfer function; xi is the input from
ith neuron from the previous layer; wij is the
synaptic weight that connects xi with the jth neuron
and zj a bias term. The output of each neuron is
computed and propagated to the next layer and the
network output is compared with the given output.
The learning procedure is repeated for several times
with the use of a training algorithm and each time
the synaptic weights are adjusted until they minimize an error function, usually taken the mean
square difference between the predicted and the
given output [21, 22]. The methods of cross-validation and regularization are two approaches widely
used to avoid over-fitting phenomenon [23]. Overfitting occurs when the ANN has big error for new
data simulations making the model unable to
generalize well new situations.
The topology of a 3 layer ANN can be represented as L1-H1-L2, where L1 is the number of
neurons in the input layer, H1 the number of
neurons in the hidden layer and L2 the number of
neurons in the output layer. To ensure that there
aren't too many neurons into the hidden layer and
so the ANN starts over-fitting, some rules of thumb
are proposed but no assured methods exist until
now [23]. In our case the number of the hidden
layer neurons is according to the rules proposed by
Maier et al. [24]:

(5)
where nT is the number of time lags; nH is the
number of hidden neurons and nV is the number of
input parameters.
7KH µ3D'¶ PHWKRG RU WKH 3DUWLDO 'HULYDWLYHV
method was firstly described by Dimopoulos et al.
[28]. This method is following two steps. First the
partial derivatives of the output for small changes
of each input are computed and afterwards the
classification of the relative contributions of each
input variable [26@ 7KH VHQVLWLYLW\ RI WKH $11¶s
output for the input variable xi, is symbolized as
SSDi and according to Dimopoulos et al. [28] is the
sum of the squared partial derivatives obtained per
input variable and has the following form:

(6)
where N is the observations number of the data set;
dji the partial derivatives of the output yj with
respect to input xj. The equation for dji is given
bellow:
(7)
where nh the neurons number of the hidden layer; Ihj
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set was normalized before the training and then the
ANN output values were unnormalized for the Chla predictions [30].
In order to reduce the model's dimensionality
and therefore computational complexity Principal
Components Analysis (PCA) is applied to the data
set. Following the methodology described by
Akratos et al. [31]; Zounemat-Kermani [32] the
ANN is simulated with and without the candidate
parameters combinations. As proposed by Sener et
al. [33] the ANN was simulated several times with
different number of neurons in the hidden layer for
finding the optimal topology. The chosen combination of layers number and neurons number must
be the one that gives the closer simulated output to
the target [22].
Among the tested topologies the best topology
was the 8-10-1, with r=0.959 for the test set and
r=0.94 for the learning set. The best combination of
input parameters was SRP(t-1), DIN(t-1), pH(t-1), EC(t1), WT(t-1), DO(t-1), SD(t-1) and Chl-a(t-1). The model's
output is Chl-at, where t is the time variable
measured in months. A synopsis RI WKH PRGHO¶V
description is given in Table 2. The parameter Chla(t-1) was included as an input since Chl-a levels are
influenced by their previous values [12] and algal
production has nonstationary behavior [30]. The
introduction of the time lagged parameter Chl-a(t-1)
as a tactic used in many ANN studies simulating
Chl-a like the ones of Muttil and Chau [11]; Palani
et al. [12]; Wu et al. [34]. The PCA revealed that
the carbonate parameters have small contribution to
the total variation. Additionally, $11¶V SHUIRUPDQFH ZDV KLJKHU ZKHQ WKH FDUERQDWHV ZHUHQ¶W
included as an input parameter (Table 3). Therefore,
the carbonate parameters were excluded as input
parameters, since they have no real impact on Chl-a
simulations.

the output of the h-th hidden neuron for the j-th
input; wih the weight connecting the i-th input
neuron and the h-th hidden neuron; who the weight
connecting the output and the h-th hidden neuron;
Sj is the derivative of the output yj with respect to
input xj.

TABLE 1
ANN's performance for the training, test and
whole set, based on the RMSE, root mean square
error; MAE, absolute mean error and r,
correlation coefficient.
Model Performance Training set
MAE
12.77
RMSE
25.87
r
0.940

Test set
15.75
28.46
0.959

Fresenius Environmental Bulletin

Whole set
13.36
26.41
0.944

ANN Model Development. The ANN's
training algorithm was the Levenberg±Marquardt
(LM) algorithm, because the LM algorithm has the
fastest convergence among the variations of backpropagation algorithm when the data set is up to
few hundreds parameters [29]. The method of
regularization was used to avoid model's overfitting. The data set consists of 150 samples was
divided into two subsets: a) the training set, which
contains 80% of the measured data and b) the test
set, which contains 20% of the measured data. The
model's performance was evaluated for the test set.
The ANN's performance was evaluated with the use
of correlation coefficient (r), Root Mean Square
Error (RMSE) and Mean Absolute Error (MAE)
(Table 1). The simulations were computed with the
use of MatLab software. In order to eliminate the
magnitude differences among the variables, the data

TABLE 2
Synoptic presentation of the ANN model, presenting the models input parameters, output parameter,
learning function and topology.
ANN
Model

Inputs*

Output

Learning
function

Topology

SRP(t-1), DIN(t-1),pH(t-1), EC(t-1), WT(t-1), DO(t-1), SD(t-1) and Chl-a(t-1)

Chl-at

LM algorithm

8-10-1

*Where t parameter corresponds to time in months
TABLE 3
ANN performance evaluation for the two inputs sets for the RMSE, root mean square error;
MAE, absolute mean error and r, correlation coefficient.
Model Inputs

r

MSE

MAE

Set 1: SRP(t-1), DIN(t-1), pH(t-1), EC(t-1), WT(t-1), DO(t-1), SD(t-1) and Chl-a(t-1)

0.959

28.46

15.75

Set 2: SRP(t-1), DIN(t-1), pH(t-1), EC(t-1), WT(t-1), DO(t-1), SD(t-1) and Chl-a(t-1) , CO3(t-1), HCO(t-1)

0.923

32.62

19.35
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FIGURE 2
ANN model simulated data plotted against the Chl-a measured data for the monitoring period
July 2004- August 2005.

FIGURE 4
Parameter contribution with the use of
'Weights' method.

FIGURE 3
Parameter contribution with the use of
'Perturb' method.

FIGURE 5
Parameter contribution with the use of 'PaD' method.

meter is fluctuated. It is simulated that an increase
of a paUDPHWHU¶V DULWKPHWLFDO YDOXH LV DVVRFLDWHG
with an increase of Chl-a levels, except for the case
of EC parameter that has a reduction of Chl-a
levels. This is associated with the fact that the EC is
negatively correlated with Chl-a concentrations and
the lowest EC values are observed during a HAB
>@ 7KH :7 DFFRUGLQJ WR WKH µ3HUWXUE¶ PHWKRG LV
the most influential parameter, a finding verified by
a study of Paerl and Huisman [35].
The application of the µ:HLJKWV¶PHWKRGillustrated the relative contribution of each parameter to
the simulated Chl-a output (Fig. 4). The input parameter Chl-a(t-1) was the most influential. Some other
ANN modeling studies of eutrophication e.g. Muttil
and Chau [11]; Scardi and Harding [36], verify our
findings since they found the input parameter Chla(t-1) as the most important. The SRP followed
second confirming the high correlation of SRP with
Chl-a [37]. The WT, SD, DO, EC, pH and DIN
were next regarding relative parameter importance.

RESULTS AND DISCUSSION
The graphical representation of the real
against the simulated Chl-a values (Fig. 2) shows
that the ANN simulated well the Chl-a with most of
the simulated values being very similar with the
measured ones, so the created ANN model can be
characterized as reliable. In some cases, the measured data that correspond to extreme Chl-a values
are not matching very well with the simulated data,
LQFUHDVLQJ E\ WKDW ZD\ WKH $11¶V HUURU +RZever,
the ANN model managed to characterize these
extreme data correctly, as eutrophic or hypertrophic. The µ3HUWXUE¶PHWKRGZDVDSSOLHGLQRUGHU
to examine the effect of each input parameter on the
model's output. Each input parameter was increased
for +10% and the change of the model output was
calculated. The rHVXOWVRIWKHµ3HUWXUE¶PHWKRG(Fig.
3) are showing the simulated output tendency for
reduction or increase when a specific input para-
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The results of tKH µ3D'¶ PHWKRG )LJ 5) discriminated the input parameters into two groups.
The first group has parameters with high relative
contribution. In this group the DO parameter has
the higher relative contribution, followed by Chla(t-1), SRP, SD and pH parameters. The second
group has input parameters with almost zero
contribution and is consisted of DIN, WT and EC.
This discrimi-nation between minor and major
contri-EXWLQJ SDUDPHWHUV ZLWK WKH XVH RI WKH µ3D'¶
method is also observed by Mouton et al. [38] and
was attri-buted to tKH KLJK VHQVLWLYLW\ RI WKH µ3D'¶
method.
The results obtained by the sensitivity methods led to useful conclusions, highlighting the
need for these results to be incorporated into a
unique arithmetical value for each input parameter,
that will be used for the evaluation of the environmental parameters. An importance index for each
input parameter is created, that assigns each parameter an importance order value from the highest to
the lowest contributing parameter. For every sensitivity method the importance order index is calculated for each input parameter. The mean importance order value is calculated for the input parameters based on the results obtained by the three
sensitivity methods (Table 4). Therefore, the mean
importance order index is the combined interpretation of the results given by the three sensitivity
methods. By that way the computational differences
found for the input parameters when are calculated
with a different sensitivity method are balanced.
These differences are explained by the different
calculation procedures followed by each sensitivity
technique [25].
The mean importance index found that the
Chl-a(t-1) input parameter has the most significant
role for the eutrophication process. The DO input
parameter was calculated to have the second most
important role. This is attributed to the fact that the
DO parameter has a strong connection with the

Fresenius Environmental Bulletin

input parameter Chl-a(t-1), since the lake is supplied
with oxygen by algal photosynthesis [39]. The
major contribution of SRP to the eutrophication
process is verified. The SRP is ranked third according to the mean importance index. The WT paraPHWHU IROORZV QH[W WR WKH IRXUWK SODFH 7KH µ3D'¶
method calculated the WT as the less important
parameter, however the importance of WT is
emSKDVL]HG E\ WKH UHVXOWV RI µ:HLJKWV¶ DQG
µ3HUWXUE¶PHWKRGV7KH6'DQGS+SDUDPHWHUVZHUH
in the fifth place. The linkage between eutrophication and high pH values especially during summer
is mentioned by Trolle et al. [40]. The SD
parameter it is inversely correlated with Chl-a
concentrations [41]. The DIN and EC parameters
were the least contributing parameters according to
the mean importance index. Low importance of the
DIN and EC is found by all the three sensitivity
methods. The result for DIN is confirmed by
Sondergaard et al. [42] study, where total nitrogen
was correlated significantly with Chl-a but with a
smaller correlation than for phosphorus.

CONCLUSIONS
ANN models can successfully simulate multiparameter modeling scenarios because of their
ability to process non-linear relationships between
the dependent and independent variables. In our
case the created ANN managed to produce simulated outputs highly correlated with the measured
data, making our model a reliable predictor. The
application of the three sensitivity techniques
allowed us a thorough look into the contributing
parameters and their role regarding eutrophication.
The introduction of the mean importance order
index gave as the advantage to balance the computational borne differences resulted after applying
the three different sensitivity methods.

TABLE 4
Parameter importance order index ranking the time lagged parameters from the most to the least
contributing. For the µ3D'¶PHWKRGµ3HUWXUE¶PHWKRGµ:HLJKWV¶ method the analog index is assigned.
The mean importance index is the mean index value resulted by the three mentioned methods.
Input parameter
SRP
DIN
pH
EC
WT
DO
SD
Chl-a

µ3D'¶importance
index
3
6
5
7
7
1
4
2

µ3HUWXUE¶
importance index
5
7
2
8
1
3
6
4
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µ:HLJKWV¶
importance index
2
8
7
6
3
5
4
1

Mean importance
index
3
6
5
6
4
2
5
1
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al. (2007) Prediction and elucidation of the population dynamics of Microcystis spp. in Lake
Dianchi (China) by means of artificial neural
networks. Ecological Informatics 2, 184± 192.
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using multivariate statistical techniques. Ecological Modelling 193, 759±776.
[17] Kagalou, I., Economidis, G., Leonardos, I. and
Papaloukas, C. (2006) Assessment of a Mediterranean shallow lentic ecosystem (Lake Pamvotis, Greece) using benthic community diversity: Response to environmental parameters.
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$QWKURSRJHQLF,QÀXHQFHVRQWKH7URSKLF6WDWH
Land Uses and Aquatic Vegetation in a Shallow
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Aquatic vegetation and related abiotic environment in a shallow urban lake of Greece.
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[20] Recknagel, F., French, M., Harkonen, P. and
Yabunaka, K.I. (1997) Artificial neural network

The necessity for a modeling study before any
restoration attempt is obvious, because the decision
makers can identify the correct restoration technique for the lake. A lake model that combines
parameters like planktivorous fish, zooplankton and
nutrients is proposed for a future modeling study
regarding lake Pamvotis. Unfortunately, no such
data set is available in our case, so only the nutrient
reduction effect can be examined. The SRP has a
leading contributing role regarding eutrophication,
in contrast with DIN that was found to have the
smallest impact on the model. Therefore, the SRP
can be characterized as the key nutrient of the lake
and special emphasis must be given on SRP
reduction. Nevertheless, the DIN contribution to
eutrophication must not be underestimated since
based on µ3HUWXUE¶PHWKRG results it is observed that
an increase of DIN causes an increase of Chl-a
values. A further combined reduction of SRP and
DIN is proposed, since the nutrients are associated
mainly with anthropogenic activities indicating the
need for extra restoration measures for the improvement of lake's trophic status.
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to combat the current dramatically changing climate.
Mutation breeding presents many benefits, such as
the broadening of germplasm resources, the
establishment of local mutant gene banks, and the
development of new varieties and the integration of
new gene combinations that are not found in nature
[1]. Compared to conventional breeding methods,
mutation breeding is a more powerful and effective
crop improvement technique, requiring only a short
time to develop a new variety [2]. Furthermore,
among more current plant breeding methods, mutation breeding is a more economical and generally
accepted approach than transgenic technology
(GMOs) for the development of new traits [3]. While
there is public concern over genetically modified
mutant plants, mutagenized plants are much more
acceptable
to
consumers,
breeders,
environmentalists, and governments.
Among the different mutagenic agents, gamma
rays are commonly used in breeding programs to
induce mutations in various plant species because of
their easy availability, simple application, good
penetration, high reproducibility, large mutation
frequency and low disposal problems [4].
Worldwide, most mutant varieties have been developed using gamma rays. More than 3000 mutantderived varieties belonging to 190 species have been
documented and officially released in the Mutant
Varieties Database (MVD), though summer squash,
pumpkin, and winter squash are not currently
included in these varieties [5]. Seed mutagenesis has
been used for enhancing genetic variability, and 77%
of the mutant crop varieties are seed-propagated.
This approach is used because seeds can be treated
in large quantities and are easily handled, stored and
shipped.
Cucurbits exhibit tremendous genetic diversity
and can adapt to a range of climatic regions, including tropical, subtropical, arid desert and temperate zones. Cucurbit seed gene banks are currently
collecting and maintaining cucurbit germplasms all
over the world. Thus, mutation breeding should be
applied to generate genetic variability in cucurbit
species.
A comprehensive collecting program for winter
squash (Cucurbita maxima Duch.) and pumpkin

ABSTRACT
Mutation breeding is an alternative method for
the development of new plant varieties. Success in
mutation breeding, but, depends on the application
of an appropriate dose of the mutagen. So, the aim of
the present study was to determine the semi-lethal
(LD50) gamma-ray doses for the induction of genetic
variation in winter squash (Cucurbita maxima
Duch.) and pumpkin (Cucurbita moschata Duch.)
lines. Thus, the seeds were irradiated by a Co60
source at five different gamma-ray doses (50, 100,
200, 300 and 400 Gy), and the efficacy of irradiation
doses was tested for seed and seedling observations.
While the seeds irradiated with doses up to 200 Gy
resulted in similar germination and emergence
performances as non-irradiated control seeds, drastic
reductions were observed in germination and
emergence at 300 and 400 Gy doses. Higher
radiation doses led to detrimental effects on seedling
growth parameters in all winter squash and pumpkin
lines. The results showed that the germination and
emergence rate, and the shoot and roots length
decreased with increasing the radiation doses.
Similarly, the number of weak and abnormal
seedlings was also determined at the higher radiation
doses. The results of linear regression analyses based
on the shoot and root length, the LD50 doses were
predicted between 160 and 190 Gy. These LD50
doses could be safely recommended to create
desirable agronomic traits for the mutation breeding
efforts in winter squash and pumpkin lines.

KEYWORDS:
Gamma rays, Semi-lethal dose, Mutation, Seedling,
Winter squash, Pumpkin

INTRODUCTION
A mutation is a heritable change in genetic
material and organisms carrying mutations are
known as mutants. In the agricultural sciences,
mutation breeding is a method for generating mutant
genotypes with desirable traits, including those used
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mean germination time (GT), the emergence percentage (EP) and the mean emergence time (ET).
The GT and ET were calculated using the following
formula [9].

(Cucurbita moschata Duch.) populations occurred
between 2005 and 2008 in Turkey [6]. A total of 115
populations of winter squash were collected from
different provinces in the Black Sea region, and four
winter squash and pumpkin genotypes were
determined to be promising cultivars for further
breeding efforts [7].
The morphology, anatomy, biochemistry and
physiology of plants may be affected by irradiation
[2]. Detection of the semi-lethal dose (LD50) of
ionizing radiation is necessary for the mutagenesis
of seeds and seedlings without affecting seed viability, seedling and plant growth.
The aim of this study was to determine the
semi-lethal dose (LD50) of gamma rays via seed
(germination and emergence rate) and seedling
(seedling growth and survival) tests for the Turkish
winter squash and pumpkin breeding lines.

Where n : Number of seeds germinated or emerged;
D : Days from the beginning of the germination test
n : Final germination or emergence
In seedling observations, five-week-old seedlings were classified as normal, weak, and abnor-mal
ones, according to ISTA [10] guidelines. In addition
to this classification, shoot length (cm) and root
length (cm) were also recorded.
The semi-lethal (LD50) dose (led to 50 %
reduction in the shoot and root length) was calculated using a linear regression analysis in the form of
y = ax + b, where y is the response variable (shoot
and root length), ³x´ is the independent variable
(dose), and ³a´ and ³b´ represent the slope and a
constant, respectively.

MATERIALS AND METHODS
This study was conducted at the Vocational
High School of Bafra, the University of Ondokuz
Mayis in Turkey. In this research, the seeds of four
winter squashes 6ø %$ %$ DQG
G14) and four pumpkins (14YE02, 14BO01,
55BA01 and G9) lines were obtained from our previously breeding program [7] Abnormal seeds
(formless and cracked) were eliminated, and the
healthy and normal seeds were dehydrated in an air
oven at 35 °C for 1 d till they have reached constant
moisture content (8.0 - 9.0%). Dry and healthy seeds
were irradiated with different gamma ray doses (50,
100, 200, 300 and 400 Gy) with a Co60 source at
1482 Ci source activity and 11.96 Gy miní dose
rate. Five hundred seeds were exposed for each line
for the evaluation and prediction of the semi-lethal
doses.
Seed surfaces were disinfected with a fungicide
solution, and then germination tests were performed.
The seeds (four replicates and 60 seeds for each
replicate) were placed in Petri dishes according to
the between-paper (BP) technique and were
moistened with the addition of 10 mL distilled water.
The Petri dishes were incubated in a growth chamber
at 27 ± 1 °C in the dark condition [8]. Germinated
seeds were counted daily till no germination was
observed for two consecutive days.
Emergence tests were performed under
controlled greenhouse conditions. The seeds (four
replicates and 60 seeds for each replicate) were sown
in seedling trays containing a mixture of peat moss :
perlite (2 : 1 v / v). The seeds were evaluated as
emerged when the cotyledons unfolded above the
surface of the mixture and emerged seedlings were
counted daily.
Germination and emergence responses were
expressed as the germination percentage (GP), the

Statistical Analysis. Completely Randomised
Design with four applications was applied. The data
were subjected to an analysis of variance by
ANOVA and the mean values were separated based
RQ'XQFDQ¶Vmultiple range test (DMRT).

RESULTS AND DISCUSSION
Effects of radiation doses on germination
and emergence. The relative germination rate
served as an indicator for the impact of irradiation on
germination. In general, germination percentage
(GP) was found to be similar to those of controls at
the 50 and 100 Gy radiation doses (Table 1). Despite
these findings, higher radiation doses indicated the
lower GP, increasingly. The control lot produced the
highest GP (92.1%), fol-lowed by at the 50 Gy dose
(91.5%). While GP decreased at 300 and 400 Gy
doses, the lowest GP obtained from 400 Gy dose in
the rate of 75.2% (in line 55BA01 for pumpkin) and
81.4% (in line 57BA03 for winter squash). The mean
GP ranged from 93.9% to 81.4% in winter squash
and from 92.1% to 75.2% in the pumpkin at 50 Gy
and 400 Gy doses, respectively.
Germination percentage was also found to be
the lower in bean [11], maize [12], okra [13, 14],
chilli pepper [15], tomato [13, 16] and eggplant [17]
at higher gamma-ray doses. This tendency could be
explained by auxin destruction, changes in ascorbic
acid content, physiological and bioche-mical
disturbances [18], seed tissue damage ]19], free
radical generation, and high Į-amylase enzyme
activity [20].
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TABLE 1
Effects of different gamma ray doses on the germination percentage (GP) (%)
Species
Winter
squash
90.0 a*
Pumpkin
87.0 b

Lines
57SI21
55BA02
55BA03
G-14
14YE02
14BO01
55BA01
G-9
Mean

Treatments
Control
50 Gy
94.3 a
93.4 a
93.2 a
93.9 a
92.3 a
90.1 b
91.6 ab
92.6 a
89.4 b
88.4 bc
90.3 b
90.9 b
91.8 ab
90.2 b
93.5 a
92.1 a
92.1 a
91.5 a

100 Gy
93.6 a
92.5 a
91.4 ab
90.7 b
90.4 b
88.4 bc
89.2 b
92.7 a
91.1 a

200 Gy
92.2 a
91.4 ab
89.5 b
89.3 b
87.8 bc
86.3 c
86.1 c
90.6 b
89.2 ab

300 Gy
90.5 b
88.6 bc
86.4 c
86.8 c
83.9 d
83.1 d
84.5 cd
86.7 c
86.3 bc

400 Gy
86.6 c
85.3 cd
81.4 de
83.7 d
79.8 e
78.5 ef
75.2 fg
76.9 f
80.9 c

Mean
91.8 a
90.7 ab
88.5 bc
89.1 b
86.6 c
86.3 c
86.2 cd
88.8 b

*Mean values followed by the same letter are not significantly different at 5% level
TABLE 2
Effects of different gamma ray doses on the mean germination time (GT) (days)

Species

Lines

Winter squash
31.36 a*

Pumpkin
27.13 b

57SI21
55BA02
55BA03
G-14
14YE02
14BO01
55BA01
G-9
Mean

Treatments
Control
50 Gy
9.18 ab
8.89 ab
10.26 a
9.92 a
6.41 c
6.41 c
10.46 a
10.33 a
7.87 bc
7.56 bc
9.11 ab
9.25 ab
6.71 c
6.76 c
8.20 b
7.77 b
8.52 a
8.36 a

100 Gy
8.54 b
9.61 a
6.21 c
9.77 a
7.64 bc
8.99 ab
6.11 cd
7.31 bc
8.02 a

200 Gy
8.23 b
8.78 b
5.84 cd
9.42 a
6.77 c
8.29 b
5.76 cd
6.63 c
7.46 ab

300 Gy
6.92 c
7.38 bc
5.00 d
8.29 b
5.78 cd
7.44 bc
5.03 d
5.61 cd
6.43 b

400 Gy
5.42 d
5.77 cd
4.23 de
6.93 c
4.41 de
5.83 cd
3.83 e
4.14 de
5.07 cd

Mean
7.86 ab
8.62 a
5.68 c
9.20 a
6.67 b
8.15 ab
5.70 c
6.61 b

*Mean values followed by the same letter are not significantly different at 5% level
TABLE 3
Effects of different gamma ray doses on the emergence percentage (EP) (%)
Species
Winter Squash
81.6 a*

Pumpkin
77.5 b

Lines
57SI21
55BA02
55BA03
G-14
14YE02
14BO01
55BA01
G-9
Mean

Treatments
Control
50 Gy
89.4 a
88.6 a
88.7 a
89.2 a
87.6 a
88.5 a
88.3 a
87.3 a
86.6 a
85.4 ab
87.9 a
86.9 a
84.5 ab
85.5 ab
84.1 b
82.6 b
87.1 a
86.8 a

100 Gy
87.1 a
88.8 a
86.4 a
86.3 a
83.2 b
84.5 ab
83.9 b
85.8 ab
85.8 a

200 Gy
85.4 ab
83.1 b
84.2 b
82.7 b
80.3 bc
80.5 bc
78.8 c
79.4 c
81.8 b

300 Gy
78.7 c
79.2 c
76.4 c
74.5 cd
73.6 d
74.9 cd
69.1 e
71.3 de
74.7 c

400 Gy
63.4 f
64.8 ef
68.1 e
61.5 f
59.6 fg
60.7 fg
57.2 g
54.5 gh
61.2 e

Mean
82.1 a
82.3 a
81.9 a
80.1 b
78.1 bc
79.2 b
76.5 c
76.3 c

*Mean values followed by the same letter are not significantly different at 5% level

line 55BA03 at 400 Gy) in winter squash and from
9.25 (in line 14BO01 at 50 Gy) to 3.83 (in line
55BA01 at 400 Gy) in pumpkin. In comparing the
two species, the GT was 31.36 in winter squash and
27.13 in pumpkin, and the 400 Gy dose led to the
reduction in winter squash (46.7%) and in pumpkin
(42.9%) in comparing with the control lot, overall.
Non-irradiated controls produced the higher EP
at the rate of 87.1%, and EP was found to be 86.8%
at 50 Gy and 85.8% at 100 Gy. The EP was reduced
by 6.1% at the 200 Gy dose, 14.2% at the 300 Gy

While the germination time (GT) was fastened
in ranging from 5.9% (100 Gy) to 40.5% (400 Gy),
exposure of 50 Gy dose did not affect on the GT
compared to the controls (Table 2). It is noteworthy
that the GT gradually decreased with increasing irradiation doses. The GT was found to be 8.52 in the
controls, followed by it was 8.36, 8.02, 7.46, 6.43
and 5.07 at the 50 Gy, 100 Gy, 200 Gy, 300 Gy and
400 Gy doses, sequentially. The GT also varied
across genotypes and species, with the mean GT
ranged from 10.33 (in line G14 at 50 Gy) to 4.23 (in
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squash and were 28.3% and 49.1% in pumpkin at
300 Gy and 400 Gy, sequentially, in comparing with
untreated seeds. It is clearly observed that the ET
was highly affected by higher gamma-ray exposures
than GT, and mean ET were 15.63 for winter squash
and 11.90 for pumpkin. The winter squash lines were
also found to be more radiation resistant than
pumpkin lines in terms of the ET.
While virtually all seeds germinated and
emerged, seedling growth decreased dramatically
and the number of abnormal seedlings increased at
higher gamma-ray doses compared to non-irradiated
controls.

dose and 29.7% at the 400 Gy dose, overall (Table
3). In comparing the species, mean EP was
determined to be 81.6% in winter squash and 77.5%
in pumpkin. Compared with the non-irradiated
seeds, EP values decreased by 27.3% in winter
squash, this decreasing was 32.6% in the pumpkin at
400 Gy.
Interestingly, the EP was highly influenced
from 300 and 400 Gy radiation doses than the GP.
Moreover, EP exhibited the greater degree of variation at aforesaid doses. In addition, winter squashes
were found to be more radiation resistant than
pumpkin lines. These results were in agreement with
previous studies reported in bean [11] and pea [21].
Similarly, mean ET significantly accelerated at
radiation doses above the 200 Gy. ET ranged from
20.04 (in line 55BA02 at 50 Gy) to 8.01 (in line
55BA02 at 400 Gy) in winter squash and from 15.99
(in line G9 at 50 Gy) to 5.83 (in line 55BA01 at 400
Gy) in pumpkin (Table 4).
ET was gradually decreased by 13.75%,
30.22%, and 50.90% at the 200 Gy, 300 Gy, and 400
Gy doses, respectively. In respect to species, the
reductions of ET were 31.6% and 52.2% in winter

Effects of radiation doses on seedling growth
and quality. (1) Seedling growth. Seedling growth
was evaluated in terms of shoot and root length, and
both the shoot and the root lengths were affected by
irradiation doses. Overall, the shoot and the root
length were determined to be 41.2 cm and 34.6 cm
in the controls, 40.7 cm and 33.8 cm at 50 Gy, 38.1
cm and 29.1 cm at 100 Gy, 26.5 cm and 17.2 cm at
200 Gy, 7.8 cm and 3.7 cm at 300 Gy and 2.4 cm and
0.8 cm at 400 Gy, respectively (Table 5 and 6).

TABLE 4
Effects of different gamma ray doses on the mean emergence time (ET) (days)
Species
Winter
squash
15.63 a*
Pumpkin
11.90 b

Lines
57SI21
55BA02
55BA03
G-14
14YE02
14BO01
55BA01
G-9
Mean

Treatments
Control
50 Gy
18.90 a
18.14 a
19.02 a
20.04 a
18.60 a
19.05 a
18.77 a
17.62 a
12.14 c
11.95 c
13.23 bc
13.16 bc
14.54 b
14.49 b
16.88 ab
15.99 b
16.51 a
16.31 a

100 Gy
18.29 a
19.54 a
18.58 a
16.35 b
11.69 c
12.86 bc
14.10 b
15.78 b
15.90 a

200 Gy
15.40 b
17.01 ab
17.53 a
14.83 b
10.08 cd
12.31 c
12.37 c
14.38 b
14.24 a

300 Gy
11.83
13.50 bc
15.07 b
11.06 c
8.66 d
10.25 cd
9.95 cd
11.87 c
11.52 b

400 Gy
7.99 d
8.01 d
11.62 c
8.33 d
6.44 dc
8.48 d
5.83 dc
8.18 d
8.11 c

Mean
15.09 a
16.19 a
16.74 a
14.49 b
10.16 d
11.72 c
11.88 c
13.85 b

*Mean values followed by the same letter are not significantly different at 5% level
TABLE 5
Effects of different gamma ray doses on the shoot length (cm)
Species
Winter Squash
25.9 a*

Pumpkin
23.5 b

Lines
57SI21
55BA02
55BA03
G-14
14YE02
14BO01
55BA01
G-9
Mean

Treatments
Control
50 Gy
44.8 a
44.6 a
46.0 a
45.7 a
40.4 b
39.2 b
38.4 b
38.1 b
36.8 bc
36.4 bc
37.6 b
37.1 bc
41.6 ab
40.8 b
43.6 a
43.3 a
41.2 a
40.7 a

100 Gy
41.3 ab
42.6 ab
36.7 bc
36.9 bc
33.5 c
35.4 c
37.9 b
40.4 b
38.1 a

200 Gy
20.8 ef
21.1 ef
18.2 f
17.7 fg
15.4 h
15.2 h
17.1 fg
17.1 fg
17.8 b

300 Gy
KÕ
9.2 h
8.3 h
9.9 h
7.4 hi
6.9 hi
6.2 hi
7.1 hi
7.8 c

*Mean values followed by the same letter are not significantly different at 5% level.

3212

400 Gy
2.3 i
3.9 i
2.8 i
3.3 i
1.4 ij
1.7 ij
2.1 ij
1.9 ij
2.4 d

Mean
26.9 a
28.1 a
24.3 b
24.1 b
21.8 c
22.3 c
24.3 b
25.6 ab
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TABLE 6
Effects of different gamma ray doses on the root length (cm)
Species
Winter squash
20.5 a*

Pumpkin
17.7 ab

Lines
57SI21
55BA02
55BA03
G-14
14YE02
14BO01
55BA01
G-9
Mean

Treatments
Control
36.3 a
38.4 a
34.2 a
35.7 a
30.9 ab
32.8 ab
33.2 ab
35.6 a
34.6 a

50 Gy
35.6 a
37.7 a
33.3 ab
35.4 a
29.2 ab
32.6 ab
31.6 ab
34.8 a
33.8 a

100 Gy
32.9 ab
32.3 ab
28.8 b
31.6 ab
23.4 bc
24.2 bc
28.5 b
31.2 ab
29.1 ab

200 Gy
14.1 c
13.7 cd
12.9 cd
13.1 cd
10.9 cd
11.2 cd
11.6 cd
12.3 cd
12.5 c

300 Gy
6.2 d
5.3 d
5.4 d
4.8 d
2.2 de
1.3 de
1.6 de
2.7 de
3.7 d

400 Gy
0.6 de
1.8 de
1.6 de
0.7 de
0.3 f
0.4 f
0.6 de
0.5 de
0.8 de

Mean
21.0 a
21.5 a
19.4 b
20.2 ab
16.2 c
17.1 c
17.9 bc
19.5 ab

*Mean values followed by the same letter are not significantly different at 5% level.
Gy, respectively. The percentage of normal
VHHGOLQJV UDQJHG IURP  6ø  WR  
(G14) at 200 Gy, from 32.2% (57SI21) to 38.4%
(55BA02) at 300 Gy and from 4.5% (55BA03) to
7.4% (55BA02) at 400 Gy in winter squash. In
pumpkin, the seedlings were normal in ranging from
76.3% (55BA01) to 80.7% (14YE02) at 200 Gy,
from 26.3% (55BA01) to 31.3% (14BO01) at 300
Gy and from 2.1% (55BA01) to 3.9% (G9) at 400
Gy. Thus, winter squash lines were found to be more
radiation resistant than pumpkin lines in regards to
this parameter. Similarly, seedling abnormalities
have been reported in bean [22], pea [24], chili
pepper [15] and eggplant [17] when the seeds were
irradiated at higher radiation doses.
A direct relationship has been found between
higher radiation doses and detrimental effects on
plant cells, and higher radiation doses caused irreversibly altering the structure. Large numbers of
cells are non-specifically damaged or killed, and
various types of abnormalities are exhibited by plant
organelles [29] due to oxidative damage and breaks
in cell nuclear and mitochondrial DNA [30].

In general, the shoot and the root length were
reduced by 1.2% and 2.5% at 50 Gy, 7.4% and
16.0% at 100 Gy, 35.7% and 50.3% at 200 Gy,
81.0% and 89.3% at 300 Gy and 94.1% and 97.7%
at 400 Gy, sequentially, relative to controls. The
shoot and the root length also varied in genotypes
and species. The averages shoot and root length
ranged, respectively, from 45.7 cm (50 Gy) to 2.3 cm
(400 Gy) and from 37.7 cm (50 Gy) to 0.6 cm (400
*\ LQZLQWHUVTXDVK LQOLQHV%$DQG6ø 
In pumpkin (in lines G9 and 14YE02), they ranged
from 43.3 cm (50 Gy) to 1.4 cm (400 Gy) and from
34.8 cm (50 Gy) to 0.3 cm (400 Gy), respectively.
The shoot length reduced by 92.7% in winter squash
and 95.5% in the pumpkin at 400 Gy, while the root
length reduced by 96.7% in winter squash and by
98.6% in the pumpkin at 400 Gy.
Finally, radiation doses higher than 100 Gy had
detrimental and preventive effects on seedling
growth and caused severe reductions in shoot and
root lengths, as reported in bean [22], carrot [23],
maize [12], tomato and okra [13, 14, 16], pea [24],
chilli pepper [16] and eggplant [17]. The root growth
was highly affected than the shoot growth from
higher radiation doses as reported in garlic [25, 26]
Low germination and emergence percentages
and the reduction of the shoot and root length at
higher radiation doses were related to chromosomal
damage and the subsequent mitotic retardation and
irregularities of cell division [27, 19]. Radio sensitivity also varied between species and also genotypes
of the same species [28].

Determination of semi-lethal (LD50)
radiation doses. LD50 doses were predicted based
on the shoot and root lengths (Table 8). The results
indicated that LD50 doses varied not only among
species but also among genotypes. LD50 values
ranged from 167 Gy (G9) to 189 Gy (G14) based on
shoot length and from 161 Gy (G9) to 177 Gy
(57SI21) based on root length.
Sparrow et al. [31] suggested that the LD50 dose
of pumpkin was 160 - 200 Gy and that of winter
squash was 200 - 240 Gy. The predicted LD50 doses
determined in our study were in general agreement
for pumpkin (173 Gy based on shoot length and 164
Gy based on root length) but were lower than
previous estimates for winter squash (183.8 Gy
based on shoot length and 172 Gy based on root
length). However, the LD50 dose suggested for
Cucurbita spp. has also changed from 80 Gy [32] to
400 Gy [33].

(2) Seedling quality. A high variability was
determined between irradiation doses and seedling
quality parameters (Table 7). Weak and abnormal
seedlings were not detected at the 50 Gy and 100 Gy
doses. At doses higher than 100 Gy, the percentage
of normal seedlings decreased and the number of
weak and abnormal seedlings linearly increased with
the radiation dose.
On average, the percentage of normal, weak
and abnormal seedlings were counted by 81.1%,
8.8% and 10.1% at 200 Gy, 32.2%, 42.4% and
22.9% at 300 Gy and 4.5%, 29.9% and 65.7% at 400
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TABLE 7
Effects of different gamma ray doses on the percentages of normal (N), weak (W) and abnormal (A)
seedlings (%)

N

W

A

Gy
200
300
400
Mean
200
300
400
Mean
200
300
400
Mean

Winter Squash
N: 41.8 a* ; W: 28.3 b ; A: 29.1 b
57SI21
55BA02
55BA03
81.4 a
83.6 a
85.2 a
32.2 g
38.4 f
35.1 fg
6.2 j
7.4 j
4.5 jk
39.9 ab
43.1 a
41.6 a
11.5 f
8.4 fg
7.3 fg
41.3 b
51.4 a
46.7 ab
31.6 cd
28.5 cd
33.8 c
28.1 a
29.4 a
29.3 a
7.1 g
8.0 g
7.5 g
16.5 f
10.2 fg
18.2 f
62.2 ab
64.1 ab
61.7 ab
28.6 bc
27.4 c
29.1 bc

G14
85.8 a
35.9 fg
5.8 jk
42.5 a
5.4 fg
44.1 ab
29.2 cd
26.2 ab
8.8 fg
20.0 ef
65.0 a
31.3 b

Pumpkin
N: 36.7 a; W: 26.5 b ; A: 36.6 a
14YE02
14BO01
55BA01
80.7 ab
79.3 ab
76.3 b
29.5 g
31.3 g
26.3 gh
3.3 jk
2.7 jk
2.1 jk
37.8 b
37.8 b
34.9 b
7.6 f g
9.1 f
10.3 f
43.5 b
38.4 bc
40.3 b
28.4 cd
30.2 cd
27.4 d
26.5 ab
25.9 ab
26.0 ab
11.7 fg
11.6 fg
13.4 f
17.0 f
30.3 de
33.4 de
68.3 a
67.1 a
70.5 a
32.3 b
36.3 a
39.1 a

G9
76.7 b
28.7 g
3.9 jk
36.4 b
10.7 f
33.8 c
29.7 cd
27.7 a
12.6 fg
37.5 d
66.4 a
38.8 a

Mean
81.1 a
32.2 f
4.5 h
8.8 de
42.4 a
29.9 b
10.1 e
22.9 d
65.7 a

*Mean values followed by the same letter are not significantly different at 5% level
TABLE 8
LD50 doses predicted based on the shoot length and the root length (Gy)
Species

Lines
57SI21
55BA02

Winter Squash
55BA03
G-14
Mean
14YE02
14BO01
Pumpkin
55BA01
G-9
Mean
Overall

LD50 for SL (Gy)
187
(y = - 0.0237 x + 26.832 ; R2 = 0.921)
182
(y = - 0.0174 x + 26.168 ; R2 = 0.829)
177
(y = - 0.0183 x + 23.439 ; R2 = 0.792)
189
(y = - 0.0218 x + 23.320 ; R2 = 0.894)
183.8
178
(y = - 0.0241 x + 22.690 ; R2 = 0.717)
175
(y = - 0.0265 x + 23.438 ; R2 = 0.695)
172
(y = - 0.0187 x + 24.016 ; R2 = 0.806)
167
(y = - 0.0227 x + 25.591 ; R2 = 0.964)
173.0
178.4

LD50 for RL (Gy)
177
(y = - 0.0184 x + 17.357 ; R2 = 0.962)
165
(y = - 0.0168 x + 16.472 ; R2 = 0.811)
174
(y = - 0.0211 x + 16.571 ; R2 = 0.942)
172
(y = - 0.0139 x + 15.491 ; R2 = 0.735)
172.0
167
(y = - 0.0235 x + 14.825 ; R2 = 0.931)
163
(y = - 0.0146 x + 13.580 ; R2 = 0.879)
165
(y = - 0.0152 x + 14.108 ; R2 = 0.883)
161
(y = - 0.0197 x + 15.472 ; R2 = 0.746)
164.0
168.0

seed traits (germination and emergence) for assessing irradiation history. To ensure appropriate
seedling growth and mutation efficiency, winter
squash and pumpkin seeds should be irradiated at
gamma-ray doses between 160 - 190 Gy doses in
future breeding studies. The results of this study
could be valuable for winter squash and pumpkin
mutation breeding efforts for the development of
new F1 varieties with desirable agronomic traits that
have never been found in nature.

Detrimental effects of higher radiation doses
were also dependent on the radiation sensitivity of
seeds and the biological efficiency of irradiation, the
latter of which is affected by the source activity (Ci)
and dose rate (Gy miní) [34]. The oxygen and water
contents of the tissue [35], the division volume of the
cells [36], the type of radiation [37] and the efficiency
of DNA repair [15] can also affect the irradiation
efficiency. Therefore, source activity, dose rate, and
seed characteristics (seed size, seed age, water
content, and storage condition) should be further
clarified in future seed irradiation experiments.
Determination of the optimum dose of a
mutagen in mutation breeding studies is critical for
the development of lines with desirable agronomic
traits. The results of the present study indicate that
investigations of growth parameters (such as root
and shoot lengths) are more effective than those of
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AN ASSESSMENT OF LINEAR ALKYLBENZENE
SULFONATE (LAS) POLLUTION IN HARSIT STREAM,
GIRESUN, TURKEY
Tamer Akkan*
Department of Biology, Faculty of Science and Letters, Giresun University, Turkey

water. Organic chemicals such as pesticides and
phenols are then much more easily absorbed by the
aquatic organisms like fish [4]. All detergents
destroy the external mucus layers that protect the
fish from bacteria and parasites; plus, they can
cause severe damage to the gills. The harmful effect
may include killing, or reduction in their growth
rate as well as reduction in the abundance of food
available to fauna, amongst others. Detergents also
contain oxygen-reducing substances that may cause
severe damage to the fish and marine animals [5,6].
This may also lead to eutrophication. These in turn
uses up the oxygen available for aquatic life [7].
Pollution of the surface water with some
pollutants (detergents, heavy metals, PAH, oil,
etc..) has become a serious health concern during
recent years [8-10]. With rapid urbanization and
industrialization, these areas of Turkey are now
facing great challenges in regard to detergent
contamination. Many studies reported that different
regions of Turkey have been seriously polluted by
detergents [11-14]. Up to now, detergent pollution
in coastal ecosystems and estuary has been studied
by many worldwide researchers [15-20]. The aim of
the present study is to determine the concentrations
oI /$6 LQ VXUIDFH ZDWHU RI +DUúLW 6WUHDP XVHG IRU
irrigation, drinking water and fish farming
purposes. The determination of LAS levels was also
being investigated because its accumulation in
organisms can lead to toxicity in the human beings.

ABSTRACT
In this study anionic detergent, LAS
concentrations were surveyed in the stream surface
ZDWHU RI +DUúLW 7XUNH\ ,Q WKLV DUHD ZDWHUV DUH
mainly affected by freshwater runoff, domestic and
agricultural discharges. The surface water samples
were collected monthly at 5 stations between June
2014 and May 2015. Descriptive statistical analysis,
including One-way ANOVA, significance (0.05)
was done. Important differences in the mean values
ZHUH WHVWHG ZLWK 7XNH\¶V PXOWLSOH UDQJH WHVW /$6
value varied between 0.311-0.757 ppm. Seasonal
mean levels were not significantly different
(p>0.05), but between the stations, there were
significant differences (p<0.05). Consequently,
regular monitoring and evaluation of the stream line
are recommended. Otherwise, this situation carries
a potential risk for aqua system and public health.

KEYWORDS:
/$6+DUúLW6WUHDP%ODFN6HD*LUHVXQ7XUNH\

INTRODUCTION
Organic pollution of aquatic systems is on the
increase in Turkey. Urbanization and industries
sited along rivers discharge their effluents into
these water bodies. Surface runoff and domestic
sewage contribute to the pollution [1]. Linear
alkylbenzene sulfonates (LAS) are very widely
used in both industrial and domestic premises like
soaps and detergents. Anionic surfactants carry a
negative charge in aqueous solutions, giving them
excellent cleaning properties and high foaming
capabilities. These are most commonly used in
detergents, also in household cleaners [2].
Detergents can have poisonous effects on all
types of aquatic life. Water pollution by detergents
is a big concern in the global context [3].
Detergents can cause a variety of water pollution
problems. Surfactant detergents are implicated in
decreasing the breeding ability of aquatic
organisms. Detergents also add another problem for
aquatic life by lowering the surface tension of the

TABLE 1
Localization of the surface water
PRQLWRULQJVWDWLRQVLQWKH+DUúLW6WUHDP
Station
Coordinates
Altitude (m)
40°46'1.09"K
356
1
38°57'20.07"D
40°49'25.09"K
161
2
38°54'39.48"D
40°54'30.51"K
55
3
38°50'51.93"D
40°59'28.67"K
10
4
38°51'21.73"D
41° 0'23.61"K
5
4
38°50'59.67"D
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0.887-1.987 mg/L in all samples and generally
higher than the Turkey standard. In summer highest
and in fall lowest quantity was observed. The mean
concentration of LAS was relatively higher during
summer than other seasons (Table 2). Additionally,
there was an increase in LAS as one proceeded
downstream. It is also observed that the average
values of LAS concentration (mg/L) in surface
water 0.483±0.034 (in summer), 0.418±0.015 (in
fall), 0.449±0.021 (in winter) and 0.444±0.010 (in
spring) respectively. Moreover, the LAST concentration at 5 stations is higher than other stations,
which also known as Tirebolu city center. Results
in Figure 2 show that LAS levels were highest
during the summer months of June, July and
August. There was, however, a slow decline in
values recorded from December to September. The
months of November, October and September
recorded low values, respectively. The highest LAS
values for all points were recorded in the month of
August at Station 5 as 0.757 mg/l. According to
statistical analysis (one-way ANOVA) were not
significantly different between the seasonal
changes, with the p-value above 0.05. Other than
that, all detergent values showed significant differences between sampling stations (Table 2).
There are very limited data evaluating the
LAS concentration in Turkish freshwater resources.
%DOFÕR÷OX HW DO UHSRUWHG WKDW /$6 FRQFHQWUDWLRQV
were in the range of 14.88± ȝJ/ LQ -DQXDU\
and 30.63- ȝJ/LQ$XJXVWVDPSOHVFROOHFWHG
from Turkish Straits System [14].Additionally, the
reported anionic surface active material concentration measured at the streams, rivers, lakes and
dam-lakes in Turkey are as the following; Yarselli
Dam Lake (Hatay) 0.1-10.2 mg/L [22] <HQLúHKLU
Lake 0.0025-0.053 mg/L [23], Küçük Menderes
River 0-093 mg/L [24], Gediz River 0.217-0.577
mg/L [25], Karaçay River 0.071±1.122 mg/L, [26],
Büyükçekmece Lake 0.054-0134 mg/L [27] and
,úÕNOÕ /DNH DQG ,úÕNOÕ 6WUHDP ±0.402 mg/L,
0.085± PJ/ +DUúLW GRZQstream: not detection±0.284), respectively [28,29]. Guven et al. [30]
reported that the highest LAS concentrations were
found in the cities of Giresun (east part of Black
VHD   ȝJL. When compared the results of
/$6 DPRXQW LQ WKH VWUHDP RI +DUúLW WKH SROOXWLRQ
level was dramatically increased in present study.
Moreover, LAS is allowed in surface water at 0.2
LAS/L for abstracting drinking water [31] and LAS
has adverse effect at 0.005 LAS/L [32]. LAS values
obtained in this study exceed the as given in the
references. Many researchers reported similar
values for LAS concentrations of Turkish sea water
like our results [12,14,33,34]. These high
concentrations may be attributed to the increase in
population density, rapid urbanization, human
activities and sewage loading in comparison with
LAS
concentrations
in
surface
waters.

MATERIAL AND METHODS
Sample location and sampling. 7KH +DUúLW
stream is formed by small streams joining together
and originated from Vauk Mountains in the east
ERUGHURI*PúKDQH 3URYLQFH$IWHULWLVIRUPHG
+DUúLW SDVVHV WKURXJK WKe towns and cities and
poured into the southeastern Black Sea in Tirebolu
Town. The length of its main branch is 143 km, and
its catchment area is 3.280 km2 [21]. Water samples
were collected between June 2014 and May 2015,
from 5 stations on the stream of +DUúLW *LUHVXQ
(Turkey) using amber glass bottles (Table 1 and
Figure 1). Before sampling, sample bottles were
cleaned with detergent, double distilled±deionized
water, a dilute nitric acid and double distilled±
deionized water, respectively.
Detergent analysis. Surface water samples
were collected in 2.5 L amber glass bottles. 10 ml
chloroform was added into the sample for
preservation and they were stored under cold chain
and in the dark during transportation to the
laboratory. 100 ml sample was taken into a
separatory funnel and alkalinized with 0.1 N
NaOH, then acidified by 0.1 N H2SO4. After addition of 25 ml methylene blue solution, it was
extracted 3 times with 30 ml of chloroform. The
organic phases were combined and shaken with 50
ml wash solution then filtered. The volume of filtrate was adjusted to 100 ml with chloroform. Its
absorbance was measured in at 652 nm against a
blank of chloroform. The mean value was obtained
for triplicate analysis for each sample [22].

FIGURE 1
The study area and sampling stations
Statistically Analysis. One-way ANOVA and
7XNH\¶V7HVWZHUHDSSOLHGWRDVVHVVWKHVWDWLVWLFDOO\
important differences in seasonal and spatial
variations. All statistical calculations were performed with SPSS 16.0 for Windows.

RESULTS AND DISCUSSION
Anionic detergent (LAS) concentrations were
shown in Table 2. These values were in the range of
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TABLE 2
/$6FRQFHQWUDWLRQV PJ/ RIZDWHUVDPSOHVLQWKH+DUúLW6WUHDP
1

2

Summer

0.465±0.013
(0.449-0.490)

0.455±0.011
(0.436-0.474)

Fall

0.410±0.010
(0.392-0.428)

Winter

Spring

3
Mean±SE
(Min-Max)

4

5

0.369±0.009
(0.360-0.387)

0.401±0.027
(0.348-0.435)

0.722±0.019
(0.692-0.757)

0.479±0.019
(0.446-0.512)

0.331±0.010
(0.311-0.345)

0.400±0.002
(0.397-0.403)

0.469±0.002
(0.464-0.472)

0.539±0.019
(0.505-0.569)

0.415±0.005
(0.409-0.425)

0.367±0.006
(0.356-0.376)

0.382±0.018
(0.351-0.414)

0.541±0.005
(0.530-0.546))

0.462±0.003
(0.456-0.465)

0.435±0.007
(0.425-0.449)

0.381±0.004
(0.373-0.388)

0.455±0.005
(0.448-0.465)

0.488±0.006
(0.481-0.500)

0.469b±0.015
0.445b ±0.009
0.362a±0.007
0.409ab±0.011
(0.392-0.569)
(0.409-0.512)
(0.311-0.388)
(0.348-0.465)
Horizontally, letters a, b and c show statistically significant differences (p < 0.05).

0.555c±0.031
(0.464-0.757)

Total

Total

0.483±0.034
(0.348-0.757)
0.418±0.015
(0.311-0.512)
0.449±0.021
(0.351-0.569)
0.444±0.010
(0.373-0.500)

FIGURE 2
The total assessment of LAS concentrations in surface water samples

CONCLUSIONS
[2]

Many detergents contain approximately 35 %
to 75 % phosphate salts. Phosphates can cause a
variety of water pollution problems. Drinking water
UHVRXUFHV VXFK DV +DUúLW 6WUHDP FRQWDPLQDWHG E\
detergents can be hazardous to human health.
Additionally, detergent-laden water, which phosphate tends to inhibit the biodegradation of organic
substances. The results show that the surface water
is heavily contaminated LAS, which may give rise
to various health problems like eutrophication in
the Giresun water resources. Consequently, regular
monitoring of LAS in the surface water is needed to
check the water quality.

[3]

[4]

[5]
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RESEARCH ON THE RELATIONSHIP BETWEEN AMINO
ACIDS AND BIOLOGICAL ACTIVITIES IN VELVET
ANTLER USING FACTOR ANALYSIS AND CLUSTER
ANALYSIS
Libing Zhou
School of Chemical Engineering, Guizhou Institute of Technology,Guiyang, 550003, P.R.China

ABSTRACT

linnaeus˚sika velvet antler˚male reindeer velvet
antler˚apiti(elk) velvet antler. In terms of content
of amino acids, flower horse hybrid velvet antler
medicinal materials were the best quality, followed
by cervus elaphus linnaeus medicinal materials,
apiti(elk) velvet antler medicinal materials were
worst. Based on the factor analysis and the factor
cluster analysisˈa model for evaluating traditional
Chinese medicine quality was constructed. These
studies show that velvet antler not only has a very
strong role at the health-care aspect, but also has
high medicinal value, for humans, suggesting that
people can absorb amino acids needed from velvet
antler. These studies provide the scientific base and
theoretical foundation for the future large-scale
rational relation development of velvet antler
resources as well as the relationship between the
amino acids and tradi-tional Chinese medicine
efficacy for the human.

Velvet antler has certain effect on improving
the body's immune cells and the regulation of
immune system function, nervous system,antistress,anti-aging and osteoporosis. It has medicinal
applications to treat a wide range of diseases such
as tissue wound healing,anti tumor, cardiovascular
disease,et al. Therefore, the research on the relationship between pharmacological activities and
amino acids in velvet antler is of great significance.
The objective of this study was to comprehensively
evaluate 17 kinds of amino acids in 5 varieties of
velvet antlers and study on the relationship between
the amino acids and traditional Chinese medicine
efficacy for humans.The factor analysis and the
factor cluster analysis methods were used to
analyze the data of amino acids in the sika velvet
antler, cervus elaphus linnaeus, flower horse hybrid
velvet antler, apiti (elk) velvet antler, male reindeer
velvet antler and find out the relationship between
17 kinds of amino acids including aspartic acid X1,
threonine X2, serine X3, glutamate X4, proline X5,
glycine X6, alanine X7, valine X8, methionine X9,
isoleucine X10, leucine X11, tyrosine X12, phenylalanine X13, lysine acid X14, histidine X15, arginine
acid X16, tryptophan acid X17. Using MATLAB
2013 and SPSS software, the factor analysis and the
factor cluster analysis research was made on the
relationship between amino acids and biological
activities in velvet antler.The first commonality
factor F1 had greater load on the indexes of threonine X2, glutamate X4,proline X5,alanine X7,methi
onine X9,isoleucine X10,pheny-lalanine X13,lysine
acid X14,arginine acid X16 , and the second commonality factor F2 had greater load on the indexes of
leucine X11, tyrosine X12, histidine X15,and the third
commonality factor F3 had greater load on the
indexes of aspartic acid X1, serine X3, glycine X6,
valine X8, tryptophan acid X17. Different varieties
of velvet antlers (including sika velvet antler, cervus elaphus linnaeus, flower horse hybrid velvet
antler, apiti(elk) velvet antler and male reindeer
velvet antler) in China contained the contents of 17
kinds of amino acids in the order from high to low:
flower horse hybrid velvet antler˚cervus elaphus

KEYWORDS:
Velvet antler, amino acids, factor analysis, the factor
cluster analysis, pharmacological activities, traditional
Chinese medicine efficacy, human health, biological
activities

INTRODUCTION
Velvet antlers are mainly divided into five
varieties including sika velvet antler [1], cervus
elaphus linnaeus [2], flower horse hybrid velvet
antler, apiti(elk) velvet antler and male reindeer
velvet antler in China. Sika velvet antler is mainly
produced in Jilin, Liaoning, Hebei, etc. Cervus
elaphus linnaeus is mainly produced in Heilong
jiang, Jilin, Inner Mongolia, etc., also known as the
East velvet antler. Velvet antler produced in
Sichuan, Yunnan, Qinghai, Xinjiang, etc. is also
called the West velvet antler.
Velvet antler contains abundant proteins [3,4],
amino acids, immunoglobulin, trace element, polysaccharides, enzymes as well as vitamins, and can
boost hormonal activity, increase oxygen uptake to
the brain, liver, and kidneys, decrease the rate of
3222
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TABLE 1
Raw data of amino acids contents in five varieties of velvet antlers
sample

sika velvet antler

cervus elaphus
linnaeus

flower horse hybrid velvet
antler

apiti (elk)
velvet antler

male reindeer velvet
antler

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16
X17

2.683
1.173
1.947
4.613
3.75
6.38
3.303
1.583
0.463
0.64
2.153
0.6
1.097
1.913
0.54
2.703
0.543

4.04
1.877
2.287
6.93
5.34
8.123
4.197
2.243
0.483
1.123
2.127
0.683
2.057
3.057
1.057
3.697
0.557

2.4
1.703
1.883
5.497
4.997
7.313
3.99
2.083
0.257
0.827
3.373
0.863
1.743
2.987
1.463
3.93
0.567

2.5
1.027
1.427
4.507
4.84
4.183
3.333
1.187
0.453
0.82
1.943
0.453
1.28
1.877
0.613
3.197
0.287

2.603
1.223
1.777
4.56
3.743
5.637
3.017
1.487
0.357
0.59
2.17
0.62
1.03
1.653
0.507
2.547
0.263

apiti(elk) velvet antler and male reindeer velvet
antler) in China as an analysis sample, the original
data from the literature [10]. Raw data of amino
acids contents in five varieties of velvet antlers
were shown in table 1.

muscle fatigue, and promote muscular growth.
Velvet antler has certain effect improving the
body's immune cells and the regulation of immune
system function, nervous system, anti-stress, anti
aging and osteoporosis. It has medicinal appli
cations[5-7] to treat a wide range of diseases such
as tissue wound healing, anti tumor ˈ cardiovas
cular disease, et al. This interest has developed into
modern research investigating the pharma-cology
of velvet antler. The organic chemical com-position
and inorganic chemical component con-tents of
velvet antler were measured that has been reported
at home and abroad while the research on the
relationship between amino acids and pharmacological activities [3] of it would be much less
using the factor analysis and the factor cluster
analysis methods.
In this paper, using the world's most advanced
MATLAB2010 and SPSS software, the factor
analysis and the factor cluster analysis methods in
the chemometric methods have dig out hidden
information between amino acids and biological
activities in velvet antler. Therefore, the research on
the relationship between amino acids and traditional
Chinese medicine efficacy for the human in velvet
antler is of great significance [8,9].

Factor analysis. Factor analysis is to seek a
few factors [11,12] to reflect comprehensively most
of the information of all the factors, variable
although more primitive variables are less, but the
amount of information contains in the accounts for
more than 85% of the original information. These
new variables have high reliability about analysis
essence of credibility, and they are not correlated
with each other, eliminating the multicollinearity.
Factor analysis steps: Combining with the
software MATLAB2010 data have been analyzed
by factor analysis. The standardization of original
data, namely the same variables minus the mean,
and then are divided by the standard deviation in
order to eliminate the dimension influence between
the original data, so that the characteristics of the
standardized data are comparable. In one problem
there are n individuals, P indexes have been
measured for each individual to avoid the influence
of the index dimension, the original data for
standardization: Yij˙(xij ² x j )ˋsjˈ(i «Q˗
j «p)ˈwhere Yij is standardized data after

MATERIALS AND METHODS

treatment , xij for the original data,
Materials. This paper selected 17 kinds of
amino acids (including aspartic acid X1, threonine
X2, serine X3, glutamate X4, proline X5, glycine X6,
alanine X7, valine X8, methionine X9, isoleucine
X10, leucine X11, tyrosine X12, phenylalanine X13,
lysine acid X14, histidine X15, arginine acid X16,
tryptophan acid X17 ) in 5 varieties of velvet antlers
(including sika velvet antler, cervus elaphus
linnaeus, flower horse hybrid velvet antler,

for the

mean value of the j-th index for n samples, sj for the
standard deviation of the sample; Determine the
correlation coefficient matrix; Determine the
characteristic root and variance contribution rate of
the correlation coefficient matrix; The rotated factor
loading matrix analysis; Calculate factor scores and
the comprehensive factor scores.
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TABLE 2
Data of the original data after standardization
sample

sika velvet antler

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16
X17

-0.2398
-0.6187
0.2670
-0.5859
-1.0576
0.0347
-0.5293
-0.3060
0.6373
-0.7646
-0.3468
-0.2945
-0.7780
-0.5743
-0.7139
-0.8494
0.6459

cervus elaphus
linnaeus
1.7665
1.2950
1.3633
1.6454
1.0873
1.1794
1.2563
1.2058
0.8483
1.5435
-0.3918
0.2636
1.3906
1.1348
0.5331
0.8003
0.7367

flower horse hybrid
velvet antler
-0.6582
0.8220
0.0606
0.2654
0.6246
0.6474
0.8428
0.8393
-1.5362
0.1290
1.7665
1.4739
0.6813
1.0302
1.5123
1.1870
0.8016

apiti (elk) velvet
antler
-0.5104
-1.0156
-1.4097
-0.6880
0.4128
-1.4082
-0.4693
-1.2131
0.5318
0.0956
-0.7106
-1.2829
-0.3646
-0.6280
-0.5379
-0.0295
-1.0143

male reindeer
velvet antler
-0.3581
-0.4828
-0.2812
-0.6369
-1.0671
-0.4533
-1.1005
-0.5259
-0.4811
-1.0035
-0.3173
-0.1600
-0.9294
-0.9627
-0.7935
-1.1083
-1.1699

TABLE 3
Correlation coefficient matrix
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16
X17

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

X11

X12

X13

X14

X15

X16

X17

1.000
0.647
0.781
0.863
0.484
0.633
0.606
0.615
0.564
0.784
-0.324
0.070
0.678
0.532
0.169
0.312
0.389

0.647
1.000
0.804
0.929
0.668
0.922
0.914
0.982
-0.217
0.741
0.509
0.779
0.915
0.944
0.826
0.776
0.702

0.781
0.804
1.000
0.813
0.239
0.942
0.648
0.868
0.155
0.514
0.143
0.556
0.626
0.653
0.402
0.322
0.746

0.863
0.929
0.813
1.000
0.743
0.837
0.906
0.889
0.139
0.899
0.180
0.495
0.942
0.881
0.643
0.714
0.622

0.484
0.668
0.239
0.743
1.000
0.388
0.858
0.555
0.005
0.919
0.272
0.290
0.900
0.813
0.726
0.920
0.362

0.633
0.922
0.942
0.837
0.388
1.000
0.792
0.975
-0.126
0.549
0.454
0.784
0.747
0.827
0.675
0.557
0.842

0.606
0.914
0.648
0.906
0.858
0.792
1.000
0.883
-0.072
0.878
0.466
0.627
0.982
0.988
0.862
0.922
0.756

0.615
0.982
0.868
0.889
0.555
0.975
0.883
1.000
-0.213
0.654
0.536
0.821
0.854
0.919
0.800
0.710
0.802

0.564
-0.217
0.155
0.139
0.005
-0.126
-0.072
-0.213
1.000
0.289
-0.873
-0.708
-0.027
-0.214
-0.558
-0.292
-0.043

0.784
0.741
0.514
0.899
0.919
0.549
0.878
0.654
0.289
1.000
0.035
0.215
0.932
0.807
0.577
0.787
0.456

-0.324
0.509
0.143
0.180
0.272
0.454
0.466
0.536
-0.873
0.035
1.000
0.891
0.371
0.582
0.836
0.613
0.499

0.070
0.779
0.556
0.495
0.290
0.784
0.627
0.821
-0.708
0.215
0.891
1.000
0.554
0.737
0.849
0.606
0.668

0.678
0.915
0.626
0.942
0.900
0.747
0.982
0.854
-0.027
0.932
0.371
0.554
1.000
0.963
0.815
0.906
0.631

0.532
0.944
0.653
0.881
0.813
0.827
0.988
0.919
-0.214
0.807
0.582
0.737
0.963
1.000
0.919
0.926
0.764

0.169
0.826
0.402
0.643
0.726
0.675
0.862
0.800
-0.558
0.577
0.836
0.849
0.815
0.919
1.000
0.931
0.654

0.312
0.776
0.322
0.714
0.920
0.557
0.922
0.710
-0.292
0.787
0.613
0.606
0.906
0.926
0.931
1.000
0.580

0.389
0.702
0.746
0.622
0.362
0.842
0.756
0.802
-0.043
0.456
0.499
0.668
0.631
0.764
0.654
0.580
1.000

Table 3 showed, X2 and X4 , X6, X7 , X8 , X13, X2,
X14 are significant correlation, significantly correlated X14 and X17 .

Factor Cluster analysis. Factor cluster
analysis [13-17] is to classify the research object,
put all the case classification in different classes, so
that individuals of the same class have greater similarity, individuals of different categories have greater differences. MATLAB2010 and SPSS software
have been used to analyze the data. After extracting
the main factors, the main factor data will be
analyzed using hierarchical clustering method.

Characteristic root and variance contribution rate of correlation coefficient. The characteristic root and variance contribution rate of correlation coefficient [18] are shown in table 4. Table 4
showed, factor analysis was adopted to extract 3
major factors, and the total contribution was
97.153%. The pre-election 3 main factor accumulative contribution rate reached 97.153%, the accumulative contribution rate of the 3 major factors to
total variation accounted for over 85%, maintaining
most of information of characters. So this paper
chose the pre-election 3 main factors which represented 97.153% in information of 17 kinds of amino acids (including aspartic acid X1, threonine X2,
serine X3, glutamate X4, proline X5, glycine X6, alanine X7, valine X8, methionine X9, isoleucine X10,
leucine X11, tyrosine X12, phenylalanine X13, lysine
acid X14, histidine X15, arginine acid X16,
tryptophan acid X17 ) in 5 varieties of velvet antlers
(including sika velvet antler, cervus elaphus
linnaeus, flower horse hybrid velvet antler, elk
velvet antler and male reindeer velvet antler) in
China.

RESULTS
Factor analysis process. The raw data being
standardized, standardized data are shown in table
2; Combining with MATLAB2010, the factor
analysis methods have been used to analyze the
data of amino acids and obtain the correlation coefficient matrix of amino acids in different varieties
of velvet antlers (including sika velvet antler, cervus elaphus linnaeus, flower horse hybrid velvet
antler, elk velvet antler and male reindeer velvet
antler) in China, the results are shown in table 3.
Described in table 3, the correlation coefficient can
be seen, the higher correlation coefficients between
any two variables, each variable at least with one or
more of the other variables have higher correlation
coefficients. Therefore, it is suitable to study the
relationship between variables with factor analysis.
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of the rotated factor loading matrix [20], the
variance has been maximized rotation on the initial
factor load matrix, in order to better see the nature
of the relationship between the coefficients and
variables in the factor loading matrix and obtain
significant factor by the initial factor loading matrix
of the variance maximizing rotation. Factor loading
matrix of variance after maximization rotation was
shown in table 6.
Table 5 and table 6 showed, rotated factor
loadings X4 value reached the maximum, which
indicated that the greatest influence was X4 in
different varieties of velvet antlers (including sika
velvet antler, cervus elaphus linnaeus, flower horse
hybrid velvet antler, elk velvet antler and male
reindeer velvet antler) in China, and X4 was the
characteristic amino acid of velvet antler.

TABLE 4
Characteristic root and variance contribution
rate of correlation coefficient
main
factor

characteristic
root

1
2
3
4
«

11.509
3.246
1.761
0.484
«

variance
contribution
rate %
67.702
19.092
10.359
2.847
«

the cumulative
contribution
rate %
67.702
86.794
97.153
100.000
«

Factor rotation. On the basis of principal
component analysis [19], the factor load matrix has
been to maximize orthogonal rotation for 4 times,
so that the load of each original variable in each
common factor is rotated to be complete polarized.
One of the purposes of factor analysis is to identify
the factors that have practical significance, the
factor loading matrix after rotation has been shown
in table 5. The factor loading matrix after rotation is
listed in table 5.
TABLE 5
The factor loading matrix after rotation
variable
X1
X2

1
0.078
0.085

2
-0.227
0.009

3
0.092
0.067

X3

0.077

-0.088

0.339

X4

0.091

-0.101

0.014

X5

0.068

-0.037

-0.357

X6

0.079

0.000

0.262

X7

0.086

-0.012

-0.093

X8

0.083

0.019

0.153

X9

0.016

-0.292

0.013

X10

0.083

-0.132

-0.212

X11

0.019

0.264

-0.002

X12

0.047

0.187

0.165

X13

0.087

-0.039

-0.131

X14

0.083

0.029

-0.062

X15

0.061

0.143

-0.115

X16

0.068

0.064

-0.258

X17

0.067

0.025

0.197

TABLE 6
Factor loading matrix of variance after
maximization rotation
variable
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16
X17

1
0.688
0.971
0.776
0.954
0.770
0.887
0.979
0.952
-0.070
0.845
0.440
0.680
0.969
0.978
0.825
0.843
0.768

2
-0.688
0.103
-0.220
-0.258
-0.073
0.070
0.032
0.136
-0.958
-0.374
0.896
0.667
-0.059
0.165
0.527
0.264
0.145

Calculate the factor scores. The program
automatically ran to get factor scores and
comprehensive factor scores by professional
software SPSS programming, operation results
were shown in table 7.

Variance maximization rotation. In this
paper, through the variance maximization rotation
TABLE 7
Scores of factors and comprehensive factors
sample
sika velvet antler
cervus elaphus
linnaeus
flower horse hybrid
velvet antler
apiti (elk) velvet
antler
male reindeer
velvet antler

F1
-0.4907

F2
-0.2344

F3
1.0955

F
-0.2712

ranking
3

1.3726

-1.0877

0.0763

0.7509

2

0.7424

1.5957

-0.2669

0.8025

1

-0.7639

-0.4352

-1.5279

-0.7807

5

-0.8605

0.1616

0.6231

-0.5014

4
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0.151
0.113
0.590
0.017
-0.635
0.456
-0.169
0.265
0.015
-0.381
0.002
0.291
-0.238
-0.114
-0.204
-0.458
0.343
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spleen and lymph, and promote the synthesis of
skin protein and insulin, and improve the activity of
muscle, and has the function of fat to the prevention
and treatment of atherosclerosis of the hyperlipemia[31]. Isoleucine X10 can maintain the
balance of the body[32], and promote the increase
of appetite and anemia and treatment of mental
disorders, also to participate in the spleen, brain and
thymus gland metabolism and regulation, if the lack
of it, there will be physical failure, coma and other
symptoms. Phenylalanine X13 can be converted to
tyrosine in the body[33], promote the synthesis of
thyroid hormone and adrenaline, and participate in
the elimination of loss of kidney and bladder function. Lysine X14 is the composition of the liver and
gallbladder, and can promote brain development[34]ˈfat metabolism and the pepsin secretion,
and regulate the pineal gland ˈ mammary gland,
corpus luteum and ovarian to prevent degeneration
of the cells, and enhance immunity[35], and
improve growth retardation and calcium absorption
to promote bone growth. Arginine acid X16 can
reduce blood ammonia[36], increase muscle activity[37], maintain sexual function, and has certain
effect for the treatment of sperm.
The second commonality factor F2 had greater
load on the indexes of leucine X11, tyrosine X12,
histidine X15, as shown in table 5 and table 6.
Leucine X11 can promote skin, wound and bone
healing, and has certain effect on reducing blood
sugar levels[38] in the treatment of dizziness, if the
lack of it, people will stop the growth, weight loss.
Tyrosine X12 can increase appetite, promote
metabolism, prevent and cure alzheimer's disease
[39] and there will be remarkable effect on chronic
diseases such as treatment of neurogenic inflammation, ulcer and stunting. Histidine X15 can be involved in blood cell protein synthesis, and promote the
generation of bloodˈproduce ammonia and dilation of blood vessels, and increase the permeability
of the vascular wall and glandular secretion that has
the effect on allergic disease[40]: cure stomach and
duodenum effects in treating heart function, angina
pectoris, lower blood pressure, which has the effect
of asthma and rheumatoid arthritis.
The third commonality factor F3 had greater
load on the indexes of aspartic acid X1, serine X3,
glycine X6, valine X8, tryptophan acid X17, as
shown in table 5 and table 6. Aspartic acid X1 has a
protective effect on the muscle, a protective effect
against myocardial infarction[41] and can increase
the flavor and promote appetite. Serine X3 is a
component of the serine phospholipids in the brain
and other tissues and that can treat lung disease[42].
Glycine X6 can reduce the blood sugar levels and
cholesterol levels[43,44] in the blood, and prevent
and treat diabetes, blood clots, blood clots, high
blood pressure, excessive gastric acid, and improve
muscle vitality. Valine X8 can promote nervous
system function normal[45], if the lack of it, people

Factor Cluster analysis. Factor cluster
analysis is a method of mathematical statistics, the
original data have been normalized, and then 17
kinds of amino acids (including aspartic acid X1,
threonine X2, serine X3, glutamate X4, proline X5,
glycine X6, alanine X7, valine X8, methionine X9,
isoleucine X10, leucine X11, tyrosine X12,
phenylalanine X13, lysine acid X14, histidine X15,
arginine acid X16, tryptophan acid X17) in 5
varieties of velvet antlers in China have been
evaluated and classified by the methods of
quantitative analysis of 3 main factors in factor
cluster analysis method. Using MATLAB2013 and
SPSS software the data have been used to analyze
by factor clustering analysis [21-23]. After
extracting the main factors, the factor data were
analyzed using factor cluster analysis method.
Based on the main factor clustering analysis, each
two samples with Average linkage linked with the
method of euclidean distance measurement, the
sequence was plotted in figure 1. The graph of
factor cluster analysis was shown in figure 1.

FIGURE 1
Tree diagram of the main factor clustering
analysis

DISCUSSION
The first commonality factor F1 had greater
load on the indexes of threonine X2, glutamate X4,
proline X5, alanine X7, methionine X9, isoleucine
X10,phenylalanine X13,lysine acid X14,arginine acid
X16 , as shown in table 5 and table 6. Treonine X2
has the function of transforming certain amino
acids to balance, lack of it will cause weight loss,
make people thin and even death. Glutamate X4 that
has curative and therapeutic effect[24] on acid
poisoning, epilepsy and mental schizophrenia,
neurasthenia treatment, etc. can protect the skin
moist, prevent chapped, improve the central
nervous system activity, promote oxidation, participate in brain protein and glucose metabolism,
maintain and promote brain cell function, promote
the increase of intelligence, and boost the body's
immune function. Proline X5 has significant effect
on hypertension [25,26]. Alanine X7 can promote
the metabolism of alcohol in the blood [27] and has
hepatoprotective effect[28,29]. Methionine X9
involved in the synthesis of choline can participate
in the formation of hemoglobin, tissue and serum,
and promote the function of the pancreas[30],
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in 5 varieties of velvet antlers in the high and low,
one side reflected the quality of corresponding
medicinal materials was good or bad, and dig out
the implied relationship between amino acids and
biological activities in velvet antlers to make up for
gaps in previous studies of them in this field.
Using MATLAB2010 and SPSS software the
factor analysis and the main factor clustering
analysis methods were used to comprehensively
analyze the data of elements and evaluate 17 kinds
of amino acids (including aspartic acid X1,
threonine X2, serine X3, glutamate X4, proline X5,
glycine X6, alanine X7, valine X8, methionine X9,
isoleucine X10, leucine X11, tyrosine X12,
phenylalanine X13, lysine acid X14, histidine X15,
arginine acid X16, tryptophan acid X17 ) in 5
varieties of velvet antlers, which dig out hidden
information between the amino acids of velvet
antlers and pharmacological activities.
Based on the factor analysis and the factor
cluster analysisˈa model for evaluating traditional
Chinese medicine quality was constructed. These
studies show that velvet antler not only has a very
strong role at the healthcare aspect, but also has
high medicinal value, for humans, suggesting that
people can absorb amino acids needed from velvet
antler. These studies provide the scientific base and
theoretical foundation for the future large-scale
rational relation development of velvet antler
resources as well as the relationship between the
amino acids and traditional Chinese medicine
efficacy for the human.

will cause the tactile sensitivity improved, muscle
ataxia disorders. Tryptophan X17 may play a role in
prompting riboflavin, if the lack of it, people will
growth arrest, weight loss, decrease fat accumulation and it can be used to control the agent against
laipi disease in medicine.
Table 7 showed, 5 varieties of velvet antlers
(including sika velvet antler, cervus elaphus linnaeus, flower horse hybrid velvet antler, apiti(elk)
velvet antler and male reindeer velvet antler) in
China contained the contents of 17 kinds of amino
acids in the order from high to low: flower horse
hybrid velvet antler ˚ cervus elaphus linnaeus ˚
sika velvet antler˚male reindeer velvet antler ˚
apiti(elk) velvet antler. In terms of content of amino
acids, flower horse hybrid velvet antler medicinal
materials were the best quality, followed by cervus
elaphus linnaeus medicinal materials, apiti(elk)
velvet antler medicinal materials were worst.
Figure 1 showed that the sample was clustered
into 3 classes by the main factor clustering analysis:
Flower horse hybrid velvet antler was a class and
contained amino acids which were the highest in all
samples; Cervus elaphus linnaeus was a class and
contained amino acids which accounted for in the
middle of all samples; Sika velvet antler, male
reindeer velvet antler, apiti(elk) velvet antler were a
class and contained amino acids which were the
lowest in all samples.
Figure 1 showed amino acids in velvet antlers
there were similarity and provided the basis for
further pharmacological study of velvet antler
medicinal materials in China. On the basis of factor
analysis it was feasible to clustering classification
and identification for samples of velvet antlers. The
conclusion was objective, credible and persuasive.
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RESEARCH ON THE MAIN FACTORS OF INFLUENCING
THE INFILTRATION-REDUCING EFFECT WITH CEMENT
PERMEATING RIVER SEDIMENT
Zhixia Duan, *XLVKHQJ)DQ
&ROOHJHRI:DWHU5HVRXUFH6FLHQFHDQG(QJLQHHULQJ7DL\XDQ8QLYHUVLW\RI7HFKQRORJ\7DL\XDQ6KDQ[L3URYLQFH&KLQD

it is possible to reduce the sewage osmo- tic content
and protect groundwater environment. And this is a
subject worthy of studying.
([LVWLQJUHVHDUFKRQJURXQGZDWHUSROOXWLRQDQG
FRQWURO PDLQO\ IRFXVHV RQ WKH HIIHFW RI SROOXWHG
VXUIDFH ZDWHU WR JURXQGZDWHU DQG WKH WUHDWPHQW RI
JURXQGZDWHUSROOXWLRQ>a@:DQJ HWDO>@VWXGLHG
RQ WKH LQIOXHQFH RI SROOXWHG ULYHU RQ LWV RIIVKRUH
JURXQGZDWHUEDVHGRQWKHH[SHULPHQWVLQ.XL5LYHU
DQGWKHILHOGGDWDVKRZHGWKHSROOXWDQWVKDYLQJWKH
property of persistence ZHUH SDUWO\ UHPRYHG LQ
FRXUVHRILQILOWUDWLRQEXWVWLOOLQIOXHQFHGLWVRIIVKRUH
JURXQGZDWHU<DGDYHWDO>@DOVRIRXQGWKHVHZDJH
FKDQQHOZRXOGPDNHJURXQGZDWHUSROOXWLRQ+HODOLD
HWDO>@KDYHSURYHGWKDWFKDQJLQJWKHSK\VLFDO
SURSHUW\RIWRSVRLOFRXOGUHGXFHWKHDPRXQWRIZDWHU
LQILOWUDWLQJ<XQXVDHWDO>@FODLPHGWKDWDGGLQJIO\
DVKLQWKHVDQGFRXOGGHFUHDVHLWVSRURVLW\DQGUHGXFH
LWV K\GUDXOLF FRQGXFWLYLW\  +RZHYHU OLWWOH
UHVHDUFKRQILQHSDUWLFXODUPDWWHUSHUPHDWLQJVXUIDFH
WR UHGXFH the sewage osmotic content and retard
contamination migration KDV EHHQ FRQGXFWHG 7KH
DXWKRU V preliminary study revealed cement has the
property of permeating sediment porosity and
reducing the polluted water infiltration content>@.
Based a series of sewage infiltration experiments
under different conditions, the main factors
influencing WKH LQILOWUDWLRQUHGXFLQJ HIIHFW with
cement permeating sediment were explored WR
SURYLGH WHFKQLFDO VXSSRUW IRU LPSOHPHQW WKH
WHFKQRORJ\RIFHPHQWSHUPHDWLQJULYHUVHGLPHQWWR
UHGXFHWKHSROOXWLRQRIVXUIDFHZDWHUWRJURXQGZDWHU

ABSTRACT
Based on the mechanism that cement has the
property of permeating sediment, and its
condensation and accumulation are possible in the
sediment, a series of indoor simulating infiltration
tests were conducted. The effects of the ways of
cement permeating sediment, the amount of cement,
the permeation headwater, the texture of the
sediment and the bulk density on the infiltrationreducing effect were researched and the mechanism
is analyzed theoretically. The results show prelimnarily that:ᬅThe extent of infiltration-reducing in
the way of interval 12h is larger obvious than that in
the way of instant;ᬆThe more the amount of
cement permeating sediment, the more obvious the
infiltration-reducing effect is, but the extent is
limited;ᬇThe higher the headwater of cement permeating sediment the smaller the sediment bulk
density and the lighter the sediment texture, the
greater the infiltration-reducing effect is. The results
may provide a technical support for hinder- ing
pollution of river migrating to groundwater through
river sediment and theoretical basis for underground
water pollution control projects to be more effective,
time-saving and low-cost.

.(<:25'6
groundwater pollution, influencing factors, infiltrationreducing,FHPHQWSHUPHDWLQJ river sediment

INTRODUCTION
TEST MATERIALS AND METHODS
Soil water infiltration is the process that water
migrates to the soil through surface which is an
important link in the mutual transformation of
surface water, soil water and groundwater>@. In
rivers, parts of various contaminants produced by
human activities transport into groundwater aquifers
and pollute groundwater with surface water
infiltration. The link layer between polluted river
water and groundwater is composed of porous media.
By taking artificial measures to change the property,

Test equipment and materials. 6HHSDJHWHVW
equipment. $JURXSRIVHOIPDGHVSHFLDOODERUDWRU\
LQILOWUDWLRQ GHYLFHV ZDV XVHG WR FRQGXFW WKLV
H[SHULPHQW ZKLFK FRQVLVWV RI WKH ZDWHU VXSSO\
V\VWHP WKH LQILOWUDWLRQ VRLO FROXPQ DQG WKH fine
particles adding system (shown in Fig.1):ᬅ7KH
PDLQXQLWRIWKHZDWHUVXSSO\V\VWHPLV0DUNRY
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TABLE 1
Grain size distribution of the test materials
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Ordinary Portland cement
6LOW\ORDP
6DQG\ORDP
&OD\ORDP

 7KHGDWDLQWKHDERYHWDEOHDUHDYHUDJHGDWDFDOFXODWHGIURPWKUHHPHDVXUHPHQWV
WXEH ¶FPh+FP ZKLFKSURYLGHVDFRQVWDQW
KHDGZDWHU IRU VRLO FROXPQ ZKLOH VXSSO\LQJ DQG
PHDVXULQJ ZDWHU IORZ DXWRPDWLFDOO\ᬆ7KH
LQILOWUDWLRQVRLOFROXPQLVFRPSRVHGRIZDWHUVXSSO\
FKDPEHU WKH LQILOWUDWLRQ FROXPQ DQG WKH GUDLQDJH
FKDPEHUZKLFKDUHFRQQHFWHGE\IODQJHV7KHUHDUH
WKUHH FRQWUROODEOH LQDQGRXW KROHV IRU VXSSO\LQJ
ZDWHUDGGLQJfine particles matterDQGLUULJDWLRQDQG
H[KDXVWLQJ ZKLOHHVWDEOLVKLQJWKH LQLWLDOLQILOWUDWLRQ
KHDGZDWHU UHVSHFWLYHO\7KH LQILOWUDWLRQ FROXPQ ¶
FP h +FP  LV GHVLJQHG ZLWK WZR URZV RI
HYHQO\GLVWULEXWHGKROHVIURPWRSWRERWWRPIRUWKH
SXUSRVHRIVDPSOLQJZDWHUDQGVRLODWWKHSURSHUWLPH
DQG SRVLWLRQ7KH GUDLQDJH FKDPEHU LV GHVLJQHG WR
PHDVXUHDQGGLVFKDUJHWKH \LHOGLQJ ZDWHUIURP WKH
VRLOFROXPQHQVXULQJWKHDHUDWLRQRIVRLOᬇ7KHfine
particles adding system includes an oxygenator, an
adding bottle and dispersed in water, so as the water
could ooze smoothly into the soil column.

eliminated. The tested fine particles substance is an
ordinary Portland cement(model: P gO42.5). 7KH
FHPHQWZDVVHDOHGIRUSUHVHUYDWLRQDQGVFUHHQHGE\
DVLHYHZLWKPPURXQGKROHVEHIRUHEHLQJXVHG
WRSUHYHQWLWWREHLQJDIIHFWHGZLWKGDPSOHDGLQJWR
LWV VL]H EHFRPLQJ ODUJHU 7KH WHVW ZDWHU IRU
LQILOWUDWLRQZDVWKHQDWXUDOVHZDJHHIIOXHQW˄pH:7.8,
TDS: 917mg/L, SS: 52mg/L, CODCr:598mg/L˅from
the Fen River at Huyu Valley. Test sediment samples
and cement were analyzed by a Rise-2022 laser
granulo-meter and the composition is shown in
Table 1.
Test design. 7KH H[SHULPHQWV FRQWDLQHG ILYH
VHWVRIVHZDJHLQILOWUDWLRQWHVWVWRUHVHDUFKWKHPDLQ
IDFWRUVRILQIOXHQFLQJWKHLQILOWUDWLRQUHGXFLQJHIIHFW
LQFOXGLQJ WKH ZD\V RI FHPHQW SHUPHDWLQJ WKH
DPRXQW RI FHPHQW SHUPHDWLQJ WKH LQILOWUDWLRQ
KHDGZDWHU WKH EXON GHQVLW\ DQG WKH WH[WXUH RI
VHGLPHQW
(1)7KH VHULHV RI WHVWV RI GLIIHUHQW ZD\V RI
FHPHQWSHUPHDWLQJ
7KH WZR ZD\V RI FHPHQW SHUPHDWLQJ H[SHUL
PHQWVZHUHGHVLJQHGWKDWZHUHLQVWDQWDQGLQWHUYDO
,QVWDQW ZDV D ZD\ WKDW WKH VHZDJH LQILOWUDWLRQ
H[SHULPHQW ZDV FRQGXFWHG LPPHGLDWHO\ DIWHU DGG
LQJ FHPHQW VROXWLRQ RI D FHUWDLQ FRQFHQWUDWLRQ DQG
GRVHZKLOHLQWHUYDOZDVWKDWWKHVHZDJHLQILOWUDWLRQ
H[SHULPHQWZDVFRQGXFWHGSRVWSRQHGKRXUVDIWHU
DGGLQJFHPHQWVROXWLRQ$QGWKHVHWRIVHZDJHLQILO
WUDWLRQWHVWVZHUHGHVLJQHGZLWKDQGZLWKRXWFHPHQW
SHUPHDWLQJ 7KH SHUPHDWLRQ KHDGZDWHU ZDV VHW WR
FPtheEXONGHQVLW\ of the sediment wasVHOHFWHG
1.4J»FPDQGDFHPHQWGRVDJHRINJ ZDVXVHG
IRUWKLVVWXG\
 7KH VHULHV RI WHVWV RI GLIIHUHQW DPRXQW RI
FHPHQWSHUPHDWLQJ
$FFRUGLQJWRWKHH[LVWLQJSUHOLPLQDU\UHVHDUFK
FRQGXFWHG E\ RXU UHVHDUFK JURXS>@ᬅ$GGLQJ
FHPHQWZLWKDGRVDJHRIODUJHUWKDQNJPZRXOG
OHDGWRDWKLFNKDUGHQLQJFUXVWRQWKHVXUIDFHOD\HURI
VHGLPHQW ZKLFK ZRXOG EH SURQH WR FUDFNV XQGHU
H[WHUQDO IRUFH RU LQ DOWHUQDWLYH SHULRG RI WKH GU\
VHDVRQDQGZHWVHDVRQRIWKHULYHU$VDUHVXOWWKH
GRVDJHVRINJPǃNJPǃNJPǃNJP
DQG  NJP ZHUH GHVLJQHG UHVSHFWLYHO\ IRU WKLV
VWXG\,QWKHVHULHVWHVWVWKH SHUPHDWLRQKHDGZDWHU
ZDVVHWWRFPtheEXONGHQVLW\ of sediment was

),*85(
7KHVFKHPDWLFGLDJUDPRIWKHWHVWHTXLSPHQW
Test materials. 7KHriver sediment used in the
test were taken from the Yuan Wo Dam of the Xiao
River, the Nan Qingdui County and Wen Nanshe
section of the Fen River located China Loess Plateau
KHUHLQ UHIHUUHG WR DV 6RLO  DQG  UHVSHFWLYHO\ 
6DPSOHV ZHUH FROOHFWHG IURP FP GHSWK RI WKH
VXUIDFH,QRUGHUQRWWRGHVWUR\WKHVRLOVWUXFWXUHWKH
WHVWHG river sediment was not dried or sifted. Only
the big chunks of soil particles were pulverized and
the large debris (e.g. plants roots, stones etc.) were
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VHOHFWHG 1.4 J»FPDQGWKHZD\RIFHPHQWSHUPHDWLQJ
ZDVLQWHUYDOK
 7KHVHULHVRIWHVWVRIGLIIHUHQWWH[WXUHRIWKH
VHGLPHQW
$VHWRIVHZDJHLQILOWUDWLRQWHVWVZDVGHVLJQHG
RI VLOW\ ORDP VDQG\ ORDP DQG FOD\ ORDP KHUHLQ
UHIHUUHGWRDV6RLODQGUHVSHFWLYHO\ ZLWKDQG
ZLWKRXW FHPHQW SHUPHDWLQJ ,Q WKH VHULHV WHVWV WKH
SHUPHDWLRQKHDGZDWHUZDVVHWWRFPthe way of
LQWHUYDO K was VHOHFWHG, the EXON GHQVLW\ of the
sediment was1.4 J»FPDQGDFHPHQWGRVDJHRI
NJPZDVXVHGIRUWKLVVWXG\
 7KHVHULHVRIWHVWVRIGLIIHUHQWEXONGHQVLW\
RIWKHVHGLPHQW
7KHEXONGHQVLW\RIWKHVHGLPHQWZHUHGHVLJQHG
RIJ»FPȽJ»FPȽJ»FPȽJ»FPDQG
J»FP ,Q WKH VHULHV WHVWV WKH SHUPHDWLRQ
KHDGZDWHUZDVVHWWRFPthe way of LQWHUYDOK
wasVHOHFWHG DQGDFHPHQWGRVDJHRINJPZDV
XVHGIRUWKLVVWXG\
 7KH VHULHV RI WHVWV RI WKH SHUPHDWLRQ
KHDGZDWHU
$VHWRIVHZDJHLQILOWUDWLRQWHVWVZDVGHVLJQHG
ZLWKWKHSHUPHDWLRQKHDGZDWHURIFPǃFPǃFPǃ
FP DQG FP ZLWK DQG ZLWKRXW FHPHQW
SHUPHDWLQJ ,Q WKH VHULHV WHVWV the way of LQWHUYDO
K was VHOHFWHG, the EXON GHQVLW\ of the sediment
was1.4 J»FPDQGDFHPHQWGRVDJHRINJPZDV
XVHGIRUWKLVVWXG\
Test methods. One-dimensional soil column
pressurized infiltration tests were conducted in
Hydraulic engineering lab of 7DL\XDQ8QLYHUVLW\RI
7HFKQRORJ\ &KLQD 7KH VRLO FROXPQV ZHUH ILOOHG
ZLWKWKHULver sediment samples as theEXONGHQVLW\
VHOHFWHG DQG WKH PRLVWXUH FRQWHQW PHDVXUHG 7KH
WKLFNQHVVRIWKHsamplesEHLQJVWUDWLILHGILOOLQJVRLO
FROXPQZDVFPDQGWKHVDPSOHVZHUHILOOHGHYHQO\
LQWR WKH FROXPQ ZLWK WKH TXDOLW\ RI HYHU\ ODPLQDU
VDPSOHV FDOFXODWHG WKHQ FRPSDFWHG WR UHDFK WKH
KHLJKW FRQWUROOHG 7KH FRPSDFWHG VRLO VXUIDFH
QHHGHGWREH URXJKFKLVHOHG EHIRUHILOOLQJWKH QH[W
ODPLQDU WR DYRLG DUWLILFLDO VRLO LQWHUIDFH DSSHDULQJ
DQG FP ZDV OHIW DW WKH WRS OD\HU IRU FHPHQW
SHUPHDWLQJ 7KH UHDGLQJ RI 0DUNRY WXEH ZKHQ
DGGLQJ VHZDJH IROORZHG WKH SULQFLSOH RI ދGHQVH WR
VSDUVH¶DQGEDVHGRQWKLVVHZDJHLQILOWUDWLRQDPRXQW
DQGWKHLQVWDQWDQHRXVLQILOWUDWLRQUDWHFRXOGWKHQEH
FDOFXODWHG,WLQGLFDWHVWKHHQGRIWKHWHVWZKHQWKH
HQWLUHVRLOFROXPQ LVFRPSOHWHO\LQILOWUDWHGLHWKH
VWDEOHLQILOWUDWLRQSKDVH
'XULQJ WKH VHZDJH LQILOWUDWLRQ WHVWV DLU ZDV
EORZHG ZLWK FHPHQW VROXWLRQ EHLQJ DGGHG WR DYRLG
FHPHQW GHSRVLWLRQ RQ WKH adding bottle bottom. In
order to avoid both cement accumulation on the
sediment surfaceGXHWRH[FHVVLYHO\IDVWEHLQJSXWLQ
DQGFHPHQWLQLWLDOVHWWLQJ PLQ GXHWRH[FHVVLYHO\
VORZEHLQJSXWLQWKHWLPHIRUFHPHQWSHUPHDWLQJWKH

The results and analysis. In the results
analysis of this article, the infiltration-reducing rate
was used to reflect the effect of infiltration-reducing
which meant the extent of the infiltration rate
decrease with cement permeating the river sediment
compared with the reference sample without cement
permeating. K  ZDVWKHUHSUHVHQWRIthe infiltrationreducing rate.
K

ir  it
u100%                                    
ir

Where K was the infiltration-reducing rate
(%), ir was the steady infiltration rate of the
reference sample (cm/min), and it represented the
steady infiltration rate of the treated sample
(cm/min).

),*85(
7KHZDWHULQILOWUDWLRQFXUYHVRIGLIIHUHQWZD\V
The influence of the ways of cement
permeating on the function of infiltrationreducing. The relationship between the infiltration
rate and the infiltration duration of sewage with and
without cement permeating river sediment in the
way RI LQVWDQW DQGLQWHUYDO is shown in figure 2. It
can be seen in figure 2 that:ᬅThe infiltration rate
curves of two treated samples with cement
permeating are all below that of the homologous
reference samples without cement permeating and it
reveals that cement permeating sediment both in the
way of LQVWDQW DQG LQWHUYDO can reduce the water
infiltration rate conspicuously;ᬆThe infiltration
rate curves were up to relative stability in around 160
min. The infiltration-reducing rates are diffe- rent
while cement permeated sediment in different ways.
In the way of LQVWDQWWKHDYHUDJH stable infiltration
rate of the reference sample was 0.09cm/min and that
of treated sample was 0.07cm/ min that meant the
infiltration-reducing rate was 22.22%. In the way of




VRLO FROXPQ ZDV OLPLWHG WR  PLQ 7R HQVXUH WKH
LGHQWLW\ RI WKH WHVW FRQGLWLRQV DQ HTXDO DPRXQW RI
VHZDJHZDVDGGHGLQWKHUHIHUHQFHVRLOFROXPQZKHQ
FHPHQWVROXWLRQSHUPHDWHGWKHWUHDWHGVRLOFROXPQ
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LQWHUYDO WKH DYHUDJH stable infiltration rates of the
reference sample and the treated sample were
0.082cm/min and 0.052cm/min respectively, and so
the infiltration-reducing rate was 36.59%.
The PHFKDQLVP for the reduction of water
infiltration capacity is primary that Whe property of
the porous structure of sediment surface changed due
to cement permeating sediment. Following the
mechanism of the infiltration rate decrease is
analyzed by means of Darcy's law under the
condition of sediment structure being changed.
Darcy's law is shown in formula (2):
q K T 

w\
wz

K T

WKH LQFUHDVLQJ IXQFWLRQ RQO\ RI WKH ZDWHU FRQWHQW
+RZHYHU LW LV QR ORQJHU VLQJOH WKH IXQFWLRQ RI WKH
ZDWHU FRQWHQW EXW DOVR WKH IXQF WLRQ RI VHGLPHQW
VWUXFWXUH ZLWK FHPHQW SHUPHDWLQJ :KLOH WRSVRLO
EHFRPHV IXUWKHU GHQVH ODUJH SRUR VLWLHV EHFRPH
VPDOOHUVPDOOSRURVLWLHVEHFRPHPRUHDQGWKHQWKH
EXONGHQVLW\LQFUHDVHV:LWKWKHLQFUHDVHRIVHGLPHQW
EXON GHQVLW\ K T

w \ m  \ g    ł              
wz

In the above formula: T7KHZDWHULQILOWUDWLRQ
IOX[ RI SRURXV PDWUL[

K T

  Hydraulic

wz

Matrix potential gradient, that is 0

under the condition of saturated infiltration;

w< g



wz

Gravitational potential gradient, that is 1 under the
condition of saturated infiltration.
It is shown in figure 2 that the ZDWHU LQILOWUD
WLRQ fOX[RIVHGLPHQWZLWKFHPHQWSHUPHDWLQJLVOHVV
WKDQ WKDW ZLWKRXW FHPHQW SHUPHDWLQJ DW WKH VDPH
WLPH7KDWLVTZLWKFHPHQWLVOHVVWKDQTZLWKRXWFHPHQWDQG
VR DW OHDVW RQH GHFUHDVHV LQ

K T DQG

w\ LQ
wz 

formula (2) with cement permeating sedi- ment.7KH
VXUIDFH RI VHGLPHQW IRUPHG D GHQVH OD\HU FHPHQW
SHUPHDWLQJOD\HU FDXVHGWKHFKDQJHRIWKHSRURVLW\
DQGWKHSRUHVWUXFWXUH7KDWZDVWKHGHFUHDVHRIWKH
SRURVLW\DQGWKH SRUH VL]H DQGWKH LQFUHDVH RIEXON
GHQVLW\The surface sediment of each test group was
saturated when the infiltration test was started in this
experiment condition. At this time,
topsoil is 0 and

w< g
wz

 LV 7KDW LV

w< m
wz

 of the

w\ LV 7KXV WKH
wz

GHFUHDVHRIWKH LQILOWUDWLRQUDWH FDQRQO\EHFDXVHGE\
WKH GHFUHDVH RI K T $W D JLY HQ ULYHU VHGLPHQW

URRW FDXVH RI WKH LQILOWUDWLRQ UDWH UHGXFLQJ LV WKH

The influence of the amount of cement on
the function of infiltration-reducing. The
relationship between the infiltration rate and the

VWUXFWXUHDQGWH[WXUHWKHK\GUDXOLFFRQGXFWLYLW\LV




FRQWHQWLVWKHVDPH%DVHGRQWKHDERYHDQDO\VLVWKH

7KHSRVVLEOHFDXVHVRI K T  GHFUHDVLQJDUH
ᬅ,Q WKH SURFHVV RI ZDWHU LQILOWUDWLQJ DIWHU DGGLQJ
FHPHQW VROXWLRQ RI FHUWDLQ FRQFHQWUDWLRQ FHPHQW
SDUWLFOHV SHUPHDWHG VHGLPHQW PDWUL[ SRUH LQ WKH
HIIHFW RI pressure potential gradient RI ZDWHU IORZ
DQGgravity gradient. 7KHDFWXDOZDWHUFURVVVHFWLRQ
DUHD RI LQILOWUDWLRQ UHGXFHG LQ WKH MRLQW HIIHFW RI
SK\VLFDOVWRSSDJHDQGFRKHVLRQVWRSSDJHRIFHPHQW
ZLWKVDQGVRLOMDPUHVXOWLQJLQWKHIOX[SHUXQLWDUHD
GHFUHDVLQJLQWKHXQLWSRWHQWLDOJUDGLHQWWKDWZDVWKH
GHFUHDVH RI K T  ᬆ7KH FKDQJHV RI SRUH
VWUXFWXUH GLPHQVLRQ DQG FRQQHFWLYLW\ FDXVHG E\
VWRSSDJH RI FHPHQW SDUWLFOHV OHG WR WKH LQFUHDVH RI
WKHUHVLVWDQFHZKLFKVHHSDJHIORZZLWKVWRRGGXULQJ
WKHIORZSURFHVV7KHUHIRUHXQGHUWKHDFWLRQRIWKH
XQLWZDWHUSRWHQWLDOJUDGLHQWWKHUHVLVWDQFHLQFUHDVHG
DQGWKHUHDOIORZYHORFLW\UHGXFHGFRUUHVSRQGLQJO\
ZLWKWKHSRUHVL]HEHLQJVPDOOHUDQGLWVFRQQHFWLYLW\
EHLQJORZHU6RWKDWVRLOZDWHUIOX[ K T LQHYLWDEO\
UHGXFHG FRUUHVSRQGLQJO\ᬇ 7KH JUDGLHQW LQ WKH
'DUF\ V ODZ LV FDOFXODWHG DFFRUGLQJ WR WKH OLQHDU
GLVWDQFH EHWZHHQ WZR SRLQWV UDWKHU WKDQ WKH DFWXDO
ZDWHUFLUFXLW:LWKWKHFKDQJHRIWKHSRUHVWUXFWXUH
VFDOH DQG FRQQHFWLYLW\ PDWUL[ PRLVWXUH WHQGHG WR
IORZLQWKHVPDOOSRUHVWKHFLUFXLWEHFDPHEHQWDQG
ORQJHUDQGWKHQWKHDFWXDOJUDGLHQWZDVVPDOOHU7KH
DFWXDO JUDGLHQW LV PXFK OHVV WKDQ  ZKLOH EHLQJ
FDOFXODWHGWRDOVROHGWRWKHGHFUHDVHRI K T 
7KHUHDUHVHYHUDOSRVVLEOHPHFKDQLVPVIRUWKDW
WKH infiltration-reducing effect with cement
permeating in the way RILQVWDQWLVEHWWHUWKDQWKDWin
the way RI LQWHUYDO 7KHUHLQWR WKH SUHGRPLQDQW
PHFKDQLVP PLJKW EH WKDW FHPHQW SDUWLFOHV FRQ 
FUHWLRQ KDUGHQV DQG UHXQLWHV ZLWK VRLO SDUWLFOHV
WKHUHE\IRUPLQJDGHQVHUFRPSDFWOD\HUZLWKVXIIL
FLHQW R[\JHQ VXSSO\ GXULQJ WKH SKDVH RI ZLWKRXW
DGGLQJZDWHU

content( T ); w\  7KH ZDWHU SRWHQWLDO JUDGLHQW RI
w< m
wz

GHFUHDVHV ZKHQ WKH PRLVWXUH

GHFUHDVHRI K T DIWHUFHPHQWSHUPHDWLQJVHGLPHQW

conductivity, the function of sediment water

VHGLPHQW
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sediment. The infiltration rate curves of three treated
samples with cement permeating are all below that
of the corresponding reference samples without
cement permeating; ᬆThe effects of infiltrationreducing are different when cement permeates
different texture sediment. The average stable
infiltration rate of the reference sample of Soil 1
(Figure 4-a) was 0.043 cm/min while that of the
sample treated was 0.031cm/min which decreased of
27.91% compared with that of the reference sample.
The average stable infiltration rate of the reference
sample of Soil 2 (Figure 4-b) was 0.08 cm/min while
that of the sample treated was 0.051cm/min which
decreased of 36.25% and the average stable
infiltration rate of the reference sample of Soil 3
(Figure 4-c) was 0.015 cm/min while that of the
sample treated was 0.013cm/min which decreased of
13.33%.

infiltration duration of sewage with cement permeating of 0NJP NJPNJPNJP
DQGNJP is shown in figure 3. It can be seen in
figure 3 that:
ᬅThe infiltration rate curves of four treated
samples with cement permeating are all below that
of the reference samples without cement permeating.
And thePRUHWKHFRQWHQWRIFHPHQWSHUPHDWHGWKH
ORZHUWKHinfiltration rate curve is. It reveals that the
PRUH FHPHQW WKH PRUH REYLRXV WKH LQILOWUDWLRQ
UHGXFLQJ HIIHFW LV EXW WKH H[WHQW LV OLPLWHG 7KH
DYHUDJH stable infiltration rate of the reference
sample was 0.0969cm/min and that of treated
samples with cement permeating of NJP 
NJPNJPDQGNJP were FPPLQǃ
FPPLQǃFPPLQDQGFPPLQ
UHVSHFWLYHO\ It meant the infiltration-reducing rate
were  ǃ  ǃ  DQG 
UHVSHFWLYHO\;ᬆ When the quantity of cement
permeating was less than NJPWhePRUHFHPHQW
WKHODUJHUWKHLQILOWUDWLRQUHGXFLQJUDWHZDV

),*85(
7KHZDWHULQILOWUDWLRQFXUYHVRIGLIIHUHQWDPRXQW
RIFHPHQW
7KH PHFKDQLVP IRU WKH HIIHFWV RI WKH
LQILOWUDWLRQUHGXFLQJEHLQJGLIIHUHQWDQGOLPLWHGZLWK
GLIIHUHQW quantities FHPHQW SHUPHDWLQJ VHGLPHQW
may be that with the increase of the quantity of
cement, the physical plugging of cement and the
cohesion between cement and sediment particles
enhanced and the inhibition to water infiltration
strengthened. But it was limited due to the finite
sediment porosity. When the amount of cement
reached NJP WKH VHGLPHQW SRURVLW\ FHPHQW
FRXOGSHUPHDWHKDGEHHQODUJHO\SHUPHDWHG6RWKH
HIIHFWRIinfiltration-reducing was limited.
The influence to the function of infiltrationreducing of sediment texture. The relationship
between the infiltration rate and the infiltration
duration of sewage with and without cement
permeating different sediment of different texture is
shown in figure 4. It can be seen in figure 4 that:
ᬅIt does have the effect of infiltrationreducing that cement permeates different texture

),*85(
7KHZDWHULQILOWUDWLRQFXUYHVRIGLIIHUHQWWH[WXUH
RIWKHVHGLPHQW
The sediment WH[WXUH is the combination
condition of the mineral particles with different
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diameter in the soils and it has an impact both on
the driving force of the moisture movement and the
hydraulic conductivity, thus affecting the infiltration
capacity through its effects on soil particle surface
energy, soil pore scale and distribution. The function
of cement permeating WKH sediment restraining water
infiltration is mainly achieved by blocking
macropore of sediment. The lighter sediment with
the smaller clay particle content and the bigger sand
particle content, the larger the intergranular pore and
the greater cement permeating blocking macropore,
the effect of infiltration-reducing was the stronger.
The influence to the function of infiltrationreducing of the bulk density. The relationship
between the infiltration rate and the infiltration
duration of sewage with and without cement
permeating river sediment with the bulk density of
 JFP ǃ JFP ǃ JFP DQG  JFP
respectively is shown in figure 5. It can be seen in
figure 5 that:
ᬅ The infiltration rate curves of four treated
samples with cement permeating are all below that
of the corresponding samples without cement
permeating and it reveals that the infiltration rate
decreases with cement permeating sediment of
different bulk density;
ᬆ 7KH infiltration-reducing rate is different
with cement permeating sediment of different bulk
density. With the increase of the bulk density, the
infiltration-reducing rate decreases. The average
stable infiltration rate of the reference samples were
FPPLQǃFPPLQǃFPPLQDQG
FPPLQUHVSHFWLYHO\ZLWKthe bulk density of
 JFP ǃ JFP ǃ JFP DQG  JFP
respectively. And that of treated samples with
cement permeating were  FPPLQǃ
FPPLQ ǃ  FPPLQ DQG FPPLQ
UHVSHFWLYHO\ It meant the infiltration-reducing rate
were  ǃ  ǃ  DQG 
UHVSHFWLYHO\.
Large pores and conductive pores are the main
passageway of water circulation in the process of
water infiltrating and the larger the pore is, the
stronger the capacity of water infiltrating is. The bulk
density of sediment closely related to the large pores
content and the number of large pores decreases with
the increase of bulk density. The smaller the bulk
density, the looser the sediment structure and the
greater the speed and depth of cement permeating
which meant the greater the amount of cement
permeating causing the larger the decrease of
hydraulic conductivity. Therefore, the effect of
infiltration-reducing weakened with the increasing
of the bulk density.
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),*85(
7KHZDWHULQILOWUDWLRQFXUYHVRIGLIIHUHQW
LQILOWUDWLRQKHDGZDWHU

infiltration rate i/(cm/min)

0,2

The influence of the infiltration headwater
on the function of infiltration-reducing. The
relationship between the infiltration rate and the
infiltration duration of sewage with and without
cement permeating river sediment under the
permeation headwaters of FPǃFPǃFPǃFP
DQGFP respectively is shown in figure 6. It can
be seen in figure 6 that:
ᬅ The infiltration rate curves of five treated
samples are all below that of the corresponding
reference samples under the five permeation
headwaters and it reveals that it could reduce the
water infiltration ability with cement permeating
river sediment under any permeation headwater;
ᬆ The effect of infiltration-reducing was
different when cement permeating sediment under
different permeation headwater. With the permeation headwater rising, the rate of infiltrationreducing increased. The average stable infiltration
rate of the reference samples were FPPLQǃ
FPPLQǃFPPLQǃFPPLQDQG
 FPPLQ UHVSHFWLYHO\ XQGHU WKH permeation
headwaterof FPǃFPǃFPǃFPDQGFP
and that of the corresponding treated samples were
 FPPLQǃ FPPLQǃ FPPLQǃ
FPPLQDQGFPPLQUHVSHFWLYHO\ The
infiltration- reducing rate were ǃǃ
ǃDQGUHVSHFWLYHO\
The differences of the permeation headwater
affected the pressure of cement permeating sediment
and determined the infiltration SRWHQWLDO JUDGLHQW
7KHLQFUHDVHRIthe permeation headwater would rise
WKH SRWHQWLDO JUDGLHQW RI LQILOWUDWLRQ LQWHUIDFH WKDW
PDGHLWSRVVLEOHFHPHQWSHUPHDWHGWKHSRUHVZKLFK
KDG EHHQ SHUPHDWHG GLIILFXOW\ 7KHUHIRUH ZLWK WKH
LQFUHDVH RI the permeation headwater, the rate of
infiltration-reducing increased.
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using various biosorbents filling permeable
reactive barriers. Fresen. Environ. Bull.,23,
3385-3391.
[4] Wang, C.(1998) Contaminant transport and
transformation in unsaturated water flow in
multilayered soils. Journal of Hohai University,
26(1), 59-65.
[5] Hiscock, K.M. and Grishek, T.(2002)
Attenuation of groundwater pollution by bank
filtration. Journal of Hydrology,266,139-144.
[6] Wang, C., Li, Y. and Bao, Z.Q.(2002) Study on
the influence of polluted river on its offshore
groundwater environment. Advances in Water
Science, 13(5),535-541.
[7] Yadav, R.K., Goyal, B. and Sharma, R.K., et al.
(2003) Post-irrigation impact of domestic
sewage effluent on composition of soil, crops
and groundwater-a case study. Environment
International,28(6):481-486.
[8] Helalia, A.M.(1993) The relation between soil
infiltration and effective Porosity in different
soil. Agricultural Water Management,24(8), 3947.
[9] Fan, Y., Li, J. and Wang, S.F.(2000) The role of
clay overburden layer prevention of
contamination from seepage wastewater to
underground water. Techniques and Equipment
for Environmental Pollution Control,1(6), 41-44.
[10] Keijzer, T.J.S. and Loch, J.P.G.(2001) Chemical
osmosis in compacted dredging sludge. Soil Sci.
Soc. Am,65,1045-1055.
[11] Li, T., Zhang, Z.H. and Tang, B.R.(2002)
Experimental study of retardant effect of clay
barriers on contaminants in a confined disposal
facility for dredged sediments from Taihu Lake.
Rock and Soil Mechanics,33(4),993-998.
[12] Yunusa, I.A.M., Eamus, D. and Desilva, D.L.,
et al.(2006)Fly-ash An exploitable resource for
management of Australian agricultural soils.
Fuel,85(16),2337-2344.
[13] Zhao, L., Tang, Z.J. and Liu, F.(2009) Laboratory tests of fly ash as a sandy soil amendment
and its effects on soil water. Acta Scientiae
Circumstantiae,29(9),1951-1957.
[14] Sun, J.C.(2015)Mathematical model coupling
seepage and sedimentation of solid particles in
porous media. Fresen. Environ. Bull.,24,17351741.
[15] Duan, Z.X., Fan, G.S.(2014) Study on
permeability performance of riverbed-silt
sneaked cement. Water Resources and Power,
32(12), 91-94.
[16] Fleckenstein, J.H., Krause, S. and Hannah, D.M.,
et al. (2010) Groundwater-surface water
interactions: New methods and models to
improve understanding of processes and
dynamics.
Advances
in
Water
Resources,33(11),1291- 1295.

CONCLUSION
(1) With cement permeating the river sediment
pores, the character of infiltration interface structure
and part passages of surface moisture transferring
were changed, thus the ZDWHU LQILOWUDWLRQ IOX[
UHGXFHG The way of cement permeatingWKHDPRXQW
RIFHPHQWWKHSHUPHDWLRQKHDGZDWHUWKHWH[WXUHDQG
EXON GHQVLW\ RI VHGLPHQW DOO influenced WKH
LQILOWUDWLRQUHGXFLQJHIIHFWWRVRPHH[WHQW
(2) 7KH H[WHQW RI LQILOWUDWLRQUHGXFLQJ LQ WKH
ZD\RILQWHUYDO ZDVODUJHUREYLRXVWKDQWKDWLQWKH
ZD\RILQVWDQWDQGWKHUDWHRILQILOWUDWLRQUHGXFLQJLQ
WKHZD\RILQWHUYDOZDVWLPHVRIWKDWLQWKHZD\RI
LQVWDQW ZKHQ RWKHU FRQGLWLRQV ZHUH WKH VDPH 7KH
PRUH FHPHQW SHUPHDWHG WKH PRUH REYLRXV WKH
LQILOWUDWLRQUHGXFLQJ HIIHFW ZDV EXW WKH H[WHQW ZDV
OLPLWHG. 7KH OLJKWHU WKH WH[WXUH WKH JUHDWHU WKH
LQILOWUDWLRQUHGXFLQJHIIHFWZDV7KHreduced rates of
steady infiltration rate were 27.91%, 36.25% and
13.33% respectively after cement permeating river
sediment of VLOW\ loam, sandy loam and clay loam.
7KH ELJJHUWKHEXONGHQVLW\ ZDVWKH VKDOORZHUWKH
GHSWKRIFHPHQWSHUPHDWLQJZDVDQGWKHVPDOOHUWKH
UDWHRIWKHLQILOWUDWLRQUHGXFLQJZDV7KHELJJHUWKH
SHUPHDWLRQKHDGZDWHUZDVWKHJUHDWHUWKHHIIHFWRI
LQILOWUDWLRQUHGXFLQJZDV
(3) Cement permeating river sediment could
effectively inhibit the infiltration of sediment
moisture and then retard the pollution of river
transferring to the groundwater to some extent and it
is to reduce pollution of surface water to
groundwater.
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and important to improve their engineering properties in an appropriate and cost effective method. Silt
is a special type of soil and its engineering properties is poor, easy to liquefaction and hard to compaction, usually can¶t be directly used as base filler.
This soil almost covers all cities in Northern
Jiangsu coastal area as top soils that have been affected by climate change effects [1]. Chemical
stabilization is an effective technique to improve
the engineering properties of soils. A lot of research
has been made on the engineering behavior of
treated clay, silt and sand using traditional stabilizers such as cement, lime, fly ash and so on [2, 3,
4, 5, 6, 7]. Although the engineering behavior of
treated soils has been improved dramatically, the
traditional stabilizers are not always readily
acceptable in engineering construction because of
environmental threat. The treated soils always pose
a threat to the environment by changing the soil pH.
The scope of plants and the safety of groundwater
are limited and affected. Generally, the value of
lime or cement treated soil is more than 12 with the
curing times developed [8, 9, 10]. The longevity of
steel structures and concrete elements in the ground
will be reduced for the alkaline environment.
Moreover, the formed cementitious materials
reduce the capacity of soil to cation exchange and
hold water, which affects its fertility. The
traditional stabilizers such as cement and lime
treated soils also have shown brittle behavior especially under cyclic traffic loads, affecting the stability of structure bases and roadways [11, 12, 13, 14,
15, 16, 17]. To overcome these difficulties, a new
alternative soil stabilizer that improves soils without harming the environment and maintains sufficiently ductile of treated soils must be found.
Lignin is a kind of origin polymer compound
which is present in the xylem of plant biomass [18].
The paper and wood manufacturing industry will
produce a large number of processed wastes which
contains lignin or modified lignin in China [19, 20].
According to the government statistics, about 140
million tons of cellulose was isolated from plant
biomass and about 50 million tons of lignin-based
by-products were got at the same time in paper
manufacturing industry one year in China. Over the
past decades, lignin-based by-products were predo-

ABSTRACT
This paper presents details of a study that deal
with determination of engineering properties and
stabilization mechanism of silt sedimented in
Jiangsu when it is treated by a nontraditional additive. Investigations were carried out with respect to
the effect of lignin content and curing time on the
basic soil properties including compaction characteristics, pH and unconfined compressive strength.
In addition, scanning electron microscopy, energy
dispersive X-ray spectroscopy, X-ray diffraction
and Fourier transform infrared resonance were conducted to understand the stabilization mechanism of
lignin treated silt. The study reveals that the engineering performance of silt is improved after treatment by lignin. The optimum content for stabilizing
this silt is approximately 12%. A more stable soil
structure is formed when lignin added into soil after
a period of days curing. The changes on microstructure of treated silt are mainly attributed to the
reduction of crystalline size and bonding effect of
positive charged lignin polymer on soil particles.
Hydrolysis, protonation and cation exchange are
taken place between lignin and clay mineral and the
surface negative charges of clay mineral are reduced by electrostatic charge neutralization, which
make the thickness of double-layer reduced. However, there is no new clay mineral formed in the
treated silt. A possible stabilization mechanism of
lignin treated soil is proposed to provide some guidance for applying nontraditional additives in
geotechnical engineering.

KEYWORDS:
soil stabilization, compaction characteristics, unconfined
compressive strength, microstructure, stabilization
mechanism.

INTRODUCTION
Earth structures such as rail and road subgrade,
foundations and embankment dams associated with
poor engineering properties soils are in danger of
stability and settlement. Therefore, it is necessary
3240
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was proposed based on microchemical analysis. It
is believed that the proposed stabilization mechanism would be quite useful to guide the application
of lignin-based by-products in soil stabilization.

minantly limited used as a fuel in the production of
octane booster and in bio-based products and
chemical productions [21, 22]. So far, more than
95 % of the lignin-based by-products directly discharged into rivers in the form of black liquid or
burned after enrichment. This treatment method not
only polluted the ecological environment but also
caused serious waste of natural resources. The lignin-based by-products have shown promise at stabilizing some poor engineering properties soils.
Investigations have been carried out on cohesive
and non-cohesive soils with lignin as a strength-improving stabilizer. [23] reported that lignin with a
small amount of sulfuric acid as a stabilizer showed
a dramatical improvement in shear strength and
resilient modulus of soil. [24] conducted research
on erosion behavior of lignin treated dispersive
soils and concluded that lignin could improve the
erosion resistivity of soils without harming of environment. [25, 26, 27, 28] used lignin to stabilize the
low plastic clay and silty sand, the experiment results showed that lignin were able to increase the
strength of these soils. In the recent past, most
works have highlighted effect on the mechanical
performance of lignin treated, the interactions between lignin and soil minerals are almost absent.
This paper presents details of investigations
on engineering behavior, formation of various clay
minerals in the soil, molecular structure of lignin
and microstructural characteristics of lignin treated
silt. The effects of additive content and curing times
on compaction characteristics, unconfined compressive strength and pH were studied. In addition,
changes of clay minerals, functional groups and
microstructural characteristics of the treated soils
were investigated by resorting to scanning electron
microscopy (SEM), X-ray diffraction (XRD), and
Fourier transform infrared spectroscopy (FTIR).
Based on these tests results, an effort has been
made to interlink the overall engineering properties
which are altered by the addition of lignin with the
microstructural characteristics of the soil. A possible stabilization mechanism of lignin stabilized soil

MATERIALS AND METHODS
Raw Materials. Natural silt was collected
from a road construction site in Yancheng rural area
as shown in Figure 1. Silt in Yancheng is a typical
soil in Northern Jiangsu coastal area that does not
meet the requirements of highway construction for
subgrade soil. According to the Technical Specification for Construction of Highway Subgrades in
China, silt can be used in construction specified or
should be removed. The basic properties of silt used
in this study are listed in Table 1. The maximum
dry density and optimum moisture content obtained
from the standard Proctor compaction method were
1720kg/m3 and 16.1%, respectively. Furthermore,
the liquid limit and plastic index of the soil were
found to be 32.4% and 8.8, respectively. The
collected soil samples can be classified as a low
plastic silt (ML) in accordance with the Unified
Soil Classification System (USCS). Mineral composition of soil was analyzed by X-ray fluorescence
method using ARL9800XP+XRF spectrometry and
the results are shown in Table 2. The predominant
component in the silt is silicon dioxide with a
percentage of 63.20%, followed by aluminium
oxide of 12.53%. The by-product lignin mixture
used in this investigation is a processed waste
product from paper manufacturing industry in
Henan province in China. It is a yellow-brown
powder with a smell of fragrance. This stabilizer is
inflammable and does not contain heavy metal
constituents. Compared with other traditional and
nontraditional stabilizers, lignin is cheaper,
environmentally friendly and non-hazardous for
soil stabilization.

Lianyungang
Location of
Testing Site

Yancheng
Dafeng

N
Nanjing
0

100 km

Shanghai
Regions with Silt

FIGURE 1
Distribution of silt in Northern Jiangsu coastal area.
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TABLE 1
Physicochemical properties of silt tested.
Property
Specific gravity, Gs
Grain size distribution (%)a
Clay (<0.005 mm)
Silt (0.005-0.075 mm)
Sand (0.075-2 mm)
Liquid limit (%)
Plasticity limit (%)
Plasticity index
Optimum moisture content (%)
Maximum dry unit weight (Ȗdmax), (kg/m3)
pH

Characteristic
2.71
10.8
80.1
9.1
32.4
23.6
8.8
16.1
1720
8.74

a

Measured using a laser particle size analyzer Mastersize 2000.
TABLE 2
Oxide chemistry of silt tested.
Oxide chemistrya
Silicon oxide (SiO2)
Aluminium oxide (Al2O3)
Calcium oxide (CaO)
Ferric oxide (Fe2O3)
Potassium oxide (K2O)
Magnesium oxide (MgO)
Sodium oxide (Na2O)
Sulphate oxide (SO3)
Phosphorus oxide (P2O5)
Others
Loss on ignitionb

Characteristic (%)
63.20
12.53
6.41
3.12
2.46
2.39
2.30
0.18
0.16
7.25
5.81

a

Mineral composition was analyzed by X-ray flourescence method using ARL9800XP+XRF spectrometry
Value of loss on ignition is referenced to 950Υ.

b

Sample preparation. The natural soil collected was air dried and broken down to particle
size that could pass a sieve (5 mm) for unconfined
compressive strength test (UCT) and standard Proctor compaction test. Lignin was also air dried to remove the water in the by-products. The design
amount of lignin and water were calculated by dry
weight of soil and added into soil. For simplicity,
the moisture content of treated soil at various additive contents was the same as the optimum moisture
content of natural silt. The additive contents were
set as 2%, 5%, 8%, 12% and 15%, as recommended
by [26, 27, 28]. The mixture was mixed thoroughly
to achieve homogeneity. Later the mixture was
poured into a steel mold (inner diameter 50 mm and
height 100 mm). The soil specimens were formed
by hydraulic jack and the compacted samples were
sealed in a plastic wrap to minimize moisture loss
and placed in an ambient conditions controlled
room (22Υ and relative humidity of 95%). UCT
was conducted for determining their crushing
strength after various curing times. Soils (of
approximately 1cm3) were retrieved from the carefully hand-broken identical specimens for SEM
analysis. The freezing-drying technique which is
the most appropriate method for dehydrating soil
specimens was employed for SEM analysis, as suggested by Singh et al. Liquid nitrogen with a boiling

point of -195Υ was used to quick-freeze the specimens firstly, then, the specimens were placed in a
vacuum chamber with a temperature of -80Υ for
24h, and were dried by sublimation of the frozen
water. The freeze-drying apparatus used in this
study was the XIANOU-18N freeze-drier at Southeast University.
Testing methods. The standard Proctor compaction test and UCT were conducted on the treated
soil specimens as per Test Methods of Soils for
Highway Engineering JTG E40-2007 (in Chinese).
A certain quantity of the treated soil was sampled
from the broken UCT specimens and was immediately carried out to determine the pH. The pH measurement for the natural silt and treated soil was carried out as per ASTM D4972 by a HORIBA D-54
pH meter. Fragments from the broken UCT soil
specimens were air dried, ground and sieved (2mm).
A quantity of 10 g sieved soil and 10 ml distilled
water were poured in a glass container and mixed
thoroughly. The mixture was left on the test bed to
stand for 1 h. The pH values of the specimens were
determined by using the pH meter into the supernatant.
XRD and FTIR analysis were also performed
on the broken UCT specimens when the samples
were air dried, ground and sieved (<0.075mm). The
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KLJKHUWKDQQDWXUDOVLOWDQGȡdmax is obviously higher
than that of pure soil. Two reasons may explain the
decrease in OMC and increase in ȡdmax. One of
them is that large pore space between the particles
is filled by the formation of lignin polymer.
Although lignin polymer draws the soil particles together to form an aggregate or cluster, filling the
pore plays a dominate role on the change of the
OMC for treated soils. These will be discussed in
GHWDLO LQ WKH VHFWLRQ WLWOHG ³PLFURVWUXFWXUH FKDUDFWHULVWLFV´ 7KH RWKHU LV WKH K\GURSKRELF JURXSV
contained in the lignin polymer, which make the
moisture requirement of treated soils decrease [29].
Figure 2 also reveals that dry density of
treated soils changed dramatically with different
moisture content. The compactive curves of treated
soils are much steeper than that of untreated soil.
This phenomenon indicates that the dry density of
lignin treated soil is sensitive to the change of moisture content. For the road base construction,
moisture content should be controlled strictly to get
a higher density of the treated soil. When the additive content is between 2% and 8%, no significant
changes could be observed with respect to the value
of OMC, but WKHȡdmax of treated soils increases with
higher content of lignin. Once the additive content
getting to 12%, there is almost no change on the
ȡdmax of soils. It could be deduced that the optimum
content of lignin for silt to get largest dry density
was approximately 12%.

apparatus used to XRD analysis was the Rigaku
D/Max-2500 X-ray diffractometer which had a Cu.Į;-ray tube with an input voltage of 40 kV. The
specimens were scanned for two-theta (2ș) value
ranging from 5°to 60°. The step length and scanning
rate are 0.02° and 2°/min, respectively. FTIR analysis was conducted by using NEXUS 870 infrared
spectrometer which was made in the company of
NICOLET. The percentage transmittance (T) is
determined as expressed by:
I
(1)
T = t u100%
I0

where It is the transmitted beam; I0 is the incident
beam.
SEM analysis was performed on the parallel
samples of UTC specimens by using a LEO1530VP
scanning electron microscopy. Triplicate samples
were prepared for UCT and pH test and the average
values of these parameters were shown in this study.
For the sake of completeness, the lignin content and
curing time of the treated soils, subjected to various
tests, are summarized in Table 3.

EXPERIMENTAL RESULTS
Compaction Characteristics. Figure 2 shows
the effect of additive content on optimum moisture
content (OMC) and maximum dry density (ȡdmax). It
can be observed that OMC of the treated soil is

TABLE 3
Lignin content and curing time for various tests.
Test type
Standard Proctor compaction
UCT
pH
SEM
XRD
FTIR

Lignin content (%)
2, 5, 8, 12, 15
2, 5, 8, 12, 15
2, 5, 8, 12, 15
0, 12
0,12
lignin, 0, 12

Curing time (days)
1
1, 7, 28
1, 7, 28
28
28
28

Note: UCT, unconfined compressive test; SEM, scanning electron microscopy; XRD, X-ray diffraction; FTIR,
Fourier transform infrared spectroscopy.

FIGURE 3
Measured pH of lignin treated soil for different
curing times.

FIGURE 2
Effect of lignin content on compaction
characteristics of treated silt.
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Unconfined compressive strength test.
Figure 4 shows the effect of lignin content on the
value of qu at 1, 7 and 28 days of curing. It is evident from this figure that for a given curing time, qu
increases with an increase in lignin content. For instance, after 28 days of curing, qu increases
approximately by 4 times when the lignin content
increases from 0% to 12%. Nevertheless, when lignin content is higher than 12%, qu shows a decreasing trend. This suggests that lignin and curing time
would be quite effective to enhance the strength of
soil when the lignin content is less than 12%. This
observation is consistent with that reported by
ceylan for low plastic clay in Iowa State treated by
two different types of lignin-based by-products as
shown in Figure 4. Curing time has a dramatically
effect on the strength improvement. However, no
significant changes could be observed with respect
to the value of qu within 7 days of curing. There is
a significantly increase in strength of treated soils
after 28 days of curing. From the perspective of
growth for strength, the optimum content of lignin
for stabilizing silt is 12%.
Figure 5 presents the relationship between the
pH and qu for the lignin treated soils. The dashed
line represents an increasing trend of qu with an increase in pH. From the trend line, it can be deduced
that the treated soils would exhibit a relatively low
strength for pH<9.8, whereas qu increases
considerably for pH>9.8. This may be attributed to
the results that pH>9.8 is required for completely
interaction between lignin and clay minerals.

FIGURE 4
Effect of lignin content and curing time on the
unconfined compressive strength of the lignin
treated silt.

FIGURE 5
Relationship between pH and unconfined
compressive strength of lignin treated silt
after 1, 7 and 28 days of curing.

Scanning electron microscopy analysis.
Figure 6 shows the microstructures of the natural
silt and treated silt with lignin content of 12% after
28 days of curing. From Figure 6a, it can be observed that natural silt grains are distinctly separate
with clear boundaries between them and some large
pore spaces exist in the soil. Moreover, there are almost no cementation characteristics between soil
grains. This unstable microstructure would deduce
the fact that natural silt has a low strength and difficult to compaction. Figure 6b shows the microstructure of the treated soils with lignin content of 12%
after 28 days of curing, which is quite different as
compared to Figure 6a. It is evident from Figure 6b
that soil grains are not only bonded with precipitated bonding materials but also coted with chemical material, which produce a much stronger soil
structure. In addition, the pores exist in soil grains
are filled with bonding materials. This observation
is consistent with that reported by Indraratna for
dispersive sandy soil in Australia improved by lignin-based by-products (lignosulfonate). Based on
the investigations conducted on microstructure of
soils, it may be concluded that lignin added into
soils act as bonding agents to bind the soil particles
together and fill the pores to form a more stable
structure.

Soil pH. Figure 3 shows the measured pH of
lignin treated soils after 1, 7 and 28 days of curing.
It can be observed that the pH values of untreated
soils in all cases are lower than those of lignin
treated soils. In general, the pH of all specimens increases as the additive content increases for a given
state of the soil. As lignin is added to the soil, it
may release OH- in the pore water to interact with
clay minerals, changes the pH value of soils. In
addition, when the lignin content higher than 8%,
the treated soil attains almost a constant pH value
that is the maximum pH value a soil can exhibit.
Excessive lignin content may cause additive resided
in the soil which do not interact with clay minerals.
Moreover, curing times play a role on the pH value
of treated soils. Although the pH of soils increases
with curing time increases, the pH of all specimens
is lower than 10. According to the previous research conclusions, the pH of lime or cement
treated soil is usually higher than 12 after 28 days
curing. While lignin treated soils also present alkaline, but its pH value is much less than that of lime
or cement treated soils. Further investigations need
to be conducted on the modification of lignin to
make the treated soils more environmentally
friendly. Therefore, the stabilization mechanism of
lignin treated soil needs to be understood clearly.
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FIGURE 6
Microstructure of soils (a) Natural silt and (b) 12% lignin treated silt after 28 days of curing.

FIGURE 7
X-ray diffractograms of the untreated and 12% lignin treated silt after 28 days of curing.

due to treatment by lignin. The crystalline sizes of
the clay minerals are also computed from XRD data
using Scherrer equation, which can be expressed as:
Ok
(2)
L=
E cos T
where L is the crystalline size; k is a constant nearly
unity; Ȝ is the wavelength of the X-radiation
ǖ  DQG ȕ is the width of a peak at half
height expressed in radians of 2ș (FWHM).
According to equation 2, the larger ȕ, the
crystalline size is smaller. Table 4 shows the results
of crystalline size of untreated and treated soils. It
can be observed from Table 4 that the crystalline
size of clay minerals decrease after lignin treatment.
This demonstrates that crystalline size reduction is
attributed to the reduction of negative charges,
which are absorbed on the surface of soil particles.
Therefore, it can be deduced form the results of
XRD analysis is that electrostatic reaction precess
between lignin and clay minerals is occurred and
lignin polymer presents in the soils probably have a
positive charge.

Although the engineering properties of lignin
treated soils have been improved, the interaction
mechanism between lignin and clay minerals are
not clearly. Detailed knowledge about stabilization
mechanism of lignin treated soils is very important
for using lignin-based by-products in engineering
construction. Thus, XRD and FTIR analysis were
also performed on typical soil specimens to further
understand the stabilization mechanism of treated
soils.
X-ray diffraction analysis. Figure 7 shows
X-ray diffractograms of the treated silt with lignin
content of 12%, cured for 28 days. Diffractogram
for natural silt is also superimposed in the figure as
a reference. It is evident from the figure that natural
silt is mainly composed of quartz (Q) and kaolinite
(K). A small amount of montmorillonite (M) and
Illite (I) are presented in the soil. Figure 7 also
reveals that treated and untreated soils have the
same peak position in the diffractogram. This
indicates that there is no change of clay minerals
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TABLE 4
Computed results of crystalline size from XRD analysis.
Type of clay mineral
Quartz
Kaolinite
Quartz
Montmorillonite

%UDJJ¶VDQJOH
degrees
8.84
20.84
25.50
30.44

FWHM
0.280
0.160
1.120
0.920

Natural silt
Crystalline size: nm
30.43
56.30
8.33
10.61

Silt treated with 12% lignin
FWHM
Crystalline size: nm
0.400
21.30
0.240
37.53
1.440
6.48
2.600
3.76

Percentage
reduction: %
30.00
33.33
22.22
64.62

FIGURE 8
Fourier transform infrared spectroscopy analysis result of lignin.

FIGURE 9
Fourier transform infrared spectroscopy analysis results of soils
(a) Natural silt; (b) 12% lignin treated silt after 28 days of curing.

the FTIR analysis results of lignin. The analysis results reveal that lignin consisted of functional
groups such as -OH (3355 cm-1), benzene ring
(1595, 774, 650 cm-1), C-H stretching group (1413,
2936 cm-1), C-O bond secondary alcoholic group
(1045 cm-1) and S=O stretching sulfonate group

Fourier transform infrared spectroscopy
analysis. Lignin is a kind of organic polymer which
contains many reactive functional groups. The
FTIR analysis technique, the most appropriate
method to determine the functional groups contained in soils and other materials. Figure 8 presents
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(1119 cm-1). FTIR analysis is also conducted on
natural soil and lignin treated soil with lignin content of 12% after 28 days of curing. From Figure 9a,
it shows that natural silt consisted of functional
groups such as Si-O (1030, 787 cm-1), Al-O-H
(3620 cm-1) and OH (467, 3452 cm-1). Figure 9b
presents the FTIR analysis results of treated silt
with lignin content of 12% after 28 days of curing.
It reveals that treated silt contained the functional
groups equal to untreated soil plus the major functional groups of lignin (wave number ranging from
2000 to 500 cm-1). It is very interesting that the
different spectra observed in the FTIR results of lignin treated silt in wave numbers ranging from 2500
to 500 cm-1 just confirm the presence of functional
groups such as benzene (1594, 779, 694 cm-1) and
the CH group (1429 cm-1). The presence of the
functional groups of lignin in lignin-treated silt
indicates the formation of ionic bonding between

Fresenius Environmental Bulletin

the clay mineral lattices and the lignin functional
groups. Lignin exists in the interlayer spacing of
clay minerals could also be deduced from the analysis results [30].
To completely understand the stabilization
mechanism of lignin treated soils, the molecular
structure of lignin need to be investigated. Figure
10 shows the microstructure and energy dispersive
X-ray spectoscopy (EDS) analysis results of lignin.
It reveals that lignin is composed of carbon (C),
oxygen (O), sulfur (S), sodium (Na) and small
amount of silicon (Si). The presence of silicon may
be caused by impurities in lignin. Based on the
above analysis results, the structure of lignin is
developed as shown in Figure 11. Lignin contains
both hydrophilic groups including sulfonate, phenylic hydroxyl, alcoholic hydroxyl and hydrophobic
groups including the chain.

(a)

FIGURE 10
SEM and EDS analysis results of lignin (a) SEM image of lignin; (b) EDS result of lignin.

FIGURE 11
Molecular structure of lignin.
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FIGURE 12
Chemical reactions of lignin in the soil.
Double-layer Water

Kaolinite

Clay sheet

Kaolinite

Double-layer Water

Illite

Montmorillonite

Stabilizer

Illite
Lignin
Polymer

Montmorillonite

More stable soil structure

FIGURE 13
Schematic diagram for stabilization mechanism of lignin treated soil.

action of electrostatic attraction, the positive
charged polymer is attracted to the surface of clay
minerals. At this stage, the negative charges of clay
minerals surface will be neutralized. On the other
hand, this neutralization process leads to the reduction of double-layer thickness and crystalline size.
The bonding material is finally formed in the soil to
fill pores and draws grains together. The interactions between lignin and clay minerals are verified
by pH test and FTIR analysis and the reduction of
clay minerals is also confirmed by XRD analysis.
Therefore, the lignin treated silt presents a well performance on engineering properties when compared
with natural silt.
Figure 13 shows the schematic diagram of soil
stabilization process by lignin. Kaolinite, Illite and
Montmorillonite represent three main mineral in the
soil. When lignin-based stabilizers add into soil, a
serious of interactions which are depicted above has
been occurred. The double-layer thickness or
crystalline size will be reduced by electrostatic neu-

STABILIZATION MECHANISM OF LIGNIN
TREATED SOILS
Based on the basic properties test and microchemical analysis, a possible stabilization mechanism of using lignin to stabilize soils has been proposed in this study. Figure 12 shows the chemical
interactions between lignin and clay minerals.
Firstly, lignin undergoes hydrolysis and disintegrates into hydrogen ion (H +) and hydroxyl ion
(OH-) in the pore water. Secondly, the released
hydrogen ion would make lignin protonated. In
addition, the cation exchange has been conducted
on between sodium ion with low valence and calcium/aluminium ion with high valence. The oxygen
atom of the secondary hydroxyl, contains two pairs
of unshared electrons in the outermost energy layer,
will easily be protonated. Finally, the protonated
lignin would release water and form a polymer
compound with a positive charge. Because of the
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ing tools, for investigating the interaction mechanism of nontraditional stabilizers treated soils.

tralization after a period of curing time. The positive charged lignin polymer has a longer polymer
chain which would draw soil particles together and
fill pores to form an aggregate. Finally, a more stable soil structure is formed and the engineering
properties of treated soils have been improved.
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SUMMARY AND CONCLUSIONS
This paper provides a comprehensive summary of the laboratory testing program conducted
to investigate the basic engineering properties,
microstructural characteristics and stabilization
mechanism of lignin treated silt. Based on the results reported, the following conclusions can be
drawn:
1. Compaction characteristics of lignin treated
silt are different from those of natural silt. It has
been observed that with an increase in lignin content, optimum moisture content decreased and was
almost the same as those for treated silt when lignin
content was less than 8%. Maximum dry density increased with the increase of lignin content and was
almost a constant when lignin content exceeded
12%.
2. The pH of the treated silt increased
remarkably with an increase in the lignin content
and was lower than 10 for all cases. From the
unconfined compressive strength test results, it has
been observed that with an increase in the lignin
content, the magnitude of qu increased, but the
strength of soil decreased slightly when the lignin
exceeded 12%. The optimum content of lignin for
stabilizing silt in Jiangsu was approximately 12%.
3. Results from the SEM, XRD and FTIR
analyses reveal that a more stable soil structure was
formed when lignin added into soil after a period of
curing time. No new clay minerals were found in
the treated soil, but the size of crystalline was reduced after treatment. Both hydrophilic groups and
hydrophobic groups were contained in lignin and
the major functional groups contained in treated
soils were equal to those of natural silt plus lignin.
4. Micro-chemical analyses show that the improvement of engineering performance presented
by lignin treated soil can be attributed to the reduction of double-layer thickness by neutralizing the
surface negative charges of clay particles. The
formed positive charged lignin polymer drew grains
together and filled pores. Finally, a possible
stabilization mechanism of lignin treated soils was
proposed based on the results of micro-chemical
analyses.
5. The significant variations in the engineering
properties of the lignin treated silt are well interpreted by the SEM, XRD and FTIR analysis. As
such, it can be opined that SEM, XRD and FTIR
can be employed successfully, as useful engineer-
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ranean region, central to southern Russia, and Asia
Minor to Iran, and cultivated in Europe, the Middle
East and Asia [1]. The roots and rhizomes of licorice species have long been used worldwide as a
source of herbal medicine [2]. They contain an important biologically active compound known as glycyrhizic acid or glycyrrhizin, which is one of the
main constituents of licorice roots and has sweet
taste making it industrially important [3]. Commercial uses include cola, wine, cosmetics, tobacco, beer
and sweetener industries [4]. Licorice species are
also traditionally used in medicinal diseases such as
viral infections, injury, swelling, ulcer and
detoxification [5]. Along with medicinal uses, licorice is known as drought-tolerant and deep-rooted
plant and very effective in wind breaking and soil
amelioration for semiarid ecosystems [6]. As in
Glycyrrhiza spp., most medicinal plants are harvested from the wild and extent of its use has led to
endangerment or even extinction of some species [7,
8]. Conservation of medicinal plants is an important
content of biodiversity conservation [9]. Because of
great market demand, the wild resources of this
species are much reduced and the conservation for
wild populations becomes urgent [10, 11]. Conservation of medicinal plants is a main concern of
environmental policies in many countries and regions. The genus of Glycyrrhiza has approximately
30 species in the world. Eight taxa of Glycyrrhiza
spp. are found in Turkey that is an important country
in terms of medicinal and endemic plants [12-14]. G.
asymmetrica Hub.-Mor.; G. iconica Hub.-Mor.; G.
flavescens Boiss. subsp. flavescens; are endemic to
Turkey. G. flavescens Boiss. subsp. antalyensis
Sumbul, Tufan, O. D. Dusen & Gokturk; G. aspera
Pall.; G. echinata L.; G. glabra L. var. glabra; and
G. glabra L. var. glandulifera (Waldst. & Kit.) are
found in Turkey [15]. All Glycyrrhiza genomes
seem to have diploid (2n=16) genomes [16]. In a
recent karyotype study, it was shown that genomes
of different Glycyrhiza species were different in
lengths and sizes [16]. They also reported that total
length of chromosomes varied depending of the
species. So far, little has been known about the total

ABSTRACT
In this study, we performed nuclear DNA content determination of three different licorice species
(G. flavescens Boiss, G. glabra L. var. glandulifera
and G. echinata L.) collected from three different
geographical regions of Hatay Province (Arsuz,
Kirikhan, and Antakya) in the East Mediterranean
Region. Previous cytogenetic studies in Glycyrrhiza
genus is limited to chromosome counts by classical
methods and no information was available on
nuclear DNA content of the species included within
the genus. Nuclear DNA content information is
constant among individuals of one species, therefore, it is species specific. This makes nuclear DNA
content information very useful for taxonomic, evolutionary, and genetic studies. Nuclear DNA content information (pg) can be converted to genome
size (bp) by using a simple equation and it is critical
for genome sequencing projects. In this study,
nuclear DNA content of three different Glycyrrhiza
species were comparatively analyzed for the first
time by using flow cytometry method. Based on the
results of the study G. flavesences (1.138±0,013 pg,
1112.96 Mbp) had larger nuclear DNA content than
those of G. glabra (0.967±0,009, 945.73 Mbp) and
G. echinata (0.946±0,008 pg, 925.19 Mbp). These
results indicate that G. flavescens have different
genomes than G. glabra and G. echinata, which have
more similar genomes. The results of this study will
be useful for taxonomic identification of Glycyrrhiza
species and to understand their geno-mic structures
and relations.

KEYWORDS:
Glycyrrhiza spp., Flow cytometry, nuclear DNA content,
C-value, evolution

INTRODUCTION
Licorice species (Glycyrrhiza spp., Leguminoseae) are perennial herbs native to the Mediter-
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va (3.65 pg/2C) was used as internal standard.
Briefly, the protocol consisted of simultaneously
chopping leaf tissues (20 mg each) of Glycyrrhiza
and Vicia sativa in 0.5 ml nuclei extraction buffer,
transferring homogenized tissues into centrifuge tubes through filter, brief centrifugation (20 s), dissolving the pellet in extracting buffer (0.5 ml), adding
staining buffer (1 ml) and incubation (30 min) at
room temperature. The samples were then analyzed
using a Partec CyFlow Space flow cytometer (Munster, Germany) equipped with green laser ex-citation
at 488 nm. The absolute DNA contents of
Glycyrrhiza species were calculated based on the
ratios of the G1 peak means of sample and reference
standard by using the following formula:
Sample 2C DNA content = [(sample G1 peak
mean) / (standard G1 peak mean)] X standard 2C
DNA content (pg).
Nuclear DNA content values were converted
from pg to bp by using formulas [31]. The c-values
of the species were compared using t-test.

DNA content of Glycyrrhiza genomes. Recently,
flow cytometry (FCM) has become a useful, novel
and quick method to identify relative nuclear DNA
content and ploidy level in plant and animal cells
[17, 18]. Effect of colchicine treatment on ploidy
level of G. glabra var. glandulifera genome was
investigated by using flow cytometry, however, no
clear statement was addressed about the C-value of
its genome [19]. The amount of DNA in plant cells
is explained as picograms (pg) and it is represented
DV ³&´ YDOXH ZKLFK LV WKH DPRXQW RI '1$ LQ D
haploid genome [20-22]. In a diploid somatic cell,
DNA content is 2C. The DNA C value influences
broad range of plant characteristics from nuclear
DNA replication, duration of cell cycle [23] to
geographical distribution and life cycle [24-26].
Precise estimation of DNA content of organisms was
thought to be useful for ploidy as-sessment, breeding
programs [27], molecular mar-ker research [28] and
sequencing projects [29]. Ge-nome variation among
Glycyrrhiza species was previously assessed using
molecular markers [30]. However, to the best of our
knowledge, no reports have been published about the
DNA content variation among naturally growing
Glycyrrhiza species grown in East Mediterranean
Region. The aim of this study was to determine and
comparatively analyze DNA contents of G.
echinata, G. flavescens subp. flavescens and G.
glabra var. glabra collected from Hatay province of
Turkey, located in East Mediterranean Region.

RESULTS
The Glycyrrhiza species are widely distributed
in East Mediterranean Region. We collected samples
from the most populated areas. Of those, G. glabra,
the most economically important species in Turkey,
is the most widely distributed one and can be found
around the fields and road sides, while G. echinata
was only found by the irrigation canals and G.
flavescens, which is endemic to Turkey, was only
found in forest areas. G. echinata and G. flavescens
were much less densely populated compared to G.
glabra. Genomes of three Glycyrrhiza species
collected from three different geographical locations
and Vicia sativa L. as a control were analyzed using
FCM and were found to differ in size from one
another. DNA flow cytometric separation between
Glycyrrhiza spp. and Vicia sativa L. was depicted in
Fig. 1. Minimum and maximum DNA content values
for G. glabra, G. echinata and G. flavescens were
0.94-0.99, 0.93-0.97, and 1.09-1.19 pg/1C,
respectively. Mean DNA content of Glycyrrhiza
species are 0.967 (G. glabra), 0.946 (G. echinata),
and 1.138 pg/1C (G. flavescens) with standard error
of about %1 (Table 2). Vicia sativa L. was also used
as standard and has 3.650 pg/2C DNA per nucleus.
The highest DNA content per haploid genome was
found in G. flavescens, which is followed by G.
glabra and G. echinata. Mean DNA content of G.
flavescens was about 15% and 17% significantly
larger than those of G. glabra and G. echinata
genomes, respectively (p < 0.01). G. glabra and G.
echinata were observed to have similar size of mean
DNA content, and the former had slightly larger
(%2) mean DNA content than the latter (p > 0.05).

MATERIAL AND METHODS
Plant material. Fresh leaves of three Glycyrrhiza species, given in Table 1, were collected during
flowering and fruiting stages (depending on the
species) from three locations in Hatay Province.
Leaves of each sample were harvested and kept at
4°C between two layers of moist filter papers placed
into disposable petri dishes on ice until samples were
analyzed (3-4 days). Plant materials listed below are
dried according to herbarium techniques and are
stored in the Herbarium of Mustafa Kemal
University.
DNA content determination by FCM. Nuclear DNA content analysis: Genome size of
Glycyrrhiza species were determined by flow cytometer using fresh plant materials. Plant materials
were collected in Hatay and transferred to Plant
Genetics and Cytogenetics Lab of Agricultural Faculty of Namik Kemal University in Tekirdag,
Turkey. DNA content analysis was carried out by
using 6 replicates. Commercial kits (CyStain PI absolute P) of Partec were used in nuclear DNA content analysis. A slightly modified version of the
Partec protocol was used in the analyses. Vicia sati-
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TABLE 1
Glycyrrhiza species used in the present study
Species
G. glabra
G. flavescens
G. echinata

Latitude (°N)
Û¶ 015
Û¶ 766
Û¶ 627

Longitude (°E)
Û¶ 683
Û¶ 275
Û¶ 239

Altitude (m)
278
113
86

Locality
Hatay- Altinozu
Hatay-Arsuz -Kale Village
Hatay-Kirikhan

FIGURE 1
DNA flow cytometric separation between Glycyrrhiza spp. and Vicia sativa L.
TABLE 2
Mean DNA content of 6 repeats obtained from Glycyrrhiza sp.
DNA contents of Replicates (pg)/C
Species
G. glabra
G. echinata
G. flavescens

1

2

3

4

5

6

0.99
0.97
1.19

0.95
0.93
1.09

0.99
0.93
1.13

0.95
0.95
1.14

0.94
0.95
1.15

0.98
0.97
1.13

1C (pg) Mean (pg)
±Se*
0.967±0.009b
0.946±0.008b
1.138±0.013a

Haploid Genome
Size (Mbp)
945.73
925.19
1112.96

*values having the same letter are not significantly different (p < 0.05).

and G. echinata were similar and were more distantly related to G. flavescens. This suggests that G.
flavescens, with larger genome size, was probably
diverged later from other two Glycyrrhiza species
[30] since it was considered that the ancestral genome size was mostly small in plants [41-43]. The
larger seed size and leaf cells may also be correlated
with the larger genome size of G. flavescens since
previous reports suggested that such morphological
and physiological associations with genome size of
other species are frequent [44-46]. Indeed, G.
flavescens has apparently larger leaves, fruit and
seed compared to the two species. The reason for
genome size variation among species was attributed
to different transposon element contents [47-49].
Most recently, about 55-83% of the Fabeae genome
were found to be repetitive DNA most of which are
retrotransposons [50]. It may also be likely that some
genome duplications may exist since some DNA
markers observed multiple loci in G. flavescens
genomes [30]. Various non-coding DNA regions or
the factors increasing DNA amount related to
genome were fundamentally responsible for
differentiation [51].
Conversely to our results, it was found that total
chromosome length of G. glabra was the smallest
among the three species and was similar to that of G.

DISCUSSION
Licorice contains some phenolic compounds
such as glycosides of isoliquiritigenin (liquiritin,
isoliquiritin, liquiritin apioside, licuraside, etc.) and
liquiritigenin, isoprenoid-substituted flavonoids,
chromenes, coumarins, dihydrostilbenes, and dihydrophenanthrenes [32, 33]. Since these phenolic
compounds have inhibitory effects on DNA staining,
very small significant differences among the
estimates may appear [34-39]. Genome size measurement of Vicia sativa L. was similar to the previous C-value [38]. DNA size values are very similar on replicates and had only around 1% standard
error rate. About 1% standard error seems acceptable in our results since in genome size measurement studies, the use of different instruments and
techniques as well as different internal standards
may cause as much as 5% differences in genome size measurements [40].
The results clearly showed that G. glabra
genome is more similar to G. echinata. While these
two species grow in very close proximities, G. flavescens usually confined to forestry areas in small
populations. In a recent genetic diversity study,
using microsatellite markers, genomes of G. glabra
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[6] Zhang, Q.Y. and Ye, M. (2009) Chemical analysis of the Chinese herbal medicine Gan-Cao
(licorice). J Chromatogr A 1216, 1954-1969.
[7] Larsen, H.O. and Olsen, C.S. (2006) Unsustainable collection and unfair trade? Uncovering
and assessing assumptions regarding Central
Himalayan medicinal plant conservation. Plant
Conservation and Biodiversity: Springer. 105123.
[8] Schippmann, U., Leaman, D.J. and Cunningham, A. (2002) Impact of cultivation and
gathering of medicinal plants on biodiversity:
global trends and issues. Biodiversity and the
ecosystem approach in agriculture, forestry and
fisheries. Rome, 12-13 October 2002. InterDepartmental Working Group on Biological
Diversity for Food and Agriculture. Rome.
[9] Ten Kate, K. and Laird, S.A. (1999) The commercial use of biodiversity: access to genetic
resources and benefit-sharing: Earthscan.
[10] Zhang, J.T. and Ru, W.M. (2010) Population
characteristics of endangered species Taxus
chinensis var. mairei and its conservation strategy in Shanxi, China. Popul Ecol 52, 407-416.
[11] Zhang, J.T., Ru, W.M. and Li, B. (2006) Relationships between vegetation and climate on the
Loess Plateau in China. Folia Geobot 41, 151163.
[12] Akan, H. and Balos, M.M. (2008) The medicinal important, ethnobotanical peculiarities
and export situations of liquorice plant (Glycyrrhiza glabra L.) of GAP region. Sci Eng J
)ÕUDW8QLY 233±241 (article in Turkish with
an abstract in English).
[13] Asl, M.N. and Hosseinzadeh, H. (2008) Review
of pharmacological effects of Glycyrr-hiza sp
and its bioactive compounds. Phytother Res 22,
709-724.
[14] Hilooglu, M. and Sozen, E. (2017) Population
Genetic Structure of Endemic Verbascum alyssifolium in Erzincan Region of Turkey. Fresen.
Environ. Bull., 26, 1756-1764.
[15] Sumbul, H., Tufan, O., Dusen, O.D. and
Gokturk, R.S. (2003) A new taxon of Glycyrrhiza L. (Fabaceae) from southwest Anatolia.
Israel J Plant Sci 51, 71-74.
[16] Cetin, O., Duran, A., Martin, E. and Kucukoduk, M. (2015) Karyological studies in some
Glycyrrhiza (Fabaceae) taxa from Turkey. Caryologia 68, 254-264.
[17] Kron, P. and Husband, B.C. (2012) Using flow
cytometry to estimate pollen DNA content:
improved methodology and applications. Ann
Bot-London 110, 1067-1078.
[18] Ochatt, S.J. (2006) Flow cytometry (ploidy
determination, cell cycle analysis, DNA content per nucleus). Medicago truncatula.
[19] Moghbel, N., Borujeni, M.K. and Bernard, F.
(2015) Colchicine effect on the DNA content
and stomata size of Glycyrrhiza glabra var.-

flavescens [16]. In general, correlation between total
chromosome length and DNA content is expected.
Although the total chromosome length results [16]
do not seem to corroborate with ours, such variation
could be observed in karyotype studies. A significant
positive correlation was found between DNA
content and length of Lathyrus sativus
chromosomes, however, significant distortions were
also observed between DNA content and
chromosome lengths among several genotypes [52].
Within L. sativus species, 20 genotypes showed
varying DNA content (ranging 13.77- 15.65 pg) and
total chromosome lengths (ranging 65.22- 95.28
μm). It was observed that variation in total
chromosome lengths was much higher than that of
DNA contents.
In conclusion, along with glycyrrhizin, licorice roots contain significant substances used in medicine and sweetener industry. In the present study,
we first report the DNA contents of three different
Glycyrrhiza species. Our results showed variations
in genome sizes among the three Glycyrrhiza species
naturally growing in East Mediterranean Region.
The genome sizes of Glycyrrhiza spp, es-pecially
that of G. glabra, are relatively small and amenable
for genome sequencing. The sequencing of G.
glabra genome may help understand produc-tion
mechanisms of economically important constituents used in medicine and food industry.
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ABSTRACT

INTRODUCTION

7KHUDSLGHFRQRPLFGHYHORSPHQWDQGSRSXODWLRQ JURZWK LQ UHFHQW GHFDGHV KDV OHG WR WKH
LQWHQVLILFDWLRQRIWKHSUHVVXUHWRSURYLGHDVDIHDQG
DGHTXDWH ZDWHU VXSSO\ LQ PRVW DULG UHJLRQV RI WKH
ZRUOG7KLVLVGXHWRGHWHULRUDWLRQRIWKHHFRORJLFDO
HQYLURQPHQW DQG LUUDWLRQDO DOORFDWLRQ RI ZDWHU UHVRXUFHVZKLFKKDVOHGWRWKHLQWHQVLILFDWLRQRIFRQIOLFWVDPRQJDGMDFHQWDUHDV
,W LV QHFHVVDU\ WR DOORFDWH ZDWHU UHVRXUFHV
VFLHQWLILFDOO\IRUVXVWDLQDEOHGHYHORSPHQW:KHUHDV
ZDWHUUHVRXUFHVDOORFDWLRQLVXVXDOO\D PXOWLREMHF
WLYH SUREOHP DQG KDV EHHQ RI FRQFHUQ IRU ORWV RI
UHVHDUFKHUV $ VLPSOH ZDWHU UHVRXUFHV DOORFDWLRQ
PRGHOIRFXVHVRQDFHUWDLQDVSHFWVXFKDVHFRQRPLF
ZDWHUFRQVXPSWLRQRUHFRORJLFDOZDWHUGHPDQG6R
,W LV QHFHVVDU\ WR RSWLPL]H WKH PRGHO RI ZDWHU UHVRXUFHVDOORFDWLRQ
,QWKLVSDSHUZDWHUUHVRXUFHVDOORFDWLRQPRGHO
LV RSWLPL]HG EDVHG RQ WKH FRQFHSW RI KXPDQZDWHU
KDUPRQ\7KHLGHDRIDKXPDQZDWHUKDUPRQ\LQGH[
+:+, GLDJQRVLVLVSUHVHQWHGIRUWKHILUVWWLPH,Q
WKLV VWXG\ ZH DSSOLHGWKLV PHWKRGWRWKH QRUWKZHVW
DULGUHJLRQRI &KLQD7KH +:+,FDOFXODWHGYDOXHV
VKRZ WKDW SDUW RI UHJLRQ LV FRQIURQWHG ZLWK
GLVKDUPRQ\LQKXPDQZDWHUUHODWLRQVKLSV7KURXJK
WKHDSSOLFDWLRQRI+:+,GLDJQRVLVDQGWKHUHYLVLRQ
RISUHOLPLQDU\ZDWHUUHVRXUFHVDOORFDWLRQVWKHILQDO
UHVXOWVDUHUHODWLYHO\VDWLVIDFWRU\FRPSDUHGZLWKWKH
VLWXDWLRQ:HDOVRXVHWKHPHWKRGWRFDOFXODWH+:+,
YDOXHV LQ GLIIHUHQW UHJLRQV IRU  \HDUV 7KHVH
FDOFXODWLRQV YHULI\ WKH UDWLRQDOLW\ RI WKH ZDWHU
UHVRXUFHVDOORFDWLRQEDVHGRQWKHFRQFHSWRI+:+,
7KHPHWKRGEDVHGRQ+:+,FRXOGLPSURYHWKH
UHODWLRQVKLSEHWZHHQKXPDQVRFLHWLHVDQGWKHLUZDWHU
VXSSO\ 7KH GDWD DQG PHWKRG DSSOLHG LQ WKLV VWXG\
FRXOG DOVR KHOS VXSHUYLVRUV PDNH GHFLVLRQV RQ
UHJLRQDO GHYHORSPHQW DQG HIIHFWLYHO\ UHVROYH
FRQIOLFWVLQZDWHUUHVRXUFHV

:LWKWKHUHFHQWUDSLGHFRQRPLFGHYHORSPHQWLQ
&KLQDWKHFKDOOHQJHRIVXSSO\DQGGHPDQGRIZDWHU
UHVRXUFHVLVEHFRPLQJDQLQFUHDVLQJO\SURPLQHQWLVVXH HVSHFLDOO\ LQ WKH QRUWKZHVW DULG UHJLRQ RI WKH
FRXQWU\ 7KH QRUWKZHVW DULG UHJLRQ LV D EDVLQ
FRYHULQJ DQ DUHD RI DSSUR[LPDWHO\  NP
ZKLFKLVRIWKHQDWLRQDOODQGDUHD7KLVUHJLRQ
FRQWDLQV WKH 7DULP ULYHU EDVLQ The length of the
main stream of Tarim river is 1321 km, the famous
Taklimakan desert is located there  $YHUDJH
SUHFLSLWDWLRQLVQRWPRUHWKDQPPDQQXDOO\7KH
WRWDOYROXPHRIZDWHUUHVRXUFHVLVHVWLPDWHGDW
ELOOLRQ P DFFRXQWLQJ IRU  RI WKH WRWDO ZDWHU
UHVRXUFHV LQ &KLQD ,Q RUGHU WR HQVXUH WKH IDLUQHVV
DQG UDWLRQDOLW\ RI ZDWHU FRQVXPSWLRQ DPRQJ WKH
UHJLRQV LQ WKLV DUHD DQG UHGXFH FRQIOLFW WKH
DOORFDWLRQ RI WKH ZDWHU UHVRXUFHV QHHGV WR EH
SHUIRUPHGKDUPRQLRXVO\
$W WKH SUHVHQW WLPH YDULRXV PDWKHPDWLFDO
DOORFDWLRQ PRGHOV RI ZDWHU UHVRXUFHV KDYH EHHQ
GHYHORSHG 6XHWDO>@;LDRHWDO>@
VaghefiHWDO>@ $WWKHVDPHWLPHWKHVWXG\
RIKXPDQZDWHUKDUPRQ\KDVEHHQRQHRIWKHPDMRU
DUHDV RI IRFXV LQ ZDWHU UHVRXUFH PDQDJHPHQW
UHVHDUFK6RPHVWXGLHVKDYHVKRZQWKDWWKHKXPDQ
ZDWHU UHODWLRQVKLS IROORZV D SUHGLFWDEOH WUDFN
6XOOLYDQ DQG 0HLJK  >@ $OVR D WKHRUHWLFDO
IUDPHZRUNRIZDWHUUHVRXUFHPDQDJHPHQWE\KXPDQ
ZDWHU LQWHJUDWLRQ KDV EHHQ GHVFULEHG )DONHQPDUN
 >@7KHHIIHFWRISRSXODWLRQKXPDQDFWLYLW\
DQGFOLPDWHFKDQJHRQZDWHUV\VWHPVZDVDQDO\]HG
/DXW]HHWDO>@ DQGDUHVHDUFKIUDPHZRUNRI
KXPDQZDWHUKDUPRQ\KDVEHHQSURSRVHG =XRDQG
0DR>@ 6WXGLHVRIKXPDQZDWHUUHODWLRQVKLSV
LQULYHUEDVLQVKDYHEHHQ SHUIRUPHGZKLFKPDLQO\
IRFXVHG RQ WKH ZDWHU V\VWHP ZDWHU F\FOH DQG WKH
UROHRIZDWHULQWKHHFRV\VWHPV %DEHOHWDO>@
'RQGH\QD]HWDO>@3OXPPHUHWDO>@
6KDRHWDO>@ 5HFHQWO\QHZDSSURDFKHVWR
DVVHVV WKH KXPDQZDWHU UHODWLRQVKLS KDYH EHHQ
GHYHORSHG 'LQJHWDO>@ DQGKXPDQZDWHU
UHODWLRQVKLSVKDYHEHHQTXDQWLWDWLYHO\DQDO\]HG =XR
HWDO>@ 7KHXUEDQZDWHUPDQDJHPHQWZDV
HYDOXDWHGZLWK8UEDQ:DWHU+DUPRQ\PRGHO 'LQJ

.(<:25'6
ZDWHUUHVRXUFHVDOORFDWLRQ+XPDQZDWHUKDUPRQ\LQGH[
RSWLPL]DWLRQ&KLQD
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HW DO  >@ 7KHVH VWXGLHV KDYH DFKLHYHG LPSRUWDQWLQVLJKWVUHJDUGLQJZDWHUUHVRXUFHV+RZHYHU
VWXGLHVRIKXPDQZDWHUKDUPRQ\GLDJQRVLVLGHDIRU
WKH UDWLRQDO DOORFDWLRQ RI ZDWHU UHVRXUFHV DQG WKHLU
SUDFWLFDODSSOLFDWLRQDUHFXUUHQWO\XQH[SORUHG
This paper is based on the concept of humanwater harmony to realize the optimal allocation of
the water resources. To do this we developed a new
idea of human water harmony index (HWHI) diagnosis. Firstly, water resources allocation optimization process was established (including the idea of
HWHI diagnosis etc.). Secondly, the case study was
applied in the Tarim river basin of northwest arid
region of China. Finally, the water resources allocation optimization model was validated. The water
resources allocation optimization scheme reflect the
actual situation basically.
7KHVWXG\RIZDWHUUHVRXUFHVDOORFDWLRQEDVHG
RQWKHFRQFHSWRI+:+,PD\KHOSUHOHYDQWJRYHUQPHQW LQVWLWXWLRQV PDQDJH ZDWHU UHVRXUFHV WUDQVDFWLRQVLQIXWXUH,WDOVRSURYLGHVDUHIHUHQFHIRUZDWHU
UHVRXUFHVWUDGLQJLQDULGUHJLRQVRIRWKHUFRXQWULHV

DUHDRIWKHULYHUEDVLQ Gi LVWKHJURVVGRPHVWLFSURGXFWRIWKHORFDOUHJLRQ G LVWKHJURVVGRPHVWLFSURGXFWRIWKHULYHUEDVLQ Ei UHSUHVHQWVWKHHFRORJ\ZDWHU UHTXLUHPHQW DFFRXQWV RI WKH ORFDO UHJLRQ E  LV
WKHWRWDOHFRORJ\ZDWHUUHTXLUHPHQWDFFRXQWVRIULYHU
EDVLQ WR LV WKH WRWDO DPRXQW RI ZDWHU UHVRXUFHV
DOORFDWLRQ
Human water harmony index diagnosis. 'L
DJQRVLV KDV WKUHH PDLQ FRPSRQHQWV 7KHVH DUH WKH
PDWKHPDWLFDO H[SUHVVLRQ RI WKH +:+, WKH OHYHO
FODVVLILFDWLRQRIWKH+:+,DQGZKHWKHUWKHGLDJQRVLVLVSDVVHGRUQRW
  7KH PDWKHPDWLFDO H[SUHVVLRQ RI KXPDQ
ZDWHUKDUPRQ\LQGH[7KHFRQFHSWRIKXPDQZDWHU
KDUPRQ\ LQFOXGHV VRFLRORJ\ HFRQRP\ SRSXODWLRQ
UHVRXUFHV HWF 7KLV SDSHU ZLOO VXPPDUL]H DQG
FODVVLI\ WKH DERYH DVSHFWV +:+, LV HVWDEOLVKHG
EDVHG RQ LQGLFHV RI KHDOWK GHYHORSPHQW KDUPRQ\
DQG HFRORJ\ 7KH +:+, V\VWHP LV FRPSRVHG RI 
ILUVWJUDGHLQGLFHVDQGVHFRQGJUDGHLQGLFHV7KH
VSHFLILF FRQWHQWV DUH DV IROORZV   KHDOWK LQGH[
IORRGFRQWUROVWDQGDUGFRQQHFWLYLW\RIULYHUV\VWHP
ULYHUZDWHUWRJXDUDQWHHUDWH  GHYHORSPHQWLQGH[
UHJLRQDOSRSXODWLRQGHQVLW\(QJHOFRHIILFLHQW*'3
SHU SHUVRQ LUULJDWLRQ ZDWHU TXRWD XWLOL]DWLRQ
FRHIILFLHQW RI FDQDO V\VWHP SURSRUWLRQ RI ZDWHU
VDYLQJ LUULJDWLRQ DUHD JUDLQ \LHOG SHU FDSLWD SHU
FDSLWDDUDEOHODQGDUHDSHUFDSLWDOLYLQJZDWHUZDWHU
FRQVXPSWLRQ SHU PLOOLRQ \XDQ RI LQGXVWULDO RXWSXW
YDOXH  KDUPRQ\LQGH[ ZDWHUGHPDQGVDWLVIDFWLRQ
UDWH HIILFLHQF\ RI ZDWHU WKH GHYHORSPHQW DQG
XWLOL]DWLRQFLW\VHZDJHWUHDWPHQWUDWHPDQDJHPHQW
V\VWHPDQGWKHPDQDJHPHQWOHYHOSXEOLFDZDUHQHVV
RI WKH ULYHU SURWHFWLRQ    HFRORJ\ LQGH[ ODQG
GHVHUWLILFDWLRQ GHJUHH SURSRUWLRQ RI ODQG
VDOLQL]DWLRQ 
7KHUHIRUHˈ+:+, LV FRPSXWHG DV VKRZQ LQ
(T
HWHI
f (H , D , H , E ) H x E  D x E  H
xE E xE
  
&RQVWUDLQWFRQGLWLRQV
0  HWHI  1, 0  H  1  0  D  1  0  H  1  0  E  1 
:KHUH7LVWKHWLPHHJ\HDU HWHI (T ) LVWKH
KXPDQ ZDWHUKDUPRQ\LQGH[ YDOXH DW7 H1(T ) LVWKH
KHDOWKLQGH[YDOXHDW7 D(T ) LVWKHGHYHORSPHQWLQGH[
YDOXHDW7 H LVWKHKDUPRQ\LQGH[YDOXHDW7DQG
2(T )
E(T ) LVWKHHFRORJ\LQGH[YDOXHDW7ȕLVWKHZHLJKW
YDOXHRIWKHKHDOWKLQGH[ȕLVWKHZHLJKWYDOXHRI
WKHGHYHORSPHQWLQGH[ȕLVWKHZHLJKWYDOXHRIWKH
KDUPRQ\ LQGH[ DQG ȕ LV WKH ZHLJKW YDOXH RI WKH
HFRORJ\LQGH[7KHODUJHUWKHYDOXHRI HWHI (T ) WKH
KLJKHU WKH GHJUHH RI KXPDQ ZDWHU KDUPRQ\ 2QO\
ZKHQ KHDOWK GHYHORSPHQW KDUPRQ\ DQG HFRORJ\
LQGLFHVDUHUHODWLYHO\KLJK HWHI (T ) PD\EHODUJHU
7KHUHIRUH HWHI (T ) LVDVFLHQWLILFH[SUHVVLRQRIWKH
GHJUHHRIKXPDQZDWHUKDUPRQ\

METHOD
7KH ZDWHU UHVRXUFHV DOORFDWLRQ RSWLPL]DWLRQ
SURFHVVZDVXVHGWRGHWHUPLQHUDWLRQDOFRQILJXUDWLRQ
VFKHPHVRIZDWHUUHVRXUFHVDPRQJGLIIHUHQWDUHDV$
PDWKHPDWLFDO PHWKRG ZDV XVHG WR FRQVWUXFW WKH
SUHOLPLQDU\ ZDWHU UHVRXUFHV DOORFDWLRQ PRGHO 7KH
SUHOLPLQDU\ ZDWHUUHVRXUFHVDOORFDWLRQVFKHPH ZDV
GLDJQRVHGXVLQJWKH+:+,YDOXH,IWKLVUHVXOWIDLOHG
WRSDVV+:+,GLDJQRVLVHYROXWLRQDU\JDPHWKHRU\
ZDVXVHGWRDGMXVWWKHZDWHUUHVRXUFHVDOORFDWLRQWR
PHHW WKH KXPDQ ZDWHU KDUPRQ\ TXDOLILHG LQGH[
)LJ VKRZV DQ RYHUYLHZ RI WKH ZDWHU UHVRXUFHV
DOORFDWLRQRSWLPL]DWLRQSURFHVV
3UHOLPLQDU\ ZDWHU UHVRXUFHV DOORFDWLRQ
PRGHO7RFDUU\RXWWKHZDWHUUHVRXUFHVDOORFDWLRQ
ZHHPSOR\HGDPDWKHPDWLFDODSSURDFKXVLQJDQLQWHJUDWHG DOORFDWLRQ PRGHO WKDW FRPSUHKHQVLYHO\
FRQVLGHUVWKHIRXUIDFWRUVRI3RSXODWLRQ$UHD*'3
DQG (FRORJ\ ³3$*(´ PRGHO IRU VKRUW >@  7KH
IRXUIDFWRUVXVHGLQWKHZDWHUUHVRXUFHVDOORFDWLRQDUH
LQWHJUDWHGLQWRDVLQJOHIDFWRU
8VLQJWKH³3$*(´PRGHOWKHSUHOLPLQDU\ZDWHU UHVRXUFHV DOORFDWLRQ LV FRPSXWHG DV VKRZQ LQ
(T
WR (W x P / P  W x A / A  W x G / G  W x E / E ) x WR i 1, 2, , n
(1)
:KHUH WRi  LV WKH DPRXQW RI ZDWHU UHVRXUFHV
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W1 ,W2 ,W3 ,W4  DUH WKH

ZHLJKWYDOXHVUHVSHFWLYHO\ IRUWKHDERYHIRXUIDFWRUV
Pi LV WKH SRSXODWLRQ RI WKH UHJLRQ P LV WKH WRWDO
SRSXODWLRQ LQ WKH ULYHU EDVLQ Ai  LV WKH QXPEHU RI
LUULJDWLRQDUHDVLQWKHUHJLRQ A LVWKHWRWDOLUULJDWLRQ
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FIGURE 1
Overview of the water resources allocation optimization process
 /HYHOFODVVLILFDWLRQRIWKH+:+,$FFRUGLQJWRWKH+:+,YDOXH,QLQWHUYDOVRILWLVGLYLGHGLQWRIRXUOHYHOVIRUKXPDQZDWHUKDUPRQ\LQGH[5HVSHFWLYHO\LVPRVWKDUPRQLRXVOHYHO 
HWHI
   KDUPRQLRXV OHYHO   HWHI   
GLVKDUPRQLRXV OHYHO   HWHI    DQG VHYHUH
GLVKDUPRQLRXVOHYHO  HWHI  
(T )

WKHZDWHUUHVRXUFHVDQG³,´LVLQFUHDVHGE\WKHVDPH
DPRXQW,IERWKVLGHVWDNHQRQFRRSHUDWLYHVWUDWHJLHV WKH ULYHU EDVLQ PDQDJHPHQW PHFKDQLVP FDQ
LQWURGXFH WKH SHQDOW\ IDFWRU ³Į´ WR SXQLVK WKH
XQFRRSHUDWLYHJDPH )RUH[DPSOH ZKHQ³,´WDNHV
FRRSHUDWLRQDQG ³-´WDNHVQRQFRRSHUDWLRQWKH
ULYHUEDVLQPDQDJHPHQWPHFKDQLVPFDQFXWWKH³-´
SDUWRIWKHZDWHUUHVRXUFHVDPRXQWDQGWKHDPRXQW
LVĮǻ:Įǻ:LVGLUHFWO\DOORFDWHGWRWKHJDPH³,´ 
ZKHQ ³,´ WDNHV QRQFRRSHUDWLRQ DQG H[SHFWV WR
DFTXLUHWKHZDWHUUHVRXUFHVDPRXQWWKDWLVPRUHWKDQ
ǻ: EXW ³-´ WDNHV WKH FRRSHUDWLRQ DSSURDFK WKH
ULYHUEDVLQPDQDJHPHQWPHFKDQLVPFDQFXWWKH³,´
SRUWLRQ RI WKH ZDWHU UHVRXUFHV DPRXQW DQG WKLV
DPRXQW LV Įǻ: :KHQ ERWK ³,´ DQG ³-¶ WDNH WKH
³QRQFRRSHUDWLRQWKLVLQGLFDWHVWKDW ³,´ZRXOGH[SHFWDFTXLUHDQZDWHUUHVRXUFHVDPRXQWWKDWLVPRUH
WKDQǻ:ZKLOHWKH³-´ZRXOGEHOHVVWKDQǻ:5LYHU
EDVLQPDQDJHPHQWFDQGLUHFWO\UHGXFHWKH³-´SDUWRI
WKHZDWHUUHVRXUFHVDPRXQWEXWWKHZDWHUUHVRXUFHV
DPRXQWRI³,´GRHVQRWFKDQJH
&RQVWUDLQWFRQGLWLRQV
6XSSRVH WKH DOORFDWLRQ DPRXQW RI ZDWHU UHVRXUFHVLV Wi IRU³,´7KHPDUJLQDOEHQHILWRIZDWHU
UHVRXUFHVLV fi ' (Wi ) DQGWKH³,´YDULDWLRQRIZDWHUUHVRXUFHV FRPSUHKHQVLYH EHQHILWV LV FRPSXWHG DV
VKRZQLQ(T
6XSSRVH WKH DOORFDWLRQ DPRXQW RI ZDWHU UHVRXUFHVLV W j IRU³-´7KHPDUJLQDOEHQHILWRIZDWHU

(T )

(T )

(T )

 :KHWKHU WKH GLDJQRVLV LV SDVVHG RU QRW
7KURXJKWKHOHYHOFODVVLILFDWLRQRIWKH+:+,YDOXH
LWFDQEHGLYLGHGLQWRIRXUVWDJHVRIPRVWKDUPRQLRXV
OHYHO KDUPRQLRXV OHYHO GLVKDUPRQ\ OHYHO DQG VHYHUHGLVKDUPRQ\OHYHO7KHKDUPRQLRXVDQGGLVKDUPRQ\OHYHOGLYLVLRQSRLQWVLV7KHUHIRUH,IWKH
FDOFXODWHG YDOXH LV PRUH WKDQ  LW VKRZV WKDW
SUHOLPLQDU\ ZDWHU UHVRXUFHV DOORFDWLRQ UHVXOWV DUH
UHDVRQDEOH7KHGLDJQRVLVLVSDVVHGLIOHVVWKDQ
3UHOLPLQDU\ ZDWHUUHVRXUFHVDOORFDWLRQUHVXOWV QHHG
WR EH RSWLPL]HG :H PD\ UHYLVHG WKH SUHOLPLQDU\
VFKHPHRIZDWHUUHVRXUFHVE\WKHHYROXWLRQDU\JDPH
PHWKRGXQWLOWKHFDOFXODWHGYDOXHLVPRUHWKDQ
5HYLVHG SUHOLPLQDU\ VFKHPH RI ZDWHU UHVRXUFHVE\WKHHYROXWLRQDU\JDPHPHWKRG,QWKH
DOORFDWLRQRI ZDWHUUHVRXUFHVLWLVGLIILFXOWWRPHHW
IXOOUDWLRQDOLW\LQHDFKUHJLRQ HDFKJDPH LQWKHEDVLQ7KLVLVXVXDOO\PDQLIHVWHGDVOLPLWHGUDWLRQDOLW\
7KHJDPHSURFHVVIRUHDFKJDPHKDVD1DVKHTXLOLEULXPVROXWLRQLQIXOOUDWLRQDOLW\LHLWLVDQLWHUDWLYH
JDPHSURFHVV7KURXJKPXOWLSOHG\QDPLFJDPHSURFHVVHVWKHSUHOLPLQDU\VFKHPHRIZDWHUUHVRXUFHVLV
FRQVWDQWO\ UHYLVHG LQ RUGHU WR PDNH WKH ZDWHU UHVRXUFHVDOORFDWLRQVFKHPHSDVVWKH+:+,GLDJQRVLV
6XSSRVHWKHDPRXQWRIZDWHUUHVRXUFHVDOORFDWLRQIRUWKHJDPH³,´LQWKHEDVLQGRHVQRWSDVVWKH
+:+, GLDJQRVLV ZH VKRXOG UHYLVH WKH DPRXQW RI
ZDWHU UHVRXUFHV IRU WKH JDPH ³,´ DQG ³-´ WKDW LV
DVVRFLDWHG ZLWK ³,´ ³-´ KDV SDVVHG WKH +:+,
GLDJQRVLV 
7KHUHDUHWZRGLIIHUHQWVWUDWHJLHVEHWZHHQWKH
JDPHV ³,´ DQG ³-´ 7KHVH VWUDWHJLHV DUH FRRSHUDWLRQ RU QRQFRRSHUDWLRQ UHVSHFWLYHO\ :KHQ WKH
WZRJDPHVDJUHHWRWDNHWKHFRRSHUDWLYHDWWLWXGHLW
VXJJHVWVWKDW³-´LVZLOOLQJWRFXWWKHǻ:YROXPHRI

UHVRXUFHV LV f j ' (W j )  7KH ³-´ YDULDWLRQ RI ZDWHU UHVRXUFHV FRPSUHKHQVLYH EHQHILWV LV FRPSXWHG DV
VKRZQLQ(T
7KH WRWDO YDULDWLRQ RI ZDWHU UHVRXUFHV
FRPSUHKHQVLYHEHQHILWVIRU³,´DQG³-´LVFRPSXWHG
DVVKRZQLQ(T
fi (Wi ) Wi x fi ' (Wi )  

f j (W j ) W j x f j ' (W j ) 

f (W)

Ai  fi (Wi )  B j  f j (W j )



 
:KHUH$LLVWKHH[SHFWEHQHILWVRIWKHJDPH³,´%L
LVWKHH[SHFWEHQHILWVRIWKHJDPH³-´
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FIGURE 2
The northwest arid region location map
UHIHUHQFHIRURWKHUDULGDUHDVDOORYHUWKHZRUOG
7KH7DULPULYHUEDVLQZDVDGRSWHGDVWKHFDVH
VWXG\ DUHD7KH7DULP ULYHU EDVLQ FRYHUV WKH HQWLUH
VRXWKHUQ;LQMLDQJ7KHEDVLQDUHDLVNP
7KHOHQJWKRIWKHPDLQVWUHDPRI7DULPULYHULV
NP8SVWUHDPLVNPVWUHWFKRIULYHUEHWZHHQWKH
$ODUVHFWLRQ WKHFRQIOXHQFHRIWKUHHZDWHUVRXUFHV 
DQG WKH (Q%D]DU VHFWLRQ  0LGVWUHDP LV EHWZHHQ
(Q%D]DU6HFWLRQDQG4LDODVHFWLRQZLWKDOHQJWKRI
NP 'RZQVWUHDP ZLWK D OHQJWK RI  NP OLHV
EHWZHHQ WKH 4LDOD VHFWLRQ DQG 7DLWHPD ODNH 7KH
PDLQVWUHDPRI7DULPULYHUKDVDOPRVWQRUXQRII7KH
7DULPULYHUV\VWHPPDSFDQEHVHHQLQ)LJ

,Q RUGHU WR HQVXUH WKH WRWDO YDULDWLRQ RI ZDWHU
UHVRXUFHVFRPSUHKHQVLYHEHQHILWVIRUHDFKJDPHRI
EDVLQLVDOZD\VJUHDWHUWKDQ]HURWKHSUHUHTXLVLWHLV
f (W) ! 0 ,WPD\KDYHDFKDQJHLQWKHUHYLVHGYDOXHRI
ZDWHUUHVRXUFHVDQGJHWDQHZDOORFDWLRQVFKHPHRI
ZDWHUUHVRXUFHV7KHQHZZDWHUUHVRXUFHVDOORFDWLRQ
VFKHPHLVGLDJQRVHGWKURXJKWKH+:+,,ILWSDVVHV
WKURXJK+:+,GLDJQRVLVE\VWUHQJWKHQLQJWKHFRR
SHUDWLRQ DPRQJ WKH JDPHV ZDWHU UHVRXUFHV DOORFD
WLRQUHVXOWVDUHHDVLO\DFFHSWHGE\HDFKUHJLRQ,ILW
IDLOV WR SDVV WKURXJK +:+, GLDJQRVLV WKH UHYLVHG
YDOXHRIZDWHUUHVRXUFHVVKRXOGEHUHDGMXVWHGDQGD
QHZURXQGRIWKHJDPHSURFHVVLVVWDUWHG

7KHSUHOLPLQDU\ZDWHUUHVRXUFHVDOORFDWLRQ
FDOFXODWLRQ LQ  $FFRUGLQJ WR WKH ³3$*(´
PRGHO WKH ZDWHU UHVRXUFHV DOORFDWLRQ UHVXOWV RI
7DULPULYHUEDVLQDUHDVIROORZV
$NHVX 5LYHU %DVLQ : D ˙ ELOOLRQ
BBBB
P
: D ELOOLRQP
<DUNDQW 5LYHU %DVLQ : \ ˙ ELOOLRQ
BBBB
P
: \ ELOOLRQP
+RWDQ 5LYHU %DVLQ : K ˙ ELOOLRQ
BBBB
P
: K ELOOLRQP
.DLGXNRQJTXH 5LYHU %DVLQ : N ˙
BBBB
ELOOLRQP!
: N ELOOLRQP
0DLQVWUHDP: P ELOOLRQP
:KHUH:  LVWKHZDWHUUHVRXUFHVDOORFDWLRQDPRXQW
BBBB
RIDFHUWDLQULYHUEDVLQ
:  LVDYHUDJHDQQXDO
UXQRIIRIDFHUWDLQULYHUEDVLQ

CASE STUDY
5HVHDUFKDUHD  1RUWKZHVWDULGUHJLRQLQ
&KLQD $QDULGUHJLRQ LVGHILQHGDVDQDUHD ZKHUH
WKHHYDSRUDWLRQFDSDELOLW\LVKLJKHUWKDQWKHSUHFLSL
WDWLRQDQGWKHDYHUDJHSUHFLSLWDWLRQLVQRWPRUHWKDQ
PPDQQXDOO\7KHQRUWKZHVWDULGUHJLRQLQWKLV
SDSHUUHIHUVWRWKHZHVWHUQDUHDRIWKH+HODQPRXQWDLQVLQWKHQRUWKZHVWRI&KLQD,WVHDVWHUQHGJHERUGHUVWKH<HOORZ5LYHUEDVLQDVWKHERXQGDU\DQGWKH
VRXWKHUQERXQGDU\LVDGMDFHQWWRWKH 4LQJKDL7LEHW
3ODWHDX7KHZHVWHUQDQGQRUWKHUQERXQGDULHVDUHGHILQHG E\ WKH ERUGHUV RI WKH FRXQWU\7KH QRUWKZHVW
DULGUHJLRQLVORFDWHGDWQRUWKODWLWXGHDQG
HDVWORQJLWXGH7KHORFDWLRQLVVKRZQLQ)LJ
 7DULP5LYHUEDVLQ7DULPULYHULVWKHODUJHVWLQODQGULYHULQ&KLQDLWLVDOVRWKHZRUOG VVHFRQG
ODUJHVWLQODQGULYHU,WLVORFDWHGLQWKHQRUWKZHVWDULG
UHJLRQ 7KH VWXG\ RI ZDWHU UHVRXUFHV LQ WKH 7DULP
ULYHU EDVLQ KDV LPSRUWDQW VLJQLILFDQFH ,W SURYLGHV
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FIGURE 3
Tarim River system map
7$%/(
7KHSUHOLPLQDU\ZDWHUUHVRXUFHVDOORFDWLRQVFKHPH  ELOOLRQP
Basin
Allocation

Akesu river
4.809

Yarkant river
6.422

Hotan river
2.526

Kaidu-kongque river
2.758

Main stream
4.995

7$%/(
7KHSUHOLPLQDU\ZDWHUUHVRXUFHVDOORFDWLRQVFKHPHZLWKPDLQVWUHDP  ELOOLRQP
Basin
Allocation results

Upstream
2.009

Midstream
0.728

Downstream
0.728

Total
4.995

7$%/(
7KHKXPDQZDWHUKDUPRQ\TXDQWLILFDWLRQLQGLFHVDQGWKHLUFKDUDFWHULVWLFYDOXHVLQWKH7DULP5LYHU%DVLQ
Firstgrade
indices
Health
index

Develop
ment
index

Harmony
index

Ecology
index

Second-grade indices
flood control standard (A1)
connectivity of river system (A2)
river water to guarantee rate (A3)
regional population density (B1)
Engel coefficient (B2)
GDP per person (B3)
Irrigation water quota (B4)
utilization coefficient of canal
system (B5)
proportion of water-saving
irrigation area (B6)
grain yield per capita (B7)
per capita arable land area (B8)
per capita living water (B9)
water consumption per million yuan
of industrial output value (B10)
Water demand satisfaction rate (C1)
efficiency of water development
and utilization (C2)
city sewage treatment rate (C3)
management system and the
management level (C4)
public awareness of river protection
(C5)
land desertification degree (D1)
proportion of land salinization (D2)

Unit

Worst
value1

Pass
value1

Optimal
value

Pass
value2

Worst
value2

Index
direction

year
%
%
person/km2
%
yuan
m3/acre

0
0
0
100
60
1000
2000

50
0.8
0.6
20
40
10000
600

100
1
1
1
30
25000
200

Positive
Positive
Positive
Reverse
Reverse
Positive
Reverse

0

0.6

1

Positive

%

0

60

100

Positive

kg/person
acre/person
m3/year

0
0.1
0

350
4
150

600
10
550

Positive
Positive
Positive

m3

450

40

1

Reverse

%

0

0.6

1

Positive

%

0

0.2

0.4

%

0

60

100

Positive

qualitative

0

0.6

1

Positive

qualitative

0

0.6

1

Positive

%
%

100
100

60
60

0
0

Reverse
Reverse

0.8

1

Two-way

1RWH,QWKHIROORZLQJ7DEOHVXVHVHULDOQXPEHUVZKLFKOLHLQWKHSDUHQWKHVHVLQWKHVHFRQGOLVWWRVWDQGIRUWKH
VHFRQGJUDGHLQGLFHV
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FDQEHFDOFXODWHGTXDQWLWDWLYHO\EHWZHHQ]HURWRRQH
7KH KXPDQZDWHU KDUPRQ\ TXDQWLILFDWLRQ LQGLFHV
YDOXHVIRUWKH7DULPULYHUEDVLQLQDUHVKRZQLQ
7DEOH

)URPWKHDERYHUHVXOWVLWFDQEHVHHQWKDWWKH
DOORFDWLRQ UHVXOWV DUH UHDVRQDEOH LQ $NHVX ULYHU
<DUNDQWULYHUDQG+RWDQULYHUEDVLQV+RZHYHUWKH
DOORFDWLRQ UHVXOW RI .DLGXNRQJTXH ULYHU EDVLQ LV
PRUHWKDQWKHDYHUDJHDQQXDOUXQRII7KHUHIRUHLWLV
QHFHVVDU\ WR PRGLI\ WKLV UHVXOW ZLWK D VHFRQGDU\
DGMXVWPHQW PHWKRG 7KH FRQVWUDLQW FRQGLWLRQ LV
BBBB
:
:  
6HFRQGDU\ DGMXVWPHQW XVHV WKH 'HOSKL$+3
PHWKRG>@&DOFXODWLRQRIWKHRYHUDOOYDOXHRIGHJUHH RI VXSHULRULW\ 6 >6 6@ >.DLGXNRQJTXH
ULYHUEDVLQ0DLQVWUHDP@ >ˈ@
7KH ZDWHU UHVRXUFHV DOORFDWLRQ UHVXOWV RI WKH
VHFRQGDU\DGMXVWPHQWDUHDVIROORZV
: N ˙: WRWDO î6˙î˙ELOOLRQP
: P ˙: WRWDO î6˙î˙ELOOLRQP
7KH ZDWHU UHVRXUFHV DOORFDWLRQ UHVXOWV RI WKH
VHFRQGDU\ DGMXVWPHQW FDQ EH VHHQ LQ 7DEOH  DQG
7DEOH

  :HLJKW YDOXHV FDOFXODWLRQ $FFRUGLQJ WR
WKHLPSRUWDQFHRIHDFKLQGH[7KHMXGJPHQWPDWUL[
LVFRQVWUXFWHGUHVSHFWLYHO\WR³VHFRQGJUDGHLQGLFHV´
E\XVLQJDQDQDO\WLFKLHUDUFK\SURFHVV $+3 >@
7KH ZHLJKW YDOXHV DUH FDOFXODWHG DPRQJ WKH
³VHFRQGJUDGHLQGLFHV´EDVHGRQQRUPDOL]DWLRQLVDV
IROORZV
+HDOWK
LQGLFHV
$$$ 
DUH
 
'HYHORSPHQW LQGLFHV %%«%  DUH
 
+DUPRQ\ LQGLFHV
&&«&  DUH
 
(FRORJ\LQGLFHV '' DUH  
  +:+, YDOXHV FDOFXODWLRQ According to
the human-water harmony quantification indices
YDOXHVDQGZHLJKWYDOXHVRI³VHFRQG-JUDGHLQGLFHV´
Health, Development, Harmony and Ecology index
values are calculated in Table 6.
7DNLQJ LQWR DFFRXQW WKH IUDJLOH HFRORJLFDO
HQYLURQPHQWLQWKH7DULPULYHUEDVLQWKHHFRORJ\LQGH[VKRXOGEHJLYHQDKLJKHUZHLJKWYDOXH7KURXJK
WKHFRPSUHKHQVLYHRSLQLRQVRIH[SHUWVIURPGLIIHUHQWDUHDVWKHZHLJKWYDOXHVRI³ILUVWJUDGHLQGLFHV´
WKHKHDOWKGHYHORSPHQWKDUPRQ\DQGHFRORJ\LQGLFHV  ȕȕȕȕ DUH  
7KH+:+,YDOXHVDUHFDOFXODWHGDFFRUGLQJWR
(T7KHPDLQUHVXOWVDUHDVVKRZQLQ7DEOH

+XPDQZDWHUKDUPRQ\LQGH[GLDJQRVLVFDO
FXODWLRQ LQ WKH 7DULP ULYHU EDVLQ LQ   
4XDQWLILFDWLRQLQGLFHV$FFRUGLQJWRLQGLFHVFODVVL
ILFDWLRQLWXVHVILUVWJUDGHLQGLFHVDQGVHFRQG
JUDGHLQGLFHVWREXLOGWKHTXDQWLWDWLYHLQGH[RIKXPDQZDWHUKDUPRQ\LQWKH7DULPULYHUEDVLQ7KHKXPDQZDWHUKDUPRQ\TXDQWLILFDWLRQLQGLFHVDQGWKHLU
FKDUDFWHULVWLF YDOXHV DUH VKRZQ LQ 7DEOH  7KH
KXPDQZDWHUKDUPRQ\LQGLFHVYDOXHVIRUWKH7DULP
ULYHUEDVLQLQDUHVKRZQLQ7DEOH
$FFRUGLQJ WR WKH TXDQWLWDWLYH VLQJOH LQGH[
PHWKRG >@ 7KH YDOXH RI ³VHFRQGJUDGH LQGLFHV´

7$%/(
7KHKXPDQZDWHUKDUPRQ\LQGLFHVYDOXHVIRUWKH7DULP5LYHU%DVLQLQ
First-grade
indices
Health index

Development
index

Harmony
index
Ecology
index

Serial
number

Akesu
river

Yarkant
river

Hotan
river

A1
A2
A3
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
C1
C2
C3
C4
C5
D1
D2

20
0.9
1.16
27.23
38.5
7250
910
0.456
75.3
865
6.22
95
215
0.95
0.62
0.8
0.8
0.7
68
39

30
0.4
1.08
24.36
39.3
4885
895
0.431
53.2
553
1.53
102
208
0.93
0.81
0.6
0.7
0.6
72
36

20
0.6
1.15
22.52
35.6
3568
1150
0.426
49.9
486
2.86
113
160
0.94
0.65
0.5
0.65
0.7
70
43

Kaidu kongque
river
30
0.8
1.06
16.86
33.2
5990
796
0.466
68.6
496
3.2
86
155
0.98
0.52
0.6
0.8
0.6
72
45

1RWH'DWDIURPWKH0DQDJHPHQWRI:DWHUUHVRXUFHVLQ7DULP5LYHU%DVLQ



Main stream
(upstream)

Main stream
(midstream)

Main stream
(downstream)

10
0.7
0.99
6.51
43.6
5226
1531
0.322
98.8
301
8.23
85
380
0.9
0.41
0.5
0.6
0.5
65
63

10
0.5
0.96
6.23
45.8
5509
1550
0.328
97.3
312
8.31
83
391
0.88
0.42
0.5
0.5
0.4
69
66

10
0.3
0.55
6.08
48.9
5322
1563
0.311
97.9
1182
8.36
81
398
0.82
0.4
0.3
0.5
0.3
75
65
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7$%/(
7KHKXPDQZDWHUKDUPRQ\TXDQWLILFDWLRQLQGLFHVYDOXHVIRUWKH7DULP5LYHU%DVLQLQ
First-grade
indices
Health index

Development
index

Harmony
index

Ecology index

Serial
number

Akesu
river

Yarkant
river

Hotan
river

Kaidu kongque river

Main stream
(upstream)

Main stream
(midstream)

Main stream
(downstream)

A1
A2
A3
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
C1
C2
C3
C4
C5
D1
D2

0.24
0.8
1
0.545
0.66
0.41
0.467
0.456
0.753
1
0.748
0.38
0.343
0.95
0.78
0.8
0.8
0.7

0.74

0.36
0.3
1
0.567
0.628
0.26
0.473
0.431
0.532
0.924
0.22
0.41
0.354
0.93
0.57
0.6
0.7
0.6

0.76

0.24
0.45
1
0.581
0.776
0.17
0.364
0.426
0.499
0.817
0.424
0.45
0.424
0.94
0.75
0.5
0.65
0.7

0.71

0.36
0.6
1
0.666
0.872
0.33
0.516
0.466
0.686
0.833
0.476
0.34
0.431
0.98
0.88
0.6
0.80
0.6

0.70

0.12
0.525
0.99
0.884
0.492
0.28
0.201
0.322
0.988
0.516
0.882
0.34
0.102
0.90
0.99
0.5
0.6
0.5

0.55

0.12
0.375
0.96
0.889
0.426
0.30
0.192
0.328
0.973
0.534
0.887
0.33
0.086
0.88
0.98
0.5
0.5
0.4

0.51

0.12
0.225
0.55
0.893
0.333
0.29
0.187
0.311
0.979
1
0.890
0.32
0.076
0.82
1
0.3
0.5
0.3

0.52

7$%/(
+HDOWK'HYHORSPHQW+DUPRQ\DQG(FRORJ\LQGH[FDOFXODWLRQLQWKH7DULP5LYHU%DVLQ
Basin
+ 7
'7
+ 7
(7

Akesu
river
0.8163
0.5762
0.8493
0.5666

Yarkant
river
0.6875
0.4799
0.7366
0.5333

Hotan
river
0.7124
0.4931
0.7739
0.5366

Kaidukongque river
0.7766
0.5616
0.8490
0.5133

¦

i

Main stream
(midstream)
0.6489
0.4945
0.7758
0.4799

Main stream
(downstream)
0.3832
0.5279
0.7176
0.4233

GLDJQRVLV7KHUHIRUHWKHZDWHUUHVRXUFHVDOORFDWLRQ
WR WKH LQWHUQDO PDLQ VWUHDP ZDV DGMXVWHG WKURXJK
PXOWLSOHURXQGVRIWKHG\QDPLFJDPHSURFHVV7KLV
UHVXOWHG LQ DQ LQFUHDVH RI GRZQVWUHDP ZDWHU UHVRXUFHV E\  ELOOLRQ P WKH PLGVWUHDP ZDWHU UHVRXUFHVZHUHUHGXFHGE\ELOOLRQP 0RUHRYHU

f (W) ! 0 DQGWKXVWKHWRWDOYDULDWLRQRIZDWHUUHVRXUFHV FRPSUHKHQVLYH EHQHILWV LV VDWLVILHG 7KH
+:+,YDOXHRIWKHGRZQVWUHDPDUHDUHDFKHG
DIWHU WKH LQFUHDVH LQ ZDWHU UHVRXUFHV7KLV YDOXH LV
KLJKHUWKDQWKHWDUJHWYDOXHRI,WDOVRPHHWVWKH
PLQLPXPUHTXLUHPHQWVRI+:+,7KHUHIRUHDYDOXH
RIELOOLRQPLVUHDVRQDEOH

7KH ZHLJKW YDOXHV RI VHYHQ ULYHU EDVLQV ZHUH
GHWHUPLQHGE\WKH'HOSKLPHWKRGLQRUGHUWRGHWHUPLQH WKH RYHUDOO +:+, YDOXH LQ WKH 7DULP ULYHU
EDVLQWKURXJKDTXHVWLRQQDLUHVXUYH\RIH[SHUWVLQ
ZDWHUUHVRXUFHVVRFLRORJ\DQGHFRQRPLFVDW+RKDL
8QLYHUVLW\;LQMLDQJ'HSDUWPHQWRIZDWHUUHVRXUFHV
DQG 7DULP ULYHU PDQDJHPHQW EXUHDX $IWHU WKUHH
URXQGV RI IHHGEDFN WKH ZHLJKW YDOXHV RI $NHVX
<DUNDQW +RWDQ .DLGXNRQJTXH ULYHU EDVLQV DQG
XSVWUHDPPLGVWUHDPDQGGRZQVWUHDPVHFWLRQV ˳
˳˳˳˳˳˳  DUH   
 
7KH +:+, YDOXH RI WKH 7DULP ULYHU EDVLQ LQ
7
LV HWHI
HWHI u W 0.58 
2004

Main stream
(upstream)
0.7096
0.5007
0.8031
0.5333

i

i 1

$VVKRZQLQ7DEOHWKH+:+,YDOXHRIGRZQVWUHDP RI PDLQ VWUHDP LV  7KH QXPEHU LV
ORZHUWKDQWKHWDUJHWYDOXHRIZKHUHDVWKHRWKHUVDUHKLJKHUWKDQWKHWDUJHWYDOXH

RESULTS
)LQDO ZDWHU UHVRXUFHV DOORFDWLRQ VFKHPH RI
WKH 7DULP ULYHU EDVLQ $FFRUGLQJ WR WKH UHYLVHG
SUHOLPLQDU\VFKHPHRIZDWHUUHVRXUFHVWKHILQDOZDWHUUHVRXUFHVDOORFDWLRQUHVXOWVRI7DULP5LYHUEDVLQ
DUHVKRZQLQ7DEOH

5HYLVLRQ RI SUHOLPLQDU\ ZDWHU UHVRXUFHV
VFKHPH E\ JDPH PHWKRG 2QO\ WKH GRZQVWUHDP
DUHDRIPDLQVWUHDPIDLOHGWRSDVVWKURXJKWKH+:+,
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7$%/(
+XPDQZDWHUKDUPRQ\LQGH[ +:+, FDOFXODWLRQLQWKH7DULP5LYHU%DVLQ
Basin

Akesu river

+ 7
'7
+ 7
(7
HWHI
Level

0.8163
0.5762
0.8493
0.5666
0.6618
+DUPRQLRXV

Yarkant
river
0.6875
0.4799
0.7366
0.5333
0.5786
+DUPRQLRXV

Kaidukongque river
0.7766
0.5616
0.8490
0.5133
0.6308
+DUPRQLRXV

Hotan river
0.7124
0.4931
0.7739
0.5366
0.5943
+DUPRQLRXV

Main stream
(upstream)
0.7096
0.5007
0.8031
0.5333
0.5992
+DUPRQLRXV

Main stream
(midstream)
0.6489
0.4945
0.7758
0.4799
0.5625
+DUPRQLRXV

Main stream
(downstream)
0.3832
0.5279
0.7176
0.4233
0.4908
'LVKDUPRQLRXV

7$%/(
)LQDOZDWHUUHVRXUFHVDOORFDWLRQVFKHPHRIWKH7DULP5LYHU%DVLQ  ELOOLRQP
%DVLQ
$OORFDWLRQUHVXOWV

Akesu river


Yarkant river


Hotan river


Kaidu - kongque river


Main stream


7$%/(
)LQDOZDWHUUHVRXUFHVDOORFDWLRQVFKHPHRIPDLQVWUHDP  ELOOLRQP
%DVLQ
$OORFDWLRQUHVXOWV

8SVWUHDP


0LGVWUHDP


'RZQVWUHDP


7RWDO


7$%/(
+XPDQZDWHUKDUPRQ\LQGH[ +:+, FDOFXODWLRQRIGLIIHUHQWEDVLQLQ7DULP5LYHU%DVLQ
Basin/Year
$NHVXULYHU
<DUNDQWULYHU
+RWDQULYHU
.DLGXNRQJTXH
ULYHU
0DLQVWUHDP
8SVWUHDP
0DLQVWUHDP
0LGVWUHDP
0DLQVWUHDP
'RZQVWUHDP

2004
0.6619
0.5786
0.5943

2005
0.6627
0.5791
0.5923

2006
0.6986
0.5825
0.5926

2007
0.6852
0.5936
0.5956

2008
0.7292
0.6232
0.5912

2009
0.7335
0.6191
0.6038

2010
0.7122
0.6311
0.6029

2011
0.7386
0.6563
0.6135

2012
0.7392
0.662
0.6186

2013
0.7403
0.6817
0.6359

0.6308

0.6296

0.6421

0.6654

0.6823

0.6975

0.6963

0.7029

0.7087

0.7136

0.5993

0.5961

0.5998

0.6013

0.6125

0.6163

0.6233

0.6315

0.6389

0.6437

0.5625

0.5568

0.5711

0.5702

0.5136

0.5087

0.5598

0.5826

0.6103

0.6227

0.4908

0.5022

0.5226

0.5155

0.5139

0.5003

0.5358

0.5821

0.5966

0.6078

),*85(
+:+,YDOXHVYDULDWLRQWUHQGRIGLIIHUHQWEDVLQVLQ7DULP5LYHU%DVLQ 
7$%/(
+XPDQZDWHUKDUPRQ\LQGH[ +:+, &DOFXODWLRQLQWKH7DULP5LYHU%DVLQ 
Basin\Year
7DULP5LYHU
%DVLQ
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ZDWHUFRQVXPSWLRQLQWKH7DULPULYHUEDVLQLQ
WKH$NHVX ULYHU EDVLQ ZDWHU FRQVXPSWLRQ ZDV 
ELOOLRQ P <DUNDQW ULYHU EDVLQ ZDWHU FRQVXPSWLRQ
ZDV  ELOOLRQ P +RWDQ 5LYHU EDVLQ ZDWHU
FRQVXPSWLRQ ZDV ELOOLRQ P.DLGXNRQJTXH
ULYHU EDVLQ ZDWHU FRQVXPSWLRQ ZDV  ELOOLRQ P
DQGWKHPDLQVWUHDPZDWHUFRQVXPSWLRQZDV
ELOOLRQ P 8SVWUHDP ZDV  ELOOLRQ P 0LGVWUHDPZDVELOOLRQPDQG'RZQVWUHDPLVZDV
ELOOLRQP 7KHFRPSDULVRQRIWKHUHVXOWVREWDLQHGE\WKHPDWKHPDWLFDOPHWKRGDQGDFWXDOZDWHU
FRQVXPSWLRQLVSUHVHQWHGLQ7DEOHDQG7DEOH
7KH ZDWHU UHVRXUFHV DOORFDWLRQ RSWLPL]DWLRQ
VFKHPHLVEDVHGRQWKHWKHRU\RIKXPDQZDWHUKDUPRQ\7KHGLIIHUHQFHEHWZHHQWKHUHVXOWDQGDFWXDO
ZDWHUFRQVXPSWLRQLVZLWKLQ7KHUHIRUHWKHRSWLPDO UHVXOWV DUH UHODWLYHO\ HDV\ WR EH DFFHSWHG7KH
ZDWHU UHVRXUFHV DOORFDWLRQ RSWLPL]DWLRQ VFKHPH UHIOHFWWKHDFWXDOVLWXDWLRQEDVLFDOO\

+:+,FKDQJHWUHQGIRUWKH\HDUV 
 $FFRUGLQJWRWKH+:+,FDOFXODWLRQPHWKRG
(T  :H GHWHUPLQHG WKH +:+, YDOXHV RI WKH
7DULPULYHUEDVLQIURPWR7KHUHVXOWVIRU
WKH GLIIHUHQW EDVLQV LQ WKH UHJLRQ DUH DV VKRZQ LQ
7DEOH)LJVKRZVWKHYDULDWLRQWUHQGVLQ+:+,
IRUHDFKGLIIHUHQWEDVLQ
&RPSUHKHQVLYH +:+, YDOXHV RI 7DULP ULYHU
EDVLQ DUH DV VKRZQ LQ 7DEOH  )LJ VKRZV WKH
YDULDWLRQ WUHQG RI +:+, IRU WKH 7DULP ULYHU EDVLQ
IURPWR

DISCUSSION
9DOLGDWLRQRIWKHZDWHUUHVRXUFHVDOORFDWLRQ
RSWLPL]DWLRQ VFKHPH :H LQYHVWLJDWHG WKH DFWXDO

),*85(
+:+,YDOXHVWUHQGRI7DULP5LYHU%DVLQ 
7$%/(
&RPSDULVRQRIZDWHUUHVRXUFHVDOORFDWLRQVFKHPHV  ELOOLRQP
%DVLQ

$NHVXULYHU

$FWXDOZDWHUFRQVXPSWLRQ 
0RGHO
Percentage comparison˄ˁ˅





<DUNDQWULYHU

+RWDQULYHU









.DLGXNRQJTXH
ULYHU




0DLQVWUHDP




7$%/(
&RPSDULVRQRIZDWHUUHVRXUFHVDOORFDWLRQVFKHPHVZLWKPDLQVWUHDP  ELOOLRQP
%DVLQ
$FWXDOZDWHUFRQVXPSWLRQ 
0RGHO
Percentage comparison˄ˁ˅

8SVWUHDP




0LGVWUHDP






'RZQVWUHDP




7RWDO
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$QDO\VLVRI+:+,WUHQG$VVKRZQLQ7DEOH
 DOWKRXJK WKH +:+, RI WKH 7DULP ULYHU EDVLQ
PDLQWDLQHG D VWHDG\ ULVH WKH +:+, YDOXHV ZHUH
ORZHULQWKHPLGVWUHDPDQGGRZQVWUHDPDUHDVIURP
 WR  UHDFKLQJ  DQG  UHVSHF
WLYHO\ LQ  7KH UHDVRQ IRU WKLV LV WKDW ZDWHU
FRQVXPSWLRQ RI WKH VRXUFH DUHD UDSLGO\ LQFUHDVHG
IURPWR7KLVFDXVHGDUHGXFWLRQLQZDWHU
UHVRXUFHVIURPWKHPDLQVWUHDP
$VVKRZQE\WKHFDOFXODWLRQVLQ7DEOHLWFDQ
EHFRQFOXGHGWKDWWKH+:+,YDOXHVZLOOVWHDGLO\ULVH
LQWKH7DULPULYHUEDVLQ$IWHUWKH+:+,YDOXH
H[FHHGHG  7KH +:+, YDOXH WKHQ UHPDLQHG DW
DURXQG  IURP  WR  $IWHU  WKH
+:+, YDOXH LQFUHDVHG VLJQLILFDQWO\ UHDFKLQJ 
LQ7KH UHDVRQIRUWKH LQFUHDVH ZDVWKDWORFDO
JRYHUQPHQWZDVRSWLPL]LQJWKHDOORFDWLRQRI ZDWHU
UHVRXUFHVFRQVWDQWO\7KURXJKODUJHVFDOHFRQVWUXFWLRQSURMHFWVWKHXWLOL]DWLRQFRHIILFLHQWRIFDQDOV\VWHPLVLQFUHDVHGIURPLQWRLQ,Q
IDFWWKHPDLQVWUHDPRIWKH7DULPULYHUUHDOL]HGLWV
ILUVWFRQWLQXRXVIORZVLQFHLQ
7KH SDSHU XVHV WKH FRQFHSW RI KXPDQZDWHU
KDUPRQ\ WR FDOFXODWH +:+, YDOXHV LQ WKH 7DULP
ULYHUEDVLQIURPWR7KHUHVXOWVVKRZWKDW
WKH +:+, YDOXHV PDLQWDLQ D VWHDG\ ULVH RYHU WKH
VWXG\SHULRGGXULQJ D KDUPRQLRXVOHYHO7KH UHVXOW
VXJJHVWVWKHUDWLRQDOLW\RIZDWHUUHVRXUFHVDOORFDWLRQ
EDVHGRQWKH FRQFHSWRIWKH KXPDQ ZDWHUKDUPRQ\
LQGH[
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EFFECTS OF CLIMATE WARMING ON SURFACE WATER
AVAILABILITY AND WATER DEMAND FOR OASES IN ARID
REGIONS OF NORTHWEST CHINA
Aihong Fu1,2,*, Yaning Chen1, Weihong Li1, Shuhua Zhang1, Rizhao Wang1, Dalong Li1, Yonglei Zhang1
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in the northern and mid-latitude hemisphere [5].
Data continues to show that greenhouse gases
emitted by human activities play an important role
in global warming [6,7]. The continuous rise in global temperature accelerates the global water cycle,
exacerbates the occurrence of extreme hydrological
events [7], and results in the global redistribution of
water resources. Freshwater resources are particularly vulnerable to climate change [8].
Global climate warming has led to regional
drought [9]. In 1995, nearly 1400 million people
lived in water-stressed water sheds (runoff less than
1000m3/capita/year), mostly in southwest Asia, the
Middle East and around the Mediterranean [9]. The
effect of climate warming on global and regional
water availability has caught the attention of many
scholars. The rising in temperature leads to a
reduction in the proportion of precipitation as snow
and snow covered areas [9-10], an increase of
evapotranspiration [11], e.g. in the Colorado River
Basin, increased evapotranspiration due to the
rising temperature which caused decline in the
runoff reservoir storage, which was greater than
expected seasonal precipitation shifts. In the Rhine
Basin and Columbia River, intensified snow-melt
resulted in higher winter discharge, but reduced
winter snow storage and caused an increase in
evapotranspiration which led to lower summer
discharge along with the rise in temperature [10].
The hydrological changes will increase flood risk
during winter and reduce water availability for
agriculture and industry [12]. The resulting increase
in glacier runoff is temporary and may stop if the
glaciers reach a new equilibrium [13]. In western
China, this major rearrangement in the water supply
could have adverse consequences on agricultural
production [13]. There is an urgent need to discover
whether or not dangerous climate thresholds exist,
above which water resource stress could be intenVLILHG DQG &KLQD¶V VXVWDLQDEOH HFRQRPLF GHYHORSment could be negatively affected [13].
The climate warming has also significantly
affected the water demands in the Basin [14]. Many
studies showed that agricultural water demands
increased along with the rise in temperature [14-15].

ABSTRACT
Research on the impact of climate warming
on water resources for oases of Northwestern
China will provide a scientific basis for easing
water use conflict. Combined with the collection
of the Kaidu runoff, the meteorological data,
water use of various industries in Heshuo, Hejing
and Yanqi Counties in 1961-2011, the impact of
climate warming on surface water availability
and demands was explored. The results showed
that: (1) Surface water availability will not increase significantly along with the rising in temperature, but agriculture, residence and ecological water demands will increase significantly.
(2) The total water demands will increase at a
rate of 80 million m3 (0.5Ԩ)-1. (3) Inflow from
the mountains cannot meet water demands when
the temperature continues to rise from 9.43Ԩ. (4)
For easing the water use conflict in the oasis, we
should take measures to reduce the greenhouse
gas emissions and control the rise of temperature.

KEYWORDS:
Climate change; Surface water availability; Water
demand; the oasis; the arid region of northwest China

INTRODUCTION
Global climate change is the most significant
and most serious global environmental problem
faced by human beings so far. It has aroused
widespread concerns from governments all over the
world, the scientific community, and the public
[1-2]. According to the IPCC the fifth Assessment
Report on Climate Change, over the past
half-century, almost all regions of the world have
experienced varying degrees of temperature rise
processes [3] with an average global temperature
rise by 0.74Ԩ [4] with the fastest warming regions
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analyzed the impact of the rise in temperature in the
Yanqi Basin Oasis on water demands for agriculture
and other industries, but did not deduce an average
increase of the total water demand in the oasis and
which would reveal the critical threshold of temperature intensifying water stress when the temperature increases 0.5Ԩ, and the rising temperature
values considered(1Ԩˈ2Ԩˈ3Ԩ and 4Ԩ) are much
bigger than the possibly rising temperature in the
near future, so the results are not useful presently
for making recommendations for the regional water
resources management.
In this paper, we set the scenarios for future
temperatures being increased by 0.5, 1, 1.5 and 2Ԩ,
respectively, analyze the changes in surface water
availability, as well as agricultural, industry, service
and ecological water demands along with the rise in
temperature in the Yanqi Basin Oasis of Kaidu
River Basin. We seek to understand the relationship between climate change and the difference between water surface availability and water demands
in various industries. The focus is to reveal the critical thresholds of increased temperatures resulting
in intensifying water resource stress in the basin,
provide some measures for resolving agricultural
water shortage and determine the appropriate
development scale and suitable arable land area,
and maintain sustainable development in the
regional ecology, economy and society.

When atmospheric temperature rises by 1.8-4.1Ԩ in
Saudi Arabia, agricultural water demand will
increase by 5-15% to maintain the current agricultural production [16]. Along with the rise in
temperature, because of the decreased runoff and
increased agricultural water demand, water availability ZRQ¶W be able to meet local water demand,
e.g. Pyrenees River Basin [17-18], Urumqi River
Basin and Aksu River Basin located in an arid
region in the northwest of China [18], and so on.
Kaidu-Konqi River Basin, located in the
northwest arid area in China, is composed of Kaidu
River Basin, Yanqi Basin, Bosten Lake and Konqi
River Basin. Yanqi Basin, the main oasis in Kaidu
River Basin with an area of 1.3×104km2, feeds
about 160,000 persons. Maintaining the agricultural
yields in this basin is very important for the
sustainable development of the economy and
society in the Yanqi Basin. There is a desert riparian
forest with an area of 109,300 hm2 in the Konqi
River Basin located in the lower reaches of
Kaidu-Konqi River Basin. In recent years, the
degeneration of this desert riparian forest is severe,
which seriously threatens the stability of the Yanqi
Basin Oasis and the survival of its people.
Maintaining the agricultural production and natural
vegetation requires enough water, which is more
difficult in the arid Kaidu-Konqi River Basin
because of the reduced water resources and water
use efficiency in recent years. Some studies showed
that the temperature rose significantly in the
mountain near the Kaidu River Basin, but not the
precipitation, which leads to decreased snow
storage and even less rainfall. [19]. However, the
precipitation in the Yanqi Basin Oasis increased
significantly, mainly in the winter, which cannot be
used for all crops growing in the summer and
autumn [19]. Along with the reduced water
resources, water levels cannot meet the needs of
agriculture and ecology. In this basin there are
many other industries requiring water besides
agriculture and ecology, so it is essential to know
what the water demands are of various industries,
especially with the continuous rising of temperature. By computing the difference between
surface water availability and water demands in the
basin, we can know whether water resources are
short or not, which ideas will be beneficial for
adjusting the scale of oasis development and
creating some measures for adjusting various industries¶ water use. Previous studies paid more attention to describing the impact of climate warming to
surface water availability and water demands in
agriculture in the basin separately. There are few
studies on analyzing the two issues synthetically
and quantitatively in one basin during the same
period, taking into consideration water demands in
other industries and revealing the critical threshold
of increased air temperature which intensifies the
stress on water resources. So far, Fu et al. [20] has

STUDY AREA AND METHODS
Study area. Yanqi Basin, the oasis in Kaidu
River Basin, is surrounded by Tianshan Mountains.
It is located in the northeastern side of Xinjiang
Tarim river basin and belongs to Kaidu river region
of Bayinguoleng Mongol Autonomous Prefecture
with administrative units of Hejing county, Heshuo
county, Yanqi county and Bohu county. Yanqi
Basin¶V geographic coordinates are: longitude of
E85°42'-(¶ ODWLWXGH RI 141°35'-N42°30' and
ground elevation of 1050-1200 m. The basin is
slightly diamond-shaped and about 13 000 km2; 160
km from east to west and 60-90 km from north to
south. In addition, the overall topographic
presentation of the surroundings tilts to the basin.
Fluvial, Aeolian and lake landforms are well
developed in the basin. The basin is named after
Yanqi county. The area is cool and humid and has a
typical continental arid climate with scarce rainfall
(average rainfall of 50.7-79.9 mm), strong evaporation, adequate irradiation, extensive sunshine,
large temperature differences, 50%-60% relative
humidity and evaporation of 2000.5-2449.7 mm,
which exceeds precipitation 30 times over. Moreover, the region has abundant land and water
resources and is a major agricultural base in the
prefecture. In the southeast of Yanqi basin (Figure
1), is located the largest inland freshwater lake of
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China, Bosten Lake. The lake is 1210.5 km3,
containing 9×108 m3 water. As the major water
source for industrial and agricultural production and
people's lives in Yanqi Basin in the southern
Xinjiang where water resource is very precious, it
has a very important position. Although the surface
water resource is abundant in Yanqi Basin, its distribution is very uneven, thus simultaneously presenting a water shortage due to resource, engineering
and management. The existing water resources and
water conservancy projects cannot meet the needs
of national economic development, industrial and
agricultural production, as well as sustainable economic and social development. The conflict between the current situation of water conservancy
construction and the water demand of the national
economy is very obvious. The irrigation in each
region is extensive and irrigation quota is too high,
wasting enormous amounts of water resources.
Moreover, a lot of farmland drainage is discharged
into Bosten Lake, which exacerbates lake salinezation, lake wetland habitat degradation and
biodiversity damage.

vegetation area of Yanqi county, Heshuo county and
Hejing county were obtained from relevant
literature.
The climate change scenarios were obtained
using simple assumed temperature change scenarios
[21]. It is predicted that temperatures in the future
may rise 1.5-4.5Ԩ due to the enhanced greenhouse
effect [21]. In this paper, the lowest temperature
rise in future scenarios is assumed to be 0.5ǃ1ǃ1.5
and 2Ԩ.
A wide variety of crops are planted in Yanqi
basin. We selected three crops with the largest
acreages and higher planting frequency-wheat, corn
and cotton, to study crops¶ water demand. Their
growth season is from October to May of the
following year, April to September and April to
October, respectively. According to the monthly
average meteorological data over the years, when
the temperature increases by 0.5-2Ԩ, the water
demands for the three crops during their growth
seasons were calculated year by year and their
averages for many years were used to gauge the
impacts of climate changes.
Crop water demand calculation. Crop water
demand is one of the most important factors in
farmland water circulation systems. It can be
calculated by using either soil moisture due to the
water balance method or comprehensive
climatology method. According to the formula
recommended by the FAO, when soil moisture is
not the limiting factor, crop water demand can be
calculated as
(1)
ETp K c u ET0

FIGURE 1
Schematic diagram of Heijing, Heshuo and
Yanqi counties in the Kaidu River Basin

where

ET p is crop water demand at

conditions with sufficient water supply (mmd -1);
K c is a crop coefficient which can be obtained

Data collection. Among the four counties in
Yanqi Basin, Bohu county has no adequate
meteorological data because its Meteorological
Bureau has only been established for a short period
of time. Therefore, we chose Yanqi county, Heshuo
county and Hejing county as the study areas to
reflect the overall climatic conditions of Yanqi
Basin. The monthly average meteorological data of
these three counties from 1961 to 2010 were
gathered from the China Meteorological Data
Sharing Service website, including monthly mean
temperature, monthly maximum temperature and
monthly minimum temperature. This data was
derived from the monthly pocket data of Daily
Agricultural Meteorological Record from China's
agricultural weather station (open since late 1991),
and has better quality without missing information
and standardization. The amount of population and
livestock, the outputs of the secondary and tertiary
industries, the area of natural vegetation, as well as
their quota were collected from the Xinjiang
Statistic Yearbooks in 1991-2012. The natural

from sufficient water testing. In this paper, the
values for winter wheat, corn and cotton are 0.85,
0.86 and 0.74, respectively, as recommended by
Chen and Guo [22]. ET0 is the evapotranspiration
(mmd-1) of the reference crop and calculated using
Penman method [22].
Irrigation water demand calculation. The
water demand for crop growth in Yanqi Basin is
mainly from natural precipitation and irrigation
supplement [22]. Therefore, irrigation water
demand can be considered as the difference
between crop water demand and natural
precipitation, that is,
(2)
IR ETp  P
where IR is irrigation water demand (mm) and
P is precipitation (mm). According to the
meteorological data from 1991-2010, the average
annual precipitation (mm) during the growth
seasons of all major crops are listed in Table 1.
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The secondary and tertiary industries water
demands. The secondary and tertiary industries
water demands were calculated based on the water
usage per million yuan output. According to the
survey, the water quota is 45 m3 million-1 yuan-1 and
10 m3 million-1 yuan-1 for secondary and tertiary
industries, respectively. Thus, the secondary and
tertiary industries water demands were calculated as
follows [23]:
(5)
Wg X i Qi

TABLE 1
The LSD comparable analysis on the increased
ecological water demand at the different
increased temperatures
(I)The

(J)

Mean

Std.

Signific

increased

increased

difference(I-J)(1

Error(108

ance

temperat

temperatur

08m3)

m3)

ure(Ԩ)

e(Ԩ)

-0.64

0.33

1.27

The

0.33

0.016

0.285

0.957

1.27

-1.042

0.451

0.027

-0.64

-0.016

0.285

0.957

1.27

-1.058

0.451

0.025

-0.64

1.042

0.451

0.027

0.33

1.058

0.451

0.025

where

industries water demands (m3) for a certain year;
X i was the output for a certain year (million yuan);
Q i was the water quota of the secondary or tertiary

The mean difference is significant at the 0.05
level

industries for a certain year (m3 million-1 yuan-1).
Ecological water demand calculation.
Ecological water demand was calculated using both
Area Quota and Phreatic Evaporation Methods.
(1) Area quota method
The area quota method has been widely used
to study the well-investigated areas. It is simple to
use, but requires reasonable determination of
ecological water quota of different types of
vegetation. Its calculation formula was

Resident water demand calculation.
Resident water demand consists of non-agricultural
resident water demand and agricultural resident
water demand and was calculated based on the
water quota and population. According to the
survey, daily water consumption of non-agricultural
residents and agricultural residents in Yanqi basin is
185.52 L day-1 per capita and 165.87 L day-1 per
capita, respectively. Therefore, the formulas used to
calculate resident water demand are as follows [23]:
n

Wr

365¦ Pi M i * 10

n

Wp

366¦ P iWi * 10 3

n=366

(3)

type i ,

i 1

M i is the corresponding water quota (L/capita·day).

Livestock water demand calculation.
Livestock water demand was calculated using
standard water quota for livestock and converted
into a standard sheep unit, i.e. the standard animal
unit using the conversion coefficient published in
WKH ³&RQYHUVLRQ %HWZHHQ ([LVWLQJ /LYHVWRFN DQG
6WDQGDUG /LYHVWRFN´ LVVXHG E\ WKH Ministry of
Agriculture of the People's Republic of China.
According to the survey, the water quota for
standard livestock in Yanqi basin is 10 L/capita day.
Thus, the livestock water demand is calculated
using the following formulas [23]:
n

365¦ Ai M i * 10 3

n=365

i 1

n

Wa

366¦ A iWi * 10 3

Aimpi

n=366

m pi is

the water quota for the corresponding

vegetation guaranteed rate, and n is the number of
vegetation types.
According to [23], the water quota in Yanqi
Basin is 3000 m3 hm-2 for woodland, 1500 m3 hm-2
for sparse woodland ground (with less than half
shrub land) and 2250 m3 hm-2 for all lawn. Because
the areas of different types of vegetation are hard to
obtain, the water quota of natural vegetation in
Yanqi Basin was considered as the average of that
of the above three types of vegetation, that is 2250
m3 hm-2.
(2) Phreatic evaporation method
The phreatic evaporation method is suitable to
calculate ecological water demand of vegetation
mainly depending on groundwater in an arid area.
The actual evapotranspiration of natural vegetation
in arid areas can be approximated represented by
phreatic evaporation, i.e.
(7)
W ExA
where E is phreatic evaporation intensity
(mm), A is the vegetation area needed to be
maintained or protected. Phreatic evaporation is
closely related to meteorological factors, soil
texture, soil moisture, groundwater depth and others.
The following formulas have been commonly used
to calculate the phreatic evaporation in the arid
region of Xinjiang.

Wr is resident water demand (m3);

Pi is non-agricultural and agricultural population,

Wa

pi

(6)
where p is vegetation water demand
guarantee rate, Ai is the vegetation area of the

n=365

i 1

where

¦W
i 1

3

n

Wr

Wg is the secondary or tertiary

(4)

i 1

where Wa is the livestock water demand (m3);

Ai is the number of livestock; M i is the water
quota for livestock (L capita-1 day-1).
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Avi Stoyanov formula

E

a(1  H / H max ) b E) 20

(8)

(ii) Akzo station water balance equation

E

E20 x (1  H / H max ) 2.51

(9)
where E is the phreatic evaporation intensity
(mm); E ) 20 is the evaporating observation value
using routine meteorological dish (mm); H is the
groundwater depth (m), E 20 is the surface
evaporation of a 20 m2 evaporation pond, which is
1292.2 mm on average based on the many years of
actual observation in Aksu station; H max is the

FIGURE 2
Surface water availability changes in the
oasis along within the rising in temperature

limit of groundwater depth (m), which is 5 m in the
study; a and b are the empirical coefficients and
taken as a = 0.62 and b = 2.8.
To eliminate the estimated deviation from a
single method, the arithmetical average of the
results based on the above two methods are taken as
the natural vegetation water demand at different
protection scopes.

Dashankou Station is the outflow mouth of the
Kaidu River. Its runoff represents the inflow
amount of the Kaidu River [26]. Once passing
Dashankou Station, the river flows passing Kaidu
River bridge in Yanqi county and Baolangsumu
hydropower and enters Bosten Lake [26]. In this
process, the water is mainly used for agriculture
irrigation in the Yanqi Basin oasis as well as for
industry, livestock and people's lives, with a small
amount of evaporation or seepage. Thus, the
difference between the runoff of Dashankou
hydrological station and that of Kaidu River bridge
in Yanqi county could be used to identify surface
water availability of the oasis, that is the water
consumed by industry, agriculture and people's
lives [26]. By analyzing the trends of average
temperature and surface water availability in the
Kaidu River oasis from 1961 to 2011 (Figure 2), it
was found that as temperatures rose, the surface
water in the area slightly increased. However, this
change was not significant as indicated by Z=1.718
DQGĮ!LQWKHQRQ-parametric statistical test.

Data Analysis. The increased amount of water
demand for various industries in the watershed
oasis were calculated using the calculation formula
of the water demands for agriculture, residents,
livestock, ecological vegetation, second and tertiary
industries when temperature rose by 0.5, 1, 1.5 and
2Ԩ. SigmaPlot 13.0 software was used to draw the
scatter plot of the magnitude of temperature
increase vs water demand of various industries and
to obtain the corresponding regression equations;
Mann-Kendall nonparametric statistical test was
used to determine whether the linear fitting
relationship between temperature rise and water
demand in various industries is significant.

Impacts of climate warming on water
demands in the oasis. Water demand refers to the
amount of water needed at a certain period of time
under a certain level of future development in the
study area, including water demand of various
industries, sectors and regions [27]. In this paper,
according to the use of water resources, water
demands for living, agriculture, livestock,
secondary industry, tertiary industry and ecological
vegetation were calculated.

RESULTS AND ANALYSIS
Impacts of climate warming on surface
water availability in the oasis. The surface water
in the oasis area of Kaidu River Basin is mainly
from natural precipitation and surrounding
mountainous glaciers (snow) [24]. Therefore, the
surface water environment is greatly affected by
climate change. Li [25] has found that the annual
average temperature and precipitation of
Bayinbuluke station in the mountainous area of the
basin had significant positive correlations with
surface runoff. In other words, increased
temperature or precipitation can lead to increased
surface runoff. Among them, the distribution of
surface runoff recharge source was similar to that of
precipitation. But it is not clear how temperature
change affects the water inflow in the oasis and
whether increased temperature could also lead to
increased surface water availability in the oasis.

Impact on agricultural water demand. Crop
water demand refers to the amount of water
required for crop transpiration, soil evaporation,
and crop body composition at a given environment
which ensures high yield of disease and pest free
crop growth and a high yield potential with
appropriate moisture and fertility [27]. Due to very
small amounts (less than 1%) of water composing
the crop body, it can be ignored [27]. Therefore,
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Impact on irrigation water demand. Figure
4 shows the increase of irrigation water demand for
the three crops during their growth period when
temperature increases by 0.5-2Ԩ. It is clear from
Figure 4 that water demand increases by an average
of 1246.4, 3023.9 and 2557.4 m3 hm-2 for wheat,
corn and cotton, respectively, showing the greatest
increase for corn, followed in turn by cotton and
then wheat. As temperature rises by 0.5, 1, 1.5 and
2Ԩ, the irrigation water demand also increases in
Heshuo, Hejing and Yanqi counties by 692.5,
2218.9, 3786.9 and 5397.4 m3 hm-2 for corn,
respectively, by 481.3, 1840.3, 3236.7 and 4671.4
m3 hm-2 for cotton, and by 278.2, 910.6, 1562.5 and
2234.2 m3 hm-2 for wheat, indicating that
temperature rise has the most impact on irrigation
water demand for corn, and the least impact on that
of wheat.

crop water demand mainly includes plant water
demand and soil evaporation. Because agricultural
water demand is affected significantly by
precipitation, it can be reduced when precipitation
increases. Previous studies have shown that the
precipitation in Yanqi county did not increase
significantly for more than a decade [20]. Thus,
when studying the impact of temperature rise on
agriculture water demand, both crop water demand
and irrigation water changes need to be calculated.

FIGURE 3
The impact of climate warning on water
demand of wheat, corn and cotton in Heijing(a),
Heshuo(b) and Yanqi(c) counties
Figure 3 shows the absolute and relative
increases in the water demand of three crops when
temperature increases by 0.5-2Ԩ during their
growth periods,. As shown in Figure 3, the water
demand for all three crops in Hejing, Heshuo and
Yanqi counties increases as temperature rises. The
average increase was 3.03%, 2.91% and 3.02% for
corn, winter wheat and cotton, respectively. In
detail, when temperature increases by 0.5, 1, 1.5
and 2Ԩ, the water demand increases by 1415.8,
2942.3, 4510.2 and 6120.7 m3 hm-2, respectively for
corn, by 1262.2, 2621.2, 24017.6 and 5452.3 m3
hm-2, respectively for cotton, and by 598.6, 1231.1,
1882.9 and 2554.6 m3 hm-2, respectively for wheat.
Overall, the water demand for corn is affected most
by temperature changes, followed in turn by cotton
and then wheat.
During the process of temperature rising by
0.5 to 2Ԩ, the impact of temperature on crop water
demand is the most in Heshuo county by an average
of 3.29% and 3747.3 m3 hm-2, followed 2.83% and
1566.8 m3 hm-2 as well as 2.83% and 3338.3 m3
hm-2 in Hejing county and Yanqi county,
respectively.

FIGURE 4
Increased irrigation water demand of three types
of crops in in Heijing(a), Heshuo(b) and
Yanqi(c) counties
Impacts on water demands in other sectors.
The average temperature and water demand of
residents, livestock, secondary industry and tertiary
industry from 2002 to 2012 in Yanqi Basin were
calculated using the formulas mentioned in the
Method section, sorted in ascending order and used
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to plot the curve of water demand vs. average
temperature. As shown in Figure 5, from 2002 to
2012, as temperature rose, the water demand for
various industries showed a volatile increasing
trend with decreases in many years. However, the
non-parametric statistical test indicated that only
residents water demand increased significantly with
WHPSHUDWXUH ULVH =  Į   EXW QRW RWKHU
industrial water demand (Z=1.876, 1.696 and 1.840,
Į!05), suggesting that residents water demand is
more sensitive to climate change than other sectors.

Using the average temperature of 9.43Ԩ in the
past 11 years as the initial temperature, when the
temperature increases by 0.5, 1, 1.5 and 2Ԩ, the
calculated residents water demand increases by 2.09,
2.66, 3.37 and 4.28×103 m3, respectively.
TABLE 2
The average rainfall during the crop growth
period. Unit (mm)
Counties

Winter wheat

Corn

Cotton

Yanqi
Heshuo
Hejing

31.50
39.95
24.68

71.23
84.43
61.33

76.54
92.41
65.31

Impact on ecological water demand. The
ecological water demands in Yanqi, Hejing, and
Heshuo counties from 1991-2003 were calculated
using the Area Quota Method and Phreatic
Evaporation Method. Scatter-gram of the increase
in ecological water demand with temperature rise
was drawn as shown in Figure 6. It is clear from Fig.
6 that as temperatures rise, the amount of ecological
water demand in Yanqi basin showed an increasing
trend at 400 million m3 per 10 years. The ecological
water demand increase was sorted with temperature
change at an ascending order of -0.64, 0.33, and
1.27°C levels and analyzed using the
non-parametric statistical test. The results showed
= DQGĮLQGLFDWLQJWKDWDVWHPSHUDWXUH
rises, ecological water demand in the three counties
shows an extremely significant increase. One-way
ANOVA using SPSS17.0 software of ecological
water demand increase at the three different
temperature rise levels indicated that ecological
water demand increase was not significantly
different between the temperature rise of -0.64Ԩ
and 0.33Ԩ, but significantly different between the
temperature rise of -0.64Ԩ and 1.27Ԩ as well as
between the temperature rise of 0.33Ԩ and 1.27Ԩ
(Table 2). Therefore, when temperature rise does
not exceed 1Ԩ, ecological water demand increase is
not significant; but when temperature rise exceeds
1Ԩ, ecological water demand will increase
significantly. To understand whether ecological
water demand increase is mainly caused by rising
temperature, we performed a Pearson correlation
analysis for ecological water demand increase and
temperature rise as well as vegetation area increases.
The results showed a positive correlation between
ecological water demand increase and temperature
rise (correlation coefficient = 0.574), but not
between ecological water demand increase and
vegetation area increase. Overall, the results
indicated that ecological water demand in Yanqi
Basin is mainly influenced by temperature, but less
affected by vegetation area, and the control of
continuous temperature rise is the key to alleviate
continuous ecological water demand increase.
Nonlinear regression analyses of ecological

FIGURE 5
Water demand of residents(a), livestocks(b),
the secondary(c) and tertiary(d) industries
along with the temperature rising

FIGURE 6
Scatter map between the increased ecology water
demand and the increased temperatures
The nonlinear regression model of residents
water demand with sorted temperature established
using SPSS17.0 software showed a significant
S-curve with the regression equation of
Y exp ( 4.725  0.474 u( X 0 t )) , where Y is residents
water demand, X 0 the initial temperature, t is the
increase in temperature, which is 0.5, 1, 1.5 and
2Ԩ.
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river oasis area found that temperature rise had the
greatest effect on residential, agricultural and
ecological water demands, and that water demand
in the oasis increases as temperature rises. The
reasons that climate warming has the greatest effect
on residents and agriculture water demands in the
.DLGXULYHUEDVLQDUHWKDWSHRSOH¶VOLYLQJLVPDLQO\
dependent on agriculture and less on other
industries, and irrigation water is the biggest
"consumer" which is particularly sensitive to
climate change. The reason that temperature rise
has a greater effect on ecological water demand are
that the surface water and groundwater are mainly
used for agricultural irrigation and people's activity
and life, and natural vegetation mainly lives on
rainfall. Therefore, changes in spatial and temporal
distribution of temperature and precipitation will
seriously affect the water demand of natural
vegetation growth.
This study also found that the effect of
temperature rise on irrigation water demand is the
greatest in Heshuo county, but the least in Yanqi
county, which may be related to their acreage
amount. According to a survey, Yanqi county has an
urban area of 0.24×104 km2 and arable land of up to
3.5×104 hm2 [28], while Heshuo county has an
urban area of 1.28×104 km2 and arable land of
1.9×104 hm2 [29]. Thus, compared with Yanqi
county, Heshuo county has a smaller crop acreage.
In general, land with smaller acreage is more
sensitive to changes in water resource and climate.
Looking at the effect of temperature on agriculture
water demand, the study found that temperature rise
has the greatest effect on corn water demand and
the least effect on wheat water demand. This is
because corn is thermophilic and more sensitive to
temperature. The total accumulation of temperature
demand for currently applied corn varieties during
their growth period is 1800-2800Ԩ. In addition,
corn at different growth stages has different
temperature requirements, especially at the
flowering stage. If the temperature is above 32Ԩ
and relative air humidity is below 30%, pollen
grains will lose their vitality due to water loss and
wither, making them difficult to pollinate and
fertilize. Therefore, only timely watering, cooling
and increasing relative air humidity could ensure its
pollination, fertilization and grain formation [30]. A
high temperature environment has a negative
impact on the quality and weight of wheat grains.
But because wheat grows at low temperatures,
while corn grows at high temperatures, given the
same temperature, the transpiration and soil
evaporation of wheat are less than those of corn. To
produce more organic materials, corn needs to
consume more water, so climate warming has a
greater effect on corn water demand than on wheat
water demand [31].
The impact of climate change on water
resources concern mainly two aspects: one is the

water demand increase with temperature rise using
SPSS17.0 software indicated that there was a
significant linear relationship between the two and
the regression equation was Y 0.088  0.393t ,
where Y is ecological water demand increase, t is
temperature rise. When temperature rises by 0.5, 1,
1.5 and 2Ԩ, the calculated ecological water demand
increase is 28.3, 67.3, 47.8, and 86.8 million m3,
respectively.
Water resource changes in the oasis with
climate changes. In 2013, wheat, corn and cotton
acreage in Yanqi Basin was 0.858, 0.289, and
0.430×104 hm2, respectively. The agricultural water
demand per hectare was calculated as the
agricultural water demand of the entire oasis. The
results indicated that when temperature rises by 0.5,
1, 1.5, and 2Ԩ, corn water demand increases by
987.285, 2051.764, 3145.113 and 4268.168×104 m3,
cotton water demand increases by 3183.268,
6610.666, 10 132.390, and 13 750.700×104 m3,
wheat water demand increases by 970.530,
1996.023, 3052.809 and 4141.858×104 m3, corn
irrigation water demand increases by 482.903,
1547.313, 2640.732 and 3763.787×104 m3, cotton
irrigation water demand increases by 1213.839,
4641.237, 8162.957 and 11 781.270×104 m3, and
wheat irrigation water demand increases by 451.055,
1476.386, 2533.333 and 3622.383×104 m3,
respectively.
Previous studies have shown that when
temperature increased by 0.5, 1, 1.5 and 2Ԩ, the
surface water availability in the Yanqi Basin oasis
did not increase significantly. However, the water
demands for various industries were increased. In
detail, the resident water demand increased by 2.09,
2.66, 3.37 and 4.28×103 m3 and the ecological
water demand increased by 28.3, 47.8, 67.3 and
86.8 million m3. Overall, when taking both crop
water demand and agricultural water demand into
account, the water demand in the oasis increased by
79.7, 154.4, 230.6 and 308.4 million m3,
respectively, with an average increase rate of
80-million m3 (0.5Ԩ)-1. When considering the
irrigation water demand, the water demand in the
oasis increased by 49.7, 122.4, 200.6 and 278.4
million m3, with an average increase rate of about
80-million m3 (0.5Ԩ)-1. The results indicated that
based on the current annual average temperature of
9.43Ԩ, if temperature continues to rise, the surface
water availability in the oasis will be unable to meet
the water demand for various industries, leading to
intensified conflicts between water demand and
supply, and severe water shortage.

DISCUSSIONS
The study on the effects of temperature rise on
water demand for various industries in the Kaidu
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consumption, one should 1) investigate in depth the
population in various counties, cities and villages in
the oasis and their gender ratio, education level, etc.,
2) collect the water quota and consumption of all
departments, business units and industries, 3)
effectively control the amount of births in rural
minorities, 4) improve educational attainment and
work skills of local people, 5) actively introduce
advanced technology or innovation, 6) develop
labor-intensive, deep processing agricultural and
industrial parks, and 7) transfer the majority of
young adults from farms to work in local industrial
parks or other industrial parks at home and abroad.
Currently, a large number of industrial and
agricultural waste water in the Kaidu river basin is
still discharged randomly which not only pollutes
the environment of the basin, but also reduces the
re-utilization of waste water [23]. Therefore, to
greatly improve the utilization of secondary waste
water and alleviate severe water shortages in the
basin, one should 1) introduce foreign advanced
sewage treatment technology, 2) implement water
purification programs, and 3) collect and purify
chemical and agricultural waste water. Class III
sewage could be used for natural vegetation
irrigation, and Class I and II sewage could be used
for farmland irrigation and livestock water use.

water supply capacity, and the other is the water
demand [32]. In terms of water supply, previous
studies have found that rainfall in China's Xinjiang
region is increasing [33], but glaciers are shrinking.
According to statistics, 1) The length and area of
the No. 1 glacier have shortened by about 175mm
(7.3%) and reduced by 0.24 km2 (12%), respectively,
during 1958 to 2003 [34], 2) the glaciers in the
mountainous areas of Heihe river basin are
shrinking [35], 3) the surface evapotranspiration
increases are likely to be 10-15% when temperature
increases by 1°C [36], and 4) Heyuan permafrost
layer is rapidly degrading and its thickness
decreasing [37], all of which indicate that water
resources are shrinking and total water amount is
gradually diminishing. From monitoring results of
river runoff, changes in mean annual runoff vary at
different regions. For example, the runoff of Luan
river basin is mainly influenced by precipitation
rather than air temperature [38]. As of 2002, China's
total surface runoff increased [33]. However, this
study found that as temperature rises, the runoff
amount in the Kaidu river basin and oasis area of
Xinjiang, China, does not increase significantly.
Currently, the water resources in the Kaidu river
basin are already in the transition stage from
increase to reduction because there is no more new
glacier (snow) formation [36], and ice (snow) has
been on the cusp of ablation. If temperature
continues to rise, glacier (snow) will continue to
melt and water resources will gradually reduce or
even exhaust. Coupled with population growth and
oasis and arable lands growth, water resources in
the oasis will be unable to meet the water demand
in the oasis and the conflict between water
availability and demand will be more prominent.
Therefore, measures must be taken to control
continuous temperature rise and resident population
and arable land expansion in Xinjiang and reduce
the clean water utilization rate of natural vegetation
in the oasis.
Sustained massive emissions of greenhouse
gases are the main factors causing temperature rise
[4]. Investigating the sources of industrial and
agricultural greenhouse gas emissions and emission
characteristics in the basin, enhancing and
improving the used of industrial equipment and
processes, scientific and rational farming and
managing, increasing greenhouse gas reduction
potential without affecting existing industrial and
agricultural production, and reducing greenhouse
gases release as much as possible are the keys to
alleviate continuous temperature rise. As
temperature rise rate lessens, the basin is expected
to form new mountainous glaciers (snow), thereby
increasing the potential water reservoir and the
inflow amount from the mountainous area. In
addition, in order to control the continuous increase
of the local population and arable lands, thereby,
reducing the local residents and agricultural water

CONCLUSIONS
Global climate warming has affected the local
climate in the oasis of the arid region of Northwest
China. How does the climate warming affect the
surface water availability and demand in the oasis?
In this paper, we selected the Yanqi Basin of the
Kaidu river oasis in Xinjiang, China, as the study
area. We analyzed the effect of climate warming on
water resources in the oasis for the scenarios of
future temperature increases by 0.5, 1, 1.5 and 2Ԩ.
The results showed that surface water availability in
oases did not increase significantly, but water
demand in other industries especially residential,
agricultural and ecological areas increased
significantly. When temperature rises by 0.5, 1, 1.5,
and 2Ԩ, residents water demand increases by 0.209,
0.266, 0.337 and 0.428×104 m3, ecology water
demand increases by 0.283, 0.478, 0.673 and
0.868×108 m3, corn water demand increases by
987.285, 2051.764, 3145.113 and 4268.168×104 m3,
cotton water demand increases by 3183.268,
6610.666, 10 132.390, and 13 750.700×104 m3,
wheat water demand increases by 970.530,
1996.023, 3052.809 and 4141.858×104 m3. In
conclusion, looking at crop water demand along
with agriculture water demand, the total water
demand in the oasis increases by 0.797, 1.544,
2.306 and 3.084×108 m3 with the increase rate of 80
million m3 (0.5Ԩ)-1; taking irrigation water demand
as agriculture water demand, the total water
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demand in the oasis increases by 0.497, 1.224,
2.006 and 2.784×108 m3 with the increase rate of 80
million m3 (0.5Ԩ)-1. These numbers suggest that if
the temperature continues to rise from 9.43Ԩ, the
surface water availability will not meet water
demand in various industries exacerbating the
discrepancy between water availability and demand,
and lead to serious water shortage.
Based on these, the measures slowing down
this conflict are offered. For controlling temperature
rise and reducing water use in agriculture and
ecology without affecting the industrial and
agricultural output and existing natural vegetation¶V
survival, advanced industrial and agricultural
production and wastewater treatment technologies
need to be introduced or innovated, industrial
production processes and agricultural cropping
patterns need to be improved, and the oasis
population and crop farming area need to be
effectively controlled. These measures will make a
contribution to reducing greenhouse gas emissions
by slowing down the continuing rise of
temperatures in the mountains, (thus encouraging
formation of new glaciers (snow) which will
increase the amount of water in the mountains),
improve water use efficiency of clean water and
wastewater, reduce water consumption in various
industries and ease the water use conflict in the
oasis.
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weight and the weight of testosterone-responsiveorgans, such as the testis, epididymis, seminal vesicle,
and prostate. The study also reported a significant
decrease in serum testosterone as well as sperm
count, viability, and motility after exposure. Even
short-term exposure of mouse germ cells to acetamiprid led to abnormal sperm morphology [6]. In addition, Gu et al. [7] reported that inutero exposure of
mice to acetamipriddisrupted early embryonic
development.
Methomyl is a carbamate insecticide
usedagainst several insect classes including
coleoptera,diptera, hemiptera, homoptera, and
lepidoptera. It is also used as an acaricide to control
ticks and spiders. However, methomyl is classified
as a ³restricted use´ pesticide by the United
StatesEnvironmental Protection Agency (EPA)
because of its high toxicity to multiple non-target
species, including humans[8].Chronic exposure to
methomylinduced testicular damage in male rats as
evidenced by significantly reduced serum
testosteroneand lower testis, vesiculaseminalis, and
prostate gland weight[9,3]. Shanthalatha et al. [4]
reported that the administration of methomyl to
female rats for 90 days decreasedovary, uterus, and
fallopian tube weight;shortened the estrous cycle;
and reducedthe numbers of small, preantral, antral,
and preovulatory follicles.
Deltamethrin is a pyrethroid insecticide
usedextensivelyin agriculture and home pest control.
Previous invivo and invitro studies have demonstrated deleterious effects on the male reproductive
system. Abdallah et al. [10] reported a significant decrease in rat sperm motility and viability and an increase in abnormal spermatozoa after in vitro
incubation with deltamethrin at 37°C.Furthermore,
the oral administration of deltamethrin to male mice
for 21 days was associated with significantly decreased sperm count, motility, and viability [11].The
administration of deltamethrin also decreased serum
testosterone in rats [12,13].
Although many studies have reporteddeleterious effects of acetamiprid, methomyl, and deltamethrin on male and female rodent reproductive tissues,

ABSTRACT
Acetamiprid, methomyl, and deltamethrinare
widely used insecticides in agriculture and industry;
thus, livestock may receive substantial exposure to
such substances. This study was designed to evaluate
the effect of these agents on bovine luteal cell
steroidogenesis.Cells were incubated with acetamiprid (0.1 mM, 1 mM, or 10 mM), methomyl (0.1
mM, 1 mM, or 10 mM), or deltamethrin (0.01 mM,
0.1 mM, or 1 mM) for 5 days. Incubation with 1
mMacetamiprid
resulted
in
significantly
reducedpro-gesterone production by day 5.
Incubation with 1 mM methomyl had no effect on
progesterone pro-ductionby day 3 but did result in
significant inhibi-tionby day 5. Incubation in 0.1
mM and 1 mMdelta-methrin resulted in significant
reduction on both days 3 and 5. All three insecticides
diminish luteal progesterone synthesis, with rank
order
methomyl<acetamiprid<deltamethrin.Excessive
exposure to these agents, particularly deltamethrin,
may weaken the breeding potential of bovine
livestock.

KEYWORDS:
Acetamiprid; methomyl; deltamethrin; bovine luteal cells;
progesterone

INTRODUCTION
Insecticides such as acetamiprid, methomyl,
and deltamethrin are usedthroughout the worldto
control insect pestsin agriculture and industry.However, prolonged exposure of farm animals to
theseagents causes manyadverse effects, such as
geno-toxicity[1], oxidative damage[2], and impaired
fertility in both males[3] and females[4].
Acetamiprid is a neonicotinoidinsecticidewidelyused against soil and plant insects. A previous
studyby Zhang et al. [5] reported that in vivo exposure of male mice to acetamipriddecreased body
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0.25mM nitro blue tetrazolium, and 0.2mMȕandrostene-ȕ-ol-17 one (prepared from 8mM stock
solution in ethanol)] and incubated in the dark at
37°C for 4 h,as described previously [18].

there is currently no data regarding the effects of
these insecticides on cattle, among the most valuable
livestock. In this study, we examined the effects of
these agents on steroid production in bovine luteal
cells.

Incubation of cells.The isolated luteal cells
were cultured in 6-well cell culture plates (Corning
Life Sciences, Cat no: 3516) in CO2 incubator
(BINDER GmbH, Germany). Each well included
100 μl cell suspension and 2 ml of the culture medium (Dulbecco modified Eagle and Hams F-12,
1:1), containing fetal bovine serum (10%) andantibiotic±antimycotic solution (1%). Cells were incubated without treatment for 18 h andthen with serumfree media containing 1% ITS premix (10 mg/ml
insulin, 0.55 mg/ml transferrin, and 5ȝJPOVodium
selenite) plusthe specific insecticide or vehicle
concentration for 5 days [0.1 mM, 1 mM, and 10 mM
acetamiprid dissolved in ethanol; 0.1 mM, 1 mM,
and 10 mM methomyl dissolved in ethanol; and 0.01
mM, 0.1 mM, and 1 mM deltamethrin dissolved in
dimethyl sulfoxide (DMSO)]. As cholesterol isthe
precursor forprogesteronebiosynthesis[19], all
treatment groups andvehicle controls were treated
with 22(R)-hydroxycholesterol (22R-HC, 10 μg/ml).
During insecticide incubation, the medium was replaced every 48 h and the retrieved medium was
stored at í20°C until steroid analysis by radioimmunoassay (RIA). Each insecticide dose was
repeated 4 times.

MATERIALS AND METHODS
Sample collection.Bovine ovaries were collected from a local slaughterhouse immediately after
slaughter and transported to the laboratory within 45
min.Corpora lutea were judged to be at mid-cycle by
the criteria of Ireland et al. [14]. Each corpus luteum
was dissected from the ovary before cell isolation.
Isolation of cells.The dissected tissues were
minced into small pieces with a single edge razor
blade. Excess blood cells were removed by washing
minced tissue with culture media (Dulbecco modified Eagle and Hams F-12) through a 100-ȝPIDOFRQ
cell strainer (BD Biosciences, San Jose, CA,
USA).Cells were isolated from the luteal tissue
under sterile conditions as described previously [15]
with minor modifications. In brief, luteal cells were
dissociated by 4 successive 1-h incubations in
aerated (95% O2 and 5% CO2, 2 min) culture
medium containingcollagenase (0.03%, Type V),
DNase (0.005%), bovine serum albumin (BSA,
0.5%), and antibiotic±antimycotic solution (1%) in
an Erlenmeyer flaskunder rotation (90 cycles/min) at
37°C in a shaking water bath (Julabo, Labortechnik
GmbH, Seelbach, Germany). The pooled
supernatant from 4 incubations was filtered through
a cell strainer supported by a sterile glass funnel into
a sterile falcon tube (50 ml) to remove undigested
tissue fragments. The filtrate was then centrifuged
(400×g) for 5 min. The centrifugation was repeated
twiceto wash off the chemicals (including
collagenase, BSA) and cell debris.Cell viability was
determined by the trypan blue exclusion test.All
chemicals used for cell isolation and incubation were
purchased from Sigma-Aldrich (Munich, Germany).

Monitoring culture quality.In addition to
Apart from the experimental groups, 3 separate
culture dishes of untreated control cells were incubated in parallel to monitor culture quality. After 1,
3, and 5 days in cultureFHOOV ZHUH VWDLQHGIRUȕHSD activity and examined on an inverted microscope (Olympus, Tokyo, Japan) to evaluate cell
growth, cell attachment, cell-to-FHOO FRQWDFW ȕHSD enzyme activity, and cell viability during the
culture periods (Figure 4).
Progesterone assay.Progesterone levels in the
culture media were determined using a commercial
RIA kit (Beckman Coulter, Inc. Czech Republic),
IROORZLQJWKHPDQXIDFWXUHU¶VLQVWUXFWLRQ,QWUD- and
inter-assay coefficients of variations were below or
equal to 8.15% and 8.66%, respectively. Analytical
sensitivity was 0.03 ng/ml and recovery was
between 80% and 106%.

Identification of steroidogenic luteal
cells.Luteal tissue consists of both nonsteroidogeniccells
(including
fibroblast,
macrophages, and endothelial cells) and
steroidogenic cells.Steroidogenic cells constitute
only 30% of the total luteal tissue cell numberin the
mid-luteal phase[16]. The steroidogenic cells can be
identified by staining for ȕ-hydroxysteroid
GHK\GURJHQDVH ȕ-HSD) activity, which is essential
for luteal progesterone biosynthesis[17].For this
purpose,  ȝ/ RI FHOO VXVSHQVLRQ ZDV fixed in
paraformaldehyde (1%) for 20 min at 37°C. After
centrifugation, the cell pellet was resuspendedin 200
μl of staining solution [phosphate buffered saline
(PBS), containing 0.1% BSA, 1.5mM NAD,

Statistical analysis.Statistical analyses was
conducted using the Statistical Package for the
Social Sciences(SPSS version 14.0 for windows).
Differences between control and treated groups were
assessed by ANOVA followed by Duncan test for
multiple comparisons. Differences were considered
significant at p<0.05. All experimental data are
expressed as mean ± standard error of the mean
(SEM) of 4 independent experiments for each
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FIGURE 1
Effect of acetamiprid on bovine luteal cell
steroidogenesis. Control ( ); 0.1 mM acetamiprid
( ); 1 mM acetamiprid ( ); 10 mM acetamiprid
( ). Within each day, groups with alternate
letters (a vs. b) above the error bars differ
significantly (P < 0.05).

FIGURE 2
Effect of methomyl on steroidogenesis of bovine
luteal cells. Control ( ); 0.1 mM methomyl ( );
1 mM methomyl ( ); 10 mM methomyl ( ).
Within each day, groups with alternate letters (a
vs. b) above the error bars differ significantly (P <
0.05).
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FIGURE 3
Effect of deltamethrin on bovine luteal cell
steroidogenesis. Control ( ); 0.01 mM deltamethrin
( ); 0.1 mM deltamethrin ( ); 1 mM deltamethrin
( ). Within each day, groups with alternate letters
(a vs. b, a vs. c, b vs. c) above the error bars differ
significantly (P < 0.05).
treatment protocol. Progesterone
expressed as ng/20000 cells.

synthesis

FIGURE 4
%RYLQHOXWHDOFHOOVVWDLQHGIRUȕhydroxysteroid dehydrogenase activity after
day 5 in culture.

in progesterone productionbetween control and 0.1
mM acetamiprid treatment groups on days 3 and 5,
whereas1 mM resulted in significant reduction
(p<0.05) on day 5. In contrast, cells treated with 10
mMacetamipridexhibited a34% decrease in progesterone production on day 3 and 84% decrease
onday 5 compared with controls (Figure 1).

is

RESULTS
Effect of acetamiprid on progesterone
synthesis.Luteal cells were incubated with 3 concentrations of acetamipridor equal volumes of vehiclefor 5 days.There was no significant difference

Effect of methomyl on progesterone secretion.Treatment with 1mM methomyl had no effect
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resulted in significant reduction of progesterone only
on day 5, whereas 10 mM was required for a substantial reduction after 3 dayV¶H[Sosure. These findings
do, however, provide indirect support for a previous
study showing that acetamiprid administration (30
mg/kg body weight for 35 days) to male mice
decrease serum testosterone by 40% [23].In contrast
to methomyl and acetamiprid, incubation with 0.1
mM deltamethrin inhibited steroidogenesis, even in
the presence of the progesterone precursor22Rhidroxycholesterol(10 μg/ml) to maintain constant
synthesis [24].Deltamethrin also reduced serum
testosterone in rats [12,13].
In conclusion,acetamiprid, methomyl, and
deltamethrin diminishedbovine luteal cell steroidogenesis, with deltamethrin showing the highest potency. In general, the suppressive effects increased
with dose and exposure time. Therefore,field applicationshould be conducted with caution to limit the
exposure offarm animals.

onprogesterone production by day 3 but resulted in
significant suppression by day 5 (p<0.05). The
addition of 10 mMmethomyl resulted in a significantsuppression (p<0.01) on both days 3 and 5,
whereas0.1 mM methomyl did not reduce progesterone production compared with control at either
time (Figure 2).
Effect of deltamethrin on progesterone secretion.The addition of 0.01 mM deltamethrin did not
alter progesterone production by day5.On the
contrary,both 0.1 mM and 1 mM deltamethrin resulted in significant reductions (p<0.05)in
progesterone accumulation on both days 3 and 5 of
incubation.Luteal cells treated with 1 mM deltamethrin exhibited a61% decrease by day 3 and 67%
decrease by day 5 (Figure 3).
Monitoring culture quality.To assess cell
growth and cell±cell attachment, parallel untreated
cultures ZKHUHVWDLQHGIRUȕ-HSD enzyme activity
and examined by light microscopy. Cells became
elliptical after attachment to the culture plate and extended membrane protrusions to contact neighboring
cells.The cell nuclei become visible because oflower
staining intensitythanthat of the cytoplasm (Figure
4). When poor cell growth and attachment were
observed in any stage of incubation in untreated
control cultures, incubation was stoppedand
excluded from the study. These incubations were
repeated later by preparing fresh luteal cell culture.

ACKNOWLEDGEMENTS
Financial support for the present project was
provided by the Scientific and Technological Research Council of Turkey (TUBITAK). Funding
number: TOVAG-213O174.

REFERENCES
[1] Kocaman, A.Y. and 7RSDNWDú, M. (2007) In
vitro evaluation of the genotoxicity of acetamiprid in human peripheral blood lymphocytes.
Environ. Mol. Mutagen, 48, 483-490.
[2] Yousefa, M.I., Awad, T.I. and Mohameda, E.H.
(2006) Deltamethrin-induced oxidative damage
and biochemical alterations in rat and its attenuation by Vitamin E. Toxicology, 227, 240-247.
[3] Shalaby, M.A., El-Zorba, H.Y. and Ziada, R.M.
(2010) Reproductive toxicity of methomyl insecticide in male rats and protective effect of
folic acid. Food ChemToxicol, 48, 3221-3226.
[4] Shanthalatha, A. , Madhuranath, B. N. and
Yajurvedi, H.N. (2012) Effect of methomyl formulation, a carbamate pesticide on ovarian
follicular development and fertility in albino
mice.J Environ Biol, 33, 33-37.
[5] Zhang, J.J., Wang, Y., Xiang, H., LI, M., Li, W.,
Ma, K., Wang, X. and Zhang, J. (2011) Oxidative stress: role in acetamiprid-induced impairment of the male mice reproductive system.
AgricSci China,10(5), 786-796.
[6] Rasgele, P.G. (2014) Abnormal sperm morphology in mouse germ cells after short-term exposures to acetamiprid, propineb, and their
mixture. ArhHigRadaToksikol, 65, 47-56.
[7] Gu, Y.H., Li, Y., Huang, X.F., Zheng, J.F.,
Yang, J., Diao, H., Yuan, Y.,Xu, Y., Liu, M. and

DISCUSSION
In mammals, acetamiprid, methomyl, and
deltamethrin have a wide range of deleteriouseffects
on theimmune system[20], nervous system [21,22],
female reproductive system [4], and male reproductive system[9].Although several studies have
reported effects of acetamiprid, methomyl, and
deltamethrin onsteroidogenesis in the testis, there is
currently no data on the effects of these insecticides
on luteal cell steroidogenesis. The present study
demonstratingreduced steroidogenesis by cultured
bovine luteal cellsin vitro suggests that the exposure
of bovine livestock in the field may reduce breeding
by impairing female fertility.
Although all three insecticides used in the present study reduced luteal cell steroidogenesis,
deltamethrin was the most damaging. Methomyl at 1
mm or 10 mM was required to significantly reduce
SURJHVWHURQH V\QWKHVLV ZLWKLQ í days and the
concentration-dependence was modest at the latter
incubation time. Nonetheless, methomyl does appear
to have broad effects on mammalian male reproductive tissue, as oral administration of 1.0 and 0.5
mg/kg body weight for 65 consecutive days [3] and
chronic exposure [9] significantly decreased serum
testosterone in male rats. Acetamiprid at 1 mM

3283

© by PSP

Volume 26 ± No. 5/2017 pages 3280-3284

Fresenius Environmental Bulletin


by cell subpopulations isolated from early and
late luteal phase goat corpora lutea. Turk J Vet
Anim Sci. 38, 433-438.
[19] Arikan, S., Kalender, H. and Simsek, O.(2010)
Effects of cholesterol on progesterone production by goat luteal cell subpopulations at two
different stages of the luteal phase. Reprod Dom
Anim,45, e434±e439.
[20] Mondal, S., Ghosh, R.C., Mate, M.S. and
Karmakar, D.B.(2009) Effects of acetamiprid
on immune system in female Wistar rats.
ProcZoolSoc, 62, 109-117.
[21] Calore, E. E., Cavaliere, M. J., Puga, F.R.,
Calore, N.M.P., Rose, A.R., Weg, R., Dias, S.S.
and Santos, R.P. (2000) Histologic peripheral
nerve changes in ats induced by deltamethrin.
Ecotoxicol Environ Safety, 47, 82-86.
[22] Kimura-Kurada, J., Komuta, Y., Kuroda, Y.,
Hayashi, M. and Kawano, H.(2012) Nicotinelike effects of the neonicotinoid insecticides
acetamiprid and imidacloprid on cerebellar
neurons from neonatal rats. Plos One,7(2),
e32432.
[23] Arikan, S. and Yigit, A. A. (2009) Effects of
cholesterol and cAMP on progesterone production in cultured luteal cells isolated from pseudopregnant cat ovaries. Anim Reprod Sci, 115,
238±246.

Shi, H.J. (2013) Reproductive effects of two
neonicotinoid insecticides on mouse sperm
function and early embryonic development in
vitro. Plos One, 8 (7), e70112.
[8] Van Scoy, A.R., Yue, M., Deng, X., Tjeerdema,
R.S. (2013) Environmental fate and toxicology
of methomyl. Rev Environ ContamToxicol,
222, 93-109.
[9] Mahgoub, A.A. and El-Medany, A.H.(2001)
Evaluation of chronic exposure of the male rat
reproductive system to the insecticide methomyl. Pharmacol Res, 44, 73-80.
[10] Abdallah, F.B., Hamden, K., Denis, G.I., ElFeki, A. and Ammar, L.K. (2010a) An in vitro
study on reproductive toxicology of deltamethrin on rat spermatozoa. Andrologia, 42,
254±259.
[11] Abdallah, F.B. and Slime, A.B.,Damma, I.,
Ammer, L.K. and Mallek, Z. (2010b) Comparative effects of dimethoate and deltamethrin on
reproductive system in male mice. Andrologia,
42, 182±186.
[12] Issam, C., Samir, H., Zohra, H., Monia, Z.
andHassen, B.C.(2009) Toxic responses to
delta-methrin (DM) low doses on gonads, sex
hor-mones and lipoperoxidation in male rats
following subcutaneous treatments.J Toxicol
Sci, 34, 663-670.
[13] Odaa, S.S. and El-Maddawyb, Z.K. (2012)
Protective effect of vitamin E and selenium
combination on deltamethrin-induced reproductive toxicity in male rats. Exp Toxicol Pathol,64,
813±819.
[14] Ireland, J.J., Murphee, R.L. and Coulson, P.B.
(1980) Accuracy of predicting stages of bovine
oestrus cycle by gross appearance of the corpus
luteum. J Dairy Sci, 63, 155±160.
[15] Arikan, S. and Yigit, A. (2001)Size distribution
of bovine steroidogenic luteal cells during pregnancy. AnimSci, 73, 323±327.
[16] 2¶6KHD, J. D. (1987) Heterogenous cell types in
the corpus luteum of sheep, goats and cattle. J
Reprod Fertil, 34 (Suppl.), 71±85.
[17] Payne, A.H., Downing, J.R. and Wong, K.L.
(1980) Luteinizing hormone receptors and progesterone synthesis in two distinct populations
of Leydig cells. Endocrinol, 106, 1424±1429.
[18] Kalender, H., Arikan, S. and Simsek, O.(2014)
The effects of LH on progesterone production

Received:
Accepted:

14.06.2016
04.04.2017

CORRESPONDING AUTHOR
Ozkan Simsek
Department of Physiology
Faculty of Veterinary Medicine
Kirikkale University
71450 Kirikkale ± TURKEY
E-mail: ozksimsek@hotmail.com

3284

© by PSP

Volume 26 ± No. 5/ 2017 pages 3285-3292

Fresenius Environmental Bulletin

APPLICATION OF RESPONSE SURFACE METHODOLOGY
(RSM) TO OPTIMIZE THE ADSORPTION CONDITIONS OF
CATIONIC BASIC YELLOW 2 ONTO PUMICE SAMPLES AS
A NEW ADSORBENT
Dilara Ozturk1, Tekin Sahan2, Tuba Bayram1,*, Ayse Erkus1
1

Department of Environmental Engineering, Faculty of Engineering and Architecture, Yuzuncu Yil University, Campus, 65080, Van, Turkey
2
Department of Chemical Engineering, Faculty of Engineering and Architecture, Yuzuncu Yil University, Campus, 65080, Van, Turkey

5, 6, 7] have been used for the removal of CBY2.
Activated carbon has been used with great success
[8], but is expensive. Consequently, new economic
adsorbents, which are locally available and have
high adsorption capacity, are still needed.
This study investigates the removal of CBY2
on pumice samples (collected from the foot of Mount
AgUÕ  XVLQJ WKH DGVRUSWLRQ PHWKRG ,Q DGGLWLRQ E\
going beyond classical adsorption applications,
adsorption conditions are optimized using a special
statistical program (RSM). RSM is a collection of
mathematical and statistical techniques useful to
analyze the effects of several independent variables
[9]. The main advantage of RSM is the decreased
number of experimental trials required to interpret
multiple parameters and their interactions. In cases
where the laboratory size study design is adjusted to
an industrial system, it is expected to reduce costs
resulting from the expenses of chemical materials,
labor, time and energy. It is also expected that the
study will shed light on future industrial work and
the literature since the absorbent used has not yet
been investigated for CBY2. RSM has been
commonly used in recent years [8, 10, 11].

ABSTRACT
In this study, optimization of medium conditions for CBY2 adsorption by pumice was studied
through experimental design. For CBY2 adsorption,
initial CBY2 concentration (Co, mg/L), pH and
contact time (min.) were determined as medium
conditions. Central Composite Design (CCD) within
response surface methodology (RSM) was applied to
develop a response surface for optimization of
adsorption conditions. The optimum conditions were
determined as Co = 154.28 mg/L, pH = 6.13 and
contact time = 47.98 min. Results of experiments
determined that at these optimum conditions,
optimum adsorbed amount was 12.62 mg/g and
adsorption yield was 81.79%. A quadratic model
was developed by CCD to represent CBY2
adsorption.

KEYWORDS:
Adsorption, Response Surface Methodology, Cationic
Dye, Central Composite Design, Pumice

INTRODUCTION
MATERIAL AND METHOD
It is vitally important to protect the environment due to consistent human population growth and
rapid industrialization. Industrial wastewaters may
contain diverse organic or inorganic contaminants. If
they are discharged into aqueous media without
treatment, they can reduce the dissolved oxygen
level and thus negatively affect biological life.
Dye materials contained in colorful wastewater
mostly do not undergo biodegradation in receptor
environments. Therefore, even the smallest
concentrations of dye materials can damage the
natural structure of receptor media [1] and humans
[2].
CBY2 dye using in dyeing paper, textile and
leather industry. Due to its frequent use removal of
CBY2 is continually gaining importance. The adsorption process provides an attractive alternative
treatment. In recent years, various adsorbents [3, 4,

Preparation of adsorbent. Pumice, used as
adsorbent, was collected from the foot of Mount
$JUÕ, Turkey. Samples were washed with distilled
water several times to remove impurities and then
dried in an oven at 120ࡈC for 24 h. Subsequently,
they were ground with a mill and sieved to obtain
120 ȝP particle sizes. Then the pumice was stored in
desiccators for further use without any modification.
Investigation of adsorbent properties.
Knowing the adsorbent properties is very important
to understand the adsorption mechanism. The pore
volume, pore radius, Bruner Emmet Teller (BET)
surface area, Energy Dispersive X-Ray Spectroscopy (EDX) and X-ray diffraction (XRD) analyses
for pumice samples were completed in our previous
study [12]. XRD spectrograms show that pumice

3285

© by PSP

Volume 26 ± No. 5/ 2017 pages 3285-3292

Fresenius Environmental Bulletin

experiments with three independent variables were
determined as 20 (= 2k + 2k + 6), where k is the
number of independent variables. Twenty experiments were applied with six replications at the center
values (zero level) to evaluate the experimental
error. The five coded levels of each parameter were
marked as -Į-DQGĮ
In the optimization process, the response can be
related to the chosen variables by linear or quadratic
models [15]. A quadratic model is given as Eq. 2;
ǔn ȕ0 + σଷୀଵ ߚ ݔ + σଷୀଵ ߚ ݔଶ +σଷୀଵ σଷୀାଵ ߚ ܺ ܺ
(2)
:KHUHǔn LVWKHUHVSRQVHȕ0 is the constant coefficient, xi (i = 1±3) are non-FRGHGYDULDEOHVDQGȕi is
WKHOLQHDUȕii WKHTXDGUDWLFDQGȕij (i and j = 1±3) the
second-order interaction coefficients.
Experimental data were evaluated with Design
Expert 9 (trial version) including ANOVA (Analysis
of variance) in order to obtain the interaction
between the processed variables and the response.
The quality of the fit of the polynomial model was
expressed by the coefficient of determination (R2)
and the statistical significance was checked using the
F test in the same program.

consists mainly of silica glass (SiO2) with smaller
amounts of Al2O3, MgO, Na2O, CaO and K2O supported by EDX. The high silica content of pumice
provides great advantages for adsorption. At low and
high pH values, the surface of adsorbent can be
protonated and deprotonated. This situation enables
adsorption of cations and anions. Thus, it gains a
great deal of flexibility in adsorption processes with
a single material.
Adsorption studies. All experiments were
carried out in 250 mL erlenmeyer flasks containing
100 mL CBY2 (4,4- dimethylaminobenzophenonimide, Auramin O) solution on an orbital magnetic
stirrer at 170 rpm at fixed temperature (25ࡈC).
Pumice weighing 1 g was used for each experiment.
At the end of the experiment each erlenmeyer was
filtrated with filter paper (Whatman No 42). After
filtration, filter paper and glass were washed with 0.1
M HNO3 several times. The amount of CBY2 in the
washing solution was determined with UV and was
found to be lower than the detection limit of UV,
which is 0.0001 mg/ L. This loss of CBY2 was
therefore ignored in the measurements.

Optimization of results. The second-order
model determined from Eq. 2 is adequate for the
optimal points. A general mathematical solution can
be obtained from Eq. 3 for the location of the
stationary point [9, 15].
Writing the second-order model in matrix
notation, we have;
\ ȕ0 + x'b + x'Bxs
(3)

Dye solutions. The CBY2 stock solution (1000
mg/L) was prepared using C17H22ClN3 SXULW\
Sigma Aldrich). Required dilutions were made from
the stock solution to prepare solutions in the range of
desired concentrations. The solutions were adjusted
to the desired pH by adding 0.1 M HNO3 and 0.1 M
NaOH solutions before adsorption.
Analysis of dye. CBY2 concentration not
adsorbed in filtrated solvent was determined by
performing spectrophotometer readings at 431 nm
wavelength [4]. The amount of CBY2 adsorbed per
gram of adsorbent (mg CBY2/g adsorbent) was
calculated using the following equation [13].
ሺ  ሻ
(1)
Qe= ష 

Where,
Qe is the amount of CBY2 in the balanced adsorbent
adsorbed per gram (mg CBY2/g adsorbent)
Ci is baseline CBY2 concentration of the solvent
(mg/L)
Ce is the balanced (final) CBY2 concentration of
solvent CBY2 (mg/L)
V is the volume of solvent (L)
m is the amount of adsorbent added to solvent (g).

Where,

Experimental design and optimization.
Optimization of adsorption conditions with
Central Composite Design (CCD). All statistical
analyses for optimization of medium conditions
were carried out with CCD by using Design Expert
9 trial version. Three parameters were used for
adsorption of CBY2 on pumice which are Co,
(mg/L), pH and contact time (min).
In RSM, CCD is the most popular choice to fit
a second order model [14]. The total number of

CCD experiments and findings. A threevariable CCD was applied for the optimization of the
parameters. The five coded levels of each parameter
were signed as -Į-DQGĮ7RJHWKHUZLWK
six replications conducted at the center values to
evaluate the pure error, fourteen experiments were
completed for optimization. The amount of adsorbed
CBY2 was accepted as the response. Experiments
and results of CCD are given in Table 1. The model

Xs

ª X1 º
«X2 »
«X »
¬ k¼,

b

ª ȕ1 º
« ȕ2 »
«ȕ »
¬ k ¼ and

B

ª ȕ11 ȕ12 /2 ȕ1k /2 º
«Sym. ȕ22 ȕ2k /2»
«¬ Sym Sym. ȕkk »¼

That is, b is a (kx1) vector of the first order
regression coefficient and B is a (kxk) symmetric
matrix whose main diagonal elements are the pure
TXDGUDWLF FRHIILFLHQWV ȕii) and whose off-diagonal
elements are one half of the mixed quadratic
FRHIILFLHQWV ȕijLM 7KHVWDWLRQDU\SRLQWV ;s) are
the solution of Eq. 4.
ଵ
Xs = - B-1b
(4)
ଶ
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equation for uncoded (real) values of the quadratic
adsorption as a function of Co, pH and contact time
model fitting experimental results is shown in Eq.5.
following regression analysis.
The statistical significance of the quadratic
The amount of absorbed CBY2 (mg/g)=
model evaluated with ANOVA is shown in Table 2.
-5.88214+0.15211[Co]+1.22746[pH]+ 0.12831[C.
The low p value (0.0001) shows that the secondtime] + 9.52381E-004[Co] [pH] + 1.48571Eorder quadratic model is significant for observed
004[Co][C. time] -6.33333E-004[pH][C. time]results [12]. This situation shows that the proposed
5.14188E-004[Co2] - 0.10959[pH2] - 1.32029E-003
model equation is significant with a statistical
(5)
[C. time 2]
confidence interval of 99.99%. The value of the
Fig. 1 represents the relationship between the
coefficient of determination (R2=0.94) indicates that
values estimated by the model (theoretically
calculated values) and actual values (experimental).
94% of the variability in the response is explained by
It is seen that there is a consistency between
the model.
experimental values and those calculated in the
Eq. 5 presents a quadratic model equation
(proposed by the model) which gives CBY2
model.
TABLE 1
Experiments and results of CCD
Experiment
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Co (mg/L, X1)

pH (X2)

200.00(+1)
112.50 (0)
112.50 (0)
112.50 (0)
16.25 (-Į
 Į
112.50 (0)
112.50 (0)
25.00 (-1)
200.00(+1)
112.50 (0)
200.00(+1)
25.00 (-1)
112.50 (0)
25.00 (-1)
25.00 (-1)
112.50 (0)
112.50 (0)
200.00 (+1)
112.50 (0)

8 (+1)
5 (0)
5 (0)
5 (0)
5(0)
5 (0)
5 (0)
5 (0)
8 (+1)
2 (-1)
5 (0)
8 (+1)
2 (-1)
1.7 (-Į
2 (-1)
8 (+1)
5 (0)
 Į
2 (-1)
5 (0)

Contact Time
(min., X3)
10 (-1)
 Į
35 (0)
35 (0)
35 (0)
35 (0)
35 (0)
7.5 (-1)
60 (+1)
60 (+1)
35 (0)
60 (+1)
60 (+1)
35 (0)
10 (-1)
10 (-1)
35 (0)
35 (0)
10 (-1)
35 (0)

Response (mg CBY2 /g
pumice)
9.20
13.20
11.49
11.50
1.51
11.87
11.49
7.71
2.68
8.98
11.48
9.94
2.80
8.12
2.00
2.15
11.48
12.40
8.13
11.50

TABLE 2
Results of regression analysis (ANOVA)
Source
Model
X1
X2
X3
X 1X 2
X 1X 3
X 2X 3
X12
X22
X32
2
R =0.9431

Sum of squares
286.50
138.70
4.40
7.70
0.50
8.450E-003
0.018
59.84
3.76
2.63

DF
9
1
1
1
1
1
1
1
1
1

3287

F- values
18.42
80.26
2.54
4.46
0.29
0.00489
0.010
34.63
2.17
1.52

p-values
< 0.0001
< 0.0001
0.1418
0.0609
0.6024
0.9456
0.9206
0.0002
0.1712
0.2456
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FIGURE 2
Validation of the prediction of CBY2 adsorption
residuals versus normal % probability

FIGURE 1
Graph of predicted values versus actual values
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FIGURE 3
Graph of residual values versus predicted values

FIGURE 4
Simultaneous effects of Co and pH on CBY2
removal at fixed contact time (35 min.)

Graphics obtained from RSM play an important role in the optimization. A researcher using
suitable software to analyze response surface and
produce accurate graphics can often characterize the
shape of the surface and determine the optimum
point through a logical estimation [16].
Fig. 4 presents the effects of Co and pH on the
adsorption capacity of CBY2 onto pumice. As can
be seen from the Fig. 4, baseline concentration has a
positive effect on adsorption. It can be seen that with
the increase in Co from 25 to 165 mg/L, adsorption
capacity also increases rapidly and the point where
adsorption is maximum is 150 mg/L. When Co was
between 150 mg/L and 175 mg/L, surface active
sites were saturated with cations and adsorption was
at a balanced level. This phase is the gradual
adsorption stage [14]. As Co increases, the
adsorption capacity also rises gradually and then the
adsorption of CBY2 reaches a balanced level. When
Co increases from 175 to 200 mg/L, pores on the
adsorbent surface are inefficient at adsorbing more
cations and non-adsorbed ions remain in solvent in

Fig. 2 represents the validation of the prediction of CBY2 adsorption residuals versus normal %
probability. It is noted that points on the graph follow
a straight line which means that the values of residuals show normal distribution and there is no need for
data transformation. Therefore, it is concluded that
data obtained from the quadratic equation developed
for the CBY2 adsorption with pumice are close to
experimental data and theoretical data obtained from
quadratic model equation are satisfactory.
The model is required to be adjusted to the
statistical optimization process to exhibit an efficient
approach to the actual system. So long as the model
does not show efficient adjustment, continuing the
optimization of the applied response surface will
possibly result in wrong and misleading results.
Residual values play a significant role in determining the efficiency of the model. As can be seen from
Fig.3, residual values show ± 2 unit deviations from
the central point. It may be inferred from these
results that estimated (theoretical) data obtained
from Eq.5 are in close and efficient proximity to
those obtained experimentally (actual).
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high pH is given in Eq. 6 and 7 [22]. When pH rises
from 6 to 8 adsorption capacity remains stable. This
situation may be explained by all active sites of
pumice load up with dye molecules, in this case it is
not possible to hold the active sites for cationic
molecules. Another com-ment can be made as
chemical structure of dye molecule and its attitude
pH (a chemical reaction between the adsorbate and
the adsorbent) at alkaline can affect the adsorption
efficiency. Due to the increase in the density of
positive load on adsorbent surface at lower pH (2.005.00), an electrostatic push can be seen between
adsorbent and dye molecules and since the edge
groups are filled with positive load (Si-OH2+),
cations cannot be adsorbed on the adsorbent surface
and this situation causes lower adsorption [22]. Such
a mechanism is shown in Eq. 8.
±SiOH + OHí ļ ±SiOí+H2O
(6)
±SiO± + CBY+ ĺSi±O±CBY+
(7)
±SiOH + H+ĺ ±Si-OH2
(8)
Contact time between adsorbate and adsorbent
is an important parameter for the designed
adsorption process. It can be seen from Fig. 5 that as
the contact time increases from 10 min. to 45 min.,
adsorption also increases quickly. During this time,
a large number of vacant surface sites are available
for adsorption so dye molecules quickly fill the
active surface. The amount of dye adsorbed from 45
to 50 min. increased gradually. Such a condition may
be expressed by the fact that adsorption gradually
reaches a balanced point. After 50 min., adsorption
does not increase any more. Such a condition can be
clarified through the fact that surface active sites of
pumice are filled with dye and thus the cations in
water are not absorbed. Another conclusion for this
situation is the dye molecules have to traverse farther
and deeper into the pores encountering much larger
resistance. This results in the slowing down of
adsorption during the later period of adsorption [3].
Similar comments can be seen in the literature [3, 4,
23, 24, 25, 26]. Fig. 6 represents the effects of
contact time and Co on CBY2 adsorption.

suspended form. Similar results can be found in the
literature [17].
pH is among the most important parameters
affecting the adsorption mechanism. The adsorption
of dyes on natural minerals is generally dominated
by ion-exchange processes. This means that capacity
of adsorption is related to pH. To understand the
adsorption mechanism, it is necessary to determine
the point of zero charge (pHpzc) of the adsorbent [3].
The pH dependence of cation uptake is related to
both the functional groups on the adsorbent surface
and the cation chemistry in solution, which affects
the surface charge of the adsorbent and the degree of
ionization of the adsorbate [18,19]. Surface charge
density is related to pH of the media. Adsorption of
cations is favored at pH > pHpzc, while the adsorption
of anions is favored at pH < pHpzc. The specific
adsorption of cations shifts pHpzc towards lower
values, whereas the specific adsorption of anions
shifts pHpzc towards higher values [3]. At PZC, the
charges from cations and anions are equal and total
charge of adsorbent is zero. The pHpzc for pumice
was calculated [12] according to a method in the
OLWHUDWXUH>@DV§:LWKWKLVPHWKRGWhe pHpzc
was identified as the pH where 0.1 M HNO3 titration
curves of different adsorbent masses (0.10, 0.20, and
0.30 g suspended in 0.03 M NaNO3 at pH 12.0)
converged with that of the reactive blank solution. It
can be seen from the fig. 4 that, as pH rises from 2 to
6, adsorption capacity increases rapidly. However, it
is also observed that, at higher pH, the capacity of
adsorption does not increase and remains in a
balanced situation. This case can be explain by, as
pH increases, negative load increases on adsorbent
surface due to the deprotonation of surface active
sites and therefore adsorption of cationic dye with
positive load also increases under the effects of
electrostatic forces. Similar conclusions were
suggested by Anirudhan and Sreekumari [21] and
explained the condition of increased adsorption with
increased pH through the reduction of
competitiveness between cations and protons for
functional groups. The adsorption mechanism at

FIGURE 6
Simultaneous effects of contact time and C o on
CBY2 removal at fixed pH (5)

FIGURE 5
Simultaneous effects of contact time and pH on
CBY2 removal at fixed Co (112.5 mg/L)
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TABLE 3
Comparison between pumice and other adsorbents discussed in the literature
Adsorbent
Turkish clay
Activated carbon-laboratory grade
Activated carbon-commercial grade
Baggase fly ash
ZnO±NRs±AC
Manure ash
Pumice

CBY2 Adsorption (mg/g)
434.196
12.55
1.51
31.17
85.5
833.33
12.62

Optimization. The optimum points of the
parameters to maximize the adsorption of CBY2
were evaluated by application of Eq. 4. Xs, b and B
matrices in Eq. 4 were arranged according to Eq.5,
which includes uncoded values of the parameters. Xs,
b and B matrices were formed as follows [9, 15].
Xs (Stationary points) = 

CONCLUSIONS
Analyses of BET, EDX and XRD were conducted to determine the surface characteristics and
chemical structure of pumice. By considering the
results of the analyses, pore volume and radius of
adsorbent and surface area of BET were calculated.
It was determined and validated through the results
of EDX and XRD analyses respectively that pumice
collected from the foot of Mount AgUÕ contains
70.90% SiO2.
Optimum conditions for the parameters in the
medium investigated through the statistical method
were determined to be Co = 154.28 mg/L, pH = 6.13,
and contact time = 47.98 min.
The amount of CBY2 adsorbed at optimum
points and adsorption yield were found theoretically
to be 12.69 mg CBY2/g pumice and 82.25%
respectively and this was validated by conducting
experiments under the same conditions. As a result
of the experiment, the amount of optimum adsorbed
CBY2 and adsorption yield were found to be 12.62
mg CBY2/g pumice and 81.79%, respectively.

ܺଵ ሺܥ ሻ
ܺଶ ሺܪሻ 
ܺଷ ሺܥǤ ݁݉݅ݐሻ

ͲǤͳͷʹͳͳ

b = ͳǤʹʹͶ൩and
ͲǤͳʹͺ͵ͳ
െͲǤͲͲͲͷͳͶͳͺͺ

B=  ͻǤͷʹ͵ͺͳ ܧെ ͲͲͶȀʹ
െͳǤͶͺͷͳ ܧെ ͲͲͷȀʹ

ͻǤͷʹ͵ͺͳ ܧെ ͲͲͶȀʹ
െͲǤͳͲͻͷͻ
െǤ͵͵͵͵͵ ܧെ ͲͲͶȀʹ

Reference
[25]
[3]
[3]
[3]
[6]
[24]
This work

െͳǤͶͺͷͳ ܧെ ͲͲͷȀʹ
െǤ͵͵͵͵͵ ܧെ ͲͲͶȀʹ൩
െͳǤ͵ʹͲʹͻ ܧെ ͲͲ͵

From the solution of the above matrices with
Eq. 4, the optimum values for CBY2 removal were;
154.28 mg/L, 6.1, 47.98 min. for Co, pH, and contact
time, respectively. At these optimum points, the
adsorption efficiency and adsorption capacity were
calculated as approximately 12.69 mg CBY2/g
pumice and 82.25 %. These calculated results were
confirmed by experiments. The adsorption
efficiency and adsorption capacity were found to be
12.62 mg CBY2/g pumice and 81.79 % respectively.
Table 3 shows a comparison between the adsorption capacity of pumice and other adsorbents in
the literature. As can be seen from Table 3, pumice
which was used without any modification is a native
adsorbent with good adsorption capacity for CBY2
ions.
Taking into consideration the results above, it
can be concluded that RSM is a powerful statistical
method for optimization of experimental conditions
and that pumice is a convenient adsorbent for the
removal of CBY2 from wastewaters due to good
adsorption capacity, natural and abundant availability, and low cost. Also, using RSM and local
adsorbent (collected from the foot of Mount AgrÕ)
combination for the adsorption of CBY2 haven¶t
been investigated. This study is original in this
respect. We believe that our study will shed light on
future scientific research.
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of wastewater treatment plants. The ANN models are
based on the biological brain and many connected
neurons; these models are applied in many fields. By
using the learning ability of a neural network, the
internal operational rules of wastewater treatment
plants can be extracted from historical data.
Integrating the control theory and operational
strategy, the operation of wastewater treatment
plants can be stabilized [19-28].

ABSTRACT
The operation quality of a wastewater treatment
system influences its effluent quality, treatment cost,
and performance stability. The aim of this research
is to aid wastewater plants surpass extraordinary
situations by using a neural network approach
leading to an early warning system. Sensitivity
analysis methods are proposed to evaluate influence
and time interval. The factor majorly influencing the
effluent quality is the recycle ratio, which has the
fastest response time and can be selected as a crucial
operational variable for the optimal dynamic
operation of the wastewater treatment system. The
results show that the use of statistical methods,
network experiment designs, and sensitivity analyses
of input or output variables of wastewater treatment
plants can successfully build a wastewater prediction
model.

MATERIALS AND METHODS
The ANN consists of artificial neurons (the
processing units) [29-33]. This model attempts to
simulate the human brain and is composed of layers
with simple information-processing neurons, with
each layer being fully connected to the layers above
and below it [34]. The back-propagation network
(BPN) model used in this study is a three-layer
network. The model adjusts connection weights
between nodes of different layers using the method
of steepest descent to prompt the minimum energy
function and achieve the global minimum or local
minimum value, that is, to reduce the root-meansquare (RMS) error and increase the correlation
coefficient (R) of forecasting.
Consider the various multilayer feedforward
networks and recurrent networks, [35, 36]. The
inputoutput variables of seriesparallel and parallel
identification models can be described as shown in
the
following
dynamic
system:
y(t ) ( y(t  1), , y(t  k ),
) u(t  1),
1)), , u(t  k ))  noi
noise. (1)

KEYWORDS:
wastewater treatment systems; sensitivity analysis; neural
network approach; prediction model

INTRODUCTION
In the past decades, artificial neural network
(ANN) models have been successfully applied to
many areas of environmental concerns, such as
wastewater treatment,
membrane filtration,
groundwater quality, biofilter, reverse osmosis,
electrodialysis, doping sludge with halophilic
bacteria for saline wastewater, fungal biomass,
assessing secondary treated sewage, river water
quality and air quality [1-14]. Wastewater treatment
systems are operated in a steady state; however, the
flow rate and quality of wastewater change with
time, season, and place, and low effluent quality can
decrease treatment efficiency [15-18]. Neural
networks are used to identify the dynamic behavior

y

f

y

u

This is referred to as the parallelseries models,
which assume that the noise occurs in the output
measurement rather than in the process itself. The
prediction model, a parallel model, can be
represented as follows:
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In this study, neglecting the noise, the
prediction model can be written as follows:
yÖ (t )  ( y(t  1),, y(t  k ), u(t  1),u(t  k )). (2)
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yÖ (t )  f ( yÖ (t  1),, yÖ (t  k y ), u(t  1),u(t  ku )).

wastewater and enhance the effluent quality. Automonitoring of BOD is costly and impractical. The
substitution of COD to BOD, and the effluent of SS
is the source of the total COD and BOD. On
subtracting the particle COD from SS, the effluent
concentration becomes horizontal, thereby changing
the effluent SS concentration. During the
experiment, SS was chosen as an output variable and
decrease the SS concentration.

(3)

The parallelseries model is considered in this
study to design the ANN identification system for
wastewater treatment.
To select the appropriate input variables, the
sensitivity analysis method is proposed in this study.
By comparing and analyzing the values of influence,
adjust the little influence factors. The definition of
sensitivity analysis takes the following form:
INFLUENCE | U Ï  U  | (4)
i

i

Fresenius Environmental Bulletin

i

where INFLUENCE i is the influence of the
input variable i, Ui為 the output value when 1 is
defined the input variable of i, and Ui is the output
value when 0 is defined the input variable of i.

STUDY CONTENT AND FLOW DIAGRAM
The experiment used neural networks to
identify the dynamic behavior of wastewater
treatment systems and integrate the implication rule
of network to diagnose prediction and control
strategies for supporting the operation of wastewater
plants, as illustrated in Figure 1.

FIGURE 2
Prediction model of this study
Input Variables. The choice of input variables
is important for constituting a neural network model
because it influences the effluent quality of
wastewater treatment plants. Continuous monitoring
data of a scale in the plant was used. The following
variables are the crucial factors of this study and was
done alternately for 30 minutes:
(1) influent flow rate (ml/min) (Qin)
(2) influent COD concentration (mg/l) (CODin)
(3) MLSS concentration (mg/l) (MLSS)
(4) recycle sludge (ml/min) (RES)
(5) recycle sludge concentration (mg/l) (RESC)
(6) hydraulic retention time (h) (HRT)
(7) dissolved oxygen (mg/l) (DO)
(8) F/M ratio (F/M)
(9) effluent SS concentration (mg/l) (SSout)
(10) effluent COD concentration (mg/l) (CODout)

FIGURE 1
Flow diagram of this study
To obtain the water quality prediction model,
the linear regression model, network experiment,
and sensitivity analysis are used. Subsequently, we
can compare the models and choose the best model,
as shown schematically in Figure 2.

Many studies have applied material balances to
model the effluent quality of wastewater treatment
plants [37, 38]. A material balance shows the
relationship among pollutant influent, consumption,
and effluent. This model can be applied in water
quality monitoring. As adduced in this study, current
and past SS concentrations are considered the input
variables.

WATER QUALITY PREDICTION MODEL
Data Collection and Variables Choice. Output
Variables. Wastewater treatment plants reduce the
suspended solids (SS), chemical oxygen demand
(COD), and biological oxygen demand (BOD) of the
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TABLE 1
Correlation coefficient of variables
Pearson correlation coefficients
Qin CODin
1
0.88286
Qin
1
CODin
MLSS
RES
RESC
HRT
D.O.
F/M
SSout
CODout

MLSS

RES

RESC

HRT

D.O.

F/M

SSout

0.70951
0.84394
1

0.63857
0.64774
0.54345
1

-0.37553
-0.61157
-0.67778
-0.48386
1

-0.8791
-0.77463
-0.68735
-0.68848
0.33025
1

-0.61863
-0.68387
-0.63296
-0.30819
0.45973
0.51604
1

0.97349
0.91774
0.72181
0.6435
-0.43585
-0.81893
-0.66078
1

0.62574
0.56771
0.45519
0.51286
-0.41361
-0.57125
-0.41822
0.6052
1

CODout
0.67005
0.64804
0.56181
0.6615
-0.46805
-0.61383
-0.3942
0.65981
0.78007
1

TABLE 2
RMS of the training and testing patterns for plans 1±4
Time
interval
Plan \
patterns
Plan 1

t

t± t-1

t± t-2

t± t-3

Training

Testing

Training

Testing

Training

Testing

Training

Testing

Training

Testing

Training

0.118

0.156

0.117

0.156

0.109

0.150

0.107

0.147

0.100

0.157

0.110

0.153

Plan 2

0.129

0.163

0.099

0.156

0.095

0.149

0.090

0.156

0.085

0.164

0. 10

0.157

Plan 3

0.102

0.132

0.091

0.135

0.083

0.142

0.087

0.138

0.089

0.144

0.090

0.138

Plan 4

0.104

0.147

0.094

0.146

0.091

0.140

0.091

0.137

0.096

0.133

0.095

0.141

RMS (average)
Testing

1. Qin, MLSS, RESC plan 1
2. Qin, DO, RESC, RES plan 2
3. Qin, MLSS, RESC, SSout plan 3
4. Qin, DO, RESC, RES, SSout plan 4
5. Qin, MLSS, RESC, DO, RES, CODin, SSout
(sensitivity analysis) plan 5
6. Optimization plan 6

Statistical Analysis of Input Variables. To
determine the linearly dependent variables, the
correlation coefficient of variables was calculated
using Statistical Analysis System software. The
results are shown in Table 1. The four variables Q in,
CODin, HRT, and F/M are highly linearly dependent
(>0.87). F/M ratio and HRT were calculated and the
monitoring data were not used, they are not
considered in this study. The correlation coefficient
of MLSS shows that MLSS has a high apparent
correlation with the other variables. In case of bad
learning ability and no network convergence, these
variables were canceled in our study.

TABLE 3
Results of sensitivity analysis for plan 5

Analysis of the Time Interval of Input
Variables. After selecting the input and output
variables, we selected the time interval of each
variable. Wastewater treatment plant operation is a
continuous process and past operations influence
future treatment abilities, system delay is a critical
problem. To improve system identification and
obtain better results, the high correlation coefficient
between the input and output variables must be
identified. We used correlation analysis to determine
the high correlation between SSout and t  3 (the time
interval). The prediction time interval of 1.5 hour
was used in the water quality prediction model, and
Qint, Qint1, Qintn, MLSSt, MLSSt1, MLSStn, DOt,
DOt1, and DOtn were used to predict the SSoutt+3
concentration of effluent.

Variables\time
interval

Wí

Wí

(1)Qin

Ɛ

0.335 Ɛ

(2)MLSS

Ɛ

Ɛ

0.308 Ɛ

Ɛ

(3)RESC

Ɛ

Ɛ

Ɛ

Ɛ

0.325 0.325
Ɛ

Wí

The influence of
single variable

Wí

t

Ɛ

0.505 0.840
0.308

(4)DO

Ɛ

Ɛ

Ɛ

Ɛ

(5)RES

Ɛ

Ɛ

Ɛ

0.333 Ɛ

Ɛ

(6)CODin

Ɛ

Ɛ

Ɛ

0.170 0.233 0.403

0.333

0.111 Ɛ
0.231 0.266 0.608
(7)SSout
Ɛ
The influence of
0.111 0.335 0.308 0.734 1.329
time interval
Input factors
10.000
RMS of training 0.080
RMS of testing 0.133

Network Experiment Results. The results of
plans 1±4 are shown in Table 2. Plans 3 and 4 (which
consider the material balance) are better than plans 1
and 2 (which do not consider the material balance).
The results of plan 1 are shown in Figure 3 and those
of plan 5 are shown in Table 3 and Figure 4. Account
for Table 2 and Table 3, sensitivity analysis reduces
the variables is better than plans 1±4. The values of
influence can be determined using this model. The
results of sensitivity analysis show that the influence

Network Experiment Design. The following
are the input variables of a neural network in the
different plans:
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FIGURE 3
Results of prediction model for plan 1 (testing patterns)

FIGURE 4
Results of prediction model for plan 5 (testing patterns)

FIGURE 5
Results of prediction model for plan 6 (testing patterns)
TABLE 4
Assessment of the prediction model

Large
0.11
0.09
0.08

The correlation
coefficient of training
patterns
0.67
0.84
0.85
0.86

Large
0.153
0.138
0.133

The correlation
coefficient of testing
patterns
Small
0.74
0.74
0.76

0.078

0.89

0.127

0.81

Prediction model

Input layer

RMS values of
training patterns

Linear regression model
Plan 1
Plan 3
Plan 5 (sensitivity
analysis)
Plan 6 (optimization)

9
9
12
10
10

factor of RES is 0.333 in the wastewater prediction
model, which improves the effluent water quality.

The Results of Optimization (plan 6).
(1) Hidden unit. Calculate the average RMS of
testing patterns for every hidden unit. The results
show that the hidden unit between 1 and 10 is better
in plan 2. (The average RMS value is 0.1405.)
(2) Learning rate. Calculate the average RMS
of testing patterns for every learning rate. It is found
that WKHQHWZRUN¶VSUHGLFWLRQSHUIRUPDQFH is better in
0.4. (The average RMS value is 0.1364.)
These values of hidden unit and learning rate
can be used to obtain the neural network and initial
connection weights randomly to build a network.
The RMS values of the training pattern and the
testing pattern are 0.078 and 0.127, shown
respectively in Figure 5 and Table 4. The results of
prediction and the results of testing patterns 0.0157
(RMS) and 0.873 (R)are shown in Figure 5.

Optimization (Plan 6). In the previous model,
only five hidden-layer nodes and the learning rate
equal to 1.0 were used. For more hidden nodes and
higher learning rates, an additional study must be
conducted using the method of cross-validation [35].
We accelerated the convergence of learning and
reduce the forecasting error.
Network Structure. The following steps are
conducted during cross-validation:
(1) output layer: SSoutt+3 concentration
(2) input layer: applying the results of
sensitivity analysis, the input layers are Qint3, Qint,
MLSSt2, RESCt, RESt1, CODint1, CODint, SSouttí4,
SSouttí1, and SSoutt
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FIGURE 6
Direct transfer function identifier [39]

FIGURE 7
Control model of neural network

FIGURE 8
Prediction error during monitoring a problem
quality prediction model, to improve the effluent
quality, some responses were obtained within 1.5
hour before the effluent quality worsened.
0.16 (initial) to 0.57 (Figure 8). The first nine data
patterns are correct, and the prediction error is within
0.2. However, after the tenth pattern, the prediction
error becomes unstable and abnormal. The
prediction error can be used as a real-time advisor to
diagnose the abnormalities during monitoring and
treatment.

RESULTS
Control Model. After constructing the water
Takayuki [39] and Rong [40] used the direct control
scheme to control a nonlinear system, as shown in
Figure 6. This system must apply the learning
success of inverse transfer function identifier, input
the expected output values of wastewater treatment
plants to simulation. The RES is assumed to be an
operation variable of the system. Sensitivity analysis
and cross-validation method are used to ensure
appropriate influence factors and to obtain
operational variables. The results shown in Figure 7
presents that the amount of recycled sludge selected
is an important operational variable.

CONCLUSION
Wastewater treatment systems have highly
nonlinear uncertainties. By using neural network
methods, the internal operational rules for normal
operations of wastewater treatment plants were
extracted from historical data. To select more
appropriate input variables and time intervals,
sensitivity analysis was proposed. The results show
that the factor majorly influencing wastewater
treatment plants is sludge recycling, which is more
appropriate than dissolved oxygen and can be used
as an important operational variable. The water
quality prediction model together with inference
rules was used to diagnose the problems associated
with monitoring and treatment. This study developed

Monitoring and treatment process diagnosis.
During normal operation, the prediction error has a
reasonable range. If the prediction error be
unreasonable, it may be because of faults during
monitoring or treatment. This study focused on such
problems to simulate the fault condition and prove
the inference feasibility. By using the aforementioned effluent suspended solid prediction model
and the original training and testing data, the random
substrate is shown after the tenth testing pattern. This
further denotes that the monitor lost its efficacy. The
results show that the testing error increased from
3297
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inner Saronikos Gulf after the sewage secondary treatment. Fresen. Environ. Bull. 17, 1857±
1863.
[9] Khataee, A.R. and Kasiri, M.B. (2011)
Modeling of biological water and wastewater
treatment processes using artificial neural
networks. Clean 39, 742±749.
[10] Koseoglu, G. and Ileri, R. (2006) Decolorization of dying textile wastewater by advanced
activated sludge in a sequencing batch reactor.
Fresen. Environ. Bull. 15, 1112±1115.
[11] Civelekoglu, G., Perendeci, A., Yigit, N.O. and
Kitis, M. (2007) Modeling carbon and nitrogen
removal in an industrial wastewater treatment
plant using an adaptive network-based fuzzy
inference system. Clean 35, 617±625.
[12] Tan, S., Acquah, I. and Li, W. (2016)
Cultivation of marine activated sludge to treat
saline wastewater. Fresen. Environ. Bull. 25,
3134±3141.
[13] Khaki, M., Yusoff, I. and Islami, N. (2015)
Application of the artificial neural network and
neuro-fuzzy system for assessment of groundwater quality. Clean 43, 551±560.
[14] Acquah, I., Tan, S., Li, W. and You, H. (2017)
Isolation and cell immobilization of marine
halophilic bacteria for saline wastewater
treatment. Fresen. Environ. Bull. 26, 885±891.
[15] Ma, Y.W., Wu, J. and Wan, J.Q. (2006) Study
on hydrolytic-acidification (HA) during the
treatment of wastewater in recycled fibers base
mills. China Pulp & Paper 25, 22±24.
[16] Hong, S.H., Lee, M.W., Lee, D.S. and Park, J.M.
(2007) Monitoring of sequencing batch reactor
for nitrogen and phosphorus removal using
neural networks. Biochemical Engineer-ing
Journal 35, 365±370.
[17] Huang, M.Z., Wan, J.Q., Ma, Y.W., Li, W.J.,
Sun, X.F. and Wan, Y. (2010) A fast predicting
neural fuzzy model for on-line estimation of
nutrient dynamics in an anoxic/oxic process.
Bioresource Technology 101, 1642±1651.
[18] Huang, M., Ma, Y., Wan, J. and Chen, X. (2015)
A sensor-software based on a genetic algorithmbased neural fuzzy system for mo-deling and
simulating a wastewater treatment process.
Applied Soft Computing 27, 1±10.
[19] Hack, M. and Kohne, M. (1996) Estimation of
wastewater process parameters using neural
networks. Water Science and Technology 33,
101±115.
[20] Zhua, J., Zurcher, J., Raoc, M. and Menga,
M.Q.H. (1998) An on-line wastewater quality
predication system based on a time-delay neural
network. Engineering Application of Artificial
Intelligence 11, 747±758.
[21] Govindaraju, R.S. (2000) Artificial neural
network in hydrology. II: Hydrologic
application, ASCE task committee application
of artificial neural networks in hydrology.

a neural network system for supporting input or
output data during the operation of wastewater
treatment plants. The neural network system is both
cost and time effective which further improves the
treatment efficiency and automation of wastewater
treatment plants.
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are regarded as the inducing factors; while soil,
geology, vegetation and management are
considered as the auxiliary factors [6-8]. Although
slopes derived from relative elevation differences
can be more important than elevation itself,
elevation is still an important factor affecting
sediment yield in the process of erosion and
sediment yield. Yanhe River watershed is one of the
most typical erosion regions of the Loess Plateau
[9, 10]. After the implementation of returning
farmland project in the late 1990s, the soil erosion
status in this region has undergone significant
changes [11, 12]. Therefore, it is necessary to assess
effects of elevation on sediment yield under
returning farmland conditions in the Yanhe River
watershed of the Loess Plateau, it will provide
scientific reference for decision making of sediment
reduction strategies.
Modeling techniques play a crucial role for
quantitative estimation of soil loss in different
erosion regions [13]. The Universal Soil Loss
Equation (USLE) is one of the typical models in the
study of sheet, rill and slope erosion at field and
catchment scales [14-18]. Due to its convenience in
combination with geographical information system
(GIS), the USLE or its revised form (RUSLE) has
been dominantly applied in GIS-based erosion and
sediment yield assessments in different regions [1924]. The application effects of this model have been
approved in many recent studies [25-30]. In recent
years, spatial studies and reports on soil erosion
were carried out in the world at local, regional and
national scales [31]. For example, the RUSLE, the
sediment delivery distributed (SEDD) model, and
GIS were used to estimate the impacts of no-till
practice on soil erosion and sediment yield in a
typical dryland agricultural watershed in
southeastern Washington [32]. Based on RUSLE
model㸪Li and Zheng studied soil erosion changes
from 2001 to 2010 in a typical hilly-gully region on
the Loess Plateau with the support of GIS and RS
[33]. Zhao et al. applied a nutrient model for
sediment yield and phosphorus load estimation in

ABSTRACT
Elevation is an important factor affecting
runoff and sediment yield. In this study, a GISbased dynamic sediment yield model based on the
USLE equation was established to evaluate impacts
of elevation on sediment yield in the Yanhe River
watershed from 1995 to 2012. Results indicate that:
1) The dynamic model considering hydrological
conditions and land management activities can be
used as an effective tool to evaluate annual
sediment yield changes of the hilly and gully
region, Chinese Loess Plateau; 2) The main
contribution ratios of each sediment yield modulus
are all dominated by elevation of 900~1500 m in
1995. The highest contribution ratio of different
sediment yield modulus has a gradual transferring
trend from low to high intensity with the increase of
elevation. 3) Comparing with 1995, the contribution
ratios for the sediment yield modulus of 0-40 t/hm2
are mainly dominated by elevation of 938.9~1512.8
m in 2010, and the highest contribution ratio of
each elevation changes with different sediment
yield modulus. Almost all contribution ratios for
each elevation are basically decreased with the
increase of sediment yield modulus. Results may
provide scientific basis for regional land
management of the Loess Plateau.
KEYWORDS:
Elevation; GIS-based dynamic model; Sediment yield;
Yanhe River watershed

INTRODUCTION
Soil erosion not only results in loss of
sediment and nutrients [1], but also aggravates
drought and flood disaster [2, 3]. Some scholars
believe that there are different inducing and
influencing factors affecting soil erosion [4, 5]. In
general, slope (gradient, length, aspect and shape)
and rain (amount, intensity, speed of snow melting)
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an agricultural catchment in South China [34].
Markose and Jayappa proved that the use of GIS
and RUSLE has to be an effective approach for
estimating soil loss and prioritizing the subwatersheds of Kali River basin [35]. Wu et al.
evaluated impacts of grain for green project on
spatiotemporal variations of soil erosion in a typical
watershed of Chinese Loess Plateau [36].

and sediment yield [40, 41]. Furthermore,
how about is the contribution of different elevations
to watershed erosion and sediment yield, which
levels of elevation has greater contribution to the
sediment yield for a river basin, these problems are
still not resolved. Therefore, the objectives of this
study are to: 1) establish and verify a GIS-based
dynamic sediment yield model suitable for the hilly
and gully region of Chinese Loess Plateau; 2)
assess effects of elevation on sediment yield in the
Yanhe River watershed by GIS techniques. Results
may provide scientific reference for decision
making of watershed management in the Loess
Plateau.

MATERIAL AND METHODS

´

(b)

Yanhe River watershed. The Yanhe River is
a first grade tributary of the Yellow River (Fig.1a).
The full-length of Yanhe River is 286.9 km, it flows
through five counties (districts) from northwest to
southeast including Jing-bian, Zhi-dan, An-sai,
Baota and Yanchang in Shaanxi province, and
finally it empties into the Yellow River in Nanhe
ditch, Yan-chang County (Fig. 1b). The Yanhe
5LYHU ZDWHUVKHG ƍaƍ( DQG ƍa
ƍ1  KDV D WRWDO ZDWHUVKHG DUHD LV  NP
The average annual precipitation is about 495.6
mm, the precipitation in 6-9 months accounts for
about 70% of the total annual amount. The average
annual runoff amount is about 0.293 billion m3, the
annual sediment transport ratio is 1.12×104 t/km2.
Soils in this watershed mainly consist of loessal
soil, alluvial soil, clay soil and Heilu soil etc.

Mi-zhi

Heng-shan
Jing-bian

Zi-chang

Zhi-dan

Sui-de

Zi-zhou

An-sai

Qing-jian

Yan-chuan
Bao-ta

Yan-an

Data types and sources. The main environmental data in this study include digital elevation
model (DEM), land use, soil, precipitation, runoff,
and sediment. The descriptions and sources are
listed in Table 1. Figure 2 shows nine reclassified
elevations which can be used to evaluate impacts of
different elevations on sediment yield characteristics with in a watershed.

Yan-chang

Gan-quan
Legend
0
30
60 km
river
Fu-xian
Yi-chuan
county
YH boundary
Luo- Huang-long
chuan

FIGURE 1
The study area (a) the relative location between
the study area and the Yellow River Basin,
China; (b) the geographical location sketch of
the study area, administrative divisions, and
river systems of the Yanhe River watershed

Dynamic sediment yield model. In general,
not all eroded soil is completely delivered to the
basin outlet, the average annual sediment yield in a
catchment can be evaluated based on the RUSLE
model,
Qs = Ȝ · R · K · L · S · C · P (1)
where Qs is the average annual sediment
yield W KDD ȜLVWKHVHGLPHQWGHOLYHU\UDWLR -);
R is the rainfall erosivity IDFWRU0-PP KDK
D .LVWKHVRLOHURGLELOLW\IDFWRUWKDK KD0-
 PP  /6 LV WKH VORSH OHQJWK DQG VORSH JUDGLHQW
factor; C is the vegetation cover and management
factor; P is the soil and water conservation factor.

Although many scholars have systematically
carried out the distributed effect studies of rainfall,
soil, topography and vegetation changes on erosion
and sediment yield [37-39], they mainly focus on
long-time average value and do not consider
impacts of elevation on dynamic changes of erosion
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TABLE 1
Descriptions and sources of the main environmental data in the Yanhe River watershed
Data layer

Format

Description

Source

DEM

Raster

30 m spatial resolution DEM data of the Yanhe River
watershed

Land use

Raster

Reclassified land use types: farmland, grassland,
forest land, rural settlements, water area, sandy land

Precipitation

DBF

Daily precipitation data from eight stations (19572012)

Soil

DBF

Soil physical properties

Runoff and sediment

Excel

Annual observed values of runoff and sediment in
Ganguyi hydrological stations (1957-2012)

Computer Network Information Center,
Chinese Academy of Sciences
(http://datamirror.csdb.cn)
Data Center for Cold and Arid Region
Sciences (http://westdc.westgis.ac.cn)
China Meteorological Data Sharing
Service Network
(http://www.cdc.sciencedata.cn)
Loess Plateau Data Center, National
Earth System Science Data Sharing
Infrastructure, National Science &
Technology Infrastructure of China
(http://loess.geodata.cn)

Qs i = K · L · S · Ri · Ci · Pi · ȜUL ā ȜP L
(3)
ȜULFDQEHHVWLPDWHGE\WKHVHGLPHQWWUDQVSRUW
capacity that is widely used in hillslope and fluvial
geomorphology [33]. The widely used equation is:

Or ,i
Or

1.4

§ qi ·
¨¨ ¸¸
©q¹

(4)

where TC is the average sediment transport
capacity per unit width of slope (kg m-3); q is the
average runoff amount per unit width (m-  ȜU LV
the average sediment delivery ratio related only to
hydrological conditions.
ȜPL FDQ EH GHWHUPLQHG E\ GHILQLWLRQ RI WKH
ODQGPDQDJHPHQWIDFWRUȘL

FIGURE 2
Longitude and latitude coordinates of the study
area, reclassified digital elevation model (DEM)
of the Yanhe River watershed
As far as the whole basin is concerned, its
topography and soil characteristics are basically
invariant for a relatively short time. Dynamic
variations of soil erosion and sediment yield arise
predominately from those of hydrology conditions
including rainfall amount and rainfall intensity, and
human activities including land use management
measures, water and soil conservation measures etc
[42]. Therefore, the factors of K, L, and S in Eq. (1)
can be assumed to be constant because they reflect
topography and soil characteristics, but the other
factors will changed year by year with hydrological
conditions and human activities [43, 44]. Thus, Eq.
(1) can be changed into the continuously dynamic
model of annual sediment yield as:

Ki

Om,i  Ci  Pi
Om  C  P

(5)

ZKHUHȘLLVWKHODQGPDQDJHPHQWIDFWRUUHODWHG
only to human activities. Therefore, Eq. (3) can be
rewritten as:

E s ,i

§ qi
©q

K i  ¨¨

1.4

·
¸¸  Ri  O  K  L  S  C  P (6)
¹

ZKHUH Ȝ  ȜT ā ȜD UHSUHVHQWV WKH PXOWL-year
average sediment delivery ratio of the watershed
[45].
Determination of model factors. The key
step for application of the dynamic sediment yield
model is to determine the reasonable factor values.
According to watershed characteristics of the study
area, algorithms of each factor were determined as
follows: Rainfall erosivity is the potential capacity
of soil erosion caused by rainfall. In this study, a
half-month simple algorithm of rainfall erosivity
established by Zhang et al. (2003) was used to
estimate the rainfall erosivity [46]. Soil erodibility
refers to the capability whether soil is prone to
erosion or not. Soil erodibility in this study was
determined by the empirical equation [47]. Slope
length and slope gradient are basic terrain elements

Qs i = K · L · S · Ri · Ci · 3LāȜL 
where subscript i represents the i -th year and
no subscript for the average year.
The variation of Ri in Eq. (2) depends only on
hydrological conditions while Ci and Pi only on
KXPDQ DFWLYLWLHV EXW ȜL QRW RQO\ RQ K\GURORJLFDO
conditions but also on human activities. Supposing
WKDWWKHIDFWRUȜLFDQEHDSSUR[LPDWHO\GLYLGHGLQWR
WKH SURGXFW RI ȜUL UHODWHG RQO\ WR K\GURORJLFDO
FRQGLWLRQV DQG ȜPL UHODWHG RQO\ WR KXPDQ
activities, Eq. (2) can be written as:
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Sediment yield (t/km2)

affected soil erosion. The product of the slope
length factor (L) and the slope gradient factor (S) is
the slope length and slope gradient factor LS, it
reflects impacts of landscape characteristics on soil
erosion. In this study, the slope length and slope
gradient factor was determined by the previous
results [48]. The C factor reflects comprehensive
benefits to prevent soil erosion by natural vegetation and crop cultivation measures. The value of
C factor means that the ratio of the total soil loss
amount which has vegetation cover or the implementation of field management with the total soil
loss amount of the clean tillage implementation of
continuous fallow under the same soil, slope and
rainfall conditions. The value of C factor in the
Yanhe River watershed was obtained according to
the relevant literatures and statistical data [49]. The
P factor is the ratio of the soil erosion amount under
the specific soil and water conservation measures
and the down slope cultivation without any conservation measures. According to the related literature
[50], the P values in this study are determined by
different land use types. The land management
IDFWRU Ș FDQEHVXSSRVHGWREHHTXDOWRWKHUDWLRRI
the linear regression relationship between runoff
and sediment in different periods (1956-2010) at
Ganguyi hydrological station in the Yanhe River
watershed [51, 52].

Validation of sediment yield model .
The observed values of sediment in the Yanhe
River watershed can be used to verify the
established model. The observed value of the
annual average sediment yield modulus from 1995
to 2012 is 3411.53 t/(km2.a) in Ganguyi
hydrological station of the Yanhe River watershed,
and the average simulated value in the watershed is
2915.36 t/ (km2.a) from 1995 to 2012, the relative
error is 14.5% (Fig. 3). The previous research
results of sediment variations in Ganguyi
hydrological station from 1961 to 2008 [53] and the
simulation results of sediment yield in this study
both showed a decreasing trend although there were
slight fluc-tuations in individual years, which also
indicates that the overall changing trends of
sediment yield in the study area are consistent with
the background of returning farmland project. In
addition, according to the existing simulation
results of soil erosion in the Yanhe River watershed
from 2001 to 2010 [54], the annual average erosion
modulus of Yanhe River watershed is 5812.28
t/(km2.a), it has little difference with the average
simulated value of 5051.68 t/ (km2.a) in this study
from 1995 to 2012, the relative error is 13.09%; this
results also demonstrate that the established
dynamic sediment yield model has scientific
rationality and good reliability.

16000

Ganguyi hydrological station

12000

Yanhe River watershed

8000
4000
0
1995

1997

1999

2001

2003

2005

2007

2009

2011

FIGURE 3
Comparison of the simulated and observed sediment yield between Yanhe River watershed and
Ganguyi hydrological station
Elevation (m)
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938.9~1035.39
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FIGURE 4
Contribution ratio of each elevation for different sediment yield modulus in the Yanhe River
watershed in 1995
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FIGURE 5
Percentage of each sediment yield modulus under different elevation in the Yanhe River
watershed in 1995
RESULTS AND DISCUSSION

Percentage of each sediment yield modulus
under different elevations in 1995. Fig.5 shows
percentage of each sediment yield modulus under
different digital elevation of the Yanhe River
watershed in 1995. For each different digital
elevation, the contribution ratio of the sediment
yield modulus shows an overall decreasing trend.
But for digital elevations of 1309.6~1401 m,
1218.2~1309.6 m, and 1126.8~1218.2 m the
highest contribution ratios all occurs in the
sediment yield modulus of 10-20 t/hm2. It can also
be seen that the proportion of intensive sediment
yield modulus has an increasing trend with the
increase of elevation. For the elevation of
492~811.94 m, the contribution ratio of the
sediment yield modulus (0-10 t/hm2) occupies the
dominant position (37.49%). For the elevation of
811.094~938.9 m, the changing trend of different
sediment yield modulus is similar to the first
elevation range, the sediment yield modulus (0-10
t/hm2) is still the highest contribution ratio
(48.11%). For the elevation from 938.9 m to 1309.6
m, the contribution ratios of different sediment
yield ratio have similar changing trends, the highest
contribution ratios are still the same sediment yield
modulus of 0-10 t/hm2. For the elevation from
1309.6 m to 1787 m, the variation trends of
different sediment yield modulus are also similar,
but the highest contribution ratio has become the
sediment yield modulus of 10-20 t/hm2. Therefore,
with the increase of elevation, the highest contribution ratio of different sediment yield modulus has
a gradual transferring trend from low to high sediment yield modulus. The elevation of 1300 m may
be a critical elevation where the highest contribution ratio of the sediment yield modulus changes
from 0-10 t/hm2 to 10-20 t/hm2.

Spatiotemporal characteristics of sediment
yield. A lot of targeted soil and water conservation
measures in recent years have significant benefits of
water and sediment reduction. The sediment yield
amount in the study area has an overall decreasing
trend from 1995 to 2012, the average sediment
yield modulus in recent years (2009-2012) is
1013.3 t/km2, it has decreased by about 80.7%
comparing with the early governance (1995-1998).
Spatial variations of sediment yield in the whole
watershed are largely related to spatial distribution
of land use types. Peak values of the sediment yield
ratio mainly appear in both two sides along the
main river banks from northwest to southeast. The
large spatial variations of sediment yield are also
closely related to spatial characteristics of rainfall,
topography and soil types.
Contribution ratio of each elevation for
different sediment yield modulus in 1995. Fig. 4
shows contribution ratio of each elevation for
different sediment yield modulus in the Yanhe
River watershed in 1995. For each sediment yield
modulus, the contribution ratios are mainly
dominated by elevation of about 900~1500m, and
the highest contribution ratio of each elevation for
different sediment yield modulus changes at
different degrees. For each sediment yield modulus,
the contribution ratios all present a trend of first
rising and then falling. The highest contribution
ratios for each sediment yield modulus from 0-10
t/hm2 to 70-239 t/hm2 are 18.08%, 18.01%,
20.47%, 19.17%, 17.51% and 17.96% respectively.
The corresponding elevation ranges of each highest
contribution ratio are 1218.2~1309.6 m, 1309.6~
1401 m, 1309.6~1401 m, 1309.6~1401 m, 1218.2~
1309.6 m, and 1126.8~1218.2 m. Overall, with the
increase of sediment yield modulus, there are some
corresponding changes for the highest contribution
ratio of different elevations.

Contribution ratio of each elevation for
different sediment yield modulus in 2010. Fig.6
shows contribution ratio of each elevation for
different sediment yield modulus in the Yanhe
River watershed in 2010. Comparing with 1995, the
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with the increase of sediment yield modulus.
However, for the sediment yield modulus of 40-70
t/hm2, the contribution ratio presents a trend of first
rising and then decreasing with the increase of
elevation. The highest contribution ratios of each
elevation range are 26.73%, 34.3%, 29.05%,
22.39%, 23.63%, 28.02% and 34.48% respectively.
With the increase of elevation, the highest
contribution ratio of different sediment yield
modulus has no significant changes. The highest
contribution ratio mainly occurs in the sediment
yield modulus of 0-10 t/hm2, but the elevation
ranges of 1309.6-1401 m and 1401-1512.8 m are
not exactly the same, the highest contribution ratio
is generated in the sediment yield modulus of 10-20
t/hm2, the critical elevation value no longer exists,
and the high intensity erosion and sediment yield
has also decreased under high elevation conditions.
The main reason can be attributed to the
implementation of returning farmland project since
1999. Although soil and water conservation
measures show significant benefits of water and
sediment reduction, the intensity of sediment yield
is still increasing for heavy rains, which indicates
that soil and water conservation measures need to
be further strengthened to resist erosion of the
Yanhe River watershed.

contribution ratios for the sediment yield modulus
of 0-40 t/hm2 are mainly dominated by elevation of
938.9~1512.8 m, and the highest contribution ratio
of each elevation changes with different sediment
yield modulus. With the increase of sediment yield
modulus from 40 t/hm2 to 239 t/hm2, the highest
contribution rate has a changing trend from high to
low elevation, when the intensity of sediment yield
modulus exceeds 239 t/hm2, the highest contribution rate (61.54%) occurs in the lowest elevation
area. The specific value of 239 (t/hm2) might be a
critical sediment yield modulus for the transformation of the highest contribution rate from high
to low elevation. For the sediment yield modulus
within the scope of 0-239 t/hm2, the contribution
ratios all present the same changing trend of first
rising and then falling. But the contribution ratio
presents an overall decreasing trend for the
sediment yield range of 239-452 t/hm2. Therefore,
with the increase of sediment yield intensity, the
highest contribution ratio of different elevations has
great changing amplitude.
Percentage of each sediment yield modulus
under different elevation in 2010. Fig.7 shows
percentage of each sediment yield modulus under
different elevation in the Yanhe River watershed in
2010. Comparing with 1995, almost all contribution
ratios for each elevation are basically decreased
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FIGURE 6
Contribution ratio of each elevation for different sediment yield modulus in the Yanhe River
watershed in 2010
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FIGURE 7
Percentage of each sediment yield modulus under different elevation in the Yanhe River
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[2] Tang KL (2004) Soil and Water Conservation
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[4] Li XX, Ni JR (2009) Spatial similarity between
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[7] Wu WB, Ji CC, Li XS, Lu SL, Ma C (2010)
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Socio-economic Factors on Soil Erosion: A
Literature Review. Progress in Geography,
30(3) 268-274.
[9] Zhao DB, Liang W, Yang QK, Liu AL (2008)
Analysis of dynamic land use changes of past
30 years in the hilly area of Loess Plateau.
Bulletin of Soil and Water Conservation, 28(2)
22-26.
[10] Fu BJ, Zhao WW, Zhang QJ, Liu Y (2014) The
Loess Plateau landscape pattern change and
soil erosion. Beijing: Science Press.
[11] Qiu LJ, Zheng FL, Yin RS, Yu FY (2011)
Quantification of impacts of precipitation
change and human activities on streamflow in
the Yanhe River Basin. Advances in Climate
Change Research, 7(5): 357-362.
[12] Yao WY, Xu JH, Ran DC (2011) Analysis and
evaluation of water and sediment change
situation in the Yellow River Basin.
Zhengzhou: Yellow River Conservancy Press.
[13] Tiwari AK, Risse LM, Nearing MA, Tiwari
AK (2000) Evaluation of WEPP and its
comparison with USLE and RUSLE.
Transactions of the ASAE, 43(5), 1129-1135.
[14] Wischmeier WH, Smith DD (1978) Predicting
rainfall erosion losses: a guide to conservation
planning. Agriculture Handbook, vol. 537. US
Department of Agriculture, Washington DC
58pp.
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CONCLUSIONS
1) A GIS-based dynamic sediment yield model
was applied to investigate impacts of elevation on
sediment yield in the Yanhe River watershed from
1995 to 2012. Validation results indicate that the
established model has characteristics of simple
physical mechanism and high practical value, it can
be used as a useful tool to evaluate evolutions of
erosion and sediment yield of the hilly and gully
region, Loess Plateau.
2) The main contribution ratios for each
sediment yield modulus are all dominated by
elevation of 900~1500m in 1995, the highest
contribution ratio of different sediment yield
modulus has a gradual transferring trend from low
to high sediment yield modulus with the increase of
elevation. The highest contribution ratio of each
elevation changes with different sediment yield
modulus, and the elevation of 1300 m may be a
critical elevation value where the highest
contribution ratio of the sediment yield modulus
changes from 0-10 t/hm2 to 10-20 t/hm2.
3) Comparing with 1995, the contribution
ratios for the sediment yield modulus of 0-40 t/hm2
are mainly dominated by elevation of 938.9~1512.8
m in 2010, and the highest contribution ratio of
each elevation changes with different sediment
yield modulus. The highest contribution ratio of
different elevation has great changing amplitude
with the increase of sediment yield intensity.
Almost all contribution ratios for each elevation
basically decrease with the increase of sediment
yield modulus. However, for the sediment yield
modulus of 40-70 t/hm2, the contribution ratio
presents a trend of first increasing and then
decreasing with the increase of elevation.
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Phytoremediation is known as cleaning of soil,
water, and air polluted as a result of human
activities, by using plants. By many researches
conducted, approximately 450 plant species have
been labeled as hyperaccumulator [7,8,9]. Hyperaccumulator plants are the plants that can store
heavy metals in their upper soil organs, without
showing any toxicity symptoms, 100 to 1000 times
well than other plant species do [10]. Along with
this, low biomass and slow growth rate are the
limiting factors for many hyperaccumulator specie
from being used in phytoextraction [11].
Heavy metals are important environmental
pollutants. The toxicity of Cd, one of the heavy
metals, is quite high. Because Cd can dissolve well
in water and by this way, spread in large areas in
aquatic ecosystems, it is considered as an important
pollutant [12,13]. Lead is accepted as the most
common metal pollutant found in environment
among heavy metals [14]. This metal mixes in food
chain by seeping into farming areas through many
ways like automobile industry, metal melting
plants, lead contaminated sewage sludge, and industrial waste [15]. Recently, extensive researches have
been conducted in order to determine plants used
for eliminating heavy metals from soil.
In this study, to determine the hyperaccumulation and phytoextraction capacities of
TR3080 (sunflower), Blackwell (switchgrass), and
Linas (safflower) toward lead and cadmium heavy
metals is aimed.

INTRODUCTION

MATERIALS AND METHODS

Heavy metals have become a serious
environmental problem due to increasing industrial
activities. High concentrations of heavy metals
caused to deterioration of soil quality, decrease in
product efficiency and quality [1], consequently,
these brought about significant dangers for human
beings and other organisms [2]. Traditional engineering methods used for remediation of heavy metal
contaminated areas were expensive [3,4], thus,
instead of present remediation techniques, researches have focused on a low cost and environ- ment
friendly technique, namely phytoremediation [5, 6].

The varieties of sunflower (TR3080), switchgrass (Blackwell) and safflower (Linas) were used
in the experiments. The seeds were surface sterilized by immersion in 0.1% (w/v) sodium hypochlorite solution and then carefully washed with
distilled water. Seeds were sown in viols filled with
a sterile perlite and kept for 21 days in a controlledclimate room. The uniform seedlings of these plants
ZHUH WUDQVIHUUHG LQ ௗ/ hydroponic pots filled
ZLWKௗ/RI+RDJODQG¶VVROXWLRQ1XWULHQWVROXWLRQ
S+ ZDV DGMXVWHG WR   ZLWK ௗ0 1D2+ RU
ௗ0 +&O 7KUHH LQGLYLGXDO SODQWV ZHUH SODFHG LQ

ABSTRACT
The aim of this study is to determine the
hyperaccumulation and phytoextraction capacities
of TR3080 (sunflower), Blackwell (swtichgrass)
and Linas (safflower) varieties toward lead and
cadmium heavy metals. Plants are grown in 5 Pb (0,
25, 50, 100, 150 mg kg-1) and 5 Cd (0, 1, 5, 10, 20
mg kg-1) concentrations of Hoagland solution. In Pb
concentrations of TR3080, root and shoot growth
did not decrease. Blackwell was the variety that
could absorb the highest amount of Pb in its root
and shoot. Both of the variety continued their
growth under Pb and showed property of accumulating high amounts of Pb; these facts indicate
that they have hyperaccumulation capacity. High
BCF and TF values in Pb concentrations of
TR3080, Blackwell, and Linas yielded that these
varieties could be used for phytoextraction in Pb
contaminated soils. In all varieties, although a
decrease in growth as a result of high Cd concentrations was observed, they could store high
amounts of Cd and high BCF values were recorded.
Nevertheless, TF values of all varieties were low.
Therefore, usability of TR3080, Blackwell, and
Linas varieties for remediation of Cd contaminated
areas by phytostabilization should be considered.
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TABLE 1
Shoot and root dry weight of different varieties treated with Pb and Cd metals
TR3080
Blackwell
Linas
Treatments
Shoot
Root
Shoot
Root
Shoot
Root (g/plant)
(mg kg-1)
(g/plant)
(g/plant)
(g/plant)
(g/plant)
(g/plant)
Control
1.23±0.32b*
0.33±0.15c
0.15±0.01ab
0.09±0.00a
1.42±0.06a
0.37±0.02a
Pb25
2.35±0.12a
0.76±0.06a
0.16±0.01a
0.06±0.01b
1.08±1.12b
0.21±0.02b
Pb50
2.44±0.18a
0.75±0.07a
0.14±0.02ab
0.05±0.01bc 1.09±0.13b
0.21±0.03b
Pb100
1.50±0.19b
0.52±0.06b
0.12±0.00b
0.04±0.01c
0.76±0.05c
0.14±0.01c
Pb150
2.34±0.24a
0.59±0.09ab
0.16±0.03a
0.05±0.01bc 0.47±0.04d
0.13±0.05c
Control
1.23±0.32b
0.33±0.15a
0.15±0.01a
0.09±0.00d
1.42±0.06a
0.37±0.02a
Cd1
1.68±0.02a
0.10±0.00b
0.11±0.00b
0.16±0.00a
0.69±0.04b
0.09±0.00b
Cd5
0.69±0.07c
0.08±0.00b
0.09±0.01c
0.12±0.00b
0.32±0.01c
0.06±0.00c
Cd10
0.49±0.07c
0.06±0.00b
0.03±0.00d
0.09±0.00c
0.14±0.01d
0.03±0.00d
Cd20
0.20±0.01d
0.06±0.00b
0.02±0.00e
0.06±0.00e
0.09±0.01d
0.02±0.00d
*Means with different letters within the column of the same variety indicate significant difference between
values at P<0.05 based on Duncan test
each pot. Compressed air was gently applied to
provide plants with adequate oxygen. The seedlings
were kept for 7 days for acclimation period in
Hoagland nutrient solution and were then treated
with Pb and Cd metals for 30 days.
Two heavy metal salts used in the experiment
included Pb(NO3)2.H2O and CdCl2. The salts were
separately diluted in deionized water and added into
hydroponic plant culture. Treatments were prepared
at the concentrations of (1) control; (2) Pb 25, 50,
100, and 150 mg kg-1 (following as Pb25, Pb50,
Pb100, Pb150, respectively); (3) Cd 1, 5, 10, and 20
mg kg-1(following as Cd1, Cd5, Cd10, Cd20,
respectively). Control plants were also grown in
Hoagland nutrient solution without metals. Plants
were maintained at 25/20 °C during the day/night
with a relative humidity of 70% and a 16-h photoperiod in controlled-climate room. Pot distribution
was completely randomized and changed every two
weeks. The plants treated with Pb and Cd were
measured, analyzed and harvested after 30 days.
Control and treatments were in triplicates for
analysis.
Parts of plants including roots and shoots were
carefully rinsed in deionized water and dried at
70°C in an oven until completely dried. Dried plant
samples were wet-digested in HNO3:HClO4 (6:2
v/v) solution by Advanced Microwave Digestion
System, Ethos Easy and diluted to 100 mL with
deionized water. The Pb and Cd contents in plant
samples were analyzed by Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES)
(iCAP 6000 SERIES, ICP Spectrometer). Metal
concentration of plants was recorded as mg of metal
per kilogram of dry biomass. The bioconcentration
factor [BCF = (Pb shoot or root) / (Pb nutrient solution) and
(Cd shoot or root) / (Cd nutrient solution)] was described as
the heavy metal concentration in plant divided by
the heavy metal concentration in the nutrient
solution. To quantify the translocation of heavy
metals from roots to aerial parts, it the translocation
factor (TF) was used. TF (Pb shoot/Pb root and Cd

shoot/Cd

was depicted as the ratio of
root)
concentration of metal in shoot to its concentration
in root. It was calculated by dividing the metal
concentration in shoot by the metal concentration in
root.
Data were subjected to analysis of variance
(ANOVA) using the IBM SPSS Statistics, Version
23.0 software (IBM Corp.), where the F-values was
significant, mean comparisons were performed
using the Duncan¶V 0XOWLSOH 5DQJH 7est at a 0.05
level of probability. In tables, a statistical analysis
was also conducted independently for each heavy
metal.

RESULTS AND DISCUSSION
Biomass and heavy metal content. The root
and shoot growth performances of TR3080,
Blackwell, and Linas varieties in Pb and Cd
concentrations are shown in Table 1. In all but
Pb100 concentration Pb treatments of TR3080,
higher shoot biomass was recorded than control
treatment. Additionally, in all Pb treatments, higher
root biomass was obtained than control treatment,
in fact, the highest root biomass was found in Pb 25
and Pb 50 concentrations. Along with increasing Pb
doses, decreases in root biomass occurred. Meanwhile, in Cd treatments of the same variety, the
highest shoot biomass was determined in Cd1
treatment. Besides, significant decreases in shoot
biomass were recorded along with increasing Cd
concentrations. In all Cd concentrations, less root
growth was observed than control treatment.
Although shoot and root growth of TR3080 variety
was not significantly affected from increasing lead
concentrations, TR3080 could not tolerate increasing Cd concentrations. In Blackwell variety,
while the lowest shoot biomass was obtained from
Pb100 treatment; all other treatments were left in
the same group. The highest value of root biomass
was determined from control treatment when
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TABLE 2
Shoot and root Pb and Cd content of different varieties treated with Pb and Cd metals (mg kg -1)
Blackwell
Linas
Treatments TR3080
(mg kg-1)
Shoot
Root
Shoot
Root
Shoot
Root
Pb25
4.6±0.64d*
359±48d
12.7±2.2d
627±41.8d
2.9±0.7d
63±5.4c
Pb50
11.3±0.95c
1009±19c
28.3±1.7c
1926±59.8c
6.2±0.5c
158±31.9c
Pb100
24.2±1.30b
2285±111b
41.7±1.9b
2793±105.4b 18.2±0.7b
935±35.0b
Pb150
41.9±1.43a
3729±150a
62.4±5a
9218±223.7a 32.2±1.8a
3659±310.0a
Cd1
62.6±2.05d
255±4d
35.5±1.4d
134±1.3d
11.0±0.4d
156±11.1d
Cd5
80.4±2.26c
645±4c
45.5±1.4c
165±14.5b
23.7±0.9c
555±28.5c
Cd10
270.4±4.55b
1038±35b
150.3±0.8b
819±361.3b
148.1±0.3b
1145±51.6b
Cd20
300.0±2.97a
1195±5a
2068±3.6a
6313±414a
200.6±1.0a
1232±40.3a
*Means with different letters within the column of the same variety indicate significant difference between
values at P<0.05 based on Duncan test
TABLE 3
Shoot and root BCF values of different varieties treated with Pb and Cd metals
Treatments TR3080
Blackwell
Linas
(mg kg-1)
Shoot BCF
Root BCF
Shoot BCF
Root BCF
Shoot BCF
Root BCF
Pb25
0.19±0.03c*
14.4±1.96c
0.51±0.09ab
25.1±1.67d
0.12±0.03b
2.52±0.22c
Pb50
0.23±0.02b
20.2±0.38b
0.57±0.04a
38.5±1.19b
0.13±0.01b
3.17±0.63c
Pb100
0.24±0.01b
22.9±1.10a
0.42±0.02b
27.9±1.05c
0.19±0.01a
9.35±0.34b
Pb150
0.28±0.01a
24.9±1.01a
0.42±0.03b
61.5±1.49a
0.22±0.02a
24.39±2.27a
Cd1
62.6±2.05a
255±4.9a
35.5±1.48a
134±1.36ab 11.03±0.49b
156±11.1a
Cd5
16.1±0.45c
129±0.9b
9.0±0.29c
33±2.91b
4.75±0.18d
111±5.7b
Cd10
27.0±0.45b
103±3.5c
15.0±0.08b
81±56.1b
14.81±0.03a
114±5.2b
Cd20
15.0±0.14
59±0.3d
10.3±0.18c
315±207a
10.03±0.05c
61±2.0c
*Means with different letters within the column of the same variety indicate significant difference between
values at P<0.05 based on Duncan test
respectively, as well as, highest root Pb content of
3659 mg kg-1 and Cd content of 1232 mg kg-1 were
recorded.
In this study, both the shoot and root of
TR3080 variety and the shoot of Blackwell had
tolerated Pb concentrations extremely well. In low
Cd concentrations, increases in shoot biomass of
TR3080 and root biomass of Blackwell were
detected. However, in Linas, low biomass values
were obtained against Pb and Cd metals. Biomass
can indirectly refer to tolerance against metals; in
general, plant biomass decreases while toxic metal
concentration increases [16]. The cultivation of
plants, which accumulates metals very well, has
shallow and small root system, and produces low
biomass, as hyperaccumulator has not yet been
developed technologically. Therefore, the use of
these plants as hyperaccumulator is limited [17,18,
19]. Plants presenting good growth performance
can show low metal accumulation. Besides, some
plants¶ URRWV can have small tolerance to heavy
metals although these plants can accumulate metals
very well. Even though such a balance between
hyperaccumulation and lower biomass has not been
settled yet, there should be [20]. In our study,
Blackwell variety had accumulated the highest
amounts of Pb and Cd in its root and shoot. The
root and shoot of TR3080 tolerated heavy metals
better than other varieties did. Linas variety
decreased its root and shoot growth with increasing
concentrations of both heavy metals, albeit it had

compared to other Pb treatments. Decreases in root
biomass occurred with increasing Pb concentrations. Meanwhile, in Cd treatments of Blackwell,
again the highest shoot biomass was obtained from
control treatment. There occurred decreases in
shoot biomass with increasing Cd concentrations.
Cd1, Cd5, and Cd10 treatments led to higher root
biomass than control treatment did. The lowest root
biomass was recorded from Cd20 treatment. Lastly,
in Linas variety, the highest shoot and root biomass
values were obtained from control treatment in all
Pb and Cd treatments. The shoot and root growth
decreased with increasing Pb and Cd concentrations.
The Pb and Cd contents in root and shoot of
varieties were exhibited in Table 2. The shoot and
root heavy metal contents of all varieties had risen
with increasing Pb and Cd concentrations. In shoot
of TR3080, the highest Pb content was determined
as 41.9 mg kg-1, while the highest Cd content was
determined as 300 mg kg-1. Together with this, in
root of TR3080, the highest Pb content was found
as 3729 mg kg-1, while the highest Cd content as
1195 mg kg-1. In Blackwell, the highest shoot Pb
content were gathered as 62.4 mg kg-1 while the
highest shoot Cd content as 2068 mg kg-1. The
highest root Pb content of 9218 mg kg-1 and the
highest root Cd content of 6313 mg kg-1 were
detected for Blackwell. In Linas variety, the highest
shoot contents were determined as 32.2 mg kg-1 and
200.6 mg kg-1 for Pb and Cd concentrations,
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TABLE 4
TF values of different varieties treated with Pb and Cd metals
TR3080
Blackwell
Linas
Treatments (mg kg-1)
Pb25
1.30±0.03a*
2.04±0.45a
4.77±0.66a
Pb50
1.12±0.10b
1.47±0.14b
4.02±0.66a
Pb100
1.07±0.10b
1.49±0.12b
1.98±0.15b
Pb150
1.12±0.08b
0.68±0.04c
0.89±0.12b
Cd1
0.25±0.01a
0.26±0.01
0.07±0.01d
Cd5
0.12±0.00b
0.27±0.02
0.04±0.00c
Cd10
0.26±0.01a
0.38±0.43
0.13±0.01b
Cd20
0.25±0.00a
0.04±0.02
0.16±0.01a
*Means with different letters within the column of the same variety indicate significant difference between
values at P<0.05 based on Duncan test
shoot (TF). Furthermore, in Cd treatments, shoot
and root BCF values were greater 1, however,
varieties could not show good performance in
transferring from root to shoot.

accumulated metals well through its roots.
BCF and TF values. BCF values changed due
to plant varieties and kind of pollutants. In TR3080,
highest BCF values were obtained from Pb150
treatment for shoot, from Pb100 and Pb150 treatments for root. On the other hand, for Cd
concentrations, the highest BCF value was obtained
from Cd1 treatment for both shoot and root.
Additionally, in Blackwell, highest BCF values of
Pb concentrations were recorded from Pb50 and
Pb25 treatments for shoot and from Pb150 treatment for root; in Cd concentrations of the same
variety, the highest BCF value was determined from
Cd1 treatment for both shoot and root. Lastly, in
Linas, the highest BCF values were gathered from
Pb100 and Pb150 treatments for shoot and from
Pb150 treatment for root among Pb concentrations;
whereas, in Cd concentrations, Cd10 and Cd1
treatments revealed the highest BCF values for
shoot and root, respectively. Conclusively, in Pb
concentrations of all varieties shoot BCF values
were found less than 1, and root BCF values were
found quiet above 1. Moreover, in Cd concentrations, both the shoot and root BCF values were
obtained well above 1 (Table 3). In all varieties,
decrease in TF values occurred with increasing lead
concentrations. For Cd treatments of TR3080
variety, TF value was low for Cd5 treatment, while
the other treatments were classified in the same
group. In Blackwell, there was not found any
significant difference among Cd treatments. In
Linas, the highest TF value was detected from Cd20
treatment. To conclude, in all varieties, TF values
were greater than 1 in Pb concentrations and were
smaller than 1 in Cd concentrations (Table 4). BCF
is defined as the metal concentration calculated as
the heavy metal concentration in plant tissues
divided into the heavy metal concentration of
environment [21]. A hyperaccumulator plant should
absorb high amounts of heavy metals and
additionally it should comply with the BCF>1 and
TF>1 criteria [22]. In our study, Pb treatments
resulted in that root BCF values of all varieties were
found greater than 1 and that all varieties showed
good performance of transferring from root the

CONCLUSIONS
In our study, varieties responded differently to
different kind of heavy metals. The root and shoot
of TR3080 did not decrease their growth in Pb
concentrations. Blackwell could accumulate higher
amount of Pb than other varieties did. According to
these results, it is suggested that TR3080 and
Blackwell varieties could be utilized as hyperaccumulator. TR3080, Blackwell and Linas
varieties could be appraised as phytoextraction
plants according to BCF and TF values in Pb
concentrations. The growth of all varieties had
decreased in high concentrations of Cd. All
varieties could store high amounts of Cd especially
in their roots, and their BCF values were greater
than 1. In spite of this, according to TF values, all
varieties could not transfer Cd from root to shoot.
These results indicate that it is important to consider
usability of TR3080, Blackwell, and Linas varieties
as phytostabilization plants in remediation of Cd
contaminated areas.
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THE DETOXIFICATION EFFECT OF VARIOUS OZONE
TREATMENTS ON AFLATOXIN B1 IN BLACK PEPPER
(PIPER NIGRUM L.) AND CHANGES IN THE SENSORY AND
MICROBIOLOGICAL CHARACTERISTICS OF THE BLACK
PEPPER
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making other food products such as sauce, canned
food and cakes, and by the medical industry, the
perfumery sector and the meat products industry (for
making sausage, salami and hot dogs) [2].
A member of the Piperaceae family, black
pepper (Piper nigrum L.) originally came from India
[3]. Black pepper is a major commercial product and
according to data from 2012, the largest producer in
the world was Vietnam (152.000 tons), followed by
Indonesia, India and Brazil (88.000, 54,000 and
43.000 tons) [4]. One of the leading problems in the
international food trade is the mycotoxins produced
by mold [5] According to estimates made by the
FAO, 25% of vegetable foods in the world (grains,
legumes, nuts and spices) are contaminated by
mycotoxins, and spices make up most of these foods
[6, 7]. According to data from The Rapid Alert
System for Food and Feed (RASFF), mycotoxin
cases were responsible for 383 out of 3.157 food
hazard notifications, and 80.5% of those cases were
caused by aflatoxin [8]. The report goes on to say
that more than 5 billion people in the world are
chronically at risk of exposure to aflatoxin due to
contaminated food [9, 10].
Black pepper can be contaminated with
toxigenic fungi (Aspergillus, Penicillium, Fusarium
and similar species) at any stage of its production
and can produce mycotoxin at varying amounts
under suitable conditions [11, 12]. There are five
major types of aflatoxins (B1, B2, G1, G2 and M1) that
produce the most dangerous mycotoxins. The one
that is the most toxic and is found in foods in the
highest concentrations is Aflatoxin B1 [13]. This
toxin is secreted by Aspergillus flavus, Aspergillus
parasiticus and Aspergillus nomius. Aflatoxins have
lethal, toxic, carcinogenic (primarily HCC),
mutagenic and immunosuppressive effects [14].
AFB1 is a carcinogenic compound that induces
transversion of G to T at codon 249 of the p53 tumor
suppressor gene [15]. The International Agency for
Research on Cancer (IARC) classifies aflatoxins as
a group 1. carcinogen [16]. Because of their toxicity,
many countries have issued limits on the amounts of

ABSTRACT
This study was conducted to reduce aflatoxin
in black pepper. To this end, 25 and 75 ppb AFB 1
was added to black pepper that was then
administered three different doses of ozone
treatment: 20 mg L-1/15 min., 20 mg L-1/30 min. and
40 mg L-1/30 min. After the two techniques of
gaseous and aqueous ozone were used in the
ozonation process, analysis conducted with ELISA
revealed AFB1 levels were reduced by 34.4% to
100.0% depending on the O3 dose and the amount of
AFB1. It was determined that gaseous ozone
treatment was more effective than aqueous ozone
treatment. Microbiological analysis revealed that
aqueous ozone treatment reduced total aerobic
bacteria by 96% and mold and yeast by 80%, while
gaseous ozone treatment reduced total aerobic
bacteria by 99.3% and mold and yeast by 94.7%.
Black pepper samples were analyzed for sensory
characteristics with a triangle test scored by a panel
of 8 people. No changes in quality were identified in
any of the three kinds (raw, boiled and fried) of food
subjected to aqueous ozone application, but a 32.5%
change in smell was identified in dose III of ozone
gas.

KEYWORDS:
Aflatoxin B1, Ozone, Black pepper, Detoxification,
Microbiological and Sensory quality

INTRODUCTION
Spices are used to add flavor and improve the
appearance of food, but they pose a health risk
because they can contain mycotoxins. Known as the
µNLQJ RI VSLFHV¶ EODFN SHSSHU LV RQH RI WKH PRVW
frequently consumed spices in the world. For this
reason, black pepper has been a major product on the
Silk Road since the 15th century [1]. Black pepper is
used in daily life in many dishes including salads, for
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Biopharm No: R4701), ELISA photometer (450 nm
BioTek x800), mixer, shaker, various glass
containers, micropipette and filter paper.

AFs that can be present in human and animal food.
Countries in the European Union have specified a
PD[LPXP OLPLW RI  ȝJNJ IRU WRWDO $) DQG
AFB1 that can be present in food, and a maximum
limit for total AF and AFB1 in black pepper of 10/5
ȝJNJ[17].
The very small amount of mycotoxins in food
requires the use of very sensitive immunochemical
analysis methods such as chromatography [18],
spectro-chromatography [19] and ELISA [20]. The
ELISA technique has been frequently used since the
1970s to identify AF in foods because it can perform
measurements at the required tolerance levels, its
extraction stages are easy to conduct, it is
inexpensive and does not require much time [20].
Studies conducted to reduce or eliminate AFs
in food have implemented a variety of methods,
including radiation [21], treatment with fatty acids
[22], exposure to sunlight [23], treatment with
chemical agents such as hydrogen peroxide or
sodium hypochlorite [24-27] and heat treatment with
a microwave oven [28]. Other studies have been
carried out on ozone, a powerful disinfectant and
oxidizing agent, thinking that it could break down
aflatoxins [29-36], and very successful results have
been obtained.
Ozone is generated naturally in the atmosphere
due to the effect of ultraviolet rays, but today it can
be produced using inexpensive artificial methods.
Ozone was first discovered in 1840 by the German
chemist Christian Schonbein, after which it was used
for the treatment of skin diseases and for cleaning
and cosmetic purposes [37]. The application of
ozone gas has been shown to have advantages over
other chemical methods because it does not leave
any residue and can be used on many fresh or
processed products (legumes, nuts, fruit and
vegetables) [27, 35]. In 1982, the FDA allowed the
use of ozone as a disinfectant in bottled water, and
allowed its use in the whole food industry starting in
1997 [38]. The goal of this study was to establish the
detoxification effect of ozone on AFB1 in black
pepper when administered in gaseous and aqueous
forms, and to determine how ozone affects the
microbiological and sensory characteristics of black
pepper.

Preparation of samples. Black pepper used in
the study was purchased from stores in packaged
form. Two 25 g amounts were weighed out from
each sample and placed into AFB1 dissolved into 15
ml chloroform such that one consisted of 25 ppb
while the other contained 75 ppb. Then the samples
were placed in darkness until the chloroform
evaporated and the samples returned to their initial
weight. Eight groups were prepared in this fashion.
Half of these 8 groups were exposed to direct ozone
gas, while the other half was administered aqueous
ozone. When ozone gas was applied, one of the four
groups was separated as a negative control group and
was not administered any ozone (Dose-0). With
regard to the other three groups, one was
administered 20 mg L-1 15 min. (Dose-I), the second
was administered 20 mg L-1 30 min. (Dose-II), and
the third was administered 40 mg L-1 30 min. (DoseIII). For the procedure, each 25 gr sample was spread
out in a large dish and then placed inside the special
gas ozonization container. Then the procedure was
completed by pumping ozone gas into the container
from a generator that was attached by a tube
connected to the top of the container. Similarly, the
aqueous ozone administration procedure consisted
of setting aside one of the four groups as a negative
control and administering ozone to the other three
groups in the amounts dose-I, dose-II and dose-III.
For this procedure, a device was used to infuse water
with ozone, then the samples were placed in contact
with the water inside a steel container.
Aflatoxin analysis. The R-Biopharm ELISA
test kit (R-Biopharm No: R4701) was used for
aflatoxin analysis, which consisted of taking
individual 5 gr amounts from the samples and
shaking them manually for 3 minutes in 25 ml of
70% methanol. Then the samples were filtered with
Whatman No. 1 filter paper, and 1 ml of the resulting
filtered extract was removed and diluted in deionized
distilled water (v/v). For the test, 50 μl of the diluted
filtrate was used per well. Each sample was
duplicated. The AFB1 test procedure that was
described by the manufacturer was implemented.
The mean values of absorbance for the standards and
the samples were evaluated according to the
Rida®soft Windows 3.1 program distributed by
Ridascreen. The detection limit of the AFB1 test in
the average coefficient of variation was 8%, the
recovery rate was 80-100% and the analytical
procedure was 1 μg/kg [39].

MATERIAL AND METHOD
Equipment and Supplies: Equipment and
supplies consisted of: Ozone generator (Portomatik
6000, model PC50-11), gas ozonization container
(airtight and light-proof, coated with silicone,
constructed by the researchs), liquid ozonization
container (steel container with a lid, airtight and
light-proof), 1μ/ml AFB1 standard solution (Sigma
No:
1162-65-8),
methanol
(Merck
No:
1070184000),
chloroform
(Merck
No:
102445.2500), Aflatoxin B1 ELISA Kit (R-

Microbiological analysis. Ten grams of the
black pepper samples for each group were placed in
a sterile plastic bag, homogenized in 90 ml of
peptone water and then diluted at a 1:10 ratio. 0.05
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ml from each of the serially diluted samples was
inoculated onto Plate Count Agar (Oxoid CM325)
for aerobic mesophilic bacteria and Rose Bengal
Chloramphenical Agar (Oxoid CM 549) for
mold/yeast counts. The former plates were incubated
at 37ºC for 24-48 h under aerobic conditions for
aerobic mesophilic bacteria. The latter were
incubated at 25 ºC for 5 days for mold and yeast [40].
Three samples from each group were studied in
duplicate.

were evaluated using a statistical computer program
of the SPSS (version 9.0, SPSS Inc., USA). One-way
analysis of variance (ANOVA) was performed to
verify significant differences of AFB1 at different
concentrations applied to cell viability. The results
were considered significant only when the p value
ZDVOHVVWRWKDQRUHTXDOWRS5 [42].


Sensory analysis. For sensory analysis, 8
panelists evaluated three different kinds of food
(boiled, grilled and raw) made with black pepper
treated with three different doses of ozone, directly
and in water, and compared them with the same
foods made with black pepper that had not been
treated with ozone. The foods were analyzed for
color, smell and taste. The differences were
evaluated with a scored (9 point) triangle test [41].

Table 1 shows the AFB1 detoxification results
obtained after three different doses of direct ozone
gas and aqueous ozone gas were applied to groups of
samples that had been administered two different
amounts of AFB1 (25 and 75 ppb). Table 2 contains
the results of microbiological analysis and Table 3
shows the results of the sensory analysis consisting
of evaluations in which panelists compared ozonetreated samples with the control group. With regard
to the changes in AFB1 in the pepper analyzed in this
study, it was determined that for direct ozone gas

RESULTS

Statistical analysis. All results obtained from
Chemical, microbiological and sensory analysis

TABLE 1
AFB1 amounts and percentage changes in the groups according to ozone dose
GASEOUS OZONE TREATMENT
25 ppb
%
75 ppb
%
24.1 ± 0.08
-3.6
74.4 ± 0.16
-0.8
3.7 ± 1.55
-85.2
4.0 ± 1.48
-94.6
2.4 ± 1.20
-90.4
3.7 ± 0.82
-95.0
0.0 ± 0.00
-100.0 1.2 ± 0.47
-98.4

Ozone dozes
(mg/min)
Doz-0:
0/0
Doz-I: 20/15
Doz-II: 20/30
Doz-III: 40/30

AQUEOUS OZONE TREATMENT
25 ppb
%
75 ppb
%
23.3 ± 0.83
-6,8
71.2 ± 1.64
-5.1
16.4 ± 3.93
-34.4
28.7 ± 3.69
-61.7
6.5 ± 2.58
-74.0
7.4 ± 2.34
-90.1
3.8 ± 0.77
-84.8
5.5 ± 1.81
-92.6

TABLE 2
Microorganisms counts and percentage changes (log10 CFU g-1) in the groups according to ozone dose
GASEOUS OZONE TREATMENT
Total bacteria
Moulds/Yeast
Ozone dozes
Mean & Sx
%
Mean & Sx
%
(mg/min)
0.0 6.55 r 0.31
0.0
Doz-0:
0/0
7.87 r 0.14
-99.3 5.27 r 0.26 -94.7
Doz-I: 20/15
5.73 r 0.18
-99.9 4.44 r 0.22 -99.2
Doz-II: 20/30
4.96 r 0.21
-99.9 3.71 r 0.13 -99.9
Doz-III: 40/30
4.79 r 0.19
Sx - Standard deviation

AQUEOUS OZONE TREATMENT
Total bacteria
Moulds/Yeast
Mean & Sx
%
Mean & Sx
%
0.0
7.87 r 0.26
6.55 r 0.29
-96.0
-80.0
6.47 r 0.35
5.85 r 0.32
-98.7
-91.1
4.97 r 0.22
5.51 r 0.23
-99.3
-97.8
4.74 r 0.21
4.95 r 0.14

TABLE 3
Distribution of points assigned to sensory characteristics of various foods made with black pepper

Color
Change score
values
0: No
2: Very little

I

II

BOILED FOOD
Smell
Flavor
Doses
III

I

II

III

I

II

III

Color
I

II

GRILLED FOOD
Smell
Flavor
Doses
III

II

III

I

II

III

I

II

CONSUMED RAW
Smell
Flavor
Doses
III

I

II

III

I

II

III

8a 8 a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8 a 8a 8a 8a 8a 8a 8a 8a 8a 8a 8a
8b 8 b 8b 8b 8b 7b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 8b 7b 5b 8b 8b 8b
1b

1b 2b
1b

4: Little
6: Medium
8-10: Large/
Very large
a: Gaseous ozone treatment, number of panelists assigning points
b: Aqueous ozone treatment, number of panelists assigning points
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treatment on samples containing 25 ppb AFB1, there
was an 86.0% reduction in toxins after ozone
treatment at Dose-I (to 3.5 ppb), an 86.4% reduction
after ozone treatment at Dose-II (to 3.4 ppb) and a
97.6% reduction after ozone treatment with Dose-III
(to 0.6 ppb). For samples containing 75 ppb AFB 1,
there was a 94.6% reduction in toxins after ozone
treatment at Dose-I (to 4.0 ppb), a 95.0% reduction
after ozone treatment at Dose-II (to 3.7 ppb) and a
98.0% reduction after ozone treatment with Dose-III
(to 1.5 ppb). With regard to aqueous ozone treatment
on samples containing 25 ppb AFB1, there was a
34.4% reduction in toxins after ozone treatment at
Dose-I (to 16.4 ppb), a 74.0% reduction after ozone
treatment at Dose-II (to 6.5 ppb) and an 84.8%
reduction after ozone treatment with Dose-III (to 3.8
ppb) For the second group of black pepper samples
containing 75 ppb AFB1, there was a 61.7%
reduction in toxins after ozone treatment at Dose-I
(to 28.7 ppb), a 90.1% reduction after ozone
treatment at Dose-II (to 7.4 ppb) and a 92.6%
reduction after ozone treatment with Dose-III (to 5.5
ppb). The difference between these figures and those
of the control group were found to be statistically
significant according to the ANOVA statistical test
S 0.05). Microbiological analysis showed that both
types of ozone treatments were 94.7-99.9% effective
on total aerobic mesophilic organisms and 80.099.9% effective on mold and yeast. Sensory analysis
revealed no changes with regard to color, smell or
taste in samples treated with Dose-I, II or III of
aqueous ozone. The only difference identified in
samples treated with direct ozone gas was a 2/8 point
difference just in the smell of raw and boiled foods
that contained black pepper treated with Dose-III.

DISCUSSION
The effects of ozone on Aflatoxin B 1: This
study found that ozone has a detoxification effect on
AFB1 in black pepper. It was determined that the
reduction varied depending on the type, amount and
duration of the ozone treatment (Figure 1 and 2).
When the effects of the ozone treatment are
evaluated without regard to the amount of AFB1 that
was added, it is evident that treatment with Dose-I
resulted in an 85.2-94.6% decrease, treatment with
Dose-II resulted in a 90.4-95.0 % decrease and
treatment with Dose-III resulted in a 98.4-100%
decrease. Treatment with aqueous ozone caused
degradation of 34.4-61.7% with Dose-I, 74.0-90.1 %
with Dose-II and 84.8-92.6% with Dose-III. These
results show that the amount of effect increases
linearly with the amount of ozone. The lowest effect
was achieved by aqueous ozone treatment with
Dose-I (34.4%) on samples containing 25 ppb AFB 1,
while the greatest effect was achieved with direct
ozone gas treatment with Dose-III (100.0%) on
samples containing 25 ppb AFB1.
When we compare the ozone treatment
techniques, it is apparent that AFB1 degradation was
the highest in samples that were treated with direct
ozone gas (85-100%). When the degree of ozone
effect was evaluated according to the amount of
AFB1 that was added, no difference was found
between 25-75 ppb. These results show that the
degradation effect on AFB1 increased with the dose
and duration of ozone that was applied to the
samples and that the aqueous ozone technique
achieved less detoxification. This may be because
the distribution of ozone in the water is lower and
thus it has less contact with the samples.
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FIGURE 1
AFB1 amounts in the groups according to ozone dose
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FIGURE 2
Percentage change in AFB1 amounts in the groups according to ozone dose
Microbiological analysis of the total count of
mesophilic bacteria and the mold/yeast counts in the
black pepper samples (Figure 3 and 4) shows that the
total count of mesophilic bacteria was initially 7.87
log10 CFU g-1 and dropped 99.3, 99.9 and 99.9%
after treatment with direct ozone gas at Dose-I,
Dose-II and Dose-III, respectively, ending up at
5.73, 4.96 and 4.79 log10 CFU gí. When the samples
were subjected to aqueous ozone treatment at DoseI, II and III, levels dropped 96.0, 98.7 and 99.3% to
6.47, 4.97 and 4.74 log10 CFU gí, respectively. The
initial mold/yeast count was 6.55 log10 CFU gí, but
direct treatment with ozone gas at Dose-I, II, and III
caused the level to drop 94.7, 99.2 and 99.9% to
5.27, 4.44 and 3.71 log10 CFU gí, respectively.
Treatment with aqueous ozone at Dose-I, II, and III
caused the level to drop 80.0, 91.1 and 97.8% to
5.85, 5.51 and 4.95 log10 CFU gí, respectively. No
statistically significant difference was found in a
comparison of the effect of ozone on the total count
of mesophilic bacteria and the mold/yeast counts (S
0.05).
With regard to sensory analysis, the samples
were evaluated with a triangle test scored by a panel
of 8 people who rated the color, scent and taste of
raw, boiled and fried foods to which the black pepper
samples had been added (Table 4). The only
difference found in the analysis was that 32.5% of

the panelists noticed a different smell in samples that
had been treated with Dose-III of direct ozone gas.
This difference was noticed in the boiled and raw
foods. The panelists could not detect any difference
in the sensory characteristics of foods that had been
treated with Dose-I and II of direct ozone or in any
of those treated with aqueous ozone. In the final
analysis, none of the panelists detected any
difference when they compared the color, smell and
taste of foods made with untreated black pepper and
foods made with black pepper treated with all three
doses of aqueous ozone. In the analysis of samples
treated with direct ozone gas, only one panelist
detected a 2 point difference and only in boiled food
made from black pepper samples treated with 40 mg
of ozone for 30 min., while three panelists detected
an 8 point difference in the smell of uncooked foods
made with those same samples.
When we only take into account the
degradation of AFB1, the best result was achieved
with Dose-III of the direct ozone gas treatment
(100% on 25 ppb, 98.4% on 75 ppb), but if we also
take into account the sensory evaluation, the best
detoxification was Dose-II of direct ozone gas
treatment, which achieved 95.0% detoxification on
samples containing 75 ppb AFB1. Although the
sensory analysis showed that aqueous ozone gas
treatment produced results that were
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FIGURE 3
Effects of ozone doses on microorganism counts in the black pepper samples
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FIGURE 4
Percentage changes in the microorganismscounts after treatment with different doses of ozone
TABLE 4
Percentages and points of differences detected in sensory analysis of various foods
Ozone
doses
(mg/min)
20/15
20/30
40/30

BOILED FOOD

GRILLED FOOD

CONSUMED RAW

Colora/b p Smella/b p Flavora/b p Colora/b p Smella/b p Flavor a/b p Color a/b
100/0
100/0
100/0

0 100/0 0 100/0
0 100/0 0 100/0
0 87.5/12.5 2 100/0

0
0
0

100/0
100/0
100/0

0
0
0

100/0
100/0
100/0

0
0
0

100/0
100/0
100/0

0
0
0

100/0
100/0
100/0

p Smella/b
0
0
0

p Flavora/b

100/0
0
87.5/12.5 2
62.5/32.5 8

100/0
100/0
100/0

p
0
0
0

a% No change/ b% Change
p:Difference rating: The value obtained by multiplying the points given by the panelists

al. (2012) [59] WUHDWHG ZKHDW FRQWDLQLQJ  ȝJNJ
AFB1 with 20 and 40 ppm ozone for 20 minutes and
found that the toxins were reduced by 84.1% and
86.7%, while when the same amount of ozone was
XVHG WR WUHDW ZKHDW FRQWDLQLQJ  ȝJNJ $)%1, the
toxins were reduced by 84.7% and 96.6%,
respectively. Akbas and Olmez (2006) [32] treated
pistachios with ozone at concentrations of 5, 7 and 9
mg/l for 140 and 420 minutes at 20 ºC to reduce
aflatoxins and found that a dose of 9 mg/l for 420
min. resulted in a reduction of 23-24%. AbdelWahhab et al. (2011) [31] treated peanut samples
with 20 and 40 ppm ozone for 10 minutes and with
50 ppm ozone for 5 minutes in their study, finding
that ozone treatment with 40 ppm/10 min. reduced
the concentration of aflatoxin to levels below the
limits specified by EU countries. Similarly, Sahab et
al. (2013) [60] achieved 99.0% reduction in AFB1
and AFB2 levels by treating peanuts with 40 ppm
ozone for 10 minutes, and 94.6 and 80.8% reduction
by applying ozone treatment at 50 ppm for 5
minutes. Chen et al. (2014) [36] conducted a study
in which they reported that exposing peanuts
containing a 6 mg/l concentration of AFB1 to ozone
for 30 min. resulted in a 65% reduction, while a
study conducted by De¶Alencar et al. (2012) [34]
reported a 25% reduction with exposure to 21 mg/l
ozone for 96 hours. Luo et al. (2014)[61] conducted
a study in which they treated corn with 90 mg/l of
ozone for 20 and 40 min., reporting that aflatoxin

indistinguishable from samples that had not been
treated with ozone, this method was not very
effective in breaking down AFB1.
Comparison of results with the literature:
Scientific and routine studies have been conducted
in many parts of the world (such as Hungary,
Turkey, Pakistan, Malaysia, Egypt, Spain, Iran, the
Czech Republic, Sri Lanka, China and India) to
investigate the amount of AFB1 in black pepper,
which is caused by the growth of mold [43-55].
These studies identified AFB1 at levels exceeding
the legal limits.
Studies about identifying mycotoxins in food
as well as studies that attempt to reduce and even
completely eliminate mycotoxins have begun to gain
importance. According to studies about aflatoxin
detoxification as compiled by Freitas-Silva and
Venâncio (2010) [56], it has been reported that
ozone treatment is one of the best techniques for
ensuring the safety of food. Maeba et al. (1988) [57]
experimented with breaking down AFB1 and G1
using ozone treatment of 1.1 mg/l for 5 min. In a
study by Inan et al. (2007) [58] the researchers
exposed red pepper to ozone concentrations of 16,
33 and 66 mg/l for 7.5, 15, 30 and 60 minutes and
reported that in red pepper treated with 33 to 66 mg/l
concentrations for 60 minutes, aflatoxins were
reduced by 80 to 93%.
In studies on the detoxification of aflatoxins in
spices as well as grain, nuts and corn, El-Desouky et
3319
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dose for a long period of time as well as the unique
characteristics of the food.
Another important issue is that the content and
sensory characteristics of the food should not change
after the ozone treatment. Some opinions have been
expressed that ozone can cause a breakdown of
nutritional components and thereby reduce the
quality of the food. Ozone can turn organic
components of food into aldehydes and ketones,
convert iron and manganese into insoluble
compounds, and can cause a reduction in vitamins C
and B1 [30, 65]. Other researchers have also
observed sensory changes like those we identified in
samples of black pepper treated with ozone. Cataldo
(2003) [66] reported potential negative effect on
phospholipids, polyunsaturated fatty acids, and
membrane proteins, Zhao and Cranston (1995) [67]
reported that ozone caused oxidation in volatile fatty
acids in red peppers, De Alencar et al. (2011) [34]
observed lighter color in peanuts following ozone
treatment, and Mendez et al. (2003) [68] reported
that it caused changes in the composition of fatty
acid and amino acid in popcorn. Furthermore, De
Alencar et al. (2011) [34] reported that ozone
treatment of peanuts caused oxidation of unsaturated
fatty acids contained in the oils, depending on the
dose of the treatment, which lead to rancidity that
changed the smell and taste of the peanuts. On the
other hand, Abdel-Wahhab et al. (2011) [31] found
that ozone treatment of peanuts in their study
significantly reduced aflatoxins but did not affect the
protein and oil content, Inan et al. (2007) [58]
reported that ozone broke down aflatoxins in their
study but did not change the color of the peppers,
Sahab et al. (2013) [60] found that ozone did not
affect protein or oil content in their study, and ElDesouky et al. (2012) [59] observed no food changes
that were caused by ozone. Brooks and Csallany
(1978) [29] reported that 1.5 ppm ozone did not have
any effect on PUFA, tocopherol, or lipofuscin-like
pigments.
Ozone is generally recognized as safe (GRAS)
because it does not leave any residues, and it is
known that the metabolites that develop in foods
after AF degradation have low toxicity. Most of the
substances that are created as a result of exposing AF
to ozone have been identified by researchers, who
report that most of the products of degradation are
very similar to the main molecule. For example,
C17H11O7 is a molecule that is very similar to AFB1.
However, some researchers have recently drawn
attention to the toxic characteristics of substances
that are created upon degradation of AFB1. The
toxicity data showed that AFB1 has a
cyclopentenone ring and a C8eC9 double bond
forming the vinyl ether at the terminal furan ring.
The furan moiety of AFB1 is considered to be the
source of the toxic and carcinogenic activity, and the
double bond in the terminal furan ring is an
important determinant of its toxic potency.

dropped from 83 ppb to 18.1 and 9.9 ppb,
respectively.
The results of both of the treatments in the
current study were similar to those of Inan et al
(2007) [58], Abdel-Wahhab et al. (2011) [31] and
Sahab et al. (2013) [60], but were higher than those
of Chen et al. (2014) [36] and Akbas and Ozdemir
(2006) [62]. The results we obtained from aqueous
ozone treatment were similar to those found by ElDesouky et al. (2012) [59], but the findings achieved
by those researchers were lower than the values we
obtained from direct ozone gas treatment. The
reason that the detoxification percentages we
achieved in this study were higher than those of other
studies may be that individual black peppercorns
have higher surface area to contact the ozone.
With regard to the effect of ozone on the
microflora in black pepper, it is evident that both
ozone treatments reduced the total count of
mesophilic bacteria by 96.0 to 99.9% and reduced
mold/yeast by 80.0 to 99.9%. Although mold/yeast
appears to have higher resistance to ozone than do
mesophilic bacteria, no statistically significant
difference was found between the two (p<0.05).
Microbiological results were found to be similar to
those which Najafi and Khodaparast (2009) [63] and
Alen et al. (2003) [33] achieved with high dose
ozone treatments, but were higher than those in the
study conducted by Abdel-Wahhab et al (2011) [31].
Furthermore, Najafi and Khodaparast (2009) [63]
investigated the effect of 1.3 and 5 ppm ozone
treatment applied to fresh fruit for 15, 30, 45 and 60
min., reporting that the total count of mesophilic
bacteria dropped from (log10 CFU g-1) 4.06 to 3.5,
while the initial yeast/mold count of 3.9 dropped to
3.5. Zorlugenc et al. (2008) [64] conducted a study
in which they treated dried figs with 13.8 ppm ozone
for 7.5, 15 and 30 min., reporting a reduction of 0.81,
1.0 and 1.42 log10 CFU gí in total aerobic
organisms, as well as a reduction in mold and yeast
of 0.16, 1.57 and 2.09 log10 CFU gí. The results that
Najafi and Khodaparast (2009) [63] achieved with a
low dose of ozone over a long period of time and the
results obtained by Zorlugenc et al. (2008) [64] are
similar to the results we achieved. The study
conducted by Alen et al. (2003) [33] reported 39%
reduction in A. flavus spores after ozonation with
0.01 mg/g/min. for 5 min., 78% reduction with a
dose of 0.07 mg/g/min. for 20 min., 96.5% reduction
with a dose of 0.16 mg/g/min. for 5 min., and that no
fungus spores remained after a dose of 0.98
mg/g/min. for 5 min. In the study conducted by
Abdel-Wahhab et al. (2011) [31], peanut seeds and
peanuts in shells that had been infected with A.
flavus and that contained aflatoxin were treated with
ozone treatments of 20 ppm for 5 min., 40 ppm for
10 min. and 50 ppm for 5 min., resulting in a
reduction of fungus counts by 31.0, 44.8 and 65.5%,
respectively. The higher rate of bacteria degradation
in our study may be due to the application of a high
3320
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[6] Diener, U.L., Cole, R.J., Sanders, T.H., Payne,
G.A., Lee, L.S., Klitch, M.A., 1987.
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Aspergillus flavus. Annual Review of
Phytopathology, 25:249-270.
[7] David, G.S., Gary, P.M., 2015. Mycotoxins in
Crops: A Threat to Human and Domestic
Animal Health. Economic Impact of
Mycotoxins, The American Phytopathological
Society.
[8] RASFF, 2015. The Rapid Alert System for Food
and Feed (RASFF) Annual Report 2005.
European Commission, Health & Consumer
Protection Directorate-General.
[9] Shephard, G.S., 2003. Aflatoxin and food
safety: recent African perspectives. Journal of
Toxicology, 22(2-3):267-286.
[10] Williams, J.H., Phillips, T.D., Jolly, P.E., Stiles,
J.K., Jolly, C.M., Aggerwal, D., 2004. Human
aflatoxicosis in developing countries: a review
of toxicology, exposure, potential health
consequences, and interventions. The American
Journal of Clinical Nutrition, 80(5):1106-1122.
[11] Seenappa, M., Kempton, A.G., 1980.
Aspergillus growth and aflatoxin production
black pepper. Mycopathologia, 70(3):135-137.
[12] Bartine, H., Tantaoui-Elaraki, A., 1997. Growth
and toxigenesis of Aspergillus flavus isolates on
selected spices. Journal of Environmental
Pathology,
Toxicology and
Oncology,
16(1):61-65.
[13] '¶0HOOR -3F., MacDonald, A.M.C., 1997.
Mycotoxins. Animal Feed Science and
Technology, 69(1-3):155-166.
[14] Eaton, D.L., Groopman, J.D., 1994. The
Toxicology of Aflatoxins: Human Health,
Veterinary and Agricultural Significance,
Academic Press, San Diego, CA.
[15] Aguilar, F., Hussain, S.P., Cerutti, P., 1993.
Aflatoxin B1 induces the transversion of G-->T
in codon 249 of the p53 tumor suppressor gene
in human hepatocytes. Proceedings of the
National Academy of Sciences of the United
States of America, 90(18):8586-8590.
[16] IARC, 1993. Monographs on the Evaluation of
Carcinogenic Risks to Humans. Some Natural
Occurring Substances: Food Items and
Constituents, Heterocyclic aromatic Amines
and Mycotoxins, International Agency for
Research on Cancer, Lyon, p. 489.
[17] Anon, 2010. Commission Regulation (EU) No
165/2010 of 26 February 2006 Amending
Regulation (EC) No 1881/2006 Setting
Maximum Levels for Certain Contaminants In
Food Stuffs As Regards Aflatoxins. European
Commission.
[18] Taguchi, S., Yoshida, S., Tanaka, Y., Hori, S.,
2002. Rapid analysis of aflatoxins in raw
peanuts, corn, buckwheat and red pepper by a
new mini-column clean up and HPLC using

Therefore, removing the double bond of the terminal
furan ring is a major aim of detoxification [69, 70].

CONCLUSIONS
As a result, it is certain that ozone has potential
for use as an oxidant agent in eliminating aflatoxins
in food. Ozone is suitable for detoxification because
it has a short half-life, does not leave residue in
foods, and does not significantly affect the sensory,
physical or chemical properties of the food. Because
ozone treatment makes it possible to consume food,
it can be said that it makes an economic contribution
and prevents health problems. However, because it
can cause a small change in sensory characteristics,
further studies should be conducted on the details of
these changes to establish whether any toxicity is
caused. The results of such studies would make it
possible to use ozone treatment with more
confidence. The findings in our study have shown
that high levels of AFs can be reduced to below the
legal limits using direct treatment with ozone gas.
This leads to the conclusion that two reliable
approaches to producing healthy food products are
direct ozone gas treatment at a dose of 20 mg L-1 for
30 min. or the use of aqueous ozone treatment, which
does not cause any negative changes in sensory
characteristics even though its detoxification level is
low. We recommend that aqueous ozonization be
implemented on site with a constant-flow system
instead of the closed container technique.
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disposal by the industry developed around Dil
Stream (Gebze-Kocaeli) on people living in this area
has been a matter of public debate for a long time.
Therefore, it was intended to examine the effect of
the waste on meiofauna contained by young
sediments by sampling at and around the mouth of
the stream and on the sea floor. However, the authorities of the factory located in the area in question
did not grant permission for the research. After all, a
drill core 3.00 m in length obtained from drilling
carried out in Bayramoglu is analyzed by taking into
account the flows in the western part of Gulf of Izmit
and a conclusion has been drawn (Figure 1, Table 1).
Extreme coloration and excessive deformations
observed in the benthic foraminifera tests obtained
particularly from the upper sections of the core prove
heavy metal pollution caused by industrial waste in
the vicinity of the stream as of a certain period.
Morphological abnormalities are present in some
individuals in the range of 10.10 to 11.70 m while
these abnormalities are quite many in the range of
10.10 to 10.40 m.
Examining the general properties of the
sediment data from Gulf of Izmit, pointed out that Fe
represents the highest median concentration followed by Al and Mg >1@. Elements As, Cd, Co, Cr, Fe,
Mn, Pb, Sn and Zn display a log-normal distribution.
The results of a report on samples collected at and
around the mouth of the stream by TUBITAK MAM
in 2013 also support this notion >2@.
Many researches have been done in Marmara
Sea and Black Sea similar to these studies. Heavy
metals (Cu, Fe, Mn, Zn, Cr and Al) levels were investigated in the internal organs of the velvet fish
that they collected from Siddikli Kucukbogaz Dam
>3@. The concentrations of heavy metals (Cd, Cu, Cr,
Hg, Ni and Zn) in fish samples from the Istanbul
Strait were investigated >4@. Concentrations of Cr,
Mn, Fe, Co, Ni, Cu, Cd and Pb heavy metals in water
and sediment samples from the Southeastern Black
Sea have been determined >5@. The toxic metal

ABSTRACT
This study investigates the drill core 3.00 m in
length obtained from DSK-3 drilling carried out in
the depth of 10:00 m in the southeast of Tuzla
(Istanbul) and in the northwest of Bayramoglu in
order to present the marine pollution caused by Dil
Stream through the instrumentality of bioindicators
(foraminifera, ostracods and molluscs). The purpose
of the study is to reveal the adverse conditions
caused by the uncontrolled waste disposal from the
industry which has been evolving for a long time
around Dil Stream located in the provincial borders
of Kocaeli. It is not possible under the present circumstances to do any research in the area where Dil
Stream discharges into the sea. Therefore, the core
obtained from the drilling carried out in Bayramoglu is analyzed by considering the flows in the western portion of Gulf of Izmit. In addition, this study
also makes use of the results of the analysis of the
samples collected at and around the mouth of the
stream by TUBITAK in 2013 for the purpose of
demonstrating the environmental pollution in the
region. In conclusion, coloration and deformation of
the heavy metals and benthic foraminifera which the
core samples contain are determined and the adverse
outcomes caused by the untreated waste discharged
into Dil Stream are demonstrated.

KEYWORDS:
Marmara Sea, Bayramoglu Coasts, Dil Stream, Heavy
Metals, Benthic Foraminifera and Molluscs

INTRODUCTION
Large industrial plants (mainly paint and metal
industries) around Dil Stream have been discharging
their solid and liquid wastes into Dil Stream after
limited treatment. The adverse effects of the waste
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resistance of bacterial isolates obtained from coastal
sediments has been examined and twenty six isolates
have been identified >6@. Using Mediterranean blue
mussels, trace elements (Cu, Cd, Cr, Hg, Pb, Zn) in
the East Adriatic were biologically monitored >7@.
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another flow is eastward oriented from the
Bosphorus Strait to Gulf of Izmit and, circulating
around the gulf, it becomes weaker as it arrives at the
coast of Yalova. There is also another flow which
tends to reverse along the coast near Tuzla. The
surface flows of Gulf of Izmit are in general,
eastward oriented in the southern coasts while
westward oriented in the northern coasts. The Black
Sea waters enter the gulf from the south and flow
parallel to the coast into the gulf (in the direction of
Golcuk). They are northward oriented near Izmit and
exit the gulf along the northern coasts through the
island line of Tuzla (Table 2, Figures 2 and 3).
Apart from this, there is another small flow
which is separated from the main flow between Catal
Cape and Hersek Cape, near Topcular (Topcu Bay)
in the southern coasts of the gulf and is westward
oriented along the coasts on a counter clockwise
rotation.
The lower layer flow is generally westward
oriented. Morphological obstacles on the sea floor
sometimes lead to changes in the course of the flow
which is reversed in the bays and oriented towards
the Black Sea.

CIRCULATION SYSTEM BETWEEN
HEREKE AND TUZLA
The general circulation system originated in the
Marmara Sea is a result of the sea-level and density
differences between the Black Sea and the Aegean
Sea. In addition, meteorological effects can cause
local flows and change the flow from time to time.
Originated in the Black Sea, a surface flow enters the
Aegean Sea through the straits and the Marmara Sea
while a lower layer flow is oriented in the opposite
direction. Originated in the Istanbul Strait (Bosphorus), the upper layer flow shows a fan-shaped pattern
as it spreads out at the Marmara Sea, and it groups
and enters the strait at an accelerating pace and
reaches the Aegean Sea. Aside from this main flow,

TABLE 1
Coordinates of drill core in (UTM-Ups, Wgs-84.6°)
Drill core No.
DSK-3

Coordinates
Longtitude
697765.00

Latitude
4518774.00

Bathymetry (m)

FIGURE 1
Location map of study area
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TABLE 2
The measure of the current speed and direction of seasonal in the station of IZMT-01
(Gulf of Izmit) (Station depth 43.00 m).
Time
Spring

Summer

Autumn

Winter

Depth

Current Direction (°)

Surface
20 m
Bottom
Surface
20 me
Bottom
Surface
20 m
Bottom
Surface
20 m
Bottom

112
297
285
328
102
110
91
284
244
280
298
127



Speed of the current
(cm/sn)
5,12
2,55
2,65
11,62
4,64
9
30,81
8,07
15,36
6,58
23,12
13,38
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FIGURE 2
The measure of the current speed and direction of seasonal in the station of IZMT-01 (Gulf of Izmit)
(Station depth 43.00 m).
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FIGURE 3
The currents of surface and bottom in Gulf of Izmit.

homogenization after being dried and 0.5 g was
weighed out of this sample and prepared for analysis.
12 ml HNO3 and 4 ml HCl were added to the samples
placed into combustion tubes and the contents of the
tubes were calcined at 980C for 1 hour and at 2000C
for 1.5 hours. The lid of the cooled tubes were
opened in a fume hood and 50 ml of ultrapure water
was added into each tube and the mixture was filtered using filter paper. The sample was placed on
the measurement unit of the ICP-OS device and the
results were evaluated using the software Smart
Analyzer Vision.

MATERIALS AND METHODS
A drilling in the water depth of 10.00 m was
carried out in the northwest of Bayramoglu in
11.06.2008. A drill core in the length of 3.00 m was
obtained from the drilling process and 30 samples
from each 10 cm of the core were collected and
examined to be evaluated in terms of foraminifera,
ostracods and mollusc communities. Foraminifera
and ostracods analyses of the sediment samples were
carried out in accordance with Babin (1980) and Bignot (1985) >8 and 9@. 10% H2O2 was added on the
dry samples weighed 10 g which were kept for 24 h.
Afterwards, they were washed with pressurized water in a screen of 0.063 mm and sieved through 2.00,
1.00, 0.500, 0.250 and 0.125 mm screens after being
oven-dried at 50 oC. These samples were examined
under a binocular microscope and foraminifera,
ostracods, and molluscs they contained were identified.
Photographs of the abnormally grown foraminifera were taken and microprobe analyses of the
colored foraminifera tests were performed using a
Philips XL 305 FEG device in the Materials Science
and Engineering Department of Gebze Technical
University.
Sediment analyses were carried out using a
Spectro-Spectro Blue model ICP-OES in Research
and Application Center of Scientific and Technological Research (NABILTEM) of Namik Kemal
University. The samples were ground in a mortar for

MICRO AND MACRO FAUNA
Benthic Foraminifera. According to the
analysis of the DSK-3 core sample, the foraminifera
community can be considered a poor fauna compared to the Gulf of Izmit fauna (Plate 1, 2 and 3).
Considering the number of individuals, we can state
that Ammonia compacta Hofker and Elphidium crispum (Linne) are the dominant genus and species.
The core samples reveal 15 genera and 27 species
such as Textularia bocki Hoglund, Adelosina
cliarensis (Heron-Allen and Earland), A. mediterranensis (le Calvez J. and Y.), Spiroloculina angulosa Terquem, S. antillarum G¶2UELJQ\Cycloforina
villafranca (le Calvez J. and Y.), Massilina secans
G¶2UELJQ\  Quinqueloculina berthelotiana G¶2Ubigny, Q. bidentata G¶2UELJQ\ Q. disparilis G¶2U-
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ker, A. parkinsoniana G¶2UELJQ\ Cribroelphidium
poeyanum G¶2UELJQ\ Elphidium advenum (Cushman), E. complanatum G¶2UELJQ\  E. crispum
(Linne), E. macellum (Fichtel and Moll) (Table 3)
>10, 11@.

bigny, Q. seminula (Linné), Miliolinella labiosa
G¶2UELJQ\  M. subrotunda (Montagu), Pseudotriloculina laevigata G¶2UELJQ\ P. oblonga (Montagu), P. rotunda G¶2UELJQ\  Triloculina marioni
Schlumberger, Sigmoilinita edwardsi (Schlumberger), Rosalina bradyi Cushman, Lobatula lobatula (Walker and Jacob), Ammonia compacta Hof-

PLATE 1
1. Textularia bocki. Side view, sample no. 11.40-11.50 m.; 2. Massilina secans. Side view, sample no:
10.20-10.30 m.; 3. Massilina secans. Side view, sample no: 10.40-10.50 m.; 4. Massilina secans. Side
view, sample no: 10.90-11.00 m.; 5. Massilina secans. Side view, sample no: 12.60-12.70 m.;
6. Quinqueloculina berthelotiana. Side view. Sample no: 11.50-11.60 m.; 7. Quinqueloculina
berthelotiana. Side view. Sample no: 12.30-12.40 m.; 8. Quinqueloculina seminula. Side view. Sample
no: 10.10-10.20 m.; 9. Quinqueloculina seminula. Side view. Sample no: 10.90-11.00 m.;
10. Pseudotriloculina laevigata. Side view, sample no: 10.90-11.00 m.; 11. Pseudotriloculina rotunda.
Side view, sample no: 10.40-10.50 m.; 12. Pseudotriloculina rotunda. Side view, sample no: 12.90-13.00
m.; 13. Triloculina marioni. Side view, sample no: 10.00-10.10 m.; 14. Triloculina marioni. Side view,
sample no: 10.10-10.20 m.; 15. Triloculina marioni. Side view, sample no: 10.70-10.80 m.;
16. Sigmoilinita edwardsi. Side view, sample no: 12.40-12.50 m.; 17. Ammonia compacta. Side views, a.
spiral and b. umbilical sides, sample no: 10.10-10.20 m.; 18. Ammonia compacta. Side views, a. spiral
and b. umbilical sides, sample no: 10.40-10.50 m.; 19. Ammonia parkinsoniana. Side views, a. spiral and
b. umbilical sides, Sample no: 10.10-10.20 m.
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PLATE 2
1. Ammonia parkinsoniana. Side views, a. spiral, b. umbilical sides, sample no: 11.50-11.60 m.;
2. Ammonia parkinsoniana. Side views, a. spiral and b. umbilical sides, sample no: 11.50-11.60 m.;
3. Elphidium complanatum. Side view, sample no: 10.30-10.40 m.; 4. Elphidium crispum. Side view,
sample no: 10.10-10.20 m.; 5. Elphidium crispum. Side view, sample no: 10.40-10.50 m.; 6. Elphidium
crispum. Side view, sample no: 11.30-11.40 m.; 7. Elphidium crispum. Side view, sample no: 12.90-13.00
m.; 8. Elphidium macellum. Side view, sample no: 10.00-10.10 m.; 9. Elphidium macellum. Side view,
sample no: 11.20-11.30 m.; 10. Elphidium macellum. Side view, sample no: 11.50-11.60 m.; 11. Antalis
sp. Side view, sample no: 10.50-10.60 m.; 12. Bittium sp. Side view, sample no: 10.70-10.80 m.;
13. Retusa truncatula. Side view, sample no: 10.60-10.70 m.; 14. Cylichnina crebrisculpta. Side view,
sample no: 11.10-11.20 m.; 15. Cylichnina sp. Side view, sample no: 11.10-11.20 m.; 16. Vermes sp. Side
view, sample no: 10.80-10.90 m.; 17. Caecum trachea. Side view, sample no: 10.80-10.90 m.; 18. Crab
dactylopodite. Side view, sample no: 11.60-11.70 m.; 19. Crab dactylopodite. Side view, sample no:
12.60-12.70 m.
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PLATE 3
1. Triloculina marioni. Side view, sample no. 11.30-11.40 m.; 2. Lobatula lobatula. Side view, sample no:
10.10-10.20 m.; 3. Ammonia parkinsoniana. Side view, spiral side, sample no: 10.10-10.20 m.;
4. Ammonia compacta. Side view, spiral side, sample no: 10.10-10.20 m.; 5. Ammonia compacta. Side
view, spiral side, sample no: 10.10-10.20 m.; 6. Ammonia compacta. Side view, spiral side, sample no:
10.30-10-40 m.; 7. Ammonia compacta. Side view, spiral side, sample no: 10.30-10-40 m.; 8. Ammonia
compacta. Side view, spiral side, sample no: 10.80-10.90 m.; 9. Ammonia compacta. Side view, spiral
side, sample no: 10.80-10.90 m.; 10. Ammonia compacta. Side view, spiral side, sample no: 10.80-10.90
m.; 11. Ammonia compacta. Side view, spiral side, sample no: 11.60-11.70 m.; 12. Elphidium crispum.
Side view, sample no: 10.10-10.20 m.; 13. Elphidium crispum. Side view, sample no: 10.10-10.20 m.;
14. Elphidium crispum. Side view, sample no: 10.30-10.40 m.; 15. Elphidium crispum. Side view, sample
no: 10.30-10.40 m.; 16. Elphidium crispum. Side view, sample no: 10.30-10.40 m.; 17. Elphidium
macellum. Side view, sample no: 10.10-10.20 m.; 18. Elphidium macellum. Side view, sample no: 10.7010.80 m.; 19. Elphidium macellum. Side view, sample no: 10.70-10.80 m.; 20. Elphidium macellum. Side
view, sample no: 10.80-10.90 m.; 21. Elphidium macellum. Side view, sample no: 11.50-11.60 m.;
22. Elphidium macellum. Side view, sample no: 10.70-10.80 m.; 23. Elphidium macellum. Side view,
sample no: 10.80-10.90 m.
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*

*
*

*

12.90-13.00

12.80-12.90

12.70-12.80

12.60-12.70

12.50-12.60

12.40-12.50

12.30-12.40

12.20-12.30

12.10-12.20

12.00-12.10

*

11.90-12.00

*

11.80-11.90

11.50-11.60

11.40-11.50

11.30-11.40

11.20-11.30

11.10-11.20

11.00-11.10

10.90-11.00

10.80-10.90

10.70-10.80

10.60-10.70

10.50-10.60

10.30.10.40

10.40-10.50

*

11.70-11.80

*
*

11.60-11.70

Textularia bocki
Adelosina cliarensis
Adelosina
mediterranensis
Spiroloculina angulosa
Spiroloculina antillarum
Cycloforina villafranca
Massilina secans
Quinqueloculina
berthelotiana
Quinqueloculina
bidentata
Quinqueloculina
disparilis
Quinqueloculina
seminula
Miliolinella labiosa
Miliolinella subrotunda
Pseudotriloculina
laevigata
Pseudotriloculina
oblonga
Pseudotriloculina
rotunda
Triloculina marioni
Sigmoilinita edwardsi
Rosalina bradyi
Lobatula lobatula
Ammonia compacta
Ammonia parkinsoniana
Cribroelphidium
poeyanum
Elphidium advenum
Elphidium complanatum
Elphidium crispum
Elphidium macellum

10.20-10.30

Foraminifera

10.10-10.20

Depth (m)

10.00-10.10

TABLE 3
Distribution of genus and species of bentic foraminifera.
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Ostracods. 13 genera and 17 species of
ostracods were detected in the Bayramoglu DSK-3
drilling samples (Table 4). These species are
Callistocythere intricatoides, C. pallida, Carinocythereis carinata, C. rhombica, Cushmanidea turbida, Cytheridea acuminata, Hiltermannicythere rubra, H. turbida, Leptocythere bacescoi, L. bituberculata, Loxoconcha gibberosa, Palmoconcha agilis,
Paracytheridea depressa, Pseudocytherura calcarata, Semicytherura sulcata, Urocythereis crenulosa
and Xestoleberis depressa (Table 4). These species
are ostracods of Mediterranean origin. The sources
used for the identification of the genus and species
are Some scientific studies >12, 13, 14, 15, 16, 17,
18, 19, 20 and 21@ DQG ³0DU%() 'DWD 6\VWHP´
(http://www.marbef.org/data/).

*
*
*

*
*

*
*
*

*

*
*
*

*
*

*
*

(Michaud), Caecum armoricum de Folin, Caecum
trachea (Montagu), Calyptraea chinensis (Linne),
Nassarius incrassatus (Strom), Nassarius pygmaeus
(Lamarck), Nassarius reticulatus (Linne), Mangelia
costata (Pennant), Mangelia costulata Risso, Mangelia sp., Mangelia unifasciata (Deshayes), Bela
brachystoma (Philippi), Chrysallida sp., Acteon
tornatilis (Linne), Retusa minutissima (Monterosato), Retusa obtusa (Montagu), Cylichnina
crebrisculpta Monterosato, as bivalvia: Nucula
hanleyi Winckworth, Nuculana pella (Linne), Flexopecten glaber (Linne), Ctena decussata (O.G.
Costa), Lucinella divaricata (Linne), Myrtea spinifera (Montagu), Acanthocardia paucicostata (G.B.
Sowerby II), Papillicardium papillosum (Poli),
Parvicardium exiguum (Gmelin), Parvicardium
scriptum (Bucquoy Dautzenberg & Dollfus), Spisula
subtruncata (da Costa), Tellina distorta Poli, Donax
sp., Abra nitida (O.F. Muller), Chamelea gallina
(Linne), Gouldia minima (Montagu), Pitar mediterraneus (Aradas & Benoit), Pitar rudis (Poli),
Ruditapes decussatus (Linne), Mysia undata (Pennant), Corbula gibba (Olivi), Lentidium mediterraneum (O.G. Costa), Gastrana fragilis (Linne)
>22 and 23@.

Molluscs. The samples are rich in terms of
molluscan communities (Table 5 and 6). Gastropods:
Gibbula albida (Gmelin), Tricolia pullus (Linne),
Cerithidium submamillatum (De Rayneval & Ponzi),
Bittium latreillii (Payraudeau), Bittium reticulatum
(da Costa), Monophorus perversus (Linne), Epitonium clathrus (Linne), Rissoa auriformis Pallary,
Rissoa splendida Eichwald, Rissoa ventricosa
Desmarest, Setia sp., Pusillina inconspicua (Alder),
Pusillina lineolata (Michaud), Pussilina marginata
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12.90-13.00

12.40-12.50

12.20-12.30

12.10-12.20

11.70-11.80

11.60-11.70

11.50-11.60

11.40-11.50

11.30-11.40

11.20-11.30

11.10-11.20

11.00-11.10

10.90-11.00

10.80-10.90

10.70-10.80

10.50-10.60

12.70-12.80

*
*
*
*

12.60-12.70

Callistocythere intricatoides
Callistocythere pallida
Carinocythereis carinata
Carinocythereis rhombica
Cushmanidea turbida
Cytheridea acuminata
Hiltermannicythere turbida
Hiltermannicythere rubra
Leptocythere bacescoi
Leptocythere bituberculata
Loxoconcha gibberosa
Palmoconcha agilis
Paracytheridea depressa
Pseudocytherura calcarata
Semicytherura sulcata
Urocythereis crenulosa
Xestoleberis depressa

10.40-10.50

Ostracoda

10.30.10.40

Depth (m)

10.20-10.30

10.10-10.20

TABLE 4
Distribution of genus and species of ostracoda.
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*

*

*
*

*

*

*

*

Gastropoda

+
+

+
+
+

+
+

12.10-12.20

12.00-12.10

11.90-12.00

11.80-11.90

12.90-13.00

+
+
+

12.80-12.90

+
+

12.70-12.80

+
+

12.60-12.70

+
+

+
+

12.50-12.60

+
+
+

+

11.70-11.80

11.30-11.40
+

11.60-11.70

11.20-11.30
+

11.50-11.60

11.10-11.20
*
+

11.40-11.50

11.00-11.10

10.70-10.80

10.60-10.70

*
+

12.40-12.50

+
+

+

12.30-12.40

+

+
+

+

12.20-12.30

+

+

10.90-11.00

+

10.50-10.60

+
+

10.40-10.50

+
+

10.30-10.40

*
*

10.20-10.30

*

10.80-10.90

Gibbula albida
Tricolia pullus
Cerithidium
submamillatum
Bittium latreillii
Bittium reticulatum
Monophorus
perversus
Epitonium clathrus
Rissoa auriformis
Rissoa splendida
Rissoa ventricosa
Setia sp.
Pusillina
inconspicua
Pusillina lineolata
Pussilina
marginata
Caecum armoricum
Caecum trachea
Calyptraea
chinensis
Nassarius
incrassatus
Nassarius
pygmaeus
Nassarius
reticulatus
Mangelia costata
Mangelia costulata
Mangelia sp.
Mangelia
unifasciata
Bela brachystoma
Chrysallida sp.
Acteon tornatilis
Retusa minutissima
Retusa obtusa
Cylichnina
crebrisculpta

10.10-10.20

Depth (m)
Mollusca

10.00-10.10

TABLE 5
Distribution of genus and species of mollusc.

+
+

+
+

+
+

+
+

+
+

+
+

+

+
+

+
+

+
+
+

+
+

+
+

+
+

+
+

+
+

+
+

+

+

+
+

+
+

+
+

+
+

+
+
+

+
+

+

+

+

+
+

+

+
+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+
+

+

+

+
+

+

+

+

+

+

+

+
+
+

+
+

+

+

+

+

+

+

+

+

+
+

+

+

+

+

+

+

+
+

+

+

+

+
+

+

+

+

+
+

+
+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+
+

+

were observed to be of similar nature. In terms of the
values of the heavy metals, Pb was the highest in the
range of 11.40 to 11.60 m, As and Hg in the range of
11.60 to 11.80 m, Cu, Ni and Cr in the range of 12.20
to 12.40 m, Co in the range of 12.40 to 12.60 m, and

Geochemical Evaluation of the Sediment
Samples. The μm/g values (Table 7, Figure 4) of all
the elements (Cd, Cu, Pb, Co, Cr, Ni, As and Hg) in
the core sample were very low until 11.00 m. Cu, Co,
Cr, Ni tended to rise after 11.00 m, and Co and Ni
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Cd in the range of 12.80 to 13.00 m. The values of
Fe and Al were parallel to each other until the range
of 11.60 to 11.80 m and the highest in the range of
12.20 to 12.40 m. The value of Fe decreased in the

range of 12.60 to 12.80 m while that of Al increased
and the value of Fe increased in the range of 12.80
to 13.00 m while that of Al decreased (Figure 5).

Bivalvia

12.90-13.00

12.80-12.90

12.70-12.80

+

12.60-12.70

12.30-12.40

+

12.50-12.60

12.20-12.30

+

12.40-12.50

12.10-12.20

12.00-12.10

+

11.90-12.00

+

11.80-11.90

+

11.70-11.80

+
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11.60-11.70
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11.50-11.60

+

11.40-11.50
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11.20-11.30

11.00-11.10

10.90-11.00

10.80-10.90

10.70-10.80

10.60-10.70

10.50-10.60

10.40-10.50
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+

11.10-11.20

Nucula hanleyi
Nuculana pella
Flexopecten
glaber
Ctena decussata
Lucinella
divaricata
Myrtea spinifera
Acanthocardia
paucicostata
Papillicardium
papillosum
Parvicardium
exiguum
Parvicardium
scriptum
Spisula
subtruncata
Tellina distorta
Donax sp.
Abra nitida
Chamelea
gallina
Gouldia minima
Pitar
mediterraneus
Pitar rudis
Ruditapes
decussatus
Mysia undata
Corbula gibba
Lentidium
mediterraneum
Gastrana fragilis

10.20-10.30

Mollusca

10.10-10.20

Depth (m)

10.00-10.10

TABLE 6
Distribution of genus and species of mollusc.
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11,61
10,94
2,42

0,00
9301,
40
10,32
11,65
16,6
3,40
11,76
5757,
70
251,3
0
10,15
12,58
0,00

0,16
19201,
10
17,60
5,40
30,9
7,67
30,70
11511,
30

0,78
18976,
50
29,07
1,29
40,4
10,20
33,98
13358,
50

0,37
20159,
40
30,82
5,14
42,6
9,40
29,33
11930,
10

0,00
23719,
90
30,85
0,00
52,9
10,65
49,48
16563,
70

0,88
23062,
00
27,04
6,19
38
10,75
27,69
11256,
90

0,20
17960,
50
25,70
4,86
30,6
7,60
24,19
11822,
20

1,04
20108,
50
20,22
5,88
26
8,03
23,27
9718,9
0

289,00

286,40

295,90

286,80

297,90

287,60

313,60

27,12
29,71
12,59

32,11
10,40
11,68

30,79
11,17
12,02

38,61
12,51
10,39

31,42
14,47
0,00

25,00
11,25
0,54
6

25,96
16,88
0,00

10- 11

19- 22- 23- 24
13, 18

240,50

12.80-13.00

0,75
0,00
0,00
4

Al

12.60-12.80

11.20-11.40

230,60

0,62
0,00
0,00
3

Cu
Pb
Zn
Co
Cr

12.40-12.60

11.00-11.20

238,50

0,50
0,00
0,00
1-2
7- 812

0,00
9387,
20
11,91
10,83
34,1
2,87
12,76
5592,
70
196,6
0
10,15
10,62
0,00

12.20-12.40

10.80-11.00

158,90

Ni
As
Hg
Massilina secans
Ammonia
parkinsoniana
Elphidium
macellum
Elphidium crispum

0,00
9312,
70
0,00
0,00
20,7
0,00
0,00
6600,
10
215,8
0
0,00
0,00
0,00
5

0,12
10616,
10
11,81
9,63
19
3,42
13,12
6600,5
0

Mn

0,00
8874,
90
0,00
0,00
27
0,00
0,00
6586,
50
188,2
0
0,00
0,00
0,00

12.00-12.20

10.60-10.80

0,00
11884,
70
0,00
0,05
29,8
0,00
0,00
8098,8
0

Fe

11.80-12.00

10.40-10.60

0,00
15358,
10
0,00
0,17
52,8
0,00
0,00
9775,7
0

Cd

11.60-11.80

10.20-10.40

0,00
13476,
90
0,00
0,00
101,3
0,00
0,00
9425,2
0

Depth (cm)

11.40-11.60

10.00-10.20

TABLE 7
Distribution of heavy metals in sediments and tests of foraminifera.
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FIGURE 4
Distribution of heavy metals according to depth in sediments.


































 
 
 
 
 
 



FIGURE 5
Distribution of Fe and Al elements according to depth in sediments.

FIGURE 6-a
Distribution of heavy metals according to depth in sediments with value of average shale (Krauskopf,
1979) >24@ for each one (Zn, Co, Cr and Al).
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FIGURE 6-b
Distribution of heavy metals according to depth in sediments with value of average shale
(Krauskopf, 1979) >24@ for each one (Cd, Fe, Cu and Pb).

FIGURE 6-c
Distribution of heavy metals according to depth in sediments with value of average shale
(Krauskopf, 1979) >24@ for each one (Mn, Ni, As and Hg).

those of Cd, Zn, As and Hg are above the reference
values (Krauskopf 1979). The value of Cd was above
the reference values (Krauskopf 1979) in the range
of 11.80 to 12.20 m and 12.40 to 12.60 m, and the
highest in the range of 12.80 to 13.00 m. The highest
value of Zn was in the range of 10.00 to 10.20 m; Pb:
11.40 to 11.60 m; As and Hg: 11.60 to 11.80 m; Fe,
Cu, Cr, Al and Ni: 12.20 to 12.40 m; Co: 12.40 to
12.60 m; and Cd and Mn: 12.80 to 13.00 m.
The values of Zn (10.00 to 10.20 m), As (11.00
to 13.00 m) and Hg (11.00-11.20, 11.60-12.40 and
12.60-12.80 m) are above the reference values
(Krauskopf, 1979). The values of Pb and Cd showed
a sudden increase in the range of 11.00 to 11.20 m, a

Figure 6 demonstrates that the values of Cu, Cr
and Ni decreased and increased in parallel to each
other. Sudden rise and fall in the values of Zn, Cd,
Pb, As and Hg was observed depending on the depth
while the values of Cu, Al, Mn and Ni increased directly proportional to the depth. The values of Fe, Al,
Mn, Al, Cr, Ni, Co, Cu and Pb were below the reference values in all ranges (Figure 6). The value of Zn
decreases until between 10.00 and 11.20 m while increases in the range of 11.20 to 11.40 m. It tends to
decrease in the range of 11.40 to 11.60 m and increase in the range of 11.60 to 12.40 m and decreases
again in the range of 12.40 to 13.00 m. The values of
Fe, Cu, Pb, Co, Cr, Al, Mn and Ni are below while
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sudden decrease in the range of 12.20 to 12.40 m, a
sudden increase in the range of 12.40 to 12.60 m and
in the range of 12.60 to 12.80 m (Figure 6-a, b and
c). The values of Fe, Cu, Zn, Cr, Al, Ni and Hg
showed a descending trend from the range of 12.20
to 12.40 m until 13.00 m. The values of As and Hg
were the highest in the range of 11.60 to 11.80 m.
The values of Cd and Hg had a similar trend until
11.60 m and was represented by periodical rise and
fall depending on sediment transport and deposition
(Figure 6-a, b and c).

Fresenius Environmental Bulletin

values in the colored tests numbered 15, 17 and 18
were lower than that in the colorless test, were higher
in the colored tests numbered 14 and 16 than in the
colorless test. Si value was the highest in the colored
tests numbered 14, 15 and 18 while low in the
colorless test and similar in the colored tests
numbered 16 and 17 (Figure 7 C).
Na, Al and Si values in the abnormal and
colored tests of Elphidium macellum were high. Mg
values in the colorless and the colored test numbered
21 were close to each other and low. K value in the
colored test numbered 24 was higher than it was in
the colorless test and Ca value in the colored test
numbered 23 was higher than it was in the colorless
test. However, Fe values in the colored tests
numbered 22, 23 and 24 were higher than those in
the colorless test. They were much lower in the
colored test numbered 21 than those in the colored
and colorless tests, and no Fe was detected in the
abnormal test (Figure 7 D).

Evaluation of the Microprobe analysis of the
Benthic Foraminifera tests. The values of Na and
Ca in the colorless tests of Massilina secans were
higher than those in the colored tests and Al and Si
values in the colored tests numbered 4 were high
while Mg and Ca in the colored tests numbered 6
were high. The values of Mg and Ca elements in the
colorless test and colored test numbered 6 were
similar to each other. Fe and K, on the other hand,
was detected only in the colored test numbered 4
(Figure 7 A).
Only Ca value was high in the colorless test of
Ammonia parkinsoniana. Fe and K, on the other
hand, was detected only in the colored test numbered
12. Na, Mg, Al and Si values were low in the
colorless test while high in the colored test numbered
9 (Figure 7 B).
Ca value in the colorless test of Elphidium
crispum was higher than those in the colored tests.
Fe, K and Al values were low in the colorless test.
Na value in the colored tests numbered 14, 15, 16
and 17 were lower than that in the colorless test and
was the highest in the colored test numbered 18. Mg

RESULTS
Investigation of the foraminifera community of
the samples collected from the drill core in the length
of 3.00 m obtained from the drilling carried out in
the water depth of 10.00 m in the northwest of Bayramoglu indicates that the color black is widely dominant in the benthic foraminifera and coloration and
deformation are observed due to heavy metals pollution caused by Dil Stream. The same situation is also
observed in some gastropod and vermes shells and
crab extremities.

FIGURE 7
Distribution of microprobe analysis results in some benthic foraminifer tests
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[5] Uncumusaoglu A.A., Sengul U. and Akkan T.,
(2016) Environmental Contamination of Heavy
Metals in The Yaglidere Stream (Giresun),
Southeastern Black Sea. Fresen. Environ. Bull.,
25(12), 5492-5498.
[6] Kacar A., Kocyigit A. and Uluturhan E. (2016)
Concentration of Heavy Metals and
,QYHVWÕJDWÕRQ RI %DFWHULal Toxic Metal
5HVÕVWDQFH RLQ &RVWDO &LW\ 6HGLments (Eastern
Aegean Sea). Fresen. Environ. Bull., 25(1), 5566.
[7] Klakovic±Gaspic, Z., Ozak, N., Ujevic, I.,
Zvonaric, T. and Baric, A. (2006)
Biomonitoring of trace metals (Cu, Cd, Cr, Hg,
Pb, Zn) in the Eastern Adriatic using the
Mediterranean blue mussel (2001-2005).
Fresen. Environ. Bull., 15(9a),1041-1048.
[8] Babin, C. (1980) Elements of Palaeontology.
John Wiley and Sons. Chichester. 446s. ISBN 0
471 27577 8 (56 Bab).
[9] Bignot,
G.
(1985)
Elements
of
micropaleontology. London: Graham and
Trotman Ltd., 217 s.
[10] Meric, E., Yanko, V. and Avsar, N. (1995) Izmit
Korfezi
(Hersek
Burnu-Kaba
Burun)
Kuvaterner istifinin foraminifer faunasi. Izmit
Korfezi Kuvaterner istifi (ed. E. Meric), 105151, Istanbul.
[11] Meric, E., Kerey, I. E., Avsar, N., Nazik, A.
(1998) Dilovasi (Gebze-Kocaeli) Kuvaterner
istifi. C. U. Yerbilimleri (Geosound), 32, 199218, Adana.
[12] Van Morkhoven, F.P.C.M. (1963) Postpalaeozoic Ostracoda. Their Morphology,
Taxonomy, and Economic Use. ± Vol. II,
Generic Descriptions, Amsterdam ± London ±
New York, Elsevier Publishing Company, 1478.
[13] Hartmann, G. and Puri, S.H. (1974) Summary of
neontological and paleontotogical classification
of ostracoda, Mitteilungen aus dem Zoologischen Staatsinstitut und Zoologischem
Museum in Hamburg, Band, 70, 7-73.
[14] Bonaduce, G. Ciampo, G. and Masoli, M.
(1975) Distribution of ostracoda in the Adriatic
Sea. Pubblicazioni della Stazione Zoologica di
Napoli 40 (Suppl.), 1±304.
[15] Breman, E. (1975) The Distribution of
Ostracodes in the Bottom Sediments of The
Adriatic Sea. Vrije Universiteit te Amsterdam,
Krips Repro, Meppel, 1-165.
[16] Yassini, I. (1979) The littoral system ostracodes
from the bay of Bou-Ismail, Algiers, Algeria,
National Iranian Oil Company. Revista
Espanola de Micropaleontologia XI, 353-416.
[17] Guillaume, M.C., Peypouquet, J.P. and Tetart, J.
(1985) Quaternaire et actuel. Atlas des
Ostracodes de France. H.J. Oertli (Ed.). Bulletin
Research Centers Exploration Proceeding ElfAquitaine. Memoire 9, 337-377.

A study on samples collected from 6 drillings
carried out in the area of Colakoglu Metallurgy
Factory located in the west of Dil Stream reports a
rich foraminifera community >11@. No individual
with morphological abnormalities and coloration
was found during this study >11@. Therefore, abnormalities such as coloration and deformation was
observed in the range of 10.10 to 11.70 m. These
abnormalities were numerically abundant especially
in the range of 10.10 to10.40 m in Bayramoglu
drilling core samples of benthic foraminifera
community which can be considered poor in terms
of diversity. The results of geochemical analyses of
the sediment and the tests reveal that no Fe is present
in the Ammonia parkinsoniana colored test in the
core depth (12.20-12.40 cm) where Fe and Al values
are the highest and that Al value is the highest. Si,
Al, Fe and K values in the Elphidium crispum
colored tests increase and decrease in parallel to each
other. In conclusion, it is becoming more and more
reasonable that the heavy metals brought by flows
from Dil Stream to this area causes environmental
pollution in Bayramoglu coasts (Figure 3).
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BIOACTIVITY OF SIX ACETONE PLANT EXTRACTS
AGAINST THE GREEN PEACH APHID MYZUS PERSICAE
SULZER (HOMOPTERA: APHIDIDAE)
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Biopesticides have gained more attention, especially
chemicals from plant origin which negatively affect
the pests. These botanical products could be used as
essential oils, extracts, or pure allelochemicals [2].
Botanical insecticides have many advantages
over the synthetic ones, such as safety to the environment (non persistent), as some of them are volatile,
composed of many constituents lowering the
possibility of the development of resistance, and
have many modes of action [3]. Wide range of
chemicals for defense against colonization by insects
and other herbivores can be synthesized by plants
[2]. Over the years, six thousands plant species have
been screened and more than 2500 plant species
belonging to 235 families possessed biological
activity against various categories of pests [4]. Some
plant extracts are considered toxic to aphids [5].
Different types of secondary metabolites produced
by plants which are believed to be the core in the
natural plant defense, such as monoterpenes,
sesquiterpene, lactons and triterpenes have been
already commercialized [6]. Some plant derived
products such as those in Azadirachta indica (Neem)
could be used to control a wide range of pests. The
Indian Neem tree oil extract has an insecticidal and
miticidal effect and also could be used in the
management of the plant pathogens [3].
Myzus persicae (Sulzer) (Homoptera: Aphididae:) the green peach aphid, (GPA)is a cosmopolitan
species of economic importance, an extremely
polyphagous, an efficient vector of plant viruses, and
transmitting more than 100 plant viruses. It has a
wide range of genetic variations either in color, life
cycle, in host-plant relationships or methods of resistance to insecticides [7]. The GPA has a striking
capacity for rapid adaptation to insecticides, and
developing resistance to many active compounds, as
it has high reproductive rate and short generation
time [8].
Resistance in GPA has been reported to 74
insecticides from various chemical groups as organochlorines, organophosphates, carbamates, neonicotinoids, and pyrethroids [9]. In Jordan, the green
peach aphid has developed resistance to the
commonly used insecticides from organophosphates
and carbamates, particularly, in Jerash district and

ABSTRACT
A study was carried out to test the aphicidal
activity of the acetone leaf extracts of six plant species of the most widely spread plants in Jordan. SPSS
20 program was used to calculate LC50 and LC90
for these extract plants and Completely Randomized
Design (CRD) experiment was carried out to test
these six plant species against the green peach aphid
(GPA) Myzus persicae. GPA was maintained in two
cultures, in the Lab and in the green house for ten
generations to get a susceptible population before
conducting the bioassay. Acetone leaf extracts were
obtained by soaking method and then concentrated
and dried. Dipping bioassay method was used. Results were significantly different in the toxicity
assessment and in the CRD experiment. The LC50
for the leaf extract of Ricinus communis was the lowest (1038 ppm) and for Robinia pseudoacacia was
the second most toxic plant extract (1093 ppm) after
24 hours, while Lantana camara acetone leaf extract
was the least toxic (7433 ppm). CRD experiment
showed that Ricinus communis had 77.68% mortality rates followed by Robinia pseudoacacia which
had 77.62%, respectively and were not significantly
different. On the other hand Solanum nigrum caused
the least mortality rate 43.6%, compared to the negative control and the positive control (Cypermethrin)
which caused 1.78% and 93.32% mortality rates after 24 hours, respectively.

KEYWORDS:
Toxicity, Plant extract, Acetone, Green peach aphid

INTRODUCTION
World population is expected to increase to 9.8
billion people by 2050 from 7.3 billion people in
2015 [1]. This demographic increase requires demand on food and intensification of agriculture. This
is accompanied with outbreaks in insect, diseases
and weeds pests. Chemical pesticides have made
great contributions to plant protection, but have also
raised a number of ecological and medical problems.
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GPA was confirmed by Prof Tawfiq Al Antary. GPA
glass slides were prepared according to Blackman
and Eastop [15]. When the plants became heavily
infested with GPA, they were used to infest other
sweet pepper plants in the aluminum cages by using
small paint brush. The GPA was reared for ten
generations before being used in the bioassay to gain
susceptible population in the greenhouse, which had
25-35 ɨC with 40-60% relative humidity (RH).
A second GPA culture was established and
maintained under laboratory conditions. Six wooden
cages (60x60x100) cm covered with fine screen
mesh on all the sides were used. The sliding side of
the wooden cage had a sliding movable glass door.
The growth laboratory conditions were 25±1 ɨC, 3560 RH and 16:8 hours (L: D) photoperiod regime by
using fluorescent light with 4000 lux for 16 hours
lighting period. New plants were provided as needed
from the greenhouse for the two cultures. Also, the
pepper plants were regularly irrigated and weekly
fertilized with 20:20:20 NPK water soluble fertilizer.
Infested plants from the greenhouse were transferred
to the laboratory growth chamber and reared in the
wooden cages to be used in the bioassay.

Jordan Valley regions [10]. Therefore, new pest
management strategies should be considered, i.e. the
biological control, use of pheromones, and plant
derived products. Insecticidal activity of different
extracts of Rhamnus dispermus against Pterochloroides persicae, peach trunk aphid was investigated using hexane, chloroform, acetone, and ethanol, at three concentrations. Acetone and ethanol extracts revealed higher mortality 69% and 71%,
respectively at the higher concentration of 10.000
ppm compared with hexane and chloroform [11].
Madanat, et.al. [12] evaluated the ethanol extracts of
six plant species of mostly wide spread plant in Jordan against GPA and found that Ricinus communis
and Robinia pseudoacacia had 553 ppm and 1150
ppm LC50, also 58.6% and 76.46% mortality rates
in the CRD experiment. Pavela et. al., [13], evaluated three Impatiens species, on GPA, Myzus persicae and found that the most effective extract was I.
parviflora with insecticidal activity of 99.7% and
90% mortality rates at concentrations of 0.5% and
0.1%, respectively, followed by I. glandulifera and
I. nolitangere that caused 75%, 82.5% and 70%, and
67.5% for the 0.5% and 0.1% concentrations, respectively. It was found that the presence of the caffeic
acid and high flavone content of the I. parviflora
might be the reason for mortality of aphids after the
extract analysis by HPLC.

Host Plant Rearing. The host which was the
sweet pepper of the Super Lamuyo variety was
continuously produced for the aphid colony
establishment in the greenhouse where a stock
culture of GPA was established. The aphid was
reared on sweet pepper plant during the study for ten
generations before using GPA in the bioassay; to get
susceptible populations of GPA [14]. Plants with 78 leaves were transferred into plastic pots (15-20 cm
in diameter). Each pot contained a mixture of 1/3
soil, 1/3 Peat-moss and 1/3 Perlite.
The plants were irrigated, and fertilized weekly
using NPK 20:20:20 water soluble fertilizer. Topsin
M 70% fungicide (thiophanate-methyl) was used
after planting to prevent wilt diseases. The plant pots
were placed in twelve aluminum cages. Each cage
was with dimensions of (60x60x60) cm and with
special mesh, to keep them free from insect
infestation. From 8-10 sweet pepper pots were used
per cage. The doors of the greenhouse were tightly
closed by organza.

Plant Material Collection. From the
beginning of April until the end of June in 2014,
plants which might have potentially toxic materials
to GPA were collected [16]. Robinia pseudoacacia
L. (Black locust) Fabaceae,and Dittrichia (Inula)
viscosa L. (Stinkwort) Asteraceae were collected
from Alwasiah area in the uplands of Karak.
Whereas Ricinus communis Linn. (Caster bean)
Euphorbiaceae, Solanum nigrum L. (Black
nightshade) Solanaceae, and Nerium oleander Mill.
(Oleander) Apocynaceae were collected from Ghor
Al Safi region, while Lantana camara (Wild sage)
L. verbenaceae was collected from Potash Company
Garden in southern Jordan valley.
The plant leaves were dried on the benches at
the Field Crops Laboratory under room temperature
for several days until the leaves became dry to be
easily pulverized. The leaves were finely ground
using Thomas Wiley laboratory mill found in Rabba
Center for Agricultural Research and Extension
(NCARE) (Karak). The powdered plants were
weighed and kept in plastic bags until used. Inula
viscosa was confirmed by Prof. Barakat Abu
Rmaileh Prof. of Weed Science at Plant Protection
Department of the University of Jordan. The other
plants were well known by public but confirmed by
using the following reference edited by Burrows and
Tyrl [16].

Green Peach Aphids Cultures. Infested
leaves of the sweet pepper with GPA, were brought
from Ghor Al Safi region. These leaves were used to
infest sweet pepper plants under greenhouse
conditions in Rabba Center for Agricultural Research and Extension (NCARE) in March, 2014. The

Plant Extracts Preparation. The powdered
plants under investigation were weighed as 150g for
each. These were placed in cotton bags. These bags
were tightly closed and soaked in 375ml of the
solvent in glass jars. The jars were tightly closed to
prevent evaporation of the solvent and kept in a dark

MATERIALS AND METHODS

3341

© by PSP

Volume 26 ± No. 5/2017 pages 3340-3349

Fresenius Environmental Bulletin


count the alive GPA and a black one to count the
dead GPA. Special tables were used for data
recording.

place for five days. The used organic solvents were
acetone 99.5%, American Chemical Society (ACS)
from (Fluka) of analytical grade, (AG). After five
days of soaking, the cotton bags were squeezed to
get the rest of the extract, and then filtered by using
filter paper 7.0 cm and a vacuum pump. The rotary
evaporator was used to concentrate each extract;
then dried under the fume hood in Petri dishes of 15
cm in diameter. After drying, they were weighed and
sealed with aluminum foil paper and kept in the
refrigerator until used in the experiments. The stock
solutions were prepared as needed by dissolving
certain weight of each extract in certain volume of
acetone (solvent) until it dissolved nearly completely
[17], the average concentration of each plant extract
was estimated as shown in Table 1. Four to five
concentrations were prepared by diluting certain
volume of stock solution with distilled water (Table
2). Three replicates for each concentration were used
in order to conduct toxicity tests to calculate LC50
and LC90 for each plant extract [18].

(2) Experimental design for evaluation of the
toxicity of plant extracts. CRD design was used for
the eight treatments, the same six plant species were
evaluated, in addition to the positive control
(cypermethrin insecticide from, the pyrethroids) and
the negative control which was acetone diluted as the
used concentration of the stock solution. For each
treatment, there were five replicates. There were at
least 20 apterous aphids (excluding the first, second
nymphal and allate stages). Preliminary work was
conducted to determine the proper concentrations
that were used. The concentrations used were
obtained by 35% dilution of the stock solution.
Sweet pepper leaf disks were dipped for 10 seconds
in the prepared solutions. The excess solution was
taken off by placing the leaf disks on a piece of tissue
paper, and then was placed in a 5.5cm Petri dish with
moistened cotton. These were then left to dry and
then covered by the Petri dish lid, with four small
holes that were made by using hot needle. The dishes
were placed under 16:8 L:D, 25ɨC, and 35-50 RH%
conditions. Assessment was carried out under the
binocular microscope. Those aphids that were with
lack of antennal and leg movement were considered
dead. The mortality percentages were determined
after 24, 48, and 72 hours after treatments and were
reported in special tables. The two counters were
used for assessment. MSTAT C version 2.1
(Michigan State University) was used for statistical
analysis. The positive control was cypermethrin
insecticide that was used as recommended by the
manufacturer. The negative control was acetone that
was used in 35% concentration.

TABLE 1
Stock solution concentrations of each plant
extract that were used in the toxicity assessment.
Plant
R. communis
S. nigrum
N. oleander
R. pseudoacacia
L. camara
I. viscose

Acetone extract
used(mg/ml)
3.75
4.84
13.75
5.33
20.0
12.31

Bioassay Procedures (1) Plant extracts
toxicity assessment. For each concentration, at least
20 apterous aphids per replicate were used by dipping sweet pepper GPA infested leaf disk for 10
seconds in 20 ml of the prepared solution. The excess
solution was taken off by placing it on muslin, then
the leaves disks were placed in 5.5 cm Petri dishes
with moist cotton, and were left to dry. After that the
Petri dishes were covered with lids in which four
holes were made for ventilation, These dishes were
placed under lab conditions under 16:8 L:D period,
25±1 ɨC , and 35-65% relative humidity RH [19].
The number of dead aphids were counted and the
percentage mortality was calculated after 24 hours.
The highest concentration gave less than 100%
mortality down to 80%, and the lowest concentration
gave more than 20% mortality, while the control
gave 5% or less mortality rate. Assessment was
carried out under dissecting binocular microscope
based on the lack of the antennal and legs movement
tested by touch with fine brush; for the dead aphids.
Third and forth nymphal instars stages were only
counted. Two counters were used, a silver one to

TABLE 2
Prepared concentrations from stock solutions of
the used plant extracts.
Plant species
R. communis
S. nigrum
N. oleander
R. pseudoacacia
L. camara
I. viscose

Acetone extract
concentration (ppm)
1120
1591
4813
1867
7000
4577

RESULTS
Toxicity of the Acetone Plant Extracts.
Parameters of Probit analysis are shown in Tables 3
and 4, for the acetone plant extracts. These
parameters of toxicity are: slope and its standard
error and 95% confidence limits (CL) for the
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FRQFHQWUDWLRQV XVHG3HDUVRQ¶V&KL-square test was
used to determine the fit of the statistical model [20]
for all plant extracts. The calculated chi-square (X2)
value was less than the X2 tabulated at the
corresponding degree of freedom (df) and at 0.05
probability level; which means that there was
goodness of fit at that probability level. Table 3
shows the comparative toxicities for the acetone
plant extracts; where the R. communis and R.
pseudoacacia had LC50 1038 ppm and 1093 ppm
respectively; and were not significantly different
from one another (CL 95% over-lapped). S. nigrum,
N. oleander, I. viscosa and L. camara had LC50
values of 1424, 4140, 4582, and 7433 ppm

respectively; and were significantly different (CL.
GLGQ¶WRYHUODS 
Slope of regression lines for the tested acetone
plant extracts were 5.38, 4.05, 5.64, 2.11, 6.58 and
7.17 for the R. communis, R. pseudoacacia, S.
nigrum, N. oleander, I. viscosa, and L. camara,
respectively. The calculated X2 values were less than
tabulated X2 at the corresponding df (10) and 5%
probability level. From the toxicological data shown
in Table 4 R. communis had the lowest LC90 of 1797
ppm followed by R. pseudoacacia of 2267 ppm and
S. nigrum of 2402 ppm and they were not
significantly different (CL 95% overlapped).

TABLE 3
Comparative toxicities of the acetone extract LC50 against green peach aphid under laboratory conditions
after 24 hours of treatment.
Plant (Species)
Ricinus communis
Solanum nigrum
Neruim oleander
Robinia pseudoacacia
Lantana camara
Inula viscosa

LC50* PPM
1038a
1424b
4140c
1093a
7433e
4582d

95% CL**
985-1087
1367-1481
3973-4298
993-1186
7100-7769
4367-4806

L.E.P.R***
-16.23+5.38X
-17.79+5.64X
-26.16+7.23X
-12.30+4.05X
-27.77+7.17X
-24.08+6.58X

Slope ± SE
5.38 ± 0.5
5.64 ±0.41
2.11 ± 0.58
4.05 ±0.431
7.17 ± 0.88
6.58 ± 0.69

df****
10
10
10
10
10
10

Chi-Square
4.14
12.64
11.60
14.52
13.60
12.93

*LC50 values that have different letters are significantly different (95% of CL aren't overlapping).
** 95% Confidence limit for LC50 ppm.
*** L.E.P.R line estimated by probit regression.
**** Degrees of freedom.
TABLE 4
Comparative toxicities of the acetone extract LC90 against green peach aphid under laboratory conditions
after 24 hours of treatment.
Plant (Species)
Ricinus communis
Solanum nigrum
Neruim oleander
Robinia pseudoacacia
Lantana camara
Inula viscosa

LC90* PPM
1797a
2402b
6226c
2267b
11215d
7176 c

95% CL**
1660-2004
2241-2627
5883-6699
2006-2698
10282-12851
6578-8143

L.E.P.R***
-16.23+5.38X
-17.79+5.64X
-26.16+7.23X
-12.30+4.05X
-27.77+7.17X
-24.08+6.58X

Slope ± SE
5.38 ± 0.5
5.64 ±0.41
2.11 ± 0.58
4.05 ±0.431
7.17 ± 0.88
6.58 ± 0.69

df****
10
10
10
10
10
10

Chi-Square
4.14
12.64
11.60
14.52
13.60
12.93

*LC90 values that have different letters are significantly different (95% of CL aren't overlapping).
** 95% Confidence limit for LC50 ppm.
*** L.E.P.R line estimated by probit regression.
**** Degrees of freedom.
TABLE 5
Mortality rates of the green peach aphid caused by the acetone plant extracts.
Plant (Species)
Time
Ricinus communis
Solanum nigrum
Neruim oleander
Robinia pseudoacacia
Lantana camara
Inula viscose
Cypermethrin
Control

After 24 hours
77.68±3.76 B
43.60±6.27 D
58.72±8.15 C
77.62±4.35 B
69.32±4.50 BC
62.76±5.52 C
93.32±0.798 A
1.78±1.07 E

Average mortality ± S E *
After 48 hours
84.88±2.03 AB
64.36±9.8 C
66.72±6.44 C
83.44±4.23 AB
76.34±4.30 BC
63.18±4.39 C
94.12±0.61 A
4.62±2.01 D

After 72 hours
85.8±1.87 AB
73.88±10.18 BC
73.6±4.96 BC
83.74±4.01 AB
79.8±4.83 B
65.46±3.91 C
95.68±0.80 A
6.8±2.24 D

*Means in each column sharing the same letters don't differ significantly using LSD test at 5% level.
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control, R. communis and R. pseudoacacia caused
95.68%, 85.8%, and 83.74%, respectively, while L.
camara, S. nigrum, N. oleander caused
79.8%,73.88%, and 73.6% mortality rates. I. viscosa
showed 65.46% mortality rate and the negative control had 6.8% mortality rate.
The X2 values with the corresponding degrees
of freedom were also shown in Tables 3 and 4. The
X2values for each extract were less than that of the
tabulated X2 at the corresponding df and 5%
probability. Bioassay mortalities were plotted
against the concentrations that were tested to get log
dosage-probit mortality curves as illustrated in
Figures1-6.

N. oleander and I. viscosa had LC90 of 6226
ppm and 7176 ppm respectively and were not significantly different (CL 95% overlapped). While L.
camara had the highest LC90 of 11215 ppm. The
slopes of the regression lines for the tested acetone
plant extracts were 5.38, 4.05, 5.64, 2.11, 6.58, and
7.17 for R. communis, R. pseudoacacia, S. nigrum,
N. oleander, I. viscosa and L. camara, respectively.
Mortality Rates Evaluation of The Acetone
Plant Extracts. Mortality rates results are illustrated
in Table 5 that were caused by the acetone plant extracts after 24, 48 and 72 hours. Cypermethrin was
the positive control which caused 93.3% mortality
rate followed by R. communis,R. pseudoacacia and
L. camara which caused 77.68%, 77.62%, and
69.32% mortality rates, respectively they were not
significantly different. I. viscosa, and N. oleander
which caused 62.76% and 58.72% mortality rates
did not differ significantly, while S. nigrum had
43.8% mortality rate. Whereas the negative control
caused 1.78% mortality rate that differed significantly from the other treatments. Table 5 also shows
the results after 48 hours of treatments, Cypermethrin (the positive control), R. communis and R.
pseudoacacia caused 94.12%, 84.88%, and 83.44%
mortality rates and according to the LSD test no
significant difference among them was observed. L.
camara, N. oleander, S. nigrum and I. viscosa caused
76.34%, 66.72%, 64.36% and 63.18%, respectively,
whereas the negative control caused 4.62% mortality. Also, an increase in the mortality rates was observed in the acetone extract through 48 hours. Table
5 also illustrates results after 72 hours, the positive

DISCUSSION
Toxicity of The Acetone Plant Extracts To
Green Peach Aphid.Direct comparisons of the
aphicidal activity of the plant extracts are not possible as no other study on the six plant species has
evaluated the relationship between the extract
concentrations and mortality percents of GPA. This
study tested the aphicidal activity for the six plant
species against GPA using acetone as solvent system. The efficacy of the acetone plant extract was
measured by the contact toxicity on GPA. The GPA
LV D SLHUFLQJ VXFNLQJ LQVHFW ZKLFK FRXOGQ¶W EH DIfected by stomach insecticides unless the insecticides are systemic [21].

FIGURE 1
Log dosage mortality line for acetone extract of R.
communis against the green peach aphid by using
dipping method.

FIGURE 2
Log dosage mortality line for acetone extract of S.
nigrumagainst the green peach aphid by using
dipping method
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FIGURE 3
Log dosage mortality line for acetone extract of N.
oleander against the green peach aphid by using
dipping method

FIGURE 4
Log dosage mortality line for acetone extract of R.
pseudoacaciaagainst the green peach aphid by
using dipping method

FIGURE 5
Log dosage mortality line for acetone extract of L.
camaraagainst the green peach aphid by using
dipping method

FIGURE 6
Log dosage mortality line for acetone extract of I.
viscosa against the green peach aphid by using
dipping method

that the trend of the ethanolic extract of the same
plant species was 553 ppm,1150 ppm, 1371 ppm
3792 ppm, 5615 ppm, and 6660 ppm for R. communis, R. pseudoacacia, S. nigrum, I. viscosa, N.
oleander and L. camara respectively after 24 hours
almost under the experimental conditions; nearly the
same trend found in this study. Ramos-Lopez et.al.
[23] found that the caster oil and ricinine were active
ingredients of the R. communis that affected Spodoptera frugiperda. It was found that seed extract exhibited better insecticidal activity than leaf extracts. The
half maximum larvae viability concentrations
(LVC50) were 380 ppm for ricinine, 483 ppm for

R. communis and R. pseudoacacia are considered the most toxic to GPA as it had the lowest LC50
and LC90 after 24 hours (Tables 3 and 4). R.
communis has been widely studied; as it has the toxic
principle including the alkaloid ricinine and the protein lectin called ricin within the seeds that has been
used in cancer therapy [22]. Also, R. communis
(Euphorbiaceae) caster bean has been used to control
insect pests in several crops [23]. Olaifa et.al. [22]
demonstrated that the GPA died within 8-24 hours
after feeding on the caster bean. TLC separation and
high performance liquid chromatography analysis
revealed the presence of ricinine in GPA that were
fed on the caster bean only. Madanat et.al. [12] found
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respectively. The high mortality in this study
compared to results obtained against the milkweed
bug might be due to the smaller size of the GPA than
the milkweed bug and may be due to the bioassay
application method which was topical application on
the dorsum of the prothorax only.
Korczynski and Kuzminski [27] studied the
antifeedent activity of methanolic leaf extract for 24
plants against the pine weevil, Hylobius abietis
(Coleoptera:Curculionidae) and found that a statistically significant reduction in the size of damage that
was recorded on pine twigs treated with leaf methanolic extract of 8 plants screened. The strongest
antifeedent activity was leaf methanolic extract of
Lupinus polyphyllus, then R. pseudoacacia which
had 25.2±5.2 mm2 (wood area) compared to the control 131.2±10.97 mm2 and then Convallaria majalis.
These reports confirmed the toxicity of the R.
pseudoacacia against GPA in the present study.
As the aim of this study was to use naturally
occurring aphicides compounds which were extracted from indigenous plant species; showing
promising results of toxicity. R. communis and R.
pseudoacacia leaves extracts in ethanol and acetone
had excellent efficacy in increasing GPA mortality.
There were other reports that might confirm the toxicity of some of these plants against insects. ObengOfori and Freeman [28] reported that water and acetone ground leaves extracts of R. commuins which
were topically applied had 100%, 96% and 100%
mortality rates for both Sitophilus oryzae (L.)
(Coleoptera: Curculionidae) and Triboluim castaneum (Herbst) (Coleptera: Tenebrionidae) while S.
nigrum had 40% and 36% and 70% and 63% mortality respectively after 48 h.
These results also confirmed the toxicity of the
tested plants R. commuins and S. nigrum in this
study. S. nigrum contains solanine and solasodine
might be the direct reason of killing the insects [29].
Solanine forms 95% of the total alkaloid concentration present in the plant and was considered one of
the major defenses compounds; as it is toxic even in
small amounts and its function and activity has been
extensively studied [30]. It was also found from the
experiments conducted in this study, that the mortality caused by these plants extracts was dose dependent, and also the mortality increased with time after
24, 48, and 72 hours. Alexenizer and Dorn [26]
found that I. viscosa was screened out of 121 plant
extracts and was found to cause 15% and 5% mortality against the last nymphal instar of the milkweed
bug for the flower and roots extracts and 10%
mortality against adults for the leaf and shoots
extracts, respectively, against the milkweed bug.
Both milkweed bug and GPA have sucking piercing
mouth parts and the contact mode of action was more
effective against the GPA; it was 37.2% for the
ethanol [12] and 62.3% for acetone, extracts of I.
viscosa in this study as a result of the smaller size of
the GPA thus, higher mortality percent was observed

methanol leaves extract. In addition to the seeds; ricinine is also present in the leaves [24]. RamosLopez et.al. [23] suggested that ricinine is the compound responsible for the high activity 483 ppm
(LVC50) in the MeOH leaves extract. Therefore, the
same might be applied for the acetone extract in this
study as ricinine was responsible for the aphicidal
activity.
Upanasi et.al. [24] isolated flavonoids and
showed the potential insecticidal, ovicidal, oviposition and deterrent activities of flavonoids against
Callosobruchus chinensis (Coleoptera: Bruchidae).
Flavonoids were reported as a major class of
phytochemicals constituting 5-10% of the known
secondary metabolites in plants for defense mechanism exerting toxic effects on insects. Water leaves
extracts of R. communis caused 73% mortality rates,
methanol leaves extract caused 100% mortality rate,
and petroleum ether which is a non polar solvent
caused 46% mortality rates. Quercetin was the major
flavonoid present in the leaf extract by using both
HPTLC and HPLC. Rawi et.al. [25] illustrated that
caster bean ethanol extract had the greatest larvicidal
activity against the larvae of cotton leaf worm. This
was probably due to the presence of the alkaloid ricinine and the ricin protein which are toxic substances. All these finding results might be parallel to
the results obtained in this study and these results
confirm the toxicity of the R. communis in the acetone solvent system.
There were many reports that showed and confirmed the results of this study. Madanat et al. [12]
also found that the mortality rates in CRD experiment of the ethanolic extract were 76.5%, 58.6%,
55.4% 37.2%, 28.5, 25.2% for R. pseudoacacia, R.
communis, L. camara, I. viscosa, S. nigrum, and N.
oleander respectively compared to the controls that
had 90.8% and 3.2% receptively for the cypermethrin and the negative control after 24 hours nearly
under the same experimental conditions of this study
and mortality increased over time for 72 hours.
Alexenizer and Dorn [26] screened 121 medicinal
and ornamental plants for the insecticidal and growth
regulation activity against the milkweed bug,
Oncopeltus fasciatus (Hemeiptera: Lygaeidae)
excluding L. camara and N. oleander. The other four
plant species were included. The most pronounced
effect was for the extract of the Rumex crispus which
caused 50% mortality during adult molting; while
the leaves extract of R. pseudoacacia had 35%
mortality. On the other hand, R. communis leaves extract caused only 10% mortality rate and S. nigrum
caused only 5% mortality whereas, I. viscosa had
10% mortality. The extracts were topically applied
and acetone and methanol were used for the extraction in 2:1 (v/v) ratio. However, comparing these results with CRD evaluation (Tables 5) for acetone
leaves extracts for R. pseudoacacia which was
76.62% mortality rates of GPA after 24 hours and
that for R communis were 77.68% after 24 h,
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system, neuronal and reproductive systems of An.
stephnsi which might be the reason to show refusal
to take the food even though it was in starved
conditions, restless movement and delayed egg laying. El-Shazly et.al. [36] also conducted bioassay
guided fractionation of an ethanolic leaf extract of N
oleander against the western-banded blow fly,
Chrysomya albiceps (Diptera: Calliphoridae) and
isolated the cardiotonic glycoside neriifolin from the
insecticidal active fraction. The previous reports
illustrated the insecticidal activity of the N. oleander
for different insect species. These reports were in
agreement with the N. oleander leaf extract results in
this study. N. oleander also had significant activity
against GPA. However, these reports confirmed
what has been found in this investigation.
Concerning the L. camara which had the
highest LC50 and LC90 after 24 hours after
treatments as illustrated in Tables 3 and 4. Several
studies have been conducted on L. camara showed
that it has insecticidal activity. Chandel et.al. [18]
tested eight plant species under lab. and field
conditions. They found that L. camara at 2% (20,000
ppm) concentration extract gave 79.4% mortality of
the cabbage aphid Brevicorne brassicae
(Homoptera: Aphididae) after 72 hours in the field.
Deshmukhe et.al. [37] tested a crude aqueous extract
from leaves of L. camara (L.) for the insecticidal
activity on the fourth larval instar of the Spodoptera
litura (F.) (Lepidoptera:Noctuidae) under laboratory
conditions. Maximum total percent mortality of
96.66% and 66.6% which was recorded at the larval;
pupal intermediate stage at 40% (400,000 ppm)
concentration in topical treatment method which
indicated the direct insecticidal action of the plant
extract. All these effects of the crude aqueous extract
of L. camara leaves might be due to the active toxic
group like lantadine present in the leaves. These
reports were in agreement with what has been found
that L. camara had significant effect on GPA.

and may be also due to method of application of
bioassay which was topical application. Mamoci
et.al. [31] found that Dettricihia viscosa and Ferula
communis had biological activates against
Spodoptera lituralis and M. persicae (GPA) and
aphid antifeedant action being the most important
biological activity. They found that bioassay guided
fractionation research for aphid antifeedant compounds resulted in the isolation of two sesquiterpene
lactones tomentosin and inuviscolide and extracts
rich with tomentosin from D. viscosa were more
active than ferulenal rich extract from F. communis.
Katerinopoulos et.al. [32] isolated the sesquiterpene
acid from D. viscosa as it has allelopathic activity
against phytopathogeneic fungi, acari, and some
plants by using bioassay guided fractionation via
gradient flash chromatography against Varroa
destructor. They used costic acid in the preparation
of the acaricidal product against this pest. All these
reports explain the aphicidal activity results of I.
viscosa (D. viscosa) in this study and confirmed its
allelopathic effect against GPA.
Concerning N. oleander acetone leaf extracts,
Bagari et.al. [33] reported the toxic effect of N.
oleander leaves which was used as a stable food on
the development, food intake and mortality of the
fourth nymphal instar larvae of the desert locust under laboratory conditions. They found that N. oleander fed nymphs cumulative mortality rate was over
50% in the 4th day and the total mortality was recorded at 12th day. They found that no nymphs fed
with N. oleander molted during the experimental period, compared to the control larvae fed on Brassica
oleracea which carried out their normal development. The repellent effect and reduced assimilation
of
N. oleander could be due to secondary
compounds contained in the leaves which played an
important role in affecting the development of the
desert locust also food intake by the nymphs fed on
N. oleander was very low compared to the amount
observed in the control. Rathi and Al-Zubaidi [34]
conducted lab. bioassays to determine the toxicity of
the crude phenolic extracts of N. oleander leaves to
whitefly Bemicia tabaci (Homoptera: Alyrodidae)
and found that 2% concentration was most effective
and caused 45.02% egg mortality while pupal and
adults mortality reached 82.63% and 60.45% when
treated with crude phenolic extract at concentration
of 2% respectively.
Roni et.al. [35] reported that N. oleander with
different solvent leaf extracts exerted ovicidal,
adulticidal, and smoke toxicity effect against the malaria vector Anopheles stephensi (Diptera: Culicidae). The leaf extract treated eggs exhibited a delayed hatchability and this might be due to the action
of phytochemical present in the extract and the larvae which hatched out of the treated eggs were dead
within few hours. The active substances of N.
oleander were toxic to the malaria vector. This might
have capability to interfere with the endocrine

CONCLUSIONS
The results in this study for toxicity evaluations
differed significantly, compared to the controls. The
effective leaf extracts for the acetone contain active
substances that have the aphicidal activity against
the green peach aphid. The most toxic plant extract
could be used to the control the GPA in the green
house as an alternative to the insecticides in the IPM
programs. The active toxic substances could be isolated and tested in other studies in the future.
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3HDUO5LYHU)LVKHULHV5HVHDUFK,QVWLWXWH&KLQHVH$FDGHP\RI)LVKHU\6FLHQFH*XDQJ]KRX3HRSOH¶V5HSXEOLFRI&KLQD

6RXWK)ORULGD:DWHU0DQDJHPHQW'LVWULFW:DWHU4XDOLW\%XUHDX:HVW3DOP%HDFK)/86$

ZLOG ILVKHU\ UHVRXUFHV LQ SURYLGLQJ VSDZQLQJ
JURXQGV DQG VSHFLDO KDELWDW IRU QDWLYH ILVK VSHFLHV
+RZHYHU PRVW RI WKH ULYHUV LQ XUEDQ DUHDV DUH WKH
UHSRVLWRULHVRIHIIOXHQWVGLVFKDUJHGE\LQGXVWULHVDQG
GRPHVWLF ZDVWHV ZKLFK QHJDWLYHO\ LPSDFW DTXDWLF
HFRV\VWHPV LPSHGH VRFLRHFRQRPLF GHYHORSPHQW
DQGWKUHDWHQKXPDQKHDOWK+HDY\PHWDOVGLVFKDUJHG
LQWRWKHULYHUVPD\KDYHGLIIHUHQWPDMRUVRXUFHV7KH
JHQHUDOO\DFFHSWHGYLHZLVWKDWGRPHVWLFZDVWHZDWHU
HIIOXHQWVFRQWDLQLQJGRPLQDQWRQ$V&U&X0QDQG
1LQRQIHUURXVPHWDOVVPHOWHUVDUHGRPLQDQWRQ&G
1LDQG3ELURQDQGVWHHOSODQWVDUHGRPLQDQWRQ)H
&U0R6EDQG=QWKHGXPSLQJRIVHZDJHVOXGJH
DUH GRPLQDQW RQ $V 0Q DQG 3E DQG DWPRVSKHULF
GHSRVLWLRQ RI 3E >@ 7KHUHIRUH PRQLWRULQJ KHDY\
PHWDOFRQFHQWUDWLRQVDQGWKHLUVRXUFHVLQWKHFKDQQHO
DQG WKH ZDWHUVKHG LV YLWDO IRU DQ HQYLURQPHQWDO
LPSURYHPHQWDQGSURWHFWLRQVWUDWHJ\
7KH3HDUO5LYHU 35 LVWKHVHFRQGODUJHVWULYHU
LQ &KLQD IROORZLQJ WKH <DQJW]H 5LYHU +RZHYHU
WKHUH DUH PRUH ILVK VSHFLHV LQ WKH 35 WKDQ WKH
<DQJW]H 5LYHU 7KH 35 KDV EHFRPH WKH RQH
UHPDLQLQJ KLJK ELRGLYHUVLW\ ULYHUV LQ &KLQD ZLWK D
UHODWLYHO\ LQWDFW HFRV\VWHP >@ 7KH 3HDUO 5LYHU
ZDWHUVKHG 35:  LV WKH GRZQVWUHDP UHJLRQ RI WKH
35 FKDUDFWHUL]HG E\ FULVVFURVVLQJ EUDQFKHV RI WKH
:HVW1RUWKDQGWKH(DVW5LYHUVORFDWHGLQWKH3HDUO
5LYHU 'HOWD 35'  7KHVH EUDQFKHV FRQYHUJH LQWR
WKH 3HDUO 5LYHU (VWXDU\ 35(  7KH 35: LV WKH
SULPDU\ ORFDWLRQ IRU WKH JURZWK DQG IDWWHQLQJ RI
ULYHULQH ODUYDO ILVK >@ +RZHYHU SULRU UHIHUHQFHV
UHSRUWHGWKDWKHDY\PHWDOVFRQWDPLQDWLRQLQWKH35(
PD\SRVHULVNVERWKWRWKHDTXDWLFOLIHDQGWRKXPDQV
>@%XWVHOGRPGRVWXGLHVGHDOZLWKKHDY\PHWDOV
SROOXWLRQLQWKH35:DQGWKHVSDWLDOGLVWULEXWLRQDQG
VRXUFHV RI KHDY\ PHWDOV LQ ZDWHU RI WKH 35: ,Q
UHFHQW\HDUVPXOWLYDULDWHVWDWLVWLFDOPHWKRGVVXFKDV
SULQFLSDO FRPSRQHQW DQDO\VLV 3&$  DQG QHXUDO
QHWZRUNV KDYH EHFRPH LQFUHDVLQJO\ SRSXODU WR
SURYLGH LQVLJKW LQ WKH DVVHVVPHQW RI DTXDWLF
HQYLURQPHQWDO TXDOLW\ > @7KHVH WHFKQLTXHV FDQ
SURYLGH DOWHUQDWLYH PHWKRGV WR DVVHVV WKH VSDWLDO
WHPSRUDOYDULDWLRQVDQGWKHRULJLQRIHQYLURQPHQWDO
FKHPLFDOV DV ZHOO DV WKH WUDQVSRUW SURFHVVHV DQG
SUHYDLOLQJHQYLURQPHQWDOFRQGLWLRQV>@
7KHREMHFWLYHVRIWKLVVWXG\ZHUH  WRGLVSOD\
KHDY\PHWDOVSROOXWLRQLQWKH35:ZDWHUEDVHGRQ
&X=Q3E&G1L&U)H0QDQG&RDQDO\VHV  

ABSTRACT
:H GHWHUPLQHG KHDY\ PHWDO FRQFHQWUDWLRQVLQ
ZDWHU IURP WKH 3HDUO 5LYHU ZDWHUVKHG 35:  WR
HYDOXDWHWKHH[WHQWRIKHDY\ PHWDOVFRQWDPLQDWLRQ
DV ZHOO DV WKH VSDWLDO GLVWULEXWLRQ DQG WHPSRUDO
YDULDELOLW\ RI KHDY\ PHWDOV LQ WKLV DUHD :DWHU
VDPSOHV IURP WKLUWHHQ VLWHV RI WKH 35: ZHUH
FROOHFWHG LQ 0DUFK 0D\ $XJXVW DQG 'HFHPEHU
DQGDQDO\]HGIRU&X=Q3E&G1L&U)H
0QDQG&RFRQFHQWUDWLRQXVLQJDQDWRPLFDEVRUSWLRQ
VSHFWURPHWHU 0XOWLYDULDWH GDWD DQDO\VLV WHFKQLTXHV
LQFOXGLQJ SULQFLSDO FRPSRQHQW DQDO\VLV 3&$  DQG
.RKRQHQ¶V VHOIRUJDQL]LQJ PDSV 620  ZHUH
XWLOL]HGWRH[DPLQH VLJQLILFDQWVSDWLDODQGVHDVRQDO
YDULDWLRQV RI KHDY\ PHWDOV DV ZHOO DV WR LGHQWLI\
SRVVLEOH VRXUFHV 7KH UHVXOWV VKRZHG WKDW
FRQFHQWUDWLRQVRI3E  )H  0Q  
&G   DQG 1L   H[FHHGHG WKH PD[LPXP
DGPLVVLEOHFRQFHQWUDWLRQVZKLFKZRXOGSRVHKHDOWK
ULVN WR DTXDWLF RUJDQLVPV DQG KXPDQV *UHDWHU
FRQWDPLQDWLRQ ZDV REVHUYHG LQ WKH ORFDWLRQV
DGMDFHQWWRWKH*XDQJ]KRXPHWURSROLV+HDY\PHWDO
FRQFHQWUDWLRQVYDULHGPRUHGXULQJZHWVHDVRQVWKDQ
GXULQJGU\VHDVRQV7KLVPD\EHGXHWRWKHHIIHFWRI
UDLQIDOO FDUU\LQJ PHWDOV IURP WKH ZDWHUVKHG RU
GLOXWLQJ WKH FRQFHQWUDWLRQV RI KHDY\ PHWDOV DW
VSHFLILF VLWHV 3RWHQWLDO DQWKURSRJHQLF VRXUFHV RI
PHWDO SROOXWLRQ LQ WKH 35: VXUIDFH ZDWHU ZHUH
LGHQWLILHG IURP WKUHH FDWHJRULHV EDVHG RQ SULQFLSDO
FRPSRQHQW ORDGLQJV ZKLFK PD\ SURYLGH GHFLVLRQ
PDNLQJ EDFNJURXQG IRU HQDEOLQJ VXVWDLQDEOH
GHYHORSPHQWE\JRYHUQPHQWSURJUDPV
.(<:25'6
+HDY\0HWDO3HDUO5LYHU:DWHUVKHG6203&$

INTRODUCTION
:RUOGZLGH ZDWHU TXDOLW\ LV GHWHULRUDWLQJ
PDLQO\GXHWRWKHJURZLQJSRSXODWLRQDQGXQSODQQHG
HFRQRPLF GHYHORSPHQW OHDGLQJ WR HOHYDWLQJ KHDY\
PHWDO SROOXWLRQ WR WKH DTXDWLF HQYLURQPHQW > @
5LYHUVSOD\YLWDOUROHVLQWUDQVSRUWDWLRQPDLQWDLQLQJ
VRLO IHUWLOLW\ DQG HVSHFLDOO\ LQ WKH FRQVHUYDWLRQ RI
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VHDVRQVZLWKKLJKGLVFKDUJHVGXULQJWKHZHWVHDVRQV
6DPSOLQJ3RO\HWK\OHQHERWWOHVZHUHVRDNHGLQ
 +12 DQG ULQVHG ZLWK XOWUDSXUH ZDWHU LQ
SUHSDUDWLRQ RI WDNLQJ ZDWHU VDPSOHV ,Q WKH ILHOG
WKHVHERWWOHVZHUHULQVHGZLWKWKHULYHUZDWHUEHIRUH
VDPSOLQJ $SSUR[LPDWHO\  PO RI ZDWHU ZDV
FROOHFWHGDERXWFPEHORZWKHVXUIDFHLQWKHERWWOH
FRQWDLQLQJPO+12 DFFRUGLQJWRWKHPHWKRG*%
&KLQD $IWHUWUDQVSRUWEDFNWKHODERUDWRU\
DOOVDPSOHV ZHUH VWRUHGDWćXQWLOSURFHVVHGIRU
DQDO\VLV

WR FKDUDFWHUL]H WKH VSDWLDOWHPSRUDO YDULDWLRQ RI
KHDY\ PHWDOV LQ WKH 35: ZDWHU   WR LGHQWLI\
H[LVWLQJ FKDUDFWHULVWLFV DQG VRXUFHV RI WKHVH KHDY\
PHWDOVLQWKH35:ZDWHU

MATERIALS AND METHODS
6WXG\ DUHD 7KH 35: LV ORFDWHG LQ WKH
VRXWKHUQ&KLQDDQGLVFRPSRVHGRIEUDQFKHVRIWKH
:HVW5LYHUWKH1RUWK5LYHUDQGWKH(DVW5LYHU7KH\
JDWKHU LQ WKH 3HDUO 5LYHU (VWXDU\ 35(  DQG WKHQ
ILQDOO\HQWHUWKH6RXWK&KLQD6HD )LJ 7KHWRWDO
FDWFKPHQWVDUHDRIWKH 35:LVNP ZLWKD
KLJK DYHUDJH SRSXODWLRQ GHQVLW\ RI DERXW 
LQKDELWDQWVSHUNP>@:HVWXGLHGWKHDUHDPDLQO\
FRQWULEXWHGWRE\WKH:HVWDQG1RUWK5LYHUZLWKOHVV
LPSDFW IURP WKH (DVW 5LYHU7KH  VDPSOLQJ VLWHV
FRYHUDQGUHSUHVHQWWKHLPSRUWDQWZDWHUZD\VDURXQG
WKHVWXGLHGZDWHUVKHG6LWHV6a6DUHVLWXDWHGLQ
WKHZLGHDQGPDLQGRZQVWUHDPFKDQQHORIWKH:HVW
5LYHU 6LWHV 6a6 DUH VLWXDWHG ZLWKLQ WKH QDUURZ
GRZQVWUHDP FKDQQHO RI WKH :HVW DQG 1RUWK 5LYHU
6LWHV 6 DQG 6 DUH ORFDWHG LQ WKH PDLQ FKDQQHO
WKDW UXQV WKURXJK WKH *XDQJ]KRX FRQXUEDWLRQ ,Q
WRWDO  ZDWHU VDPSOHV ZHUH FROOHFWHG GXULQJ IRXU
FUXLVHV LQ 0DUFK 0D\ $XJXVW DQG 'HFHPEHU RI
 7KHVH FUXLVHV UHSUHVHQWHG WZR GLIIHUHQW
K\GURORJLFDOVLWXDWLRQVLQWKH3HDUO5LYHUZDWHUVKHG
7KHVH DUH WKH GU\ VHDVRQV ZKLFK DUH XVXDOO\ IURP
1RYHPEHUWR$SULOZKLOHWKHZHWVHDVRQVDUHXVXDOO\
IURP0D\WR2FWREHU>@7KXVVDPSOLQJLQ0DUFK
DQG'HFHPEHUZDVLQWHQGHGWREHUHSUHVHQWDWLYHRI
ORZGLVFKDUJHVGXULQJWKHGU\VHDVRQVDQGWKH0D\
DQG $XJXVW VDPSOHV ZHUH LQWHQGHG WR LOOXVWUDWH

0HWDOFRQFHQWUDWLRQVGHWHUPLQDWLRQ3ULRUWR
WKH PHWDO FRQFHQWUDWLRQ GHWHUPLQDWLRQV WKH ZDWHU
VDPSOHVZHUHDFLGGLJHVWHG$QDOLTXRWRIPORI
WKHZDWHUVDPSOHZDVWUDQVIHUUHGWRDPOEHDNHU
POFRQFHQWUDWHG+12ZHUHDGGHGDQGWKHQKHDWHG
WR GLJHVW DQG HYDSRUDWH WR DERXW  PO VROXWLRQ
$GGLWLRQVRIPO+12DQGPO+&O2ZHUHWKHQ
PDGHWRJHWKHUZLWKKHDWLQJXQWLODERXWPOVROXWLRQ
ZDVOHIW$IWHUFRROLQJWKHVROXWLRQZDVWUDQVIHUUHG
DQG EURXJKW WR D  PO FRQVWDQW YROXPH IRU WKH
GHWHUPLQDWLRQ RI HDFK PHWDO FRQFHQWUDWLRQ 'XULQJ
WKH GLJHVWLRQ RI WKH VDPSOHV HDFK EDWFK RI VHYHQ
VDPSOHVZDVDFFRPSDQLHGE\DEODQNFRQWURODQGD
VWDQGDUG DGGLWLRQ7KH EODQN FRQWURO XVHG ZDV 
POGLOXWHQLWULFDFLGVROXWLRQ +12VROXWLRQ 
DQG XQGHUZHQW WKH VDPH GLJHVWLRQ PHWKRG DV
VDPSOHV 7KH PL[HG PHWDO HOHPHQWV VWDQGDUG
VROXWLRQ *6% &KLQD  ZDV XVHG WR
SURGXFHWKHVWDQGDUGFXUYHVDQGZDVDGGHGLQWRWKH
VSLNHG VDPSOHV 0HWDO FRQFHQWUDWLRQV ZHUH
GHWHUPLQHG E\$$6 XVLQJ D 9DULDQ $$ '82
VSHFWURSKRWRPHWHU 7KH UHFRYHU\ UDWHV IRU VSLNHG
VDPSOHVZHUHUDQJHGIURPWR

),*85(
6DPSOLQJVLWHVLQWKH3HDUO5LYHUZDWHUVKHG6RXWK&KLQD
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&KLQHVH

0H\HU2ONLQ .02 DQG%DUWOHWW¶V6SKHULFLW\WHVWV
ZHUHSHUIRUPHGRQWKHSDUDPHWHUFRUUHODWLRQPDWUL[
WR WHVW WKH VXLWDELOLW\ RI WKH GDWD IRU 3&$)$ 7KH
HLJHQYDOXH JUHDWHU WKDQ RQH ZDV FRQVLGHUHG
LPSRUWDQW DQG WKH HTXDPD[ URWDWLRQ PHWKRG ZDV
XVHGWRPD[LPL]HWKHVXPRIYDULDQFHRIWKHIDFWRU
FRHIILFLHQWV7KHDEVROXWHYDOXHVRIHTXDPD[IDFWRU
ORDGLQJ ZHUH XVHG DV LQGLFDWRUV VXFK WKDW WKRVH
JUHDWHUWKDQZHUHFRQVLGHUHGVWURQJa
ZHUHPRGHUDWHDQGOHVVWKDQZHUHZHDN>@,Q
DGGLWLRQUHJUHVVLRQPHWKRGZDVXVHGWRFDOFXODWHWKH
UHODWLYHSULQFLSDOFRPSRQHQWVVFRUHVPDWUL[RIHDFK
VDPSOH

+HDY\ PHWDO HYDOXDWLRQ LQGH[ +(,  7KH
KHDY\PHWDOHYDOXDWLRQLQGH[ +(, ZDVFDOFXODWHG
WRJLYHDQRYHUDOOTXDOLW\RIWKHZDWHUZLWKUHVSHFWWR
KHDY\PHWDOV>@,WLVH[SUHVVHGDV
n
H
+(, ¦ c
i 1 Hmac
:KHUH H c  DQG H  DUH WKH GHWHUPLQHG
FRQFHQWUDWLRQ
DQG
PD[LPXP
DGPLVVLEOH
FRQFHQWUDWLRQRIWKHLWKPHWDOHOHPHQWUHVSHFWLYHO\
mac

0XOWLYDULDWH VWDWLVWLFDO DQDO\VHV %HIRUH
PXOWLYDULDWHVWDWLVWLFDODQDO\VHVZHUHFRQGXFWHGWKH
RULJLQDO GDWDVHW FRQVLVWLQJ RI  YDULDEOHV 
VDPSOHV  ZDV ILUVW VWDQGDUGL]HG WKURXJK =VFRUH
PHDQ  YDULDQFH   WUDQVIRUPDWLRQ 'DWD
VWDQGDUGL]DWLRQ ZDV WR PLQLPL]H WKH HIIHFWV RI
GLIIHUHQFHV LQ PHDVXUHPHQW XQLWV DQG YDULDQFH RI
YDULDEOHVDQGWRUHQGHUWKHGDWDGLPHQVLRQOHVV>@
.RKRQHQ¶V VHOIRUJDQL]LQJ PDSV 620  LV
XVXDOO\ XVHG DV GDWD FRPSUHVVLRQ WHFKQLTXH E\
PDSSLQJQRQOLQHDUDQGKLJKGLPHQVLRQDOGDWDLQWRD
ORZHUGLPHQVLRQDO JULG DQG DOORZV LGHQWLI\LQJ
JURXSV RI REVHUYDWLRQV ZLWK VLPLODU FKDUDFWHULVWLFV
>@ ,Q WKLV VWXG\ WKH 620 ZDV SHUIRUPHG WR
FKDUDFWHUL]H WKH VSDWLDO DQG WHPSRUDO GLVWULEXWLRQ
FKDUDFWHU RI KHDY\ PHWDO FRQFHQWUDWLRQV LQ ZDWHU
IURPWKH35:7KHSUHSURFHVVHGGDWDVHWZDVXVHG
WR WUDLQ D 620 QHWZRUN 7KH QXPEHUV RI QHXURQV
0  RI WKH 620 ZDV REWDLQHG E\ WKH KHXULVWLF
IRUPXOD0§ N ZKHUH1LVWKHQXPEHURIVDPSOHV
LQ WKH GDWDVHW$IWHUZDUGV WKH PDS VL]H ZDV GHWHU
PLQHG VHWWLQJ WKH 620 VLGHOHQJWKV WR WKH VTXDUH
URRW RI WKH UDWLR RI WKH WZR PDMRU HLJHQYDOXHV WKH
ORZHVWTXDQWL]DWLRQHUURUDQGWRSRJUDSKLFHUURU 
3ULQFLSDO &RPSRQHQW $QDO\VLV 3&$  ZDV
DSSOLHG IRU H[WUDFWLQJ LQIRUPDWLRQ FRQFLVHO\ E\
WUDQVIRUPLQJ PDQ\ RI WKH RULJLQDO LQWHUUHODWHG
YDULDEOHV LQWR IHZHU XQFRUUHODWHG YDULDEOHV QDPHG
SULQFLSDO FRPSRQHQWV > @ ,Q WKLV VWXG\ .DLVHU

RESULTS AND DISCUSSION
+HDY\ PHWDO FRQFHQWUDWLRQV DQG WKH +(,
FRQGLWLRQVLQWKH35:0HDQFRQFHQWUDWLRQRIHDFK
KHDY\ PHWDO LQ ZDWHU IURP WKH 35: IROORZHG D
GHVFHQGLQJRUGHUDV)H!0Q!=Q!3E!1L!&X
!&R!&U!&G7KHGHVFULSWLYHVWDWLVWLFVLQFOXGLQJ
UHODWLYH JXLGHOLQHV DQG PD[LPXP DGPLVVLEOH
FRQFHQWUDWLRQ 0$&  IRU IUHVKZDWHU DUH JLYHQ LQ
7DEOH  7KH GHWHFWLRQ UDWH RI WKH QLQH HOHPHQWV
UDQJHGIURPa7KHFRQFHQWUDWLRQVRI&X
=QDQG&UDUHEHORZWKH0$&YDOXHV2WKHUZLVHDOO
RIWKHVDPSOHVVKRZHG3ELQH[FHVVRIȝJ/ZKLOH
VKRZHG)HLQH[FHVVRIȝJ/VKRZHG
0QLQH[FHVVRIȝJ/VKRZHG&GLQH[FHVV
RIȝJ/DQGVKRZHG1LLQH[FHVVRIȝJ/
,QWKHSUHVHQWVWXG\3E)H0Q&GDQG1LDSSHDUHG
WREHWKHPDMRUPHWDOSROOXWDQWVLQWKH35:UHIHUULQJ
WR WKH VWDQGDUGV RU JXLGHOLQHV UHFRPPHQGHG E\
:+2>@DQG&KLQD>@ZKLFKFDQXOWLPDWHO\
SRVHKHDOWKULVNVWRORFDOSHRSOHDQGDTXDWLFELRWD$
ODUJHVWDQGDUGGHYLDWLRQRIHDFKLQGLYLGXDOHOHPHQW
FRQFHQWUDWLRQUHIOHFWHGVHDVRQDOFKDQJHVDQGVSDWLDO
YDULDWLRQ DV LQGLFDWLYH RI WKH LQIOXHQFH RI DQWKUR
SRJHQLF DFWLYLWLHV >@ 0RUHRYHU :DQJ HW DO
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SURSRVHGWKUHHFDWHJRULHVIRU+(,DVORZ +(, 
PHGLXP +(,   a   DQG KLJK +(, !   E\
3UDVDQQDHWDO>@WKHSUHVHQWOHYHOVVKRZHGWKDW
WKHILUVWVLWHV DFFRXQWLQJIRURIWKHVLWHV IDOO
ZLWKLQWKHKLJKO\FRQWDPLQDWHG]RQHLQGLFDWLQJWKDW
WKHDUHDLQFOXGLQJ666DQG6LQWKH35:
ZHUH KLJKO\ SROOXWHG E\ KHDY\ PHWDOV ZKLOH WKH
UHPDLQLQJ  VLWHV   ZHUH ZLWKLQ WKH PRGHUDWH
FRQWDPLQDWLRQ ]RQH ,W LV QRWHG WKDW DOO RI WKH
FDOFXODWHG +(, YDOXHV ZHUH EDVHG RQ WKH WRWDO
HOHPHQW FRQFHQWUDWLRQ LQ WKH ZDWHU WKXV WKH KHDY\
PHWDOSROOXWLRQFRQGLWLRQLQWKH35:ZHUHSUREDEO\
RYHUHVWLPDWHGZKHQFRPSDUHGZLWKRWKHUVWXGLHVLQ
WKDWWKHDVVHVVPHQWZDVEDVHGRQWKHGLVVROYHGSKDVH
PHWDO FRQFHQWUDWLRQ >@ 7KH WHPSRUDO DQG
VSDWLDO YDULDWLRQV RI +(, LQ WKH VWXG\ DUHD DUH
SUHVHQWHG LQ )LJ  XVLQJ D .ULJLQJ LQWHUSUHWLQJ
PHWKRG7HPSRUDOO\WKHPRVWKHDYLO\FRQWDPLQDWHG
FRQGLWLRQZDVLGHQWLILHGLQ0D\DVVKRZHGE\)LJ
ZKLFKFRXOGEHFDXVHGE\WKHZDVKRXWHIIHFWRIWKH
UDLQ\VHDVRQLQWKLVDUHDDVGHVFULEHGE\:RQJHWDO
>@ZKRVWDWHGWKDWWKHDWPRVSKHULFGHSRVLWLRQUDWH
RIWKHVHPHWDOVZDVJHQHUDOO\KLJKHUGXULQJ0D\WR
2FWREHU WKDQ WKDW GXULQJ 1RYHPEHU WR $SULO
6SDWLDOO\ PHWDO SROOXWLRQ DW VLWH 6 ZKLFK LV
ORFDWHG GRZQVWUHDP RI *XDQJ]KRX FLW\ LV PRVW
VHYHUH H[FHSW LQ 0DUFK ZKHQ WKH WRWDO PHWDO
FRQWDPLQDWLRQLVOHVVVHYHUHFRPSDUHGWRWKDWGXULQJ
RWKHUPRQWKV

>@VXJJHVWHGWKDWWKHVSDWLDODQGWHPSRUDOYDULDWLRQ
RIKHDY\PHWDOVLQWKH35(ZHUHGHSHQGHQWRQWKH
VSHFLDWLRQ RI WKH HOHPHQWV DQG WKHLU WUDQVSRUW RU
WUDQVIHU SURFHVVHV UHODWHG WR K\GURG\QDPLF WUDLWV
7KH35:LVORFDWHGLQWKH XSSHUUHJLRQUHODWLYH WR
WKH 35( WKXV WKH K\GURG\QDPLF WUDLWV DQG
VXVSHQGHGSDUWLFXODWHPDWWHULQWKHULYHUPLJKWDOVR
LQIOXHQFH WKH YDULDWLRQ RI KHDY\ PHWDO
FRQFHQWUDWLRQVLQWKH35:6LPLODUSKHQRPHQDKDYH
SUHYLRXVO\ EHHQ GHPRQVWUDWHG E\ %LEE\ DQG
:HEVWHU%URZQ>@LQWKDW3EZDVJUHDWO\DGVRUEHG
E\ )HR[LGH VXUIDFHV ZKLOH WKH 72& FRQWHQW DQG
GLVVROYHG OLJDQGV DQG RUJDQLF PDWWHU DSSHDUHG WR
SOD\ DQ LPSRUWDQW UROH LQ &X DGVRUSWLRQ WR WKH
VXVSHQGHG SDUWLFXODWH PDWWHU 7KHUHIRUH ODUJH
YDULDWLRQV RI KHDY\ PHWDO FRQFHQWUDWLRQV LQ ZDWHU
PLJKW VXJJHVW WKH LQIOXHQFH RI DQWKURSRJHQLF
DFWLYLWLHV FRPELQHG ZLWK WKH K\GURG\QDPLFV RI WKH
35:LQWKLVVWXG\
&RQWULEXWLRQV RI HOHPHQWV WR WKH +(, LQ WKH
35:ZHUHGHFUHDVLQJDV3E!)H!0Q!&G!1L
ZKLOH WKH FRQWULEXWLRQ RI RWKHU HOHPHQWV FDQ EH
QHJOHFWHG EHFDXVH WKH\ GLG QRW H[FHHG WKH 0$&
7DEOH  7DNLQJ WKH LQWHJUDWHG UHVXOWV RI WKH IRXU
FUXLVHVWRJHWKHUWKH+(,YDOXHVUDQJHGIURPWR
 ZLWK D PHDQ YDOXH RI 7KH DYHUDJH +(,
LQGLFDWHGDGHFUHDVLQJWUHQGRIWKHVDPSOLQJVLWHV
DV6!6!6!6!6!6!6!6
!6!6!6!6!6$FFRUGLQJWRWKH

),*85(
7KH.ULJLQJLQWHUSUHWLQJPDSRIKHDY\PHWDOHYDOXDWLRQLQGH[ +(, IURPWKH35:
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),*85(
5HODWLYHUHVXOWVRIWKH620 D 'DYLHV%RXOGLQLQGH[RIWKH.PHDQVFOXVWHULQJDOJRULWKPDSSOLHGWR
WKH620PDWUL[ E %HVWFOXVWHULQJVWUXFWXUHDFFRUGLQJWR'DYLHV%RXOGLQLQGH['LIIHUHQWFRORUV
UHSUHVHQWGLVWLQFWFOXVWHUV&a& F 'LVWULEXWLRQRIVDPSOHVRQWKHWUDLQHG620PDSDQGFOXVWHUV
EDVHGRQ.PHDQVIRUPDSXQLWV(DFKVDPSOHFRGHRQWKHPDSXQLWZDVSUHVHQWHGE\VDPSOLQJPRQWK
ILUVWWZR$UDELFQXPHUDOV DQGVDPSOLQJVLWHQXPEHU ODVWWZR$UDELFQXPHUDOV 
7$%/(
0HDQ6'FRQFHQWUDWLRQ ȝJ/ RIHDFKPHWDOLQWKHREVHUYDWLRQRIHDFKFOXVWHUIRXQGE\.PHDQV
DOJRULWKPRQWKH620PDS)RUHDFKHOHPHQWGLIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVEHWZHHQ
FODVVHV S 
&ODVV
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GHJUHH RI QRQSRLQW VRXUFH RI SROOXWLRQ ZKLFK
VWURQJO\UHODWHGWRUDLQIDOODOWKRXJK9DUROHWDO>@
VSHFXODWHGWKDWWKHKLJKHUYDOXHVRIKHDY\PHWDOVLQ
WKHGU\VHDVRQLQWKH7LJULV5LYHUZHUHGXHWRKLJK
HYDSRUDWLRQDQGLQFUHDVLQJDQWKURSRJHQLFDFWLYLWLHV
'XULQJGU\ VHDVRQVQRQSRLQWVRXUFHV RISROOXWLRQ
EULQJOLWWOHKHDY\PHWDOFRQWDPLQDQWVWRULYHUZDWHU
GXHWRWKHVPDOODPRXQWRIUDLQIDOOZKLFKUHVXOWVLQ
PRVWRIWKH35:DUHD H[FHSWWKHVLWHVRI6DQG
6 DSSHDUHGVLPLODUFKDUDFWHULVWLFVRIKHDY\PHWDO
FRQFHQWUDWLRQV 7KXV SRLQW VRXUFHV RI KHDY\ PHWDO
SROOXWLRQ IURP LQGXVWULDO DQG GRPHVWLF ZDVWHZDWHU
WUHDWPHQW PD\ FRQWULEXWH PRUH WR PHWDO
FRQFHQWUDWLRQVLQWKH35:'XULQJZHWVHDVRQVWKH
35: UHFHLYHV PRUH FRQWDPLQDQWV IURP QRQSRLQW
VRXUFHV GXH WR KHDY\ UDLQIDOO FDUU\LQJ RU GLOXWLQJ
KHDY\ PHWDOV DW GLIIHUHQW VLWHV WKXV PHWDOV
FRQFHQWUDWLRQV YDULHG DPRQJ VLWHV DQG GLVSHUVLYH
GLVWULEXWLRQFKDUDFWHULVWLFVZHUHREVHUYHGFRPSDUHG
ZLWK WKH GU\ VHDVRQV$V VHHQ LQ 7DEOH  VDPSOHV
FOXVWHUHG LQ & DUH PDLQO\ FKDUDFWHUL]HG E\ KLJK
FRQFHQWUDWLRQV RI &X &G 1L &U DQG &R 6DPSOHV
FOXVWHUHG LQ & DUH FKDUDFWHUL]HG E\ KLJK
FRQFHQWUDWLRQV RI 3E DQG 0Q DQG UHODWLYHO\ ORZ
FRQFHQWUDWLRQV RI &X VDPSOHV FOXVWHUHG LQ & DUH
UHSUHVHQWHG E\ KLJK FRQFHQWUDWLRQV RI =Q DQG ORZ

7HPSRUDOYDULDWLRQDQGVSDWLDOGLVWULEXWLRQ
RI KHDY\ PHWDOV )RU GHWDLOHG DQG YLVXDO JUDSKLF
FOXVWHULQJLQIRUPDWLRQZHXVHGDEDWFKDOJRULWKPWR
WUDLQD620QHWZRUN7KLVUHVXOWHGLQDPDSZLWKD
WRWDO RI  QHXURQV  URZV î  FROXPQV  7KH
RSWLPDO SDUWLWLRQ RI WKH FOXVWHUV ZDV VHOHFWHG
DFFRUGLQJ WR WKH .PHDQV DOJRULWKP WRJHWKHU ZLWK
WKH 'DYLHV%RXOGLQ LQGH[ 7KH 'DYLHV%RXOGLQ
LQGH[VKRZVWKDWWKHORZHVWYDOXHLVZKHQLWLV
JURXSHGLQWRFOXVWHUVZKLFKLVWKHRSWLPDOQXPEHU
RI FOXVWHUV VHH )LJ D  DQG WKH QHXURQV DUH
GLVWULEXWHGDVLQ)LJEXQGHUWKHRSWLPDOFOXVWHUV
6DPSOHVUHVSRQVHRQHDFKQHXURQLVGLVSOD\HG
LQ )LJ F $OO  VDPSOHV ZHUH FOXVWHUHG LQWR 
FODVVHV VKRZLQJ VSDWLDO GLVWULEXWLRQ DQG WHPSRUDO
YDULDWLRQFKDUDFWHULVWLFV7KHFODVV&FRQWDLQVWZR
VDPSOHV LQ 'HFHPEHU IURP 6 DQG 6 FODVV &
FRQWDLQVVDPSOHVLQ$XJXVWIURP66DQG6
DQGRQHVDPSOHLQ0D\IURP6FODVV&FRQWDLQV
VDPSOHVRI0DUFK0D\DQG$XJXVWIURP60D\
VDPSOHIURP6$XJXVWVDPSOHVIURP6DQG6
DQG'HFHPEHUVDPSOHIURP6FODVV&FRQWDLQV
WKH UHVW EXON VDPSOHV 6DPSOHV LQ WKH GU\ VHDVRQV
ZHUHPRUHFOXVWHUHGLQ&DQG&ZKLOHVDPSOHVLQ
WKHZHWVHDVRQVZHUHGLVWULEXWHGPRUHGLVSHUVHGO\LQ
RWKHUFOXVWHUVH[FHSWDW&7KLVPD\EHGXHWRWKH
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LQGXVWULHV 7KHVH OLWWOH LQGXVWULHV ZHUH IDPRXV DQG
FRQWULEXWH D ORW WR HFRQRP\ JURZWK VLQFH V LQ
WKH3HDUO5LYHU'HOWD+RZHYHUWKHZDVWHZDWHURI
ZKLFK PLJKW QRW PHHW WKH HPLVVLRQ VWDQGDUGV 7R
XQGHUVWDQG WKH FRQWDPLQDWLRQ VRXUFHV DQG JHWWLQJ
HIIHFWLYHVWHSVWRFRQWUROKHDY\PHWDOFRQWDPLQDWLRQ
LQ WKH 35: ZDWHU FRQWLQXRXV DQG IUHTXHQW
PRQLWRULQJDQGLQYHVWLJDWLRQRIVSHFLILFVRXUFHVRI
SROOXWLRQVKRXOGEHWDNHQLQWKHIXWXUH

FRQFHQWUDWLRQ RI &G VDPSOHV FOXVWHUHG LQ & DUH
UHSUHVHQWHG E\ ORZ FRQFHQWUDWLRQV RI DOO RI WKH
GHWHUPLQHGHOHPHQWVH[FHSW&XDQG&G
([LVWLQJ FKDUDFWHULVWLFV DQG VRXUFHV RI PH
WDOVLQWKH35:$FFRUGLQJWRWKH3&$UHVXOWVWKUHH
FRPSRQHQWV ZHUH H[WUDFWHG IRU WKH QLQH PHWDO
FRQFHQWUDWLRQV GDWDVHW ZLWK HLJHQYDOXHV ! DQG
H[SODLQHGDERXWRIWKHWRWDOYDULDQFH&RP
SRQHQW a H[SODLQHG DERXW   DQG
 RI WKH WRWDO YDULDQFH UHVSHFWLYHO\ 3RVLWLYH
VFRUHV LQ WKH H[WUDFWHG FRPSRQHQWV LQGLFDWH WKDW
VDPSOHVZHUHDIIHFWHGE\WKH SUHVHQFHRIWKHSDUD
PHWHUV WKDW DUH VLJQLILFDQWO\ ORDGHG RQ D VSHFLILF
FRPSRQHQW ZKHUHDV QHJDWLYH YDOXHV VXJJHVW WKDW
ZDWHU VDPSOHV DUH HVVHQWLDOO\ XQDIIHFWHG E\ WKRVH
SDUDPHWHUV >@ 7KH GHWHUPLQHG HOHPHQWV
ORDGLQJ RQ WKH WKUHH SULQFLSDO FRPSRQHQWV DUH
GLVSOD\HG LQ )LJ  )URP )LJ D ZH FDQ VHH WKDW
FRPSRQHQW  LV VWURQJO\ ORDGHG RQ &R &G ZLWK
VFRUHV !   DQG PRGHUDWHO\ ORDGHG RQ 1L ZLWK
VFRUHV! 7KLVFRPSRQHQWFDQEHLQWHUSUHWHGDV
WKH VRXUFHV RI KXPDQ DFWLYLWLHV IURP QRQIHUURXV
PHWDO VPHOWLQJ DQG WKH UROOLQJ SURFHVV LQGXVWU\
ORFDWHG LQ WKH XSVWUHDP UHJLRQ RI WKH 3HDUO 5LYHU
&RPSRQHQW  LV VWURQJO\ ORDGHG RQ 0Q )H DQG
PRGHUDWHO\ ORDGHG RQ 3E )LJ D E  DQG WKHVH
PHWDOV JHQHUDOO\ UHSUHVHQW D VHZDJH VOXGJH VRXUFH
DQG RU IURPIHUURXVPHWDOVSROOXWLRQ7KHIHUURXV
PHWDOVVPHOWLQJLQGXVWU\LVQRWORFDWHGLQWKH35:
>@EXWLQWHQVLYHVKLSWUDQVSRUWDQGVKLSDQFKRUDJH
DW ZKDUIVDORQJWKH VDPSOLQJ ORFDWLRQVSUREDEO\LQ
FRPELQDWLRQ ZLWK VHZDJH VOXGJH GXPSLQJ DUH WKH
PDLQVRXUFHRI0Q)HDQG3E'XULQJZHWVHDVRQV
HVSHFLDOO\ KHDY\ UDLQIDOO HYHQWV HDVLO\ VWULS WKHVH
PHWDOVDQGUHVXVSHQGHGWKHPLQWRWKHZDWHUFROXPQ
+RZHYHUDWPRVSKHULFLQSXWLVJHQHUDOO\UHFRJQL]HG
DV D GRPLQDQW 3E FRQWULEXWRU WR WKH DTXDWLF
HQYLURQPHQW LQFOXGLQJ WKH 35( &RPSRQHQW  LV
PRGHUDWHO\ ORDGHG RQ &U =Q &X DQG 1L )LJ E 
DQG FRXOG EH DVFULEHG WR WKH DQWKURSRJHQLF LQSXWV
PDLQO\ IURP LQGXVWULHV VXFK DV WKH OHDWKHU WDQQLQJ
LQGXVWU\IURPSLJPHQWVDQGSDLQWVIURPJDOYDQL]LQJ
VWHHODQGLURQSURGXFWLRQDQGUXEEHUPDQXIDFWXULQJ

CONCLUSIONS
7KLVVWXG\XVHGPXOWLYDULDWHVWDWLVWLFDOPHWKRGV
WRFRPSUHKHQVLYHO\DQDO\]HKHDY\PHWDOVSROOXWLRQ
LQ WKH 35: ZDWHU 7KH RYHUDOO FRQWDPLQDWLRQ RI
KHDY\PHWDOVLQWKH35:ZDVFODVVLILHGDVPRGHUDWH
WRKLJKDQG3E)H0Q&GDQG1LZHUHLGHQWLILHG
DVWKHPDLQFRQWDPLQDQWV+HDY\PHWDOVLQWKH35:
ZDWHU VKRZHG REYLRXV VSDWLDO GLVWULEXWLRQ DQG
WHPSRUDO YDULDWLRQ FKDUDFWHULVWLFV 6SDWLDOO\ WKH
ORFDWLRQV RI 6 DQG 6 EHLQJ DGMDFHQW WR
*XDQJ]KRXPHWURSROLVDSSHDUHGWREHJUHDWHUPHWDO
SROOXWLRQ ZKLOH RWKHU ORFDWLRQV LQ WKH 35: ZHUH
VKRZHG PRGHUDWH SROOXWLRQ 'XULQJ GU\ VHDVRQV
KHDY\PHWDOVFRQFHQWUDWLRQVZHUHUHODWLYHVLPLODUDW
DOOVLWHVH[FHSWLQWKH6DQG6ZKLOHGXULQJZHW
VHDVRQV WKH FRQFHQWUDWLRQV ZHUH TXLWH GLIIHUHQW
EHWZHHQVLWHVPDLQO\GXHWRUDLQIDOOVFRXULQJZKLFK
FDQ HOHYDWH RU GLOXWH WKH FRQFHQWUDWLRQV RI KHDY\
PHWDOVDWVSHFLILFVLWHV'LIIHUHQWPHWDOVLQWKH35:
ZDWHUGLVSOD\HGWKUHHPDMRUDQWKURSRJHQLFVRXUFHV
  &R &G DQG 1L WKRXJKW WR EH PDLQO\ IURP WKH
QRQIHUURXV PHWDOV VPHOWLQJ DQG UROOLQJ SURFHVV
LQGXVWU\   0Q )H DQG 3EZHUH SRWHQWLDOO\ IURP
VKLSDQFKRUDJHVDQGWUDQVSRUWVWULSSLQJ  &U=Q
&X DQG 1L ZHUH PDLQO\ IURP GRPHVWLF ZDVWHV DQG
HIIOXHQWVRIVPDOOIDFWRULHVVXFKDVIURPWKHOHDWKHU
WDQQLQJ LQGXVWU\ SLJPHQWV DQG SDLQWV JDOYDQL]LQJ
VWHHOLQGXVWULHV7KLVVWXG\PD\SURYLGHDGHFLVLRQ
PDNLQJ EDFNJURXQG IRU VXVWDLQDEOH GHYHORSPHQW
UHODWLYHWRWKHHFRQRPLFDQGDTXDWLFHQYLURQPHQWV





),*85(
3&$ORDGLQJSORWVRIWKHPHWDOHOHPHQWVIRUWKH D ILUVWWZRSULQFLSOHFRPSRQHQWVDQG E ODVW
WZRSULQFLSOHFRPSRQHQWV
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 ,PSDFWDVVHVVPHQWRIKHDY\PHWDOSROOX
WLRQ LQ WKH PXQLFLSDO ODNH ZDWHU <DRXQGH
&DPHURRQ*HR6FL-
[10] <DOFLQ 0* 1DULQ , DQG 6R\ODN 0  
0XOWLYDULDWHDQDO\VLVRIKHDY\PHWDOFRQWHQWVRI
VHGLPHQWVIURP*XPXVOHUFUHHN1LJGH7XUNH\
(QYLURQ*HRO
[11] <RX=:DQJ/)HQJ=DQG<DQJ<  
6SDWLRWHPSRUDO SDWWHUQ DQG YDULDWLRQ FKDUDF
WHULVWLFV RI SRSXODWLRQ GLVWULEXWLRQ DW FRXQW\
OHYHOLQWKH3HDUO5LYHU'HOWD7URS*HRJU

[12] :RQJ&/L;=KDQJ*4L6DQG3HQJ;
 $WPRVSKHULFGHSRVLWLRQRIKHDY\PHWDOV
LQWKH3HDUO5LYHU'HOWD&KLQD$WPRV(QYLURQ

[13] (GHW$ DQG 2IILRQJ 2   (YDOXDWLRQ RI
ZDWHUTXDOLW\SROOXWLRQLQGLFHVIRUKHDY\PHWDO
FRQWDPLQDWLRQ PRQLWRULQJ $ VWXG\ FDVH IURP
$NSDEX\R2GXNSDQL DUHD /RZHU &URVV 5LYHU
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leading to auto-purification capacity of the water itself becoming insufficient [4]. At the global level,
compared to the nineteenth century, water use in the
twentieth century has increased sevenfold [5]. Being
an international river, the biological, ecological and
chemical status of the Danube is the subject of
constant monitoring [6-10], at local and international
levels, according to EC Directive [11] and principles
agreed at World Water Council [12] via
organizations such as the International Commission
for the Protection of the Danube River, implementing sustainable use of the Danube basin water
resources [13]. Even though equal water quality at
the Danube entry and exit points of any country are
required, there is a substantial deterioration along its
flow [14, 15]. Hence in the upper parts of the
Danube, higher water quality allows for processed
river water to have a significant share in the drinking
water supply [16]. Other countries in the Danube
region, except at the location on the Romanian
border and around the Danube delta, mainly use
underground water sources, due to the pollution of
the Danube river [17]. About 10% of the total length
of the Danube is located on the territory of Serbia,
through which flows in the length of 587.4 km. It
enters Serbia from Hungary, 8 km north of Bezdan
[18], and exits at Serbia's borders with Romania and
Bulgaria, 825 km from the Black sea. During its
course through Serbia, the quality of its water is
generally left to chance and shockingly depends on
its autopurification potential, since main cities do not
have operational wastewater purification systems
and neither do various other facilities, catering
included. This study examined the impact of floating
catering facilities (raft restaurants) on the Danube
water.

ABSTRACT
The Danube is an international river and, as
such, a subject to a special level of protection, assuming identical water quality at entry point into any
country and exit from it. Anthropogenic activities
greatly alter the water quality of the Danube,
physico-chemicaly and biologically. Water quality
monitoring is therefore a priority activity, in order to
assess arising environmental risks and act accordingly. Floating catering facilities (i.e. raft restaurants) on the Danube in Serbia may compromise
physical, chemical and biological conditions of the
river water. Those use septic tanks, emptied directly
into the river, without treatment of any kind. The
composition of this waste corresponds to the category of municipal waste, and as such is rich in organic matter at various stages of decomposition, as
well as foecal bacteria, many of which are opportunistic pathogens. In order to examine the impact of
such facilities on river water, micro-hydrolo-cation
of raft restaurant ³1RDK V $UN´ in Novi Sad was
used, as a representative of the type, with the
permission of the Management Board. The water
was sampled in the vicinity, upstream and downstream, during normal operation, and during the
discharge of its septic tank. Physical, chemical and
bacteriological water quality parameters were evaluated. The results of the study show the possibility
of the occurrence of ecological shock moments, related to the discharge of wastewater into the Danube,
which are detectable in a range of changes in the
oxygen regime to restructuring entire bacteriobiocoenotic communities in the surrounding water.

KEYWORDS:
Danube, raft restaurants, wastewater, water quality

MATERIAL AND METHODS
INTRODUCTION

Sampling was carried out on 1 March 2016,
between 9 and 9:30 am, at the depth of 40 cm.
Weather conditions during the sampling were
cloudy, the air temperature in the range of 7 to 7.3 °

The increasing amount of waste in waterways
is linked to the development of urban areas [1-3],
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FIGURE 1
Research location at the river Danube in Novi Sad (Google maps)
Legend key. 1 - UDIWUHVWDXUDQW³1RDK V$UN´; 2 - the main Novi Sad public beach on the river
Danube; a-i - line of raft restaurants along the Danube
TABLE 1
Dissolved oxygen and O2 saturation (epilimnion, stratified water) at four sampling spots, Danube in Novi
Sad
Sampling spot
1
2
3
4

dissolved oxygen (mg O2/l)
7,2
6,4
4,4
6,5

O2 saturation (%)
85
81
53
81

macconkey broth with Durham tubes were inoculated with original water sample and series of dilutions (10, 102 and 103), then kept in an incubator at
37º C for 48 hours. In the confirmatory trial macconkey broth and Endo agar were used to detect
colifirm bacteria (intestinal enterococci), which
were transferred to double sugar iron agar (Kligler)
and further biochemically identified.

C, the average water temperature 12.2 ° C, the flow
of water 1470 m3/s.
Study location. Raft restaurant ³1RDK V $UN´
was chosen as a representative specimen of a catering river raft. Its position, as the last in the series
of downstream set catering rafts, can show the cumulative effect of rafts on the quality of river water
(Fig.1).
Water samples were taken at four examination
sites in the vicinity of the raft restaurant: Site 1 - ten
meters upstream, site 2 ± three meters downstream,
site 3 ± at the opening of the septic tank during the
discharge of waste water; site 4 ± three meters
downstream immediately after the septic tank discharge.

RESULTS AND DISCUSSION
United Nations IWQGFE (International water
quality guidelines for ecosystems) set precise and
defined limits on water quality classification, in accordance with which the obtained data were interpreted [19] and samples categorised.
The concentration of dissolved oxygen varies
naturally, significantly depending on the anthropogenic activities on the micro-location, having direct
impact on aquatic life. Aquatic environments are
biotopes for large numbers of plant and animal species. Normal oxygen distribution depends on the
biotic and abiotic factors [20] and is not equal
throughout the vertical river profile. However, it is
further affected by human activities [21]. Table 1
shows that the discharge of wastewater from the
septic tank into the Danube, caused acute and dramatic decrease in the concentration of dissolved
oxygen and oxygen saturation of water.

Physical and chemical analyses. Physical and
chemical parameters analysed include air temperature, water temperature, dissolved oxygen, O2
saturation (epilimnion, stratified water), pH value,
EC20 conductivity, sodium, calcium, magnesium,
bicarbonate, chloride (potentiometric), chlorides,
sulphates, ammonium ion, nitrates, the total mineralization (total dry residue).
Microbiological analyses. Aerobic mesophilic
heterotrophic bacteria were determined in 1 ml
sample, the number of coliform bacteria in 100 ml
sample, and present enterobacteria identified.
During the preliminary trial, test tubes containing
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Mineral nitrogen in aquatic systems is usually
represented by ammonium ions, nitrites and nitrates,
which enter ecosystems via abiotic (rainfall,
substrate separation or water outflow) and biotic
pathways (decomposition of dead organisms, decomposition pf metabolic products, nitrogen fixation). The most common are nitrate ions, which
transform oxygen carrying pigments into forms that
are not able to bind it [26], thus causing hypoxic
conditions in water. The concentration of chloride in
all samples was fairly uniform and typical of first
water category (up to 50 mg/l). Similar results were
obtained by standard assays, as well as by potentiometric determination (Fig. 3). Although chemical
monitoring provides quick information about the
current presence and concentrations of contaminants, it does not provide insight into the effects on
biological systems [27], nor the duration of the
pollution. It is therefore necessary to carry out these
measurements regularly and frequently.

Animal species that inhabit aquatic environments are absolutely dependent on the amount of
oxygen in the water [22]. Different species have
adapted to the different amounts of available oxygen
in an aqueous medium. Salmonidae fish (trout)
require environments rich in oxygen (O2 concentration of 7 ml / l H2O), while Cyprinidae (carps)
adapted to life in poorer oxygen conditions [23] of
about 5 mg / l, compensating for it by taking occasional atmospheric oxygen and slowing the metabolism in the zone of physiological stress, until the
eco-physiological lethal point at 0,5 mg O2 / l. For
optimal physiology, perch needs 7 mg oxygen per
liter, enters physiological stress at 3 mg / l, and dies
at 2 mg O2 / l.
EC conductivity at 20 ° C and total dry residue
in all samples corresponded to the first category
water quality (Table 2). All the samples showed
slightly basic reaction in the range from 8.42 to 8.48.
Chloride concentration in all samples was
within first category water quality (up to 50 mg/l) as
were sodium, calcium, magnesium and bicarbonate
ions (Table 3).
Sulphate concentration in all samples was
within second category water quality. Because of the
use in chemical industry, they often occur in
rainwater in urban areas [24]. In surface water due to
industrial waste water, atmospheric precipitation
(due to air pollution), as well as detergents in municipal wastewater.
Although the concentration of nitrates is characteristic of the second category water quality,
strong deviations are found in the concentration of
ammonium ions, according to which samples taken
at points 1 and 2 belong to the first category, at point
4 to second, while sample from point 4 belongs to
the fourth category water quality (Fig 2). This
discrepancy is explained by the large amount of
concentrated organic waste (food, foecal matter), in
the initial phase decomposition. Concentrations of
nitrate and ammonium ions are worthy parameters of
water quality classification [25].

TABLE 2
EC20 conductivity and total dry residua
Parameter
EC20 conductivity
(μS/cm)
total dry residue
(mg/l)

Spot 1

Spot 2

Spot 3

Spot 4

438

437

463

448

303

308

331

339

TABLE 3
Concentration of sodium, calcium, magnesium,
bicarbonate and sulphate ions
Ions mg/l
Sodium
Calcium
Magnesium
Bicarbonates
Sulphates

FIGURE 2
Concentrations of nitrate and ammonium ions
in the samples of the Danube water

Spot 1
19,7
62,0
16,6
241
51,5

Spot 2
19,7
60
13,3
251
60

Spot 3
19,2
59
14,1
250
67

Spot 4
19,4
62,1
15,2
239
69

FIGURE 3
Concentrations of chlorides and chloride ions
(potentiometrically) in the samples of the
Danube water
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TABLE 4
Numbers of coliform bacteria and intestinal enterococci
Examined parameters
Spot 1 (no/category) Spot 2 (no/ category) Spot 3 (no/ category) Spot 4 (no/ category)
Total colifirms, cfu / 100ml
2.800 / II
3.200 / II
3.100 / II
3.400 / II
Intestinal enterococci, cfu / 100 ml
540 / III
520 / III
570 / III
390 / II















      










     










FIGURE 4
Aerobic heterotrophs and foecal coliforms in the samples of the Danube water
TABLE 5
Enteric bacteria identified in the samples of the Danube water
Enterobacteria / sampling spot
Escherichia coli (37°C)
Escherichia coli (44°C)
Klebsiella oxytoca (37°C)
Klebsiella oxatoca (44°C)
Klebsiella pneumoniae (37°C)
Klebsiella pneumoniae (44°C)
Citrobacter freundii (37°C)
Citrobacter freundii (44°C)

1
+
+
+

2
+
+

+
+

+
+

3

4
+
+

+
+
+
+
+
+

Enterobacteriaceae
include
the
genera:
Enterobacter, Klebsiella, Citrobacter, Escherichia,
identified in this study (Table 5).
Based on the number of total and foecal coliforms and intestinal enterococci, water at the sites 1
and 2 belong to the third category. At the site 3,
qualitative composition of enteric bacterial flora
points to increased foecal contamination by specific
types of bacteria. Site 4 revealed a complete change
in the dominant enterobacterial flora, with no C.
freundii or K. oxytoca, which dominated bacterioplankton just a few meters upstream, reestablishing
E. coli and K. pneumoniae as dominant species,
similar to the sample 2. This shows the assimilation
power of the Danube water mass, as well as high
sensitivity and variability of bacterial communities
in the river water [30]. Taking into consideration
both, the international level of protection of the
Danube and the location of this and many other raft
restaurants in tourist and recreational complex
³)LVKLQJ,VODQG´ just upstream of the local beach, the

The results of microbiological analyses, numbers of coliform bacteria and intestinal enterococci
are given in Table 4 as the numbers of colony
forming units (CFU) per volume sample.
Such aggregation of enteric bacteria and potential pathogens further favors the formation of
clusters of bacterial decomposers in water as shown
in Fig 4. Although numbers of foecal coliforms
stared to show a decline three meters downstream
after the septic tank discharge (sampling site 4), the
numbers of aerobic heterotrophs showed a steady
increase.
Relatively high number of total coliform bacteria (3.200/ml) and foecal coliforms, seemingly
does not match an unexpectedly small number of
aerobic heterotrophs (5.500/ml). The reason for such
bacterioplankton distribution is probably due to the
fact that it is not evenly distributed in the river water,
occurring in smaller and larger clusters of floating
colonies [28]. Coliform bacteria are ideal indicators
of foecal pollution [29]. The bacteria of the family

3361

© by PSP

Volume 26 ± No. 5/2017 pages 3358-3364

lack of established wastewater management should
be urgently corrected. E. coli is a normal inhabitant
of the lower part of the intestinal tract of warmblooded animals entering the body within first two
days after birth, with first food, attaching to intestinal
mucus [31]. Despite its contribution to the host
(helping in carbohydrates digestion, producing B
complex vitamins, protecting from unwanted
pathogenic invasion), E. coli synthesize endotoxin
toxic to all animal species [32]. Citrobacter specii
are aerobic rodshape bacteria [33, 34] and
bioindicators of potential water contamination, including lead compounds [35]. They inhabit soil,
water, especially waste water and sewage systems,
as well as the intestinal tract of animals and humans.
C. freundii is responsible for about 29% of all
opportunistic infections [36], causing liver, gall
bladder and pancreas disease [37], as well as neonatal meningitis [38], with an extremely high mortality rate of about 50% [39]. In fish, it causes abnormal inflammatory changes of the intestinal tract
in trout, as well as inflammation and necrosis (tissue
death) in cyprinids (carp, crucian carp). More
recently, C. freundii has developed the resistance to
a broad spectrum of antibiotics [40], including piperacillin, piperacilinazobaktam, vancomycin and
cephalosporins, obtaining (via horizontal transfer
and probably from GM microorganisms) or activating gene responsible for the synthesis of enzyme
cephalosporinases, which hydrolyze antibiotics. K.
pneumoniae normally lives in human intestinal tract,
without causing pathological changes. If it enters
other parts of the body, it causes a variety of
diseases, such as pneumonia, blood, wound and
urinary infections, as well as meningitis. The isolates
resistant to all antibiotics have been long known [4143]. K. oxytoca is ubiquitous and opportunistic
pathogen identified in mammals and insects [44],
colonizing skin, mucous membrane of the colon,
nose and trachea.
Although chemical analyzes showed that the
samples belong to the second and third categories of
water, there is an obvious discrepancy between the
results obtained by chemical and biological indicators. Therefore, it seems that the focus should be
placed on ecohydrology [45]and particularly biomonitoring using living organisms in the assessment of the water quality [46], preferably combining
bio-accumulation monitoring (measurement of the
concentration of pollutants accumulated in living
organisms), biological effect monitoring (early and
reversible changes in affected organisms), health
status monitoring (irreversible diseases or damage
caused by xenobiotics) and ecosystem monitoring
(integrity
of
ecosystems
by
measuring
biocenological and demecological parameters).
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CONCLUSIONS
As an international river the Danube is a subject to a special level of protection, that is not being
complied with in case of all of the numerous raft
restaurants in Novi Sad, which discharge their septic
tanks containing kitchen and toilette wastewater
directly into the river, without filtering or treatment
of any kind. This waste is rich in organic matter at
various stages of decomposition, as well as foecal
bacteria, many of which are opportunistic pathogens.
Such lack of wastewater management that relies
exclusively on auto-purification and assimilation
power of the Danube water, can have a cumulative
effect and deteriorate the habitats along the coast.
The results of the study show the occurrence of
ecological shock moments, related to the discharge
of untreated wastewater into the Danube, detectable
in a range of changes in the oxygen regime to
restructuring
entire
bacterio-biocoenotic
communities in the surrounding water.
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ABSTRACT

INTRODUCTION

Application of biochar has been suggested to
improve water and fertilizer-retaining capacity of
agricultural soil. The objective of this study was to
evaluate the effects of wheat straw-derived biochar
on water retention capacity, and ammonium (NH4+)
and nitrate (NO3-) leaching from the arable calcareous clay soil of Loess Plateau by soil column
experiment. Results showed that the cumulative
leachate volume significantly (P < 0.05) reduced
from 1148 ± 11.0, 1115 ± 7.00 to 1069 ± 5.00 mL as
biochar application rate increased from 1%, 5% to
10%, which reduced the leachate volume of 2.13%,
4.94% and 8.87% compared to the control treatment
(no biochar application), respectively. Biochar
inhibited NH4+ leaching. The cumulative masses of
NH4+-N leached from 1%, 5% and 10% biochar
application soil columns were 4.87 ± 0.07, 4.20 ±
0.21 and 3.59 ± 0.11 mg respectively, much lower
than control (5.32 ± 0.20 mg). However, biochar
promoted NO3- leaching. The cumulative masses of
NO3--N leached from 1%, 5% and 10% biochar
application soil columns were 81.6 ± 1.40, 78.2 ±
0.90 and 73.5 ± 2.40 mg respectively, much higher
than control (71.1 ± 2.10 mg). Furthermore, both the
cumulative masses of leached NH4+-N and NO3--N
decreased as biochar application rate increased. This
phenomenon may be the incor- porated result of
stimulated nitrification and enhanced adsorption of
NH4+ and NO3- caused by biochar addition. Notably,
our results suggested a potential negative effect of
biochar on NO3- leaching in intensively fertilized
cropland soils, which should be investigated further
in future.

Nitrogen (N) losses from the agricultural soils
are resulted from gaseous emission (NH3, N2O, NO
and N2), and ammonium (NH4+) and nitrate (NO3-)
leaching [1]. NO3- leaching has been the main N loss
pathway from Chinese agro-ecosystem. High NO3concentration in water supplies can cause
eutrophication and health problems such as methemoglobinemia and diabetes [2, 3]. Therefore, technical solutions have become obligatory to reduce N
(NH4+ and NO3-) leaching losses from agricultural
soils for sustainable crop production. Biochar applied to soils has currently generated considerable
interest for scientists and policy makers [4], and may
be a potential solution.
Biochar, charcoal produced from pyrolysis of
biomass, has a fine porous structure and a potential
use as an adsorbent [5-7]. Biochar may improve soil
physical properties, increase soil pH and cation
exchange capacity (CEC), enhance nutrient retention
and alter soil microbial populations. In the past few
decades, approximately 6.3 × 108 t of crop residue
was produced per year in China, accounting for 30%
of the world annual production [8]. Of the total crop
residue production, wheat, corn and rice straws
constitute three-fourths [9]. Therefore, converting
cheap, abundant crop straws to biochar and applying
it to soil may significantly improve soil fertility in
China. The Loess Plateau is located in arid and semiarid region of China. The poor soil fertility and soil
water retention capacity of Loess Plateau have
become major restriction factors of local agricultural
production and ecological resto-ration [10]. The
ameliorating effects of biochar on soil water
condition and soil fertility have been confirmed in
many regions, which make biochar an appropriate
amendment material for the agricultural soil of Loess
Plateau.
The ability of biochar to increase water holding capacity could have profound effects on areas
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to pass through a 2-mm sieve, and mixed thoroughly
to obtain a powder that would mix more uniformly
with the soil.

prone to drought [11]. Therefore, soil hydraulic
properties would be altered on biochar application,
and this change may influence NH4+ and NO3leaching. Furthermore, accelerated nitrification was
found following the addition of biochar to acidic
forest soils that lack net nitrification [12-15]. However, it remains unknown whether the addition of
biochar would also have a stimulatory effect on
nitrification in alkaline arable soil, which often has a
relatively strong nitrification due to long-term
cultivation and fertilization. Moreover, the mechanisms underlying the N response to biochar additions in alkaline soil are not well understood.
According to the published literatures, it is reasonable to hypothesize that straw biochar may retard N
leaching losses and stimulate nitrification process in
the alkaline arable soil of Loess Plateau (pH 8 to 9).
In this study, we focused on the effects of wheat
straw-derived biochar on water retention and
inorganic nitrogen leaching from the alkaline arable
soil of Loess Plateau. The specific objectives of the
study were to 1) investigate the impacts of biochar
with different application rates (0%, 1%, 5% and
10%) on the water retention capacity of the calcareous clay soil with leaching experiment; 2) evaluate the processes of NH4+ and NO3- leaching from
soil columns; 3) explore the relevant mechanisms
influencing NH4+ and NO3- leaching.

Column leaching experiment. The effects of
wheat straw-derived biochar on water retention and
inorganic nitrogen (NH4+ and NO3-) leaching of the
calcareous clay soil were explored with column
leaching experiment. Soil columns were made of
plexiglass cylinders measuring 30 cm in height and
10 cm in diameter. A screw cap with a hole in the
middle allowing water drainage was fitted to the
bottom end of the column. Then, the screw cap was
covered with some quartz sand with the thickness of
3 cm (soaked in 2.0 mol L-1 H2SO4 overnight and
washed with deionized water), which was enclosed
by nylon net (70 μm pore size) to prevent quartz sand
loss. The air-dried soil with (1%, 5% and 10% mass
fractions by dry weight) and without biochar was
packed into the column with the height of 20 cm and
the bulk density of 1.20 g cm-3 (equal to the field soil
after ploughing). Especially, the surface soil (0-5
cm) in the column was spiked with 0.40 g urea in 15
mL solution (equivalent to 280 kg N ha-1). An
appropriate filter-paper was placed on the surface of
the soil in each column to homodisperse the source
water and to retard water evaporation. All the
treatments were carried out in three replicates.
Initially, these columns were flushed with 78
mL deionized water each day for a week to
precondition the soil-biochar mixture but just with
no leachate. Then, the columns were leached with
150 mL deionized water by dripping, which last for
2 h. The leachate from each column was collected in
200 mL polyethylene bottles for about 6 h after the
start of leaching. The bottles had a cap with a small
hole drilled through it that allowed the drain tube to
be inserted into the bottle so that evapo-rative water
loss was minimized. We called this process a
leaching event. The leaching events were repeated
for 12 times with an interval of 3 days. Between
adjacent leaching events when the soil was idle, the
loss of water through evaporation was made up for
by adding deionized water through the weighing
method. The leaching experiment was carried out at
room temperature (25 Ԩ).
All the leachate samples were immediately
filtered through 0.45 μm filters for further analyses.
The volume of the leachate collected for each
column was determined gravimetrically (assuming
the density is 1 g mL-1). The NH4+-N and NO3--N
concentrations in the leachate were measured using
the colorimetric method in 1 h [19].

MATERIALS AND METHODS
Soil and biochar. The soil was collected from
the surface layer (0-20 cm) of a cropland in the
suburb of Taiyuan, China, locating at the
southeastern margin of Loess Plateau. The soil was
air-dried for 1 month and passed through a 2-mm
sieve. The pH value (8.58) of the soil is relatively
high, because of the presence of many limestone
deposition that contributed calcium ions. The soil
had a bulk density of 1.35 g cm-3, an organic matter
of 35.5 g kg-1, a total nitrogen of 1.09 g kg-1, and an
alkali-hydrolyzable nitrogen of 0.10 g kg-1. The soil
is rich in clay, and its texture corresponds to clay in
the USDA textural soil classification.
The biochar used for the experiment was
purchased from the Sanli New Energy Company,
Henan, China. It was produced by pyrolysis of wheat
straw at 350-550 Ԩ in a vertical kiln. The biochar
had a pH of 10.4 (H2O), a bulk density of 0.65 g cm3
, a surface area of 8.92 m2 g-1, and a cation exchange
capacity (CEC) of 21.7 cmol kg-1; the organic
carbon, total nitrogen and total ash contents of the
biochar were 46.7%, 0.59% and 20.8%, respectively
[16-18]. However, the wheat straw-derived biochar
used in our study had been stored in woven bag with
the mouth tied closely, which was placed in the dark
in our lab for about 1 year. The biochar was ground

Column layered soil sample analyses.
Immediately after the 12 leaching events, the topsoil (0-2 cm) and the layered soil samples of 3-7 cm,
8-12 cm and 18-20 cm in the column, which were
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leaching event. Moreover, the leachate volume
showed obvious dose-response of biochar addition,
with less leachate but larger biochar addition rate.
Notably, 10% biochar application showed the
greatest impact on the water retention capacity of the
soil, of which the leachate volumes were always the
lowest during the experiment except the ninth
leaching event (85-96 mL) (Fig. 1).
Volume of collected leachate (mL)

defined as 0, 5, 10 and 20 cm depth soil samples,
were collected with a spade, respectively. Soil
ammonium was extracted by shaking 5.0 g of fresh
sample with 50 mL of 2 mol L-1 KCl for 1 h.
Subsequently, the suspension was centrifuged at
4,000 rpm for 20 min. The supernatant was sampled
and filtered through a 0.45 ȝm filter for further
measurement. Extractable NH4+-N content (in milligram per kilogram dry weight) of the sample was
analyzed by the colorimetric method [20].
The potential nitrification rate of the layered
soil sample was measured using a chlorate inhibition method with some modifications according to
Kurola et al. [21]. Briefly, 5.0 g of fresh sample
(transformed to dry weight during calculation) was
added to a 50-mL centrifuge tube containing 20 mL
phosphate buffer solution (PBS) (g L-1: NaCl, 8.0;
KCl, 0.2; Na2HPO4, 0.2; NaH2PO4, 0.2; pH 7.4) with
modified ammonium concentration (1 mmol L-1
(NH4)2SO4). Potassium chlorate with a final
concentration of 10 mmol L-1 was added to inhibit
the nitrite oxidation. The suspension was incubated
(170 rpm) in the dark at 25 Ԩ for 6.5 h so as to avoid
the impact of ammonium depletion on poten-tial
nitrification rate. The time zero sample was collected
0.5 h after incubation. Subsequently, at the time
points 1.5, 2.5, 4.5 and 6.5 h after incu-bation, the
suspensions were collected from the individual timeseries centrifuge tubes. The produced nitrite was
extracted from the suspension with 5 mL of 2 mol L1
KCl and determined by a spectrophotometer at
wavelength of 540 nm with N- (1-naphthyl)
ethylenediamine dihydrochloride. The potential
nitrification rate was calculated from the linear
increase of NO2--N concentration in the suspension
during the 6.5 h.
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FIGURE 1
The volume variation of collected leachate
during the leaching experiment
The cumulative leachate volume decreased
from 1173 ± 6.10 to 1069 ± 5.00 mL with the biochar
application rate increasing from 0% to 10%. The
cumulative leachate volumes of 5% and 10% biochar
application were significantly (P < 0.05) lower than
that of 0% and 1%. The average percentages of the
reduced leachate volume compared to the control
treatment were 2.13%, 4.94% and 8.87% for the 1%,
5% and 10% biochar applications, respectively (Fig.
2). In all, our study showed that the wheat strawderived biochar significantly enhanced the water
retention capacity of the calcareous clay soil.
The effect of biochar on ammonium
leaching. Biochar application to soil could not only
increase the water retention capacity of the
calcareous clay soil, but also affect the inorganic
nitrogen leaching. The same as the control, the
concentrations of leached NH4+-N from 1% and 5%
biochar application columns both reached a peak at
the second leaching event (11.7 ± 2.10 and 13.7 ±
1.70 mg L-1, respectively). However, the leaching
peak postponed to the third leaching event for the
10% biochar application (9.30 ± 2.50 mg L-1). The
phenomenon may result from the intensive
adsorption of NH4+-N by much larger amount of
biochar. Then the concentration of leached NH4+-N
decreased until the seventh event, and trended to be
stable approximately (2.09-3.35 mg L-1) during the
last 5 leaching events for all the four treatments.
Notably, there was an obvious increase of the
leached NH4+-N from the seventh event (0.14 and
0.26 mg L-1 for 5% and 10% biochar applications,
respectively) to the eighth event (2.55 and 3.35 mg
L-1 for 5% and 10% biochar applications,

Statistical analysis. The variance between any
triplicate measurements in this study was smaller
than 5%, and the mean ± standard deviation was
showed in the paper. Variance analysis (one-way
ANOVA) was examined by the protected LSD
multiple range test (P < 0.05) using the software
Statistica 6.0. The graphing was performed using
OriginPro 7.5 software, and the average values are
showed in figures.

RESULTS
The effect of biochar on leachate volume. To
explore the effect of wheat straw-derived biochar on
water retention capacity of the calca-reous clay soil,
the leachates were collected and their volumes were
determined for all the 12 leach-ing events. The
leachate volume decreased by 3.33-8.57% during the
initial four leaching events. Thereafter, it fluctuated
and formed three peaks at the sixth, ninth and twelfth
3367
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amendment. Then the overall trend of the leached
NO3--N was declined for all the four treatments, and
there was no obvious difference after the ninth
leaching event (Fig. 4).

respectively) (Fig. 3).
A

Cumulative leachate volume (mL)

1180

A
2.13%

1160

TABLE 1
The cumulative mass of NH4+-N leached during
the leaching experiment

1140
B
4.94%

1120
1100
1080

The cumulative
mass of leached
NH4+-N (mg)

The average percentage of
the reduced NH4+-N leached
compared to the control
treatment (%)

0%

5.32 ± 0.20

-

1%

4.87 ± 0.07

8.40

5%

4.20 ± 0.21

21.1

10%

3.59 ± 0.11

32.5
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FIGURE 2
The cumulative leachate volume from the
columns with 0%, 1%, 5% and 10% biochar
application during the leaching experiment. The
data above the bar are the average percentages
of the reduced leachate volume compared to the
control treatment (no biochar addition). The
columns followed by the same letter are not
significantly different at P < 0.05

Moreover, the cumulative masses of leached
NO3--N were 71.1 ± 2.10, 81.6 ± 1.40, 78.2 ± 0.90
and 73.5 ± 2.40 mg for 0%, 1%, 5% and 10% biochar
applications, respectively, which were 13-20 times
more than that of NH4+-N. The average percentages
of the increased NO3--N leached compared to control
were 14.8%, 9.99% and 3.40% for the 1%, 5% and
10% biochar applications, respectively (Table 2).
Contrary to NH4+-N, the wheat straw-derived
biochar showed negative effect on nitrate retention
during leaching.
-1

NO3 -N concentration in leachate (mg L )

-1

NH4 -N concentration in leachate (mg L )

Moreover, the cumulative masses of leached
NH4+-N were 5.32 ± 0.20, 4.87 ± 0.07, 4.20 ± 0.21
and 3.59 ± 0.11 mg for 0%, 1%, 5% and 10% biochar
applications, respectively. The average percentages
of the reduced NH4+-N leached compa-red to control
increased from 8.40% to 32.5% with biochar
application rate increasing from 1% to 10% (Table
1). Our result indicated that the wheat straw-derived
biochar showed positive effect on ammonium
retention during leaching.
15

0%
1%
5%
10%

9

150
100
50
0
1

2

3

4

5

6

7

8

9

10 11

12

Leaching event

6

FIGURE 4
The variation of leachate NO3--N concentration
during the leaching experiment
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TABLE 2
The cumulative mass of NO3--N leached during
the leaching experiment

FIGURE 3
The variation of leachate NH4+-N concentration
during the leaching experiment
The effect of biochar on nitrate leaching. In
contrast to ammonium, the concentration of leached
NO3--N was 10-20 times more than NH4+-N,
indicating the adsorbability of NO3- by soil-biochar
mixture was much weaker than NH4+ and the
enhanced nitrification induced by biochar may occur
in soil columns. Corresponding to the leaching
pattern of NH4+, the concentrations of leached NO3-N also peaked at the second leaching event at any
biochar application rate, which may be the result of
enhanced nitrification caused by biochar
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The cumulative
mass of leached
NO3--N (mg)

The average percentage of
the increased NO3--N
leached compared to the
control treatment (%)

71.1 ± 2.10
81.6 ± 1.40
78.2 ± 0.90
73.5 ± 2.40
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The effect of biochar on potential
nitrification rate of layered soils in leaching
column. To explore the effect of biochar on nitrogen
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transformation, the potential nitrification rate and
NH4+-N content in the sliced soils of the column after
leaching experiment were determined. The average
potential nitrification rates of the layered column
soils for the 1%, 5% and 10% biochar applications
were 111.5, 286.5 and 140.7 nmol N g dw-1 h-1,
respectively, which were 5.11, 13.1 and 6.45 times
more than that of control (Fig. 5a,b,c,d). Notably,
any layer of the column with 5% biochar application
showed the highest potential nitrification rates
(308.8 ± 12.4, 209.0 ± 16.3, 294.5 ± 9.70 and 333.5
± 18.1 nmol N g dw-1 h-1 for the 0, 5, 10 and 20 cm
depth samples, respectively) (Fig. 5c).
The NH4+-N contents of the surface layer of 1%
and 5% biochar application columns (242.5 ± 18.4
and 208.2 ± 25.9 mg kg-1, respectively) were both
significantly (P < 0.05) higher than that of control
(118.0 ± 24.3 mg kg-1) (Fig. 5e,f,g). It may be
DWWULEXWHG WR ELRFKDU¶V VWLPXODWLRQ HIIHFW RQ XUDVH
activity, leading to much more NH4+ generating or
the sorbed NH4+ that was desorbed afterward.
However, the surface layer NH4+-N content of 10%
biochar application column (115.2 ± 10.5 mg kg-1)
showed no significant difference (P < 0.05) with the
control, being the result of the equivalent effects of
stimulated urase activity and enhanced nitrification
process induced by biochar amendment (Fig. 5h).
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DISCUSSION
In this project, the effects of wheat strawderived biochar on water retention capacity, ammonium (NH4+) and nitrate (NO3-) leaching from the
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reduced from 15.0 to 12.9 mg pot-1. The rationale
generally given for the observed reductions in NH4+
leaching is the CEC of the biochar. The CEC of the
fresh wheat straw biochar produced by the Sanli New
Energy Company is 21.7 cmol kg-1 [18]. Given that
the CEC of biochar may increase with aging because
of increased surface areas and the formation of
negative sites as it oxidizes [29], the actual CEC of
the biochar used in our study is much higher than
21.7 cmol kg-1, because the biochar had been stored
in our lab for about 1 year before utilization.
:KDW¶V PRUH WKH UHDVRQ ZK\ 123- was more
easier leaching than NH4+ ZDVWKDWELRFKDU¶VDQLRQ
exchange capacity (AEC) is usually low, being 2-3
orders of magnitude lower compared to the CEC [23,
30], which decreases rapidly as biochar oxidizing in
soil [31]. Thus biochar was likely to adsorb only
small amounts of NO3-. Consistent with our study,
Laird¶V VWXG\ from soil column incubation and
leaching experiment also showed that the C20 (20 g
kg-1, biochar application rate) columns lost 26%
more NO3--N to leaching than the control columns
over 45 weeks [24]. They attributed this significant
(P < 0.05) effect to enhanced mineralization of
organic N stimulated by the high rate of biochar
addition. And that, Kameyama et al. [32] found that
the amending soil with biochar could potentially
increase the hydraulic conductivity, or preferential
flow around larger particles, and thus lead to
enhanced leaching of NO3-. Therefore, NO3- was
only weakly adsorbed onto biochar, and it could be
desorbed by water infiltration, and the net residence
time for NO3- in the soil could be decreased.
+RZHYHU ELRFKDU¶V HIIHFW RQ 123- leaching
also showed the controversial results. Some studies
VKRZHGWKDWELRFKDU¶VDGGLWLRQRQKLJKO\ZHDWKHUHG
subtropical or tropical soils enhanced NO3- reten-tion
and reduce NO3- leaching [33, 34]. Literature
showed that biochar NH4+ adsorption depends on
feedstock, but no pyrolysis temperature trend is
apparent, while obvious biochar adsorption of NO 3occurs at pyrolysis temperatures >600 Ԩ with
amounts adsorbed dependent on feedstock and NO3concentration [35]. So the implications of biochar for
NO3- retention are specific to individual soil-biochar
combinations and further systematic studies are
required to predict the mechanistic under-standing.

calcareous clay soil of Loess Plateau were explored.
The biochar enhanced the water retention capacity of
the soil, and inhibited ammonium leaching but
promoted nitrate leaching from the soil. The large
discrepant impact of biochar on NH4+ and NO3leaching may be the incorporated result of the
enhanced nitrification caused by biochar, and NO3being more easily leaching than NH4+ from the soil.
Biochar enhanced the water retention
capacity of the calcareous clay soil. The capacity
of soil to retain plant available water is the key
indicator of soil quality, especially in Loess Plateau
region [22]. For the calcareous clay soil of our study,
the total leachate volume of the biochar-amended
soil decreased by 2.13-8.87% compared to the
control during the 12 leaching events (Fig. 2).
Increased water holding capacities of biochar-treated
soils have been anticipated by many researchers in
different agrotypes. Novak et al. [23] reported an
increase in the water holding capacity of a loamy
sand soil with 2% mixtures of biochar made from
various switchgrass feedstocks. Laird et al. [24] also
showed that the fine-loamy farm soil amended with
hardwood biochar retained more water at gravity
drained equilibrium (up to 15%). Moreover, Karhu
et al. [11] reported that added birch biochar increased
soil water holding capacity by 11% in an acidic silt
loam soil. In all, the increased soil water retention
capacity by biochar amendment is doubtless, and the
impact on soil water retention characteristics may
attribute to its highly porous structure [25].
Biochar inhibited ammonium leaching but
promoted nitrate leaching. In our study, the wheat
straw-derived biochar inhibited NH4+ leaching, with
the largest extent of 32.5% at 10% biochar
application, but promoted NO3- leaching, with the
largest extent of 14.8% at 1% biochar application.
Furthermore, the cumulative mass of leached NH4+N and NO3--N decreased (NH4+-N, 4.87 to 3.59 mg;
NO3--N, 81.6 to 73.5 mg) as biochar application rate
increased from 1% to 10% (Tables 1 and 2). The
discrepant effect of biochar on NH4+ and NO3leaching may be the coupled consequence of
nitrification and adsorption. The study carried out at
the Central Amazon basin also showed that biochar
application may decrease NH4+ leaching, while it
may stimulate NO3- leaching [26]. Consistent with
RXU UHVXOW ELRFKDU¶V UHWHQWLRQ HIIHFW RQ 1+4+ has
been examined in several leaching studies. Ding et
al. [27] reported that the application of 0.5% biochar
to the surface soil layer reduced cumulative leaching
losses of NH4+-N by 15.2% through NH4+ adsorption
on the biochar. Dempster et al. [28] observed that
when a biochar with the cation exchange capacity
(CEC) of about 10 cmol kg-1 was added to a sandy
soil (CEC of about 2.0 cmol kg-1), NH4+ leaching was

Biochar stimulated potential nitrification
rate. One of the reasons for the promoted NO3leaching may be due to the enhanced nitrification
process caused by biochar. The potential nitrification
rate of biocharamended soil was 5.11-13.1 times
more than that of control in the calcareous clay soil
of our study (Fig. 5). In an acidic loamy sand soil (pH
4.98), Nelissen et al. [36] showed that the
nitrification was significantly stimulated (0.91 to
0.54 μg N g-1 day-1) by maize-biochar produced at
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550 Ԩ. Also, increased nitrification following
biochar amendment has been reported by van
Zwieten et al. [37] in acidic sandy soil (pH 4.5) under
longterm intensive vegetable production using pot
experiments. And it has been shown that biochar
amendment can significantly enhance nitrification in
acidic (pH 4.22-6.81) pine-forest soils [13].
However, it is likely that the addition of biochar had
no evident stimulating effect on nitrification in most
calcareous or neutral arable soils recently.
Noticeably, Prommer et al. [38] showed the gross
nitrification rates in the hardwood-derived biochar
treatment (10.2 mg N g-1 day-1) were fourfold higher
than the rates in the control treatment (2.4 mg N g -1
day-1), and significantly different (P < 0.001) in the
temperate alkaline soil (pH 7.5). Consistent with
3URPPHU¶V VWXG\ RXU UHVXOWV DOVR VKRZHG WKDW
ELRFKDU¶V DSSOLFDWLRQ DFFHOHUDWHG QLWULILFDWLRQ
process significantly (P < 0.05) in the calcareous
clay soil.
One of the dominant theories to explain the
enhanced nitrification following biochar amendment is the increase in pH resulting from the biochar
addition [39]. Biochar commonly has a neutral to
alkaline pH [40] and therefore may increase the pH
of acidic soils with a concurrent positive response of
soil nitrifiers whose pH optimum is slightly acidic to
neutral pH [41, 42]. The soil used in our study was
alkaline (pH 8.58), and the pH did not increase but
rather slightly decreased in response to the addition
of biochar (1%, 8.52; 5%, 8.49; 10%, 8.45; still
alkaline). Another most possible explanation for the
observed increases in potential nitrification rate may
be that the biochar provides a protective habitat for
nitrifying bacteria and archaea growth. The increase
in moisture content (corresponding to the increased
water retention capacity) at the larger biochar
application rate could also provide more favorable
conditions for nitrification [43].
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SELECTIVITY OF GILLNETS WITH DIFFERENT
CHARACTERISTICS FOR CYPRINUS CARPIO LINNAEUS
1758 CAUGHT IN INLAND WATERS OF TURKEY
Murside Dartay*, Tuncay Atessahin
Department of Fisheries 7HFQRORJ\)LVKHULHV)DFXOW\)ÕUDW8QLYHUVLW\TR-23119,Elazig, Turkey

multifilament net materials were used in Turkey for
gill netting [5]. Currently, the majority of fishing
boats use monofilament gill nets. Since the banning
of monofilament gill nets, multi-monofilament gill
nets have been commonly used.
Studies on the selectivity of gill nets have
focused on such factors as the hanging ratio, mesh
size, twine thickness, twine color, fish behavior, and
fishing method [ 2, 6, 7, 8, 9].
The studies on selectivity have mostly focused
on the effect of mesh size [2, 9, 10, 11,12,13,14,15].
However, there have been a few publications on the
effects of hanging ratio [4, 16, 17, 18].
The family Cyprinidae, carps, contains about
HLJKWSHUFHQWRIWKHZRUOG¶VILVK ,making it the largest
fresh water fish family. Cyprinidae has over 2400
species; 220 genera of Cyprinids are native to North
America, Eurasia, and Africa. Fossil evidence
suggests that this family may have originated in Asia
in the Eocene. Carp (Cyprinus carpio Linnaeus
1758) are widely distributed in fresh water systems
[19,20].
Carp naturally live in temperate climates with
temperatures3°C±35°C in fresh water [21]. There are
many studies on C. carpio in all fields [2].
Keban Dam Lake is one of the most important
freshwater reservoirs for fisheries production in the
Eastern Anatolia region (Elazig, Turkey). Cyprinus
carpio are caught extensively by commercial
fishermen in this region.
The goal of this study was to determine the
selectivity of gill nets with different characteristics
for carp, caught in the inland waters of Turkey.

ABSTRACT
In this study, the selectivity of gill nets with
different characteristics for Cyprinus carpio
(Linnaeus 1758) was investigated between July 2012
and March 2013 in Keban Dam Lake (Elazig,
Turkey). For calculating the selectivity parameters
and selection curves of the gill nets, the indirect
method proposed by Holt (1963) was used. To
determine the best fit, different hanging ratios, mesh
sizes, and materials were used to produce different
gill net characteristics. In this study, the following
variations were used: two materials (multimonofilament and multifilament), two hanging
ratios (E=0.5 and 0.67), and four mesh sizes (45, 50,
55, and 60 mm). A total of eighteen fishing
operations were performed. The initial reproduction
length of C. carpio was 38.44 cm in Keban Dam
Lake. The initial reproduction length and optimum
catching length were compared for best fit to the
hanging ratios, mesh sizes, and materials in gill nets.
The results showed that the best fit minimum
hanging ratio was E=0.67; the best fit mesh size was
60 mm; the best fit material was multi-monofilament
gill net; and the optimum catching length was 40.63
vs. 38.64 cm.

KEYWORDS:
Cyprinus carpio; gill nets; selectivity; hanging ratio; mesh
size; holt method

INTRODUCTION
Gill nets are passive fishing gear, being vertical
walls of netting kept erect in a water column by
means of floats and sinkers and set perpendicular to
the direction of movement of the target fish [1].Gill
nets are widely used for the harvest of fish ,because
they are highly selective and productive. For
sustainable fishing, selectivity of the fishing gear is
important for the protection of young fish and the
development of appropriate management policies.
Gill nets are the most frequently-used fishing gear
because of their ease of use, low cost, and high
selectivity [2, 3, 4].Until the 1990s, only

MATERIALS AND METHODS
This study was carried out between July 2012
and March 2013 in Keban Dam Lake (Elazig,
Turkey) (Figure1).Gill nets were used twice a month
(9 month x 2 times= 18 times). All nets (16 gillnets)
were used at the same time during each sampling
event. In this study, the following variations were
evaluated: two materials (multi-monofilament and
multifilament), two hanging ratios (E=0.5 and 0.67),
and four mesh sizes (45, 50, 55, and 60 mm). Gillnets
are used extensively by fishermen in Keban Dam
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Lake (Elazig, Turkey). To determine the best fit,
hanging ratios, mesh sizes, and materials were
compared gillnets with different characteristics.
A total of eighteen fishing operations were
performed over the nine-month period. Stations were
randomly selected for eighteen sets of fishing
operations. All gill nets were spread into the water at
the same time, being set at night and retrieved the
next morning. The total time in the water was
approximately 12hours. Multi-monofilamentnets (8
units) were used: 4 units with a hanging ratio E=0.5
and length of 50 m and 4 units with E=0.67and
length of 67 m. For each hanging ratio, mesh sizes of
45,50,55, and 60 mm were used. The monofilament
gill nets had the same characteristics. For the
hanging ratio E=0.5, the length of the multimonofilament gill nets were 400 m(8 x 50=400), and
for the hanging ratio E=0.67, the length of the multimonofilament gill nets was 536 m (8x67=536). The
twine diameter of the multi-monofilament
polyamide gill net material was rigged (0.1  x3
twisted) mm and multifilament gill net material 210
d/3 twisted.
The mesh sizes corresponding to each hanging
ratio were analyzed among themselves in the
selectivity calculations, which used the Holt method.
Selectivity analysis was performed separa-tely for
the multi-monofilament and multifilament gill nets
with hanging ratios of 0.50 and 0.67. Microsoft
Excel was used to compare the results obtained for
different hanging ratios with the same mesh size and
the same material. One-way Analysis of Variance
(ANOVA) was used to investigate the significance
of the variations in total size distributions for fish
caught using gill nets of the same mesh size and
different hanging ratios.

TABLE 1
Number of C.carpio captured by
experimental nets
Hanging Multi-monofilament
ratio
mesh size
45 50 55 60
46 37 31 28
0.50
29 24 32 31
0.67
75 61 63 59
Total

Multifilament
mesh size
45 50 55 60
39 27 25 26
25 17 31 30
64 44 56 56

Total

259
220
478

According to Table 1, the most fish
(E=0.5,multi-monofilament, 46 fish) were caught
using 45 mm mesh size nets. The total caught were
142(multi-monofilament gill nets) and 117 (multifilament gill nets) for the0.5 hanging ratio, and 116
(multi-monofilament gill nets)and 103 (multifilament gill nets)fish for the 0.67 hanging ratio
(Table 1). The differences among the total catch
efficiencies for the multi-monofilament and multifilament gill nets with 0.5 and 0.67 hanging ratios
were determined to be statistically significant
(P<0.05). However, no statically significant
differences in length selectivity were observed for
the E=0.5 hanging ratio with 45,50,55,and 60 mm
mesh sizes or for the E=0.67 hanging ratio with mesh
sizes of 45,50,and 55 mm ( P >0.05).
TABLE 2
The common selectivity factor, standard
deviation, and optimum catching lengths for the
0.5the multi-monofilament and the multifilament
gill nets

Common Parameters Selectivity for the multi-monofilament
gillnets (E=0.5)
SF
Sd
L45
L50
L55
L60
6.604 5.815 29.72
33.02
36.32
36.62
Common Parameters Selectivity for the multifilament gillnets
(E=0.5)
SF
Sd
L45
L50
L55
L60
6.517
4.984
29.33 32.58
35.84
37.10

TABLE 3
Common selectivity factor, standard deviation,
and optimum catching lengths for the 0.67 multimonofilament and multifilament gill nets
Common Parameters Selectivity for the multi-monofilament
gillnets (E=0.67)
SF
Sd
L45
L50
L55
L60
6.771 9.714 30.47
33.86
37.24
40.63
Common Parameters Selectivity for the multifilament gillnets
(E=0.67)
SF
Sd
L45
L50
L55
L60
6.357
3.406
28.61 31.79
34.96
38.64

FIGURE 1
Research area (Keban Dam Lake, Elazig,
Turkey)

The C.carpio captured were between 27.4 and
41.3 mm in total length (45, 50, 55, and 60 mm mesh
sizes). The mean total length of carp captured with
the 60 mm mesh size, 0.67 hanging ratio, multimonofilament gill nets was significantly greater than
that of other gill nets. The fish caught with multimonofilament and multifilament gill nets were
grouped into length groups at 2 cm intervals. The

RESULTS AND DISCUSSION
During the eighteen fishing operations, a total
of629 fish were caught. About 478C.carpio were
caught in the trials.
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The length of C. carpio at initial reproduction
to be 38.44 cm in Keban Dam Lake [22]. The present
study determined that the optimum catching length
of C.carpio using multi-monofilament gill nets with
a mesh size of 60 and a 0.67 hanging ratio in Keban
Dam Lake was 40.63 cm.
The selectivity for bogue (Boops boops) caught
by a drive-in fishing method in the Northern Aegean
Sea. The mesh sizes of 44, 46, and 50 mm were used.
It was determined that the length groups of bogue
obtained in study were much higher than the initial
reproduction length. [4].
The effect of hanging ratio (E=0.4±0.6) and
mesh size (18, 20, and 22 mm) on gill net selectivity
for Diplodus annularisin the Northern Aegean Sea.
This study reported no differences between 0.4 and
0.6 hanging ratios, and the most fish were caught
using 22 mm mesh size nets[14]. However, our study
determined differences between 0.5 and 0.67
hanging ratios, and the most fish were caught using
nets of 45 mm mesh size.
The nets with E=0.5 resulted in 40% higher
overall catches by weight per unit netting area than
nets with E=0.6[17]. The catches in gill nets with the
lowest hanging ratio (E=0.25) were always higher
than in conventional gill nets (E=0.50) [16].
The most suitable hanging ratios for gill nets
ranged between 0.30and 0.50[27].Gill nets with 0.50
hanging ratio were more effective than gill nets with
0.67 hanging ratio[13].The most sui-table hanging
ratios are between 0.50 and 0.80[28].In the present
study, we concluded that nets with hanging ratios
between 0.5 and 0.67 have similar effects on fishing.
This difference in hanging ratio may not be
very important for C.carpio population management in Keban Dam Lake. The differences in
hanging ratio were important in over fished C.carpio
stocks. Our results imply that a 0.67 hanging ratio is
more selective than a 0.50 hanging ratio. On the
other hand, the differences among different mesh
sizes for the 0.50 hanging ratio were not significant
(P>0.05).Recent studies employed different gill nets
that targeted different species in the marine
environment. Our study was carried out in inland
waters and targeted the species C.carpio.

range of total length of the fish caught was 27±43
cm. The common selectivity factor, standard
deviation, and optimum selection lengths for each
mesh size of multi-monofilament and multifilament
gill nets used in the study are provided in Tables 2
and 3.Selectivity curves, shown in Figure 2, were
plotted using these values.

CONCLUSION
As a result of the present study, it has been
observed that for sustainable fisheries of carp, the
best fit mesh size, material, and hanging ratio is60
mm, multi-monofilament gill net, and 0.67,
respectively. Multifilament gill nets should use a
bigger mesh size and hanging ratio. The mesh sizes
and hanging ratio rates must be determined by future
studies.

FIGURE 2
Selection curves of the 45, 50, 55, and 60 mm
mesh sizes and 0.5 and 0.67 hanging ratios in gill
nets for C.carpio.
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\HDUV )HQWRQDQG)HQWRQOLNHSURFHVVHVKDYH EHHQ
DSSOLHGWRWKHWUHDWPHQWUHIUDFWRU\RUJDQLFSROOXWDQWV
GXH WR LWV KLJK GHJUDGDWLRQ HIILFLHQF\ FRPSOHWH
GHJUDGDWLRQFRQYHQLHQWRSHUDWLRQDQGQRVHFRQGDU\
SROOXWLRQ 62āXVHG WR UHPRYH UHIUDFWRU\ RUJDQLF
SROOXWDQWVUHSUHVHQWVDQHZWHFKQRORJ\:LWKKHDWLQJ
LUUDGLDWLRQ RU FDWDO\VLV 62 FRXOG GHFRPSRVH WR
JHQHUDWH 62ā ( YY  [8-14] 8QGHU WKH
QHXWUDO FRQGLWLRQ 62ā KDV KLJKHU UHGR[ SRWHQWLDO
WKDQ+2ā0RVWRUJDQLFSROOXWDQWVFDQEHFRPSOHWHO\
GHJUDGHG ,Q DGGLWLRQ WKH VWDELOLW\ RI 62ā ZDV
KLJKHUWKDQWKDWRI2DQG+2:KDW¶VPRUHS+
KDG OLWWOH LQIOXHQFH RQ WKLV SURFHVV 62 FRXOG
JHQHUDWH62āXQGHU89LUUDGLDWLRQ (TXDWLRQ  
+RZHYHUWRWKHEHVWRIRXUNQRZOHGJHWKHUHLVQR
UHSRUWRQUHPRYLQJVXOIDGLD]LQHE\89.62SURFHVV

ABSTRACT
7KH 89.62 SURFHVV ZDV XVHG WR HIIHFWLYHO\GHJUDGHVXOIDGLD]LQH7KLVVWXG\FRPSDUHGWKH
WUHDWPHQWHIIHFWRIWKH89.62SURFHVVZLWKWKDW
RISULPDULO\89DQG.62R[LGDWLRQ7KHHIIHFWRI
.62GRVDJHWKHLQLWLDOS+WKHUHDFWLRQWLPHDQG
WKHLQLWLDOVXOIDGLD]LQHFRQFHQWUDWLRQRQWKHVXOIDGLD]LQHUHPRYDOHIILFLHQF\ZHUHLQYHVWLJDWHGLQGHWDLO
$WWKHRSWLPXPH[SHULPHQWDOFRQGLWLRQVWKH VXOID
GLD]LQH UHPRYDO HIILFLHQF\ UHDFKHG  DQG WKH
&2' UHPRYDO HIILFLHQF\ UHDFKHG   7KH
UHVXOWVLQGLFDWHGWKDWWKH89.62SURFHVVFRXOG
HIIHFWLYHO\ UHPRYH UHIUDFWRU\ SROOXWDQWV IURP
VHZDJHDQGZDVWHZDWHU
.(<:25'6
89 .62 VXOIDGLD]LQH GHJUDGDWLRQ PHFKDQLVP
GHJUDGDWLRQNLQHWLFV



ܵଶ ଼ܱଶି ሱሮ ʹܱܵସି ή                          
,Q WKLV SDSHU 89.62 R[LGDWLRQ SURFHVV
ZDV DSSOLHG LQ WKH VXOIDGLD]LQH GHJUDGDWLRQ 7KH
VXOIDGLD]LQHUHPRYDOZDVLQYHVWLJDWHGDQGWKHRSWLPXP H[SHULPHQWDO FRQGLWLRQ ZDV VWXGLHG ,Q DGGLWLRQWKHGHJUDGDWLRQPHFKDQLVPRIVXOIDGLD]LQHE\
89.62SURFHVVZDVVWXGLHG

INTRODUCTION
'DXJKWRQ DQG 7HUQHV   [1] ZHUH DPRQJ
WKHILUVWWRVRXQGWKHZDUQLQJDERXWSROOXWLRQSUREOHPV DVVRFLDWHG ZLWK SKDUPDFHXWLFDOV DQG SHUVRQDO
FDUH SURGXFWV 33&3V  7KHVH 33&3V LQFOXGH DQRG\QHVVNLQFDUHSURGXFWVQXWULPHQWVDQGDQWLELRWLFV
ZKLFKZHUHSURYHGWREHKDUPIXOWRWKHHQYLURQPHQW
$QWLELRWLFV KDYH EHHQ WKH PRVW FRPPRQ 33&3V
6RPHRIWKHDQWLELRWLFVDUHUHOHDVHGLQWRWKHHQYLURQPHQW7KLVZDVDVVHULRXVDVDUVHQLFSROOXWLRQWRWKH
HQYLURQPHQW[2]$QWLELRWLFVDUHEHFRPLQJDQHPHUJHQWHQYLURQPHQWDOLVVXHLQQHHGRIPRUHDWWHQWLRQ
6XOIDGLD]LQH &+126 LVPRVWZLGHO\XVHGIRU
WKHSUHYHQWLRQDQGWUHDWPHQWRIEDFWHULDOLQIHFWLRXV
GLVHDVHV DPRQJ KXPDQV DQG LQ DQLPDO KXVEDQGU\
DQG DTXDFXOWXUH WR SURPRWH DQLPDO JURZWK [3, 4]
+RZHYHUVXOIDGLD]LQHFDQQRWEHUHPRYHGHIILFLHQWO\
E\ FRQYHQWLRQDO WUHDWPHQW SURFHVVHV IRU LWV VWURQJ
ELRORJLFDO WR[LFLW\ [5] $GYDQFHG R[LGDWLRQ SURFHVVHV $23V VXFKDV892DQG89+2DUHWKH
JUHHQ WHFKQRORJLHV IRU ZDVWHZDWHU WUHDWPHQW ZLWK
QRQWR[LFDQGQRVHFRQGDU\SROOXWLRQ[6, 7],QUHFHQW

EXPERIMENTAL
5HDJHQWV DQG PDWHULDOV 6XOIDGLD]LQH ZDV
SXUFKDVHG IURP 6LJPD Co., Ltd. 2WKHU UHDJHQWV
.62(99% purity) purity sulfuric acid (99% purity)
and sodium hydroxide (> 96% purity) were obtained
from the Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). All reagents were used as received. Distilled water was used in all the experiments.
'HJUDGDWLRQ SURFHGXUH The experimental
equipment for the VXOIDGLD]LQH degradation with
89.62 process was illustrated in Fig. 1. A 15 W
low pressure Hg lamp with a major emission wavelength of 254 nm was used for UV irradiation. At the
same time, a magnetic stirrer was used to keep the
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LPSRUWDQWLQGH[LQH[SODLQLQJWKHPLQHUDOL]DWLRQUDWLR RI RUJDQLF SROOXWDQWV LQ ZDVWHZDWHU 8QGHU WKH
FRQGLWLRQ RI WKH VXOIDGLD]LQH FRQFHQWUDWLRQ RI 
PJ/S+ WKHGRVDJHRI.62PPRO/DQG
WKHUHDFWLRQWLPHPLQWKHH[SHULPHQWUHVXOWVZHUH
VKRZQ LQ )LJ  )URP )LJ  89 LUUDGLDWLRQ DQG
.62R[LGDWLRQFRXOGERWKUHPRYHVRPHVXOIDGLD]LQH +RZHYHU WKH VXOIDGLD]LQH UHPRYDO ZLWK WKH
89.62SURFHVV ZDV PRUH VLJQLILFDQW$IWHU 
PLQVXOIDGLD]LQHUHPRYDOHIILFLHQF\UHDFKHG
DQGWKH&2'UHPRYDOHIILFLHQF\DOVRUHDFKHG
ZLWK WKH 89.62 SURFHVV7KLV LQGLFDWHG WKDW D
VLJQLILFDQWV\QHUJLVWLFHIIHFWWRRNSODFHEHWZHHQ89
DQG.62DQGVXOIDGLD]LQHFRXOGEHGHJUDGHGHIILFLHQWO\ 8QGHU WKH 89 LUUDGLDWLRQ PRUH 62ā ZDV
JHQHUDWHG (TXDWLRQ   &RPSDUHG ZLWK WKH 89
LUUDGLDWLRQ RU .62 R[LGDWLRQ PRUH VXOIDGLD]LQH
ZDVGHJUDGHG,QDGGLWLRQWKLVDOVRLPSOLHGWKDWPRVW
RI GHJUDGHG VXOIDGLD]LQH ZDV DFWXDOO\ PLQHUDOL]HG
E\WKH89.62SURFHVVDFFRUGLQJWRWKH&2'UHPRYDOHIILFLHQF\

liquid ZHOOPL[HG. The reaction temperature was always kept at room temperature by FLUFXODWLQJFRROLQJ ZDWHU to reduce the slight heating effect of the
low power UV lamp.7KHwater sample was taken at
given time intervals and analyzed immediately.
1D2+VROXWLRQ ZDVGURSSHGLQWRWKH ZDWHUVDPSOH
WR DGMXVW WKH S+ RI WKH ZDWHU VDPSOH WR 
ZKLFKZDVGHWHUPLQHGZLWK3+6&PHWHU7KHQWKH
ZDWHU VDPSOH ZDV NHSW LQ  & ZDWHU EDWK IRU 
PLQWRVWRSWKHUHDFWLRQ
Analytical methods. 7KH VXOIDGLD]LQH
FRQFHQWUDWLRQ ZDV GHWHUPLQHG E\ +3/& 
$PHULFDQ$JLOHQW   YY  DFHWRQLWULOH  ZDWHU
ZLWKDFHWDWH PL[WXUHDWP/PLQZDVXVHGDV
PRELOHSKDVH7KHFROXPQWHPSHUDWXUHZDVDW&
)RU WKHVH PHDVXUHPHQWV WKH SKRWRGLRGH GHWHFWRU
ZDVVHOHFWHGDWQP7KHLQMHFWLRQYROXPH ZDV
ȝ/DQGWKHLQWHUPHGLDWHVZHUHLGHQWL¿HGE\/&
06
7KHFKHPLFDOR[\JHQGHPDQG &2' YDOXHRI
VXOIDGLD]LQHVROXWLRQZDVGHWHUPLQHGXVLQJWKHWUDGLWLRQDO GLFKURPDWH PHWKRG 7KH VXOIDGLD]LQH DQG
&2' UHPRYDO HIILFLHQFLHV ZHUH FDOFXODWHG E\ WKH
IROORZLQJHTXDWLRQ (TXDWLRQ  
 ି
5HPRYDOHIILFLHQF\   బ  ൈͳͲͲΨ       

,QIOXHQFHV RI GLIIHUHQW IDFWRUV   7KH
.62 GRVDJH ,Q WKLV SDUW WKH LQIOXHQFH RI WKH
.62 GRVDJH RQ WKH VXOIDGLD]LQH UHPRYDO ZDV
LQYHVWLJDWHG XQGHU WKH FRQGLWLRQ RI WKH LQLWLDO
VXOIDGLD]LQHFRQFHQWUDWLRQRIPJ/S+ DQG
WKHUHDFWLRQWLPHZDVPLQ7KHUHVXOWVZHUHLQGLFDWHGLQ)LJ)LJ D VKRZHGWKHVXOIDGLD]LQHUHPRYDOHIILFLHQF\UHDFKHG DWWKH.62GRVDJHRIPPRO/)LJ E VKRZHGKRZWKH&2'
YDOXH GHFUHDVHG JUDGXDOO\ WR  PJ/ ZKLOH WKH
.62GRVDJH LQFUHDVHGIURP PPRO/WR
PPRO/ 7KH &2' UHPRYDO HIILFLHQF\ UHDFKHG
ZKLFKLQGLFDWHGWKDWDOPRVWDOOVXOIDGLD]LQH
ZDVGHJUDGHGWRJHQHUDWH &2DQG+2 +RZHYHU
H[FHHGLQJ  PPRO/ .62 GRVDJH FRXOG FDXVH
GHFUHDVHWRWKH&2'UHPRYDOHIILFLHQF\IRUH[FHVV
.62 ZDV XVHG DV WKH TXHQFKHU RQ 62ā 6RPH
62āZDVFRQVXPHGE\62DFFRUGLQJWRWKHHTXDWLRQ  
ܵଶ ଼ܱଶି  ܱܵସ ήି ՜ ܱܵସଶି  ܵଶ ଼ܱ ήି             

బ

:KHUH&ZDVWKHLQLWLDOFRQFHQWUDWLRQPJ/˗&LZDV
WKHUHVLGXDOFRQFHQWUDWLRQPJ/

RESULTS AND DISCUSSION
Degradation of VXOIDGLD]LQH by different
processes. 7KH VXOIDGLD]LQH UHPRYDO HIIHFW ZDV
LQYHVWLJDWHG ZLWK GLIIHUHQW SURFHVVHV LQFOXGLQJ 89
LUUDGLDWLRQ .62 R[LGDWLRQ DQG 89.62 SURFHVV,QRUJDQLFSROOXWDQWVGHJUDGDWLRQVRPHRUJDQLF
SROOXWDQWV FDQ EH GHJUDGHG WR RWKHU UHIUDFWRU\ RU
WR[LFLQWHUPHGLDWHV7KHUHIRUH&2'UHPRYDOZDVDQ

),*85(
7KHUHDFWLRQHTXLSPHQW

),*85(
6XOIDGLD]LQHUHPRYDOZLWKGLIIHUHQWSURFHVV
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),*85(
7KHLQIOXHQFHRI.62GRVDJHRQVXOIDGLD]LQHUHPRYDO DVXOIDGLD]LQHUHPRYDO㸹
㸹E&2'UHPRYDO

),*85(
7KHVROXWLRQFRORUZLWKGLIIHUHQW.62GRVDJH DPPRO/EPPRO/FPPRO/

),*85(
7KH899LVVFDQVRIVXOIDGLD]LQHVROXWLRQZLWKGLIIHUHQW.62GRVDJH

GLD]LQH $V WKH .62 GRVDJH LQFUHDVHG PRUH
62ā ZHUH JHQHUDWHGDQGWKHQ WKH \HOORZ LQWHUPH
GLDWHV ZHUH UHPRYHG$W WKH .62 GRVDJH RI 
PPRO/DOPRVWDOORIWKH\HOORZLQWHUPHGLDWHVZHUH
GHJUDGHG7KHYDULDWLRQRI&2'UHPRYDOHIILFLHQF\
VKRZHGLQ)LJ E DOVRSURYHGWKLV
The variation of UV-visible absorption curves

)LJ  VKRZHG WKH VROXWLRQ FRORU DW GLIIHUHQW
.62GRVDJHV7KHLQLWLDOFRORURIWKHVXOIDGLD]LQH
VROXWLRQZDVZLWKRXWFRORU%XWDWD.62GRVDJH
RIPPRO/WKHVROXWLRQVKRZHG\HOORZ,QFUHDVLQJ WKH .62 GRVDJH WR  PPRO/ FDXVHG WKH
VROXWLRQWREHFRPHFRORUOHVV6RPH\HOORZLQWHUPH
GLDWHV ZHUH JHQHUDWHG LQ WKH GHJUDGDWLRQ RI VXOID
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EHQHILFLDO WR WKH VXOIDGLD]LQH UHPRYDO :LWK 2+
FRQFHQWUDWLRQ LQFUHDVLQJ 2+ FRXOG FRQVXPH
62āWRJHQHUDWHā2+ (TXDWLRQ  DQGWKHQ2+
FRXOGUHDFWWRā2+WRJHQHUDWHDFLGXORXV2LQHTXDWLRQ   [17] 7KH 62ā DQG ā2+ ERWK GHFUHDVHG
7KXVWKHLQLWLDOVROXWLRQS+ZDVQRWDGMXVWHGIRUIXUWKHUH[SHULPHQWV
ି
݁ୟ୯
  ܪା ՜  ܪή ሺ ൌ ʹǤ͵ൈͳͲଵ  ܮή ିଵ ή ି ݏଵ ሻ 
 
ܵଶ ଼ܱଶି   ܪା ՜ ܱܵସ ήି  ܱܵܪସି
 
ܱସି ή ܱ ି ܪ՜ ܱସଶି ή ܱܪ
ή   ܱ ି ܪ՜ ܪଶ ܱ  ܱ ି ሺ ൌ ͳǤ͵ൈͳͲଵ  ܮή
 
ିଵ ή ି ݏଵ ሻ

of VXOIDGLD]LQH solution with different .62GRVDJHV were also studied )LJ  From the absorption
curve of VXOIDGLD]LQH degradation as shown in Fig. 5
WKH UDZ ZDWHU KDG DSSDUHQW DEVRUSWLRQ SHDNV EHWZHHQ  QP± QP ZKLFK ZHUH FDXVHG E\
VXOIDGLD]LQH7KH DEVRUSWLRQ SHDNV LQ  QP±
QPZHUHREYLRXVO\UHGXFHGDWWKH.62GRVDJHRI
 PPRO/ RU  PPRO/ ZKLFK LQGLFDWHG WKDW
VXOIDGLD]LQHZDVGHJUDGHG:KLOHDWWKH.62GRVDJHRIPPRO/WKHnew absorption peakEHWZHHQ
 QP± QP REYLRXVO\ LQFUHDVHG The new
absorption peak was attributed to the \HOORZ
LQWHUPHGLDWHV VLQFH WKH VROXWLRQ e[KLELWHG D \HOORZ
FRORU7KLVFRXOGEHFRQILUPHGE\WKHH[SHULPHQWDO
SKHQRPHQDGLVSOD\HGLQ)LJ:KLOHDWWKH.62
GRVDJHRIPPRO/WKHDEVRUSWLRQEHWZHHQ
QP± QP ZDV ZHDNHQHG.7KLV LQGLFDWHV WKDW WKH
\HOORZ LQWHUPHGLDWHV ZHUH GHJUDGHG ZKLFK ZRXOG
QDWXUDOO\FDXVHWKHVROXWLRQto become faded.,Q)LJ
 E WKH&2'UHPRYDOHIILFLHQF\LQFUHDVLQJJUDGXDOO\ DOVR YHULILHG WKLV ZKHQ WKH .62 GRVDJH LQFUHDVHGIURPPPRO/WRPPRO/ 6RLQWKH
VXOIDGLD]LQH UHPRYDO E\ 89.62 SURFHVV WKH
RSWLPXP .62 GRVDJH ZDV  PPRO/ 8QGHU
WKLV FRQGLWLRQ VXOIDGLD]LQH ZDV FRPSOHWHO\ GHJUDGHG

7KH GHJUDGDWLRQ NLQHWLFV RI VXOIDGLD]LQH
6XOIDGLD]LQH GHJUDGDWLRQ ZDV DQDO\]HG XQGHU WKH
FRQGLWLRQVRID.62GRVDJHRIPPRO/ZLWK
S+ LQWKHSUHVHQFHRI89LUUDGLDWLRQ7KHLQLWLDO
VXOIDGLD]LQHFRQFHQWUDWLRQZDVPJ/PJ/
 PJ/  PJ/ DQG  PJ/ 7KH OLQHDU
UHODWLRQVKLSEHWZHHQWKHUHPRYDORIVXOIDGLD]LQHDQG
WKHUHDFWRUWLPHZHUHGHVFULEHGZLWKHTXDWLRQ  DQG
 DQGWKHUHVXOWVZHUHVKRZHGLQ)LJZKHUHWKH
GHJUDGDWLRQ RI VXOIDGLD]LQH FRQIRUPHG WR WKH ILUVW
RUGHUUHDFWLRQNLQHWLFVDQGWKH5ZDVDERYH
ሺെɏሻΤ ൌ ɏ                          
ሺߩ Τߩሻ ൌ                            
:KHUHWZDVWKHUHDFWLRQWLPH PLQ ȡZDVWKHLQLWLDOVXOIDGLD]LQHFRQFHQWUDWLRQ PJ/ 
)URP )LJ  WKH GHJUDGDWLRQ HIILFLHQF\ GHFUHDVHGIURPPLQWRPLQZLWKWKH
VXOIDGLD]LQHFRQFHQWUDWLRQLQFUHDVLQJIURPPJ/WR
PJ/7KHSRVVLEOHUHDVRQOD\LQWKHLQFUHDVHRI
WKH \HOORZLQWHUPHGLDWHVLQDFFRUGDQFH ZLWKDQLQFUHDVH LQ VXOIDGLD]LQH FRQFHQWUDWLRQ FDXVLQJ WKH
VROXWLRQ¶VFRORUWRGHHSHQGXULQJWKHLQLWLDOGHJUDGDWLRQVWDJH7KLVLQFUHDVHGFRORULQWHQVLW\FDXVHGWKH
WUDQVSDUHQF\RIWKHVROXWLRQWREHFRPHSRRUDQGWKH
DEVRUSWLRQRI89OLJKWSURYLGHGIRUHTXDWLRQ  EHFDPH VXSSUHVVHG6RWKH 62ā\LHOG GHFUHDVHGDQG
WKHQWKHVXOIDGLD]LQHUHPRYDOHIILFLHQF\GHFUHDVHG

  7KH S+ YDOXH S+ YDOXH LV DQ LPSRUWDQW
IDFWRULQUHPRYLQJRUJDQLFSROOXWDQWV,QWKLVVHFWLRQ
WKH LQIOXHQFHVRIS+ RQ UHPRYDO ZHUH LQYHVWLJDWHG
XQGHUWKHFRQGLWLRQRIPPRO/.62ZLWKDQ
LQLWLDO VXOIDGLD]LQH FRQFHQWUDWLRQ RI PJ/ DQG D
UHDFWLRQWLPHRIPLQ)LJVKRZHGWKDWWKHLQLWLDO
S+ KDG OLWWOH LQIOXHQFH RQ VXOIDGLD]LQH UHPRYDO$
S+  VXOIDGLD]LQH UHPRYDO HIILFLHQF\ RI
ZDVVOLJKWO\KLJKHUWKDWUHFRUGHGXQGHUS+
DQG8QGHUWKHVWURQJDFLGLFFRQGLWLRQ+
FRXOGFRQVXPHHDT (TXDWLRQ  ZKLFK ZRXOG LQKLELW WKH UHDFWLRQ EHWZHHQ 62ā DQG HDT [15] ,Q
DGGLWLRQ 22 ERQG EURNH DQG 62ā DQG +62
JHQHUDWHG (TXDWLRQ   [16] 7KLV SURFHVV JHQHUDWHG62āPRUHHDVLO\DQGWKHWUHDWPHQWZDVPRUH

),*85(
7KHUHPRYDOHIILFLHQF\IRUGLIIHUHQWLQLWLDO
VXOIDGLD]LQHFRQFHQWUDWLRQ

),*85(
7KHHIIHFWRIS+RQVXOIDGLD]LQHUHPRYDO
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FIGURE 8
LC-MS spectra of the degradation intermediate of VXOIDGLD]LQH

FIGURE 9
Degradation pathway for VXOIDGLD]LQH with the 89.62SURFHVV
GRVDJHRIPPRO/ZKLFKZDVDOORZHGWRUHPDLQ
IRUPLQEHIRUHWUHDWPHQWEHJDQWKHVXOIDGLD]LQH
UHPRYDOHIILFLHQF\UHDFKHGDQGWKH&2'UHPRYDO HIILFLHQF\ UHDFKHG   VKRZLQJ WKDW
VXOIDGLD]LQH ZDV GHJUDGHG WKRURXJKO\ +HQFH WKH
SURSRVHG89.62PHWKRGZDVDQHIIHFWLYHLQWKH
GHJUDGDWLRQRIVXOIDGLD]LQH

Degradation mechanism for sulfadiazine. To
understand theVXOIDGLD]LQH degradation mechanism
by the 89.62 SURFHVV, the main degradation
intermediates with 400 mL (5 mg/L) of VXOIDGLD]LQH
and 0.3 mmol/L.62DIWHUPLQZHUHLQYHVWLJDWHG7KHQWKH 89.62 treatment could be analyzed with LC-MS (Fig. 8). In Fig. 8, the VXOIDGLD]LQH degradation intermediate showed a molecular
ion at m/z 108. This was attributed to the generation
RIS%HQ]RTXLQRQH RU nitrobenzene, which showed
yellow or slightly yellow. So the solution displayed
as yellow and the color turned deeper as the
concentration increased. Such intermediates stages
of solution reaction to VXOIDGLD]LQH could undergo
further reactions to form small molecular derivatives,
which were eventually mineralized from interaction
with CO2, H2O and NH3. Based on the above analysis, we have delineated the degradation process of
VXOIDGLD]LQH as illustrated in Fig. 9.
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drag force of running water. Detached particles are
transported by overland flow (sheet- or interrill
erosion) and concentrated flow (rill erosion) and
deposited when flow velocity decreases [2]. Soil
erosion by water, soil salinization and aridity are the
most important environmental problems due to its
serious threat to agriculture and food security [3-7].
There are various soil erosion models. The
most commonly used model is the Universal Soil
Loss Equation (USLE), which is an empirical model
[8]. Traditionally, remote sensing has been used for
soil erosion research through aerial photo interpretation for detecting erosion features. During the past
30 years many studies have been published that fully
or partially applied satellite imagery for soil erosion
assessment in many different ways [9].
In this study, adapted version of USLE:
RUSLE [10], modified Morgan-Morgan Finney and
the revised G2 models have been applied to the selected area. Soil losses were predicted using these
models for 1990 and 2010 periods. Erosion models
were crosschecked and soil loss detection efficiencies were tested by the field works.

ABSTRACT
The aim of this study was to investigate the relationship between soil erosion and land use/cover
change (LUCC) in an erosion hot point area using
the RUSLE, modified Morgan-Morgan Finney
(mMMF) and revised G2 erosion models in the
Mediterranean Region of Turkey. Landsat satellite
images that belong to the same months from different years (1990, 2010), were used to derive LUC
maps. Maximum Likelihood Classifier (MLC) was
applied to all images for classification, and overall
accuracy for the determination of LUC maps was
>90%. Meteorological and soil data, and information
obtained from land observations were used to
produce past and present erosion risk maps and
potential soil losses. Results from the RUSLE,
modified Morgan-Morgan Finney (mMMF) and revised G2 soil erosion methods were controlled by the
field works. Results had shown that RUSLE and
mMMF approaches produced more reliable/realistic
results than rG2. Soil erosion had increased in the
last 20 years according to all soil erosion prediction
models.

The RUSLE model. The Revised universal
soil loss model is an empirical model that is the most
widely used model for erosion modelling. The
general Revised universal soil loss equation is as
follows:
E= R.K .LS .C.P
(1)
where, E is average annual soil loss
(ton·haí·yrí); R is the Rainfall and Runoff erosivity
index (in MJ mm/ha/ hr/yr); K is the soil Erodibility
factor (in ton/MJ/mm); LS is the Slope and Length
of Slope Factor; C is the Cropping Management
Factor; P is the is the supporting conservation
practice factor [11].
The Revised G2 model is a methodology for
producing seasonal maps of sheet and interrill erosion caused by raindrop detachment and runoff [12].
The Revised G2 model has moderate data requirements and follows the same principles as the
Universal Soil Loss Equation (USLE) [8]. The Revised G2 model uses the following formula:
E= ( R/V ) . S . ( T/I )
(2)

KEYWORDS:
Erosion, RUSLE, mMMF, revised G2, Adana

INTRODUCTION
Erosion is a natural geological phenomenon
resulting from removal of topsoil by natural agencies
like wind and water, transporting them elsewhere
while some human intervention can significantly increase erosion rates. It is a major agricultural problem and also one of the major global environmental
issues [1]. Soil erosion by water is an important
global land degradation problem and creates negative impacts on infrastructure, water quality and
agricultural production. Water erosion is controlled
by climatic characteristics, topography, soil properties, vegetation, and land management. Detachment
of soil material is caused by raindrop impact and
3385
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the topsoil layer, RD (m) is the topsoil rooting depth,
and Et/E0 is the ratio of actual and potential
evapotranspiration.
Sediment phase comprises of two predictive
equations, one for the rate of splash detachment and
the second for the transport capacity of runoff. The
model allows incorporating the effects of soil conservation practices as they affect changes in evapotranspiration, and rainfall interception that will ultimately play a significant role in either increasing
the volume of runoff, the rate of detachment and the
transport capacity. The model has been proved to be
sensitive to changes in annual rainfall and soil type.
Thus good information in context of rainfall and soil
is required for successful prediction [15]. Rate of soil
detachment by rain drop impact, (H) and Transport
capacity of overland flow (TC) are calculated as
follows:
H=Z.Q2.SinS.(1-GC).10-3,Kg/m2
(7)
TC= C.Q1.5.SinS.10-3,Kg/m2
(8)
Where, Z is the resistance of the soil, Q is
runoff, sin S is the steepness of the ground slope
expressed as the slope angle and GC is percentage
ground cover. C is the crop or plant cover factor,
taken as equal to the product of the C and P factors
of the Universal Soil Loss Equation.

where E is the predicted soil amount removed
from an area during a specific time period (t haí); R
is the rainfall-runoff erosivity factor for a specific
time period (MJ mm haíhí), which quantifies the
impact of raindrop and runoff energy; S is the soil
erodibility factor (t ha h MJíhaímmí), identical to
WKH86/(¶V.-factor, which reflects the ease of soil
detachment by raindrop splash or surface flow; T is
the topography factor (dimensionless and analogous
to the LS-factor of the USLE), which expresses the
effect of slope length and slope gradient [8]; V is the
vegetation retention factor (dimensionless, and analogous WRWKH86/(¶V&-factor), which represents the
effects of all interrelated cover and management
variables [10]; and I is slope-intercept factor (dimensionless and partially analogous to WKH 86/(¶V 3factor), which is corrective of T [12].
Equation (2) is a redefined version of the
original formula (E = R.V.S.T.I) implemented in the
Strymonas application [13]. In the revised formula
of G2, the V and I factors have been moved to the
denominator in order to reflect their protective role
in the erosion process.
The mMMF model is a simple empirical model
for predicting annual soil loss from field-sized areas
on hillslopes [14].
The mMMF model separates the soil erosion
process into two phases: the water phase and the
sediment phase. Predictions of total particle detachment and transport capacity are compared and
erosion rate is equated to the lower of the two rates
[14].
Water phase mainly comprises of prediction of
detachment by rain splash. It thus requires data
related to rainfall such as the intensity of rainfall (I,
mm h-1), number of rainy days (Rn) and average
annual rainfall (R, mm). Kinetic energy of rainfall
(E, J m-2), volume of overland flow (Q, mm) are
calculated as follows:
E=R(11,9+8,7logI)
(3)
Rc=1000.MS.BD.EHD(Et/Eo)
(4)
Ro=R/Rn
(5)
Q=Rexp(-Rc/R0)
(6)
where MS (%, w/w) is the soil moisture content
at field capacity, BD (Mg m-3) is the bulk density of

MATERIALS AND METHODS
The study area is located in the Cakit Basin at
the Karaisali town of Adana province (Fig. 1). The
erosion models were applied in an area covering 100
km2. The study area is located in the foothills of
Taurus Mountains which includes different geological structures such as the limestone formed in the
Pleistocene, old sea terraces consist of conglomerate
and the colluvial materials.
The main characteristic of the climate is the
alternation of a moist cool winter and a hot dry
summer exceeding generally 3 to 4 months. Soils of
the area has a xeric moisture regime, whereby most

FIGURE 1
The Study Area
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for the mapped soil categories were estimated for
each of the cells using K value triangle suggested by
[15]. Computed K factor for each soil sample unit
was encoded into the GIS coverage by means of
inverse distance weighting interpolation considering
the study area boundary.
For this study, the combined LS factor was
computed in ArcMap GIS Spatial Analyst extension
environment. Ten metres DEM (digital elevation
model) of the study area was prepared by 10 m interval digitized contour from 1/25.000 scale topographic map of the study area. Topographic analysis
was carried out using Raster Interpolation extension
of ArcMap. Grid theme of elevation and slope
prepared by 10 m DEM was used for preparing
combined LS factor data of the study area. Combined LS factor was estimated using flow accumulation theme. The flow accumulation, which denotes
the accumulated upslope contributing area for a
given cell, was calculated by summing the cell area
of all upslope cells draining into it. Computation was
done from DEM using the hydrology tool available
in ArcMap. The slope units were degrees, and
elevation values were in meters. The technique for
estimating the RUSLE LS factor that is used here
was proposed by [22].
T = (A /22.13)1.6 x (Sin B/0.0896)1.3
(9)
The RUSLE Cropping Management Factor (C)
factors are related to the land use and are the
reduction factor to soil erosion vulnerability. It is an
important factor in RUSLE, since they represent the
conditions that can be easily changed to reduce erosion. Landsat TM data of the study area with spatial
resolution of 30 m was used for generation of NDVI
image. After the production of the NDVI image, the
following formula was used to generate a C factor
map from NDVI values:
C = e( -Į 1'9, ȕ-NDVI)))
(10)
The values of 2 and 1 were selected for the
parameters Į and ȕ, respectively which seems to give
good results as mentioned in related literatures.
In the study the RUSLE Conservation practice
factor (P) maps were derived from the land use/land
cover and support factors adapted from [23]. The
values of P-factor ranges from 0 to 1, in which the
highest value is assigned to areas with no conservation practices (deciduous forest); the minimum values correspond to built-up-land and plantation area
with strip and contour cropping. The lower the P
value, the more effective the conservation practices
(Table. 1).
In this study, the original RUSLE R factor
equation has been used to create a database of the
erosive events for the Rainfall erosivity (R) factor of
the revised G2 model. R factor for 1990 is computed
669 MJ.mm.haí hí yrí and R factor for 2010 is
computed 774 MJ.mm.haí hí yrí for the study
area.

of the rainfall occurs immediately after the winter
solstice, and is followed by a relatively important dry
period after the summer solstice; and a temperature
regime which is thermic (mean annual soil temperature between 15° and 22°C) [16]. Brown forest
soils and the colluvial soils are the major soils types
in the study area.
The study consists of two stages. Firstly,
temporal changes were analyzed on land use cover
(LUC) of the study area. Secondly, three different
erosion models used to estimate soil losses from past
to present. UTM map projection and WGS 84 datum
are selected to be referance system and all maps and
data were transferred to the chosen projection and
datum. Database has been prepared for each feature.
By using these maps and the model parameters of the
3 different soil loss methods were produced. The
input datasets for the models were rainfall, soil
characteristics, elevation and land use/land cover. In
this extent, the 10 m spatial resolution elevation data
was obtained from 1:25,000 topographical maps of
the study area. The long-term (from 1970 to 2014)
rainfall and the other required climatic datasets were
taken from .DUDLVDOÕ meteorological station of the
Turkish Republic General Directorate of Meteorology. Data about soil characteristics were obtained
from the 45 sampling points in the study area that are
homogeneously distributed according to the slope
and parent material classes.
In order to evaluate the effect of land cover
changes on erosion, Landsat satellite images of the
same period (August 1990 and August 2010) were
utilized to eliminate the errors due to solar azimuth
angles and diversity in the flora. These images were
analyzed through RS methods and techniques with
the Erdas Imagine 9.1 software. The image assessment was made by means of the supervised classification technique. Within this context, land use and
land cover classifications were generated for 1990
and 2010.
RUSLE model Rainfall and Runoff Erosivity
Factor (R) equation, developed by Lo [17] and used
by [18] and [19], was used for computing the R
factor. R factor for 1990 is computed 669
MJ.mm.haí hí yrí and R factor for 2010 is computed 774 MJ.mm.haí hí yrí for the study area.
Soil Erodibility Factor (K) was estimated by
using the K value triangle based on the soil texture
as suggested by [20]. Required parameters for computing the K factor were carried out by collecting
soil samples. 66 sampling points which are homogeneous according to the different inclination classes, represents the study area were determined. In the
field studies precise locations of the sampling points
were identified. Soil sampling was conducted in 45
points. Geographical locations of each soil samples
were recorded by means of global positioning
system (GPS). The soil samples were analyzed for
texture by using [16], and textural classes were
determined from soil texture triangle. The K value
3387
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where M is the textural factor defined as percentage silt + fine sand fraction content multiplied
E\ íFOD\IUDFWLRQ 20LVWKHRUJDQLFPDWWHU
content (%); s is the soil structure class (s = 1: very
fine granular, s = 2: fine granular, s = 3, medium or
coarse granular, s = 4: blocky, platy or massive); and
p is the permeability class (p = 1: very rapid, . . ., p
= 6: very slow). S is expressed in SI units of t ha h
haíMJímmí. Equation (12) has been used to estimate soil erodibility. 45 soil samples that used in
RUSLE K factor, used for the revised G2 S factor.
The soil samples were analyzed for texture by using
[21], and textural classes were determined from soil
texture triangle. The soil samples were analyzed for
organic matter by using [24]. Computed S factor for
each soil sample unit was encoded into the GIS
coverage by means of inverse distance weighted
interpolation taking the study area boundary as the
outer extent.
The revised G2 model Topographic influence
(T) factor estimates the influence of topography on
erosion risk. In the study, an equation developed by
[25] and proposed by [26], that is used by most of
the USLE-family models is used for T factor:
T = LS =(As/22:13)0.4  VLQȕ0.0896)1.3
(13)
ZKHUH 7 LV WKH WRSRJUDSKLF LQIOXHQFH 
dimensionless), As is the flow accumulation (m) and
ȕLVWKHVORSH UDG 
Flow accumulation is defined as the accumulated flow to a cell from all upslope cells. It is
calculated using a Digital Elevation Model (DEM).
The original calculated values are given as the
numbers of cells flowing into the specific cell.
The revised G2 model Slope intercept (I) factor
was estimated by applying a Sobel filter (a nondirectional edge-detection filter) on the Landsat
satellite of 1990 and 2010. The equation for I-factor
was revised [13]; Eq. (14):
Sf
1
255
I=
(14)
where Sf is the Sobel filter value of the image
in a range [0,255] (8-bit systems).
The MMF model takes the annual rainfall total
(R; mm.) and computes the proportion (between 0
and 1) which reaches the ground surface after allowing for rainfall interception (A.) to give the effective rainfall (ER.):
ER=R(1-A)
The values given in [27] for different vegetation and crop types are used for A value. The annual
rainfall total (R; mm.) is 590.5 mm in 1990 and total
annual rainfall (R, mm) is 890.4 mm in 2010.
The percentage canopy cover CC values are
formed according to the NDVI data of the study area.
The NDVI data of 1990 and 2010 are normalized to
0-1 interval to form CC by using the equations:
LD=ER.CC
(15)
DT=ER-LD
(16)
DT values of 1990 and 2010 were obtained.

TABLE 1
P values
Land Use / Land Cover Classes
Forest evergreen
Degraded forest
Plantation
Degraded plantation
Built-up-land
Bare lands
Water bodies

P Value
0.1
0.8
0.5
0.8
0
1
0

The revised G2 model Vegetation retention (V)
is a dynamic factor, and is defined as follows:
V= e(LU+Fcover)
(11)
V: vegetation retention (normalised; dimensionless)
Fcover : vegetation layer normalised in the range [0±
1];
LU: empirical land-use parameter (constant for a
specific location) ranging from 1 to 10,
In this study Fcover values are equal to the
P00) PRGHO¶V && YDOXHV && YDOXHV DUH GHWHUmined from the NDVI images formed for RUSLE C
factor. 1990 and 2010 CC values calculated for
mMMF model are used as 1990 and 2010 Fcover
values
LU values were derived from the CORINE
Land Cover database. The Gavrilovic model was
used to quantify the nominal values of CORINE as
numerical LU values [12]. Expert knowledge was
used to assign LU values for those CORINE classes
that were not considered in the Gavrilovic tables. In
this study LU values are taken from [12]. According
to [12] most artificial surfaces were assigned the
maximum LU value 10.0 as they are considered to
EH µQRQ-HURVLYH¶ 0LQHV GXPSV DQG FRQVWUXFWLRQ
sites were given LU = 1.0, as these are areas with
highly disturbed soils. The LU = 10.0 was also assigned to beaches, dunes, sands, bare rocks, and
perpetual snow. Wetland sand water bodies were
assigned the maximum LU value of 10.0 as they are
µQRQ-HURVLYH¶$JUR-forestry areas was given LU =
8.5; Agricultural land with large portions of natural
vegetation was given LU = 8.0; Associations of annual and permanent crops and complex cultivation
patterns, respectively were given LU = 7.5; sparsely
vegetated area was given LU = 4.0; and burnt areas
was given LU = 3.0. 1990 and 2010 LU values is
created according to the land use types.
The formula above was used to generate the V
factor for 1990 and 2010.
The revised G2 model Soil erodibility (S) factor is a parameter that represents an integrated anQXDO YDOXH RI WKH VRLO SURILOH¶V UHDFWLRQ WR WKH SURcess of soil detachment and transport by raindrop and
surface flow [10]. The S-factor relates to soil
properties as proposed for the USLE model by [6]:
S=K= ª 2,1.10 4 , M 1,14 .(12  OM )  3,25.(s  2)  2,5.( p  3) º .0,1317 (12)
«
¬

100

»
¼
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MMF Model EHD values are taken from [31].
Water surface Et/Eo value is not given in the original
chart, identified as 0 and added to the table.
K values of the soils are taken from [14]. K
values of the soil sampling points were estimated for
each of the cells using % sand, %silt and % clay
amounts. Computed K values for each soil sample
unit was encoded into the GIS coverage by means of
inverse distance weighted interpolation taking the
study area boundary as the outer extent.
The S value is determined depending on the
length and size of the slope inclination.
Transport capacity of the runoff (TC; kg/m2)
remains unchanged from that used in the original
version of the model (MMF), so that:
TC= C.Q2.sinS. 10-3
(22)
The crop or plant cover factor(C), taken as
equal to the product of the C and P factors of the
Universal Soil Loss Equation. S is the slope angle. S
computation was done from DEM using the 3D
Analyst Tool available in ArcMap.
Rate of soil detachment by rain drop impact,
(H) is calculated as follows:
(23)
H=Z.Q2.SinS.(1-GC).10-3,Kg/m2
GC values used in the model are taken from
[31]. GC values are taken according to the land use
types in the study area. The supervised classificated
data of 1990 and 2010 that recoded for GC values
are used for obtaining the GC values. GC value of
the water surface is not given in the original table,
this value is set to 1.
Z is calculated as follows:
Z= 1/(0,5.COH
(24)
COH values of the study area are taken from
[14] depending on the soil texture. Computed COH
values for each soil sample unit was encoded into the
GIS coverage by means of inverse distance weighted
interpolation taking the study area boundary as the
outer extent.

The kinetic energy of the direct through fall
(KE(DT); J/m2) is determined by using [28]:
KE= 9.81 + 11.25 log10I
(17)
For the study area rainfall intensity (I) is taken
30 mm/h.
The kinetic energy of the leaf drainage
(KE(LD); J/m2) is dependent upon the height of the
plant canopy (PH;m) as proposed by [29]:
KE(LD) = (15,8. PH0,5)-5.87
(18)
1990 and 2010 PH values were derived from
the [30] and expert knowledge was used to assign PH
values for those were not considered in [30]. The
supervised classificated data of 1990 and 2010 that
recoded for PH values are used for obtaining the PH
values.
The total energy of the effective rainfall (KE;
J/m2 ) is obtained from:
KE = KE(DT) + KE(LD)
(19)
The annual runoff (Q; mm.) is obtained from:
Q= Rexp(-Rc /Ro)
(20)
According to meteorological data, the mean
rain per rain day (Ro;mm) is 8.81 mm. for 1990 and
10,73 mm. for 2010
The soil moisture storage capacity (Rc;mm) is
estimated from:
Rc=1000MS.BD.EHD(Et/Eo)
(21)
7KHP00)PRGHO¶V$(W(R&06DQG%'
values are taken from [15], [27].
MS, BD values of the soil sampling points were
estimated for each of the cells using % sand, %silt
and % clay amounts. Computed MS, BD values for
each soil sample unit was encoded into the GIS
coverage by means of inverse distance weighted
interpolation taking the study area boundary as the
outer extent. [15], [27] does not include the BD value
for silty clay. Due to silty clay BD value should be
between the clay loam and sandy loam, value 1.25 is
determined for the silty clay BD value.
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FIGURE 2
The spatial change and land use relationship between 1990 and 2010 (ha)
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2-25 t/ha/yr (less erosion); 25-50 t/ha/yr (medium
erosion); 50-80 t/ha/yr (severe erosion); 80-150
t/ha/yr (very severe erosion) and greater than 150
t/ha/yr (destructive erosion) erosion classes that
frequently used in the literature [32].
In the original formula MMF soil loss unit is
kg/m2/year. In this study MMF soil loss values were
calculated as t/ha/year for the standard comparison
with other models.
Erosion maps that were created for 1990 by 3
models, were classified accordingly (Fig 3). Land
use and soil loss relationships are given in Table 2.
Erosion maps created for 2010 by 3 models
(Fig.4) were analyzed according to the erosion
values and land use erosion relationships are given
in the chart below (Tab. 3).

RESULTS AND DISCUSSION
Land use cover of the 1990 and 2010 were
classified using Landsat datasets. Six dominant LUC
were defined. These classes are: forest1 (conifers),
forest2 (deciduous) agriculture1 (cropped lands),
agriculture2 (fallow lands), bare grounds and water
bodies (surface). The spatial changes and land use
relationship between 1990 and 2010 of the study area
is shown in Figure 2.
Six erosion risk maps (3 for 1990 and 3 for
2010) were created with the application of 3 erosion
risk models for both 1990 and 2010. As a result, soil
losses were investigated considering LUC dynamics
using various erosion models.
Erosion classes was created according to the
following rules; 0-2 t/ha/yr (partial/limited erosion);

TABLE 2
Land use and Erosion relationship in 1990

Min.
0.00
0.00
0.00
0.00
0.00
0.00

Land Use
Forest1
Forest2
Agriculture1
Agriculture2
Bare Land
Water Surface

rG2 (t/ha/yr)
Max.
37.99
278.35
4.46
361.92
281.32
114.71

Avr.
0.46
3.41
0.19
5.64
4.52
8.83

mMMF (t/ha/yr)
Max.
Avr.
87.68
14.44
112.80
13.89
55.32
10.92
114.53
11.88
1318.08
102.56
0.00
0.00

Min.
0.00
0.00
0.00
0.00
0.00
0.00

Min.
0.00
0.00
0.00
0.00
0.00
0.00

RUSLE (t/ha/yr)
Max.
Avr.
187.95
2.13
3072.98
56.27
314.35
6.14
1811.39
39.17
2867.75
108.63
0.00
0.00

1.

2.
3.
FIGURE 3
Erosion maps of 1990 (1. rG2 model, 2. mMMF model, 3. RUSLE model)
TABLE 3
Land use- Erosion relationship in 2010

Land Use
Forest1
Forest2
Agriculture1
Agriculture2
Bare Land
Water Surface

Min.
0.00
0.00
0.00
0.00
0.00
0.00

rG2 (t/ha/yr)
Max.
Avr.
305.02
0.94
431.41
3.26
265.85
2.16
307.95
4.33
138.45
1.98
768.28
134.76

Min.
0.00
0.00
0.00
0.00
0.00
0.00

mMMF (t/ha/yr)
Max.
Avr.
155.44
20.05
162.62
18.99
150.16
20.58
170.91
15.46
3021.24
135.50
0.00
0.00
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Min.
0.00
0.00
0.00
0.00
0.00
0.00

RUSLE (t/ha/yr)
Max.
Avr.
299.83
7.69
2551.35
102.01
1559.84
43.24
2398.78
83.37
2550.15
131.06
0.00
0.00
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1.

2.
3.
FIGURE 4
Erosion maps of 2010 (1. rG2 model, 2. mMMF model, 3. RUSLE model)
TABLE 4
Study area erosion models-erosion classes relationship (1990)
rG2
Hectares
4268.16
2047.41
100.71
31.77
18.90
5.04

Erosion (t/ha/yr)
0-2
2-25
25-50
50-80
80-150
>150

mMMF
Hectares
5641.38
657.36
1503.09
1246.41
303.30
114.66

%
65.95
31.63
1.56
0.49
0.29
0.08

%
59.59
6.94
15.88
13.17
3.20
1.21

RUSLE
Hectares
4134.96
1410.48
799.65
683.10
993.42
1863.81

%
41.81
14.26
8.09
6.91
10.04
18.84

TABLE 5
Study area erosion models-erosion classes relationship (2010)
rG2
Hectares
4709.43
1593.09
72.54
22.68
12.06
6.30

Erosion (t/ha/yr)
0-2
2-25
25-50
50-80
80-150
>150

mMMF
Hectares
6060.87
293.85
1022.40
1113.57
797.67
44.91

%
73.40
24.83
1.13
0.35
0.19
0.10

%
64.94
3.15
10.95
11.93
8.55
0.48

RUSLE
Hectares
4159.26
1857.87
896.67
667.89
852.84
1385.46

%
42.36
18.92
9.13
6.80
8.68
14.11

TABLE 6
Study Area Land use - erosion relation in 1990

Land Use
Forest1
Forest2
Agriculture1
Agriculture2
Bare Land
Water Surface
Total

Code

Hectares

%

1
2
3
4
5
6

1109.34
5478.84
155.43
1545.75
1636.56
62.37
9998

11.11
54.85
1.56
15.48
16.38
0.62
100
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rG2
Average
Erosion
0.46
3.38
0.19
5.49
4.44
8.74

mMMF
Average
Erosion
14.44
13.89
10.92
11.88
102.56
0.00

RUSLE
Average
Erosion
2.13
56.27
6.14
39.17
108.63
0.00
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Forest1
Forest2
Agriculture1
Agriculture2
Bare Land
Water
Surface
Total
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1
2
3
4
5
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TABLE 7
Study Area Land use - erosion relation in 2010
rG2
mMMF
Average
Average
Hectares
%
Erosion
Erosion
1783.89
17.86
0.93
20.05
4485.60
44.91
3.22
18.99
1521
15.23
2.15
20.58
1656.81
16.59
4.19
15.46
530.28
5.31
1.96
135.50
10.71
9977.58

0.11
100

137.13

0.00

RUSLE
Average
Erosion
7.69
102.01
43.24
83.37
131.06
0.00

disadvantages at point based erosion prediction but
has advantages on class based erosion predictions.
rG2 model could not identified the very severe
and devastating erosion classes in the study area because of the requirement of high-resolution satellite
imagery. However 0-2 t / ha and 2-25 t / ha erosion
classes has been identified accurately.
Two different mMMF erosion maps for same
year were produced with two different P factors (P=1
and [18]). Results of the land controls revealed that
two maps were very close to each other. Therefore,
it is more easy to use P = 1 factor which can be applied easily to mMMF model.
As a result of the land controls in the study area,
it was observed that the most appropriate model for
the study area is RUSLE model.

Six erosion risk maps obtained for the study
area, which were examined in terms of the relationship between erosion classes and land cover relations
in 1990 and 2010. Results are presented in Table 4
and 5.
Erosion models-Land use relationship.
When the erosion models and Land Use Relationship
were analysed; degraded forest / scrub areas in 1990
were defined as forest in 2010. The reason is that the
new plantation areas in 1990, were defined as degraded forests.
Agricultural areas in the study area in 1990
were 155.43 hectares (1.55%), whereas in 2010 it
has increased to 1521 hectares (15%). It affected directly or indirectly to the soil loss in the region.
The evaluation of the results from 1990
revealed that soil loss from the forested areas is less
than agricultural areas. This result was apparent in
all years for the applied models for the study area.
The relationship of 3 erosion models used in
the study and land use were identified and evaluated
below (Tab.6, Tab.7).
When all the erosion models are examined it is
seen that agriculture2 and bare land classes are the
land use classes that have the maximum soil loss.
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BUNDLES IN STEM NODES OF MAIZE
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severely being limited by an array of abiotic and
biotic stresses, rapidly growing human demands,
besides other factors [4]. Vascular bundles are
important in terms of plant structure and development [5, 6]. They are composed of several types of
cells with different compositions and morphologies
[7, 8]. 9DVFXODU EXQGOH¶ V morphology is typical
investigated through the distribution of morphometric features that quantify cell size and shape
through microscopic observation, which is time
consuming and subject to human error and
inconsistency [9, 10]. To overcome these
shortcomings, the 3-D visualization methods for
reliably identifying vascular bundles varieties
would be beneficial for the elucidation of the
phenotyping diversity of tissues¶ PLFURVWUXFWXUH
within organs, and good for better understanding
the relationship of internal structures and
physiological functions [11, 12].
Increases in computing power in the 80s and
90s enabled the development of more complex
plant tissue models. 3-D reconstruction and visualization become a promising tool for studying the
spatial relationships among structures [13]. There
have been reports of its application at the plant
organ [14, 15] and cell level [16, 17]. It also applied
to stem xylem vessels [17] and even to the
intercellular void network in Arabidopsis seeds [18].
In the case of 3-D reconstruction to stem, structural
traits may describe vascular bundle system architecture as imaging and 3-D visualization approaches of the vascular bundles¶ phenotyping traits.
These traits can be able to predict physiological
properties under specific conditions such as drought
or biotic stresses [19]. Understanding the diversity
and development of stem tissue architectural traits
is crucial, because spatial and temporal vascular
bundle development affects plant fitness, especially
water and nutrient acquisition [20].
In higher plants, vascular bundles are joined
end to end along uninterrupted lines to connect
shoot organs with roots; vascular strands are thus
polar, continuous, and internally aligned [21].
Vascular bundles distributed in different organs
have various functions, which are closely related to
their anatomical structure: e.g., vascular bundles of
stem are thought to function alternately as a net

ABSTRACT
The capacity of maize to absorb and transport
water, nutrients and mechanical properties depends
on anatomical structures within the stem internodes
and nodes and their co-ordination. However, most
descriptions of stem anatomical structure are
limited to two-dimensional (2-D) cross-sections,
providing hardly any information on Threedimensional (3-D) spatial relationships. 3-D reconstruction and visualization of stem anatomical
structures can illustrate spatial co-ordination among
cells and tissues and provide new insights and
understanding of the inter-relation between structure and function. In order to reconstruct and repeatedly characterize 3-D spatial organization of stem
of maize, here, through classical paraffin serialsection methods, adaptive image registration
methods was used for the registration of consecutive slice images to analyze spatial relationships
among phloem, xylem vessels, and vascular bundle
sheath in stem nodes of maize. With the 3-D
reconstruction and visualization techniques
developed here, the spatial relationships between
different vascular bundles in stem nodes can be
described. We conclude that paraffin section
imaging combined with 3-D visualization of plant
tissues has important practical significance and
application prospects to classify and identify
features of plant tissues, and will good for better
understanding the interdependence of internal
structures and physiological functions.

KEYWORDS:
Maize; node of stem; vascular
reconstruction; 3-D visualization

bundles;

3-D

INTRODUCTION
Crop species like maize (Zea mays L.) are of
increasing demands all over the world as food, feed
and bio-ethanol production [1-3], yet, maize yields
especially in many developing countries are
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importing and net exporting organ during ontogeny,
depending on whole plant photosynthetic source
and sink status [22]. The maize stem is composed
by inter-nodes and nodes, and different inter-nodes
are connected by nodes. The spatial organization
and co-ordination between inter-nodes and nodes
structures are essential for the continuity of the
radial and longitudinal pathways to ensure efficient
transportation of water and solutes and the
mechanical support of plant. Until now, descriptions of stem internal structure have commonly been
limited to the inter-nodes and most of which were
2-D cross-sections, with little systematic and
quantitative information available in three
dimensions [13]. The nodes of maize, connected
with different inter-nodes, have a more complex
microstructure. 3-D reconstruction and visualization illustrate will provide new insights into
models that summarize our understanding of plant
structure and function. Quantitative phenotypic
traits and visualization of vascular bundles
architecture in stem nodes should be taken into
account to better understanding of plant
physiological properties and phenotypic differences
RIWLVVXHV¶PLFURVWUXFWXUHZLWKLQRUJDQs.
The general aim of this work is to develop a
low-cost computer-aided 3-D reconstruction and
visualization technique based on serial sections
obtained using classical paraffin embedding and
microtome techniques. In the present study, the
phenotypic traits of vascular bundles within stem
nodes are considered. The plant vascular system,
composed of xylem and phloem, transports
resources (water, nutrients, sugars and amino acids)
throughout the plant [23] and provides mechanical
support such as having a strong impact on the
mechanical behavior of the whole stem [24]. At a
large scale, the 3-D visualization of tissues and
phenotyping traits of tissues¶ PLFURVWUXFWXUH of
vascular bundles may affect the growth condition
and mechanical properties of the maize.

intermediated with Hemo-De (3:1, 1:1, and 1:3
ethanol: Hemo-De with 2 h for each step followed
by 100% Hemo-De twice), and then tissues were
infiltrated with a Hemo-De-paraffin mixture at
42 °C for 4 h. The solution was then replaced with
100% paraffin at 60 °C, and tissues were infiltrated
at 60 °C for 2 d with several changes of paraffin.
After infiltration with paraffin, tissues were
embedded into paraffin blocks and stored at 4 °C
shortly before microtome sectioning. Embedded
tissues were cut into 15-ȝP-thick sections using a
Leica RM2235 manual rotary microtome (Leica,
Germany). Sections were mounted onto Superfrost
Plus microscope slides (Fisher Scientific) and dried
for 0.5 h at 42 °C followed by 1 h at room temperature. Sections were stained with safranin-fast
green, which dyed the lignified secondary cell walls
of the vessels and the endodermal cells red and the
living cells green. Images were captured using the
Slide Scanner Leica SCN400 (Leica, Germany) and
accompanying software.

FIGURE 1
The flowchart of paraffin section production and
microscopy imaging acquisition, which including
sampling, paraffin section production, and
microscopy imaging
Images of paraffin section. Slices (15 um
thick) were obtained using a Leica RM2235 manual
rotary microtome (Leica, Germany), and microscopy images of paraffin sections of stem node were
acquired using slide scanner (Leica SCN400). The
device provides a scanning rate of 100 seconds per
15 × 15 mm at 20 × magnification. Moreover, the
field of view gave access to the global organization
of plant tissues within the inner parenchyma of the
stem. Images were acquired with a resolution of
790×780 DPI, corresponding to 0.5 um/pixel.

MATERIALS AND METHODS
Sampling, tissue preparation, and light
microscopy. Maize (Xianyu-335) was selected in
August 1st, 2012 after grown for 11 weeks at the
Beijing Academy of Agriculture and foresting
Sciences in Beijing, China. Five stems were
sampled. For the each stem, the node located up the
first ear with the middle part of internode was
truncated, which was approximately 1 cm high.
Then, sample portions were fixed immediately in
FAA solution (75% ethanol, 5% acetic acid and 5%
paraformaldehyde).
For light microscopy, tissues were fixed under
vacuum for 4 h, then dehydrated at 4 °C with a 75%,
85%, 95%, and 100% ethanol series, 2 to 4 h for
each step. After dehydration, ethanol was

Grayscale processing of images. Each pixel
of color image was composed by three color
components, red(R), green (G) and blue (B)
channels. The R, G, and B channels were coded
with values between 0 and 255. Using the
conversion relationship between the RGB value and
the YUV, as Y=0.3R+0.59G+0.11B, the RGB value
was converted into gray scale information.
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Segmentation of vascular bundles. The
segmentation process is the last preprocessing step
before we can load the images into the
reconstruction software. Vascular bundles appeared
as sets of small cells with thick walls, with
diameters of approximately 300mm. Since bundles
contain several regions with cells of various sizes,
differentiating vascular bundles from parenchyma
cells is difficult [24]. Images were enhanced by
using alternate sequential filters [25], which consist
in applying morphological openings and closings of
increasing size. Structuring elements were discrete
disks with radii ranging from 1 to 10 pixels. This
resulted in images without parenchyma cell walls,
while vascular bundles were still visible.

FIGURE 2
Grayscale processing of images. (A) Original
slice image (B) and (C) Result of grayscale
processing
Spatial normalization procedure. After
acquire the images of paraffin sections, it is
important to define a common reference to compare
all observation. For 3-D reconstruction of plant
tissues, it is necessary to sequentially registration
with the adjacent slice images, so that the
continuous slice images were unified into the same
spatial coordinates, which reflects the coherence
and continuity of actual spatial position. Image
registration method combined the principal axes
with the mutual information was presented to align
the serial images with similar intensities. The
registration results from principal axes methods
were considered as initial parameter values for the
mutual information registration method. Image
registration method based on the image intensities
was used for the registration of sequence of slice
images. Since the paraffin section images are
continuous, in order to prevent the accumulation of
registration errors, the images after registration
should be used as a reference image for the next
slice image. Serial transfer registration method was
applied in the normalization procedure: the first
image A1 of the sequence images was selected as
the reference image, the A2¶ image was then
obtained after the second image A2 converting
orientation TĮ with A1 as the reference image, thus,
the registration of the sequence images were
sequentially done until the last image (Figure 3 ).
Gray variance registration function f as follow:

Three-dimensional visualization reconstruction. After finishing the segmentation of
selected tissues in the region of stem, the 3-D
model reconstruction process was done. Composited volume rendering algorithms (vtk VolumeRay
CastCompositeFunction) was applied for visualizing a series of images as a volume. This algorithm
has been extensively applied in commercial medical
imaging systems and is responsible for the fast
advancements in the field of volumetric reconstructions of digital volume data. The composite
volume rendering approach built a geometric spatial
model from the volumetric data. This model could
then be explored and stored as a graphics file [26].
We used the VTK (Visualization Tool Kit) software
library to build the system [27].

RESULTS AND DISCUSSION
Microscopy imaging was used to visualize
vascular bundles within the stem nodes cellular
structure. Slices (15 um thick) were obtained using
a microtome, and the slices were imaged using
Slide Scanner Leica SCN400 (Leica, Germany).
About 60 sequence images of each stem nodes were
combined to obtain mosaic images of the stem
nodes parenchyma sections. The postembryonic
development of the stem vascular system results in
an anatomically complex structure [28]. In a mature
bundle, partially occluded tracheids of proto-xylem
are displaced by the larger open vessels of
meta-xylem in the main stem, in which tracheids
are maintained [29]. Meta-phloem contains companion cells and sieve elements to improve transport
efficiency and fibers to provide strength [30].
Although the anatomy of the stem vascular system
has been meticulously studied, the visualizing
vascular bundles in nodes of maize stem are largely
mysterious. The stem of maize is constituted of
inter-nodes and nodes, which is the important
transportation corridor of water and nutrients.
Maize inter-nodes are accounted for mostly parts of
the lignocellulosic stem, while nodes, connected

(Eq.1)
Where Į is the spatial transformation
parameter, m is the pixel numbers of the overlapping portion of the reference image R and the
image to be registered, and
is the pixel
coordinate.

FIGURE 3
Mutual information used in image registration
to align the serial images with similar intensities
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with maize inter-nodes. There existed big
differences compared inter-nodes with nodes in
cellular morphology, there were a large number of
vascular bundles in the nodes, and where leaf
vascular system connected. The organizational
structures of stem nodes were obvious unique
because of the different types of vascular bundles
and the different distribution of vascular bundles.
The structure of stem nodes, as an important part of
plant morphology, was important to reveal the
connection of vascular system and the mechanism
of material transport.
In the upper sections of the node, there
showed two types of vessels: wide, peripheral
vascular bundles arranged in a circle; and numerous
smaller vascular bundles in center (Figure 4A). The
vascular bundles were composed of different cells
as shown as Figure 4C, including sieve tube, companion cell, xylem vessel, vascular bundle sheath,
and air space. There were obvious differences
between upper part of node and node. In addition to
plenty of common vascular bundles, there were a
large number of outward-ray-like vascular bundles
in the stem nodes, which were arranged in a ring
(Figure 1B). The volume of the ray-like vascular
bundle was much larger than those in upper
sections of the node and rich in numerous xylem
vessels and phloem vessels, which was a key to
ensuring the smooth completion of lateral transport
and ensured the rate of longitudinal transport.

FIGURE 5
Spatial normalization of point patterns of stem
node
The synthetic volume rendering algorithms
were used to build and visualized 3-D models of
vascular bundles of maize stem node. Moreover, the
vowels of vascular bundles and parenchyma were
classified by using color-mapping function. The
non-transparency of parenchyma was 0.1, while the
non-transparency of vascular tissue was 0.9, which
spatial topology could be observed through
parenchyma tissue. In the synthetic volume
rendering algorithm processing, parameters of color
mapping were used as: (0,0,0,0); (110,0.1,0.15,0.9);
(140,0.1,0.2,0.98); (150,0.97,0.94,0.37); (170,0.96,
0.91,0.21); (218,1,0.96,0. 33); (255,0.98,0.96,
0.62)˗and parameters of transparency were used as:
(0,0); (110,0); (150,0.35); (160,0.75); (170,0.91);
(115,0.8); (201,0); (255,0).
The 3-D reconstruction and visualization of
stem nodes based on integral data and partial data
were shown in Figure 6 and Figure 7. As shown in
Figure, the relative size and 3-D extension of
vessels were clearly illustrated. Observations could
be made directly from the top (Figure 3A), side
(Figure 4A), and from a sectional view (Figure 3B
and Figure 4B, C). The organizational structure of
stem node was obvious unique because of the
different types of vascular bundles and the different
distribution of vascular bundles. Figure 6 (A)
presents the overall profile of vascular bundles in
stem node and the distribution of vascular bundles
in cross section. In the periphery of the stem, a
circle of vascular bundles was neatly arranged.
Moreover, a large number of outward-ray-like vascular bundles in the stem nodes, the shape of which
were much larger, also arranged in a circle. Many
lateral vascular bundles were intricately distributed
in parenchyma tissue of the stem, in which small
longitudinal vascular bundles were interspersed.
The longitudinal vascular bundles did not run in a
straightforward manner through the stem axis from
base to top; instead, longitudinal vascular bundles
were connected to the each other by the lateral
vascular bundles. Moreover, the lateral vascular
bundles, numerous distributed in parenchyma tissue,
were connected into a complex network which were

FIGURE 4
Imaging of maize paraffin slice. (A) Distribution
and morphology of the vascular bundles in the
parts far from stem node of maize. (B)
Distribution and morphology of the vascular
bundles in stem node of maize. (C) The
microstructure of vascular bundle.
Figure 5 showed a part of microscopy images
of the stem nodes through spatial normalization
procedure, respectively. The first image of the
sequence images was selected as the reference
image, and the second image was rescaled and
deformed with the reference image of the previous
first image, thus, the registration of the sequence
images was sequentially done until the last image as
shown as the Figure 5. Here, we just listed part of
microscopy images from paraffin slices. Normalization allowed the comparison of the vascular
bundle distribution independently of the variations
in size and shape from the different positions.
Regularity was still visible, but the difference in
global intensity is less perceptible due to
normalization.
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interspersed among the longitudinal vascular
bundles. On the upper slices of node, with away
from the node, the large and outward-ray-like
vascular bundles were disappeared, while great
numbers of longitudinal vascular bundles were
distributed in parenchyma tissue, and some lateral
vascular bundles were interspersed in them. The
distribution and orientation of vascular bundles in
upper slices of node and node were obvious through
3-D reconstruction and visualization, making it
possible to obtain a better description of maize stem
structure (Figure 7).

the sections and less numerous in the center. The
intensity heterogeneity of vascular bundle in the
node was much visible, and a contrast was
conspicuous between the periphery and the center.
Moreover, the intensity of vascular bundle in the
node was globally higher, which distributed into the
network in the center and appeared radial
arrangement in the periphery. On the upper node
slices, with away from the node, the intensity
heterogeneity of vascular bundle showed a decrease,
which more numerous longitudinal vascular
bundles were relatively well-distributed in the
cutting positions. The 3-D reconstruction and
visualization of upper node slices and nodes
showed the variation of vascular bundles in size,
type and intensity heterogeneity for the different
cutting positions and a contrast was visible between
the periphery and the center.

FIGURE 6
The visualization of 3-D models of stem node by
synthetic volume rendering algorithm. The
yellow color represents vascular bundles and
purple color represents living cells in the stem.
(A) Reconstruction and visualization of stem
node based on the serial cross-sections from
paraffin slices, and the range of data:
[0,556,0,695,468,585]. (B) A detail of the whole
image, and the range of data: [0,556,0,340,
402,527].

CONCLUSIONS
The visualization of maize stem node was
investigated using tools from spatial statistics
together with a spatial normalization procedure.
The statistical models of the upper node slices and
node slices were reconstructed and visualized using
the whole data set from paraffin section imagining,
therefore providing a reference phenotyping traits
of vascular bundles. In this study, 3-D
reconstruction and visualization were first applied
to the anatomical structure of maize nodes. The
computer-aided 3-D reconstruction technique
presented here has the advantage that it is based on
a classical, serial-section method that does not
involve costly and sophisticated equipment such as
confocal microscopes and CT [31]. Moreover, the
tissue arrangement in the stem nodes can be
expressed both qualitatively and quantitatively. The
visualizing model integrates the vascular system
cellular morphology-shape and type-as well as the
vascular bundle intensity and other cellular
morphological traits. Using the 3-D reconstruction
and visualization technique developed here, the
spatial arrangement of the structures in both radial
longitudinal directions can be illustrated simultaneously. The visualization procedure is generic
and suitable for applying in other types of plants
and other types of objects.
Cellular morphology is a key parameter for
understanding the global properties of plant tissues.
Better knowledge of cellular morphology within
organs is necessary to understand plant development, to model plant mechanical behavior, or to
investigate variations of phenotyping traits
measurements [32, 33]. The tissues¶PLFURVWUXFWXUH,
e.g., type, size and the shape of cells, have a direct
impact on its mechanical properties and the
physiological traits of the plant or organ [34, 35].
The description of cellular morphology is also of

FIGURE 7
The visualization of 3-D models of upper slices of
stem node by synthetic volume rendering
algorithm. The yellow color represents vascular
bundles and purple color represents living cells
in the stem. (A) Reconstruction and visualization
of stem internode based on the serial
cross-sections from paraffin slices, and the range
of data: [0,556,0,695,0,745]. (B) and (C) A detail
of the whole image, and the range of data are:
[0,434,0,442,642,720] and
[367,556,472,695,90,237], respectively.
The vascular bundle models showed the
differences in distributing in different parts, as well
as the variation in type and shape for the different
cutting positions. Intensity heterogeneity was
clearly visible within each individual section in the
parts away from the node and node sections:
bundles were more numerous on the periphery of
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and cereal root system architecture: review and
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Journal of Experimental Botany, 64 1193-1208.
[20] Bucksch, A., Burridqe, J., York, LM., Das, A.,
Nord, E., Weitz, JS., Lynch, JP. (2014).
Image-based high-throughput field phenoltyping of crop roots, Plant Physiology, 166(2)
470-486.
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strands, J Inter Plant Biol, 55(9) 824-834.
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interest for studying the development of plant
organs and understanding the mechanisms involved
in plant morphogenesis. Visualization of vascular
bundles in stem nodes, based on a classical,
serial-section method by coupling different models
of vascular system structure at tissue and cell scales,
will obtain a better description of maize structure,
histology and mechanical behavior.
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PDWHULDO DQG HQHUJ\ IOX[ >@ +RZHYHU IDU OHVV
DWWHQWLRQKDVEHHQSDLGWRPDWHULDOIORZSURFHVVHVLQ
WKHVWUHDPV
&RPSDUHG ZLWK RWKHU HOHPHQWV FDUERQ KDV
EHHQ WDNHQ PXFK PRUH FRQVLGHUDWLRQV GXH WR LWV
FORVHGUHODWLRQVKLSVZLWKJOREDOFOLPDWHFKDQJHDQG
HFRV\VWHP SURGXFWLYLW\ LQFOXGLQJ OLYLQJ SODQW DQG
RWKHUOLYHV>@:DWHUVHGLPHQWVZRRG\DQGQRQ
ZRRG\SODQWGHEULVDUHWKHPDLQFRPSRQHQWVLQWKH
VWUHDPV>@7KHVWRUDJHRIFDUERQLQVHGLPHQWVLV
WKHUHVXOWRIWKHLQSXWRIH[RJHQRXVVXEVWDQFHXQGHU
WKH G\QDPLF DFWLRQ RI ZDWHU ERG\ >@ :DWHU DQG
VHGLPHQW FDQ EH XVHG DV WKH VRXUFH DQG VLQN RI
FDUERQDQGWKHH[FKDQJHRIFDUERQFDQEHUHDOL]HG
XQGHU FHUWDLQ FRQGLWLRQV >@ ,Q FRQWUDVW D ODUJH
QXPEHURIIDOOHQOHDYHVEDUNVWZLJVORJVDQGRWKHU
SODQWGHEULVDUHWKHIRUHLJQFDUERQLQSXWLQWRVWUHDPV
DORQJ ZLWK ZLQG DQG UXQRII IURP UDLQIDOO >@
)XUWKHUPRUHWKHRXWSXWRIZDWHUDQGSODQWGHEULVLV
RQHRIWKHSULPDU\FDUERQRXWSXWLQIRUHVWHFRV\VWHP
1HYHUWKHOHVV FDUERQ VWRUDJH LQ VWUHDPV DQG WKHLU
FRPSRQHQWVDUH VWLOOXQFOHDUZKLFKLVRQH RID ELJ
VKRUWDJH LQ XQGHUVWDQGLQJ FDUERQ IOX[ LQ IRUHVW
HFRV\VWHPV DQG WKH HFRORJLFDO OLQNDJH EHW ZHHQ
ODQGDQGZDWHUVKHG
+HDGZDWHU VWUHDPV RI DOSLQH IRUHVWV LQ
VRXWKZHVWHUQ &KLQD DUH LPSRUWDQW FRPSRVLWLRQV RI
ZDWHU FRQVHUYDWLRQ DUHD LQ WKH XSSHU UHDFKHV RI
<DQJW]H5LYHU>@7KHFDUERQIOX[LQWKHVHVWUHDPV
LV QRW RQO\ WKH SULPDU\ FRPSRQHQWV RI FDUERQ
F\FOLQJ LQ DOSLQH IRUHVW HFRV\VWHP EXW DOVR KDYH
GLUHFWDQGLQGLUHFWHIIHFWVRQWKHGRZQVWUHDPDTXDWLF
RUJDQLVPVDQGKXPDQ¶VZHOIDUH>@0DQ\SUHYLRXV
VWXGLHV UHODWHG WR IRUHVW FDUERQ F\FOLQJ IRFXVHG RQ
FDUERQVWRUDJHDQGIOX[LQODQG>@EXWODFNRI
LQIRUPDWLRQ LQ VWUHDPV 7KHUHIRUH ZH SURSRVHG WR
LQYHVWLJDWH WKH FRQWHQW RI FDUERQ DQG WKHLU
GLVWULEXWLRQSDWWHUQVLQWKHKHDGZDWHUVWUHDPVRIDQ
DOSLQH IRUHVW7KH REMHFWLYHV DUH WR (1) to ascertain
the distribution characteristic of storage of forest
streams carbon, and (2)WRclarify LQIOXHQFLQJIDFWRUV
RIFDUERQVWRUDJHLQIRUHVWVWUHDPV. 7KHUHVXOWVZHUH
DOVRH[SHFWHGWRH[SORUHWKHHFRORJLFDO

2UJDQLF FDUERQ LQ KHDGZDWHU VWUHDPV FDQ QRW
RQO\ GLUHFWO\ LQIOXHQFH WKH FDUERQ F\FOH RI IRUHVW
HFRV\VWHPV EXW DOVR SOD\ DQ LPSRUWDQW UROH LQ
PDWHULDO FLUFXODWLRQ DQG HQHUJ\ IORZ EHWZHHQ
WHUUHVWULDO DQG DTXDWLF HFRV\VWHP +RZHYHU WKHUH
KDV EHHQ ODFN RI QHFHVVDU\ DWWHQWLRQ 7KHUHIRUH D
VWXG\ZDVFDUULHGRXWLQDQDOSLQHIRUHVWLQWKHXSSHU
UHDFKHV RI <DQJW]H 5LYHU LQ $XJXVW  7KH
VWRUDJH DQG FRQFHQWUDWLRQ RI RUJDQLF FDUERQ ZDV
LQYHVWLJDWHG LQ VWUHDPV RI D  NP FDWFK PHQW
7KH VWRUDJH RI RUJDQLF FDUERQ RI XQLW DUHD LQ WKH
FDWFKPHQWZDVNJāNPDQGXQLWDUHDZDWHU
ERG\LQWKHVWUHDPVZDVJāPUHVSHFWLYHO\
2UJDQLFFDUERQVWRUDJHRIGLIIHUHQWFRPSRQHQWVLQ
WKHVWUHDPVVKRZHGWKHRUGHUDVVHGLPHQW!ZRRG\
GHEULV!QRQZRRG\ GHEULV!ZDWHU 2UJDQLF FDUERQ
VWRUDJHRIHDFKFRPSRQHQWLQFUHDVHGZLWKLQFUHDVLQJ
VWUHDPOHQJWKEXWRUJDQLFFDUERQVWRUDJHLQZRRG\
GHEULVDQGZDWHUZDVVLJQLILFDQWO\FRUUHODWHGZLWK
WKH VWUHDP YHORFLW\7KH UHVXOWV SURYLGHG QHZ LGHD
DQG EDVLF GDWD LQ WKH FDUERQ VWRUDJH LQ WKH DOSLQH
IRUHVW

.(<:25'6
DOSLQHIRUHVWVWUHDPFDUERQVWRUDJHSODQWGHEULVVHGLPHQW

,1752'8&7,21
6WUHDPVDUHZLGHO\GLVWULEXWHGXQGHUWKHIRUHVW
FDQRS\ ZKLFK DUH HVVHQWLDO FRPSRQHQWV RI PDQ\
DOSLQHIRUHVWHFRV\VWHPV>@0DQ\RIWKHVWUHDPVDUH
KHDGZDWHUVRXUFHRIIDPRXVULYHUV>@3ODQWGHEULV
VRLOSDUWLFOHVDQGRWKHUPDWHULDOVRIWHQHQWHULQWRWKH
VWUHDPV >@ DQG VRPH RI WKHP RXWSXW WKH IRUHVW
HFRV\VWHP DORQJ ZLWK WKH ZDWHU IORZ VKRZ LQJ
GLUHFWLPSDFWVRQIRUHVWZDWHUVKHGDQGGRZQVWUHDP
ZDWHU HQYLURQPHQW >@ 0RUHRYHU WKHVH SURFHVVHV
SOD\ LPSRUWDQW UROHV LQ XQGHUVWDQGLQJ HFRORJLFDO
OLQNDJHV EHWZHHQ ODQG DQG DTXDWLF HFRV\VWHP E\
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TABLE 1
Summary of the characteristics for investigated streams
Longitude Latitude Length
Mean
Mean
Mean flow velocity
(m)
width(m)
Depth (cm˅
(m/s)
ƍ
ƍ
27.60
0.77
3.80
0.19
ƍ
ƍ
11.30
0.56
2.15
0.05
ƍ
ƍ
36.00
0.63
14.88
0.11
ƍ
ƍ
18.00
1.09
4.25
0.32
ƍ
ƍ
255.60
0.83
8.88
0.49
ƍ
ƍ
108.00
0.89
9.57
0.15
ƍ
ƍ
186.00
0.68
6.62
0.38
ƍ
ƍ
92.40
0.92
4.33
0.14
ƍ
ƍ
13.20
0.39
4.25
0.06
ƍ
ƍ
66.00
0.50
6.25
0.48
ƍ
ƍ
68.40
0.63
4.20
0.32
ƍ
ƍ
16.80
0.33
4.00
0.44

FIGURE 1
The distributions of sampled streams in Bipenggou in alpine forest. Black dots labeled with
capital letters from A to L are the investigated streams along a main river.
DERXWPPCanopy vegetation is dominated by
fir (Abies faxoniana) with some understory shrubs
(e.g., Salix paraplesia, Rhododendron spp.) and
grasses (e.g., Cystopteris montana, Carex
capilliformis, and Cacalia auriculata), and average
tree age is approximately 120 a >@. According
to the maneuverability in filed sampling, sample
sites include twelve representative headwater
streams (labeled from A to L) in a typical alpine
forest along the main river in the region of typical
alpine forest with altitude of 3600 -3700 m., and the
distributions and descriptions of these streams are
shown in Fig. 1 and Table 1, respectively.

IXQFWLRQRIKHDGZDWHUVWUHDPVLQFDUERQF\FOLQJLQ
WKHDOSLQHIRUHVWVDQGWRXQGHUVWDQGWKHHFRORJLFDO
OLQNDJH EHWZHHQ DOSLQH IRUHVW DQG GRZQVWUHDP
ZDWHUVKHGV

0$7(5,$/6$1'0(7+2'6
6WXG\ 6LWH 7KH VWXG\ ZDV FRQGXFWHG LQ WKH
ORQJWHUP UHVHDUFK VWDWLRQ RI DOSLQH IRUHVW
HFRV\VWHPV RI 6LFKXDQ $JULFXOWXUDO 8QLYHUVLW\
0L\DOXR 1DWXUH 5HVHUYH ƍƍ (
Ǝƍ1P ZKLFKLVORFDWHGLQ
/L[LDQ &RXQW\ 6LFKXDQ VRXWKZHVWHUQ &KLQD 7KLV
UHJLRQLVDWUDQVLWLRQDODUHDEHWZHHQ6LFKXDQ%DVLQ
DQG 7LEHWDQ 3ODWHDX 7KH DQQXDO PHDQ DLU
WHPSHUDWXUHLVDERXW&ZLWKPD[LPXPDQGPLQL
PXP WHPSHUDWXUH RI  & -XO\  DQG  &
-DQXDU\ UHVSHFWLYHO\0HDQDQQXDOSUHFLSLWDWLRQLV

Sampling. To investigate the potential largest
storage of carbon from streams, the sampling for the
present study was completed in August 2015, when
the discharge is the highest in rainy season because
of snow melt and summer rainfall.
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FIGURE
The average concentration of organic carbon of QRQZRRG\GHEULVZRRG\GHEULV
VHGLPHQWDQGZDWHUin each stream
estimated as C×M >@, where C is the concentration
of organic carbon, and M the quality of dry material.
Spearman correlation coefficient was used to
evaluate the correlation between carbon storage and
stream length and discharge, the level of significance
was set to P=0.05. Statistical analysis was performed
using SPSS 20.0 software package for Microsoft
Windows (SPSS Inc., IL).

According to streams lengths, each streams set a
sample point with interval of 10 m from stream head
to end (i.e., stream source was the first sample point).
The sample point length is 1 m and width is actual
width of streams. We collected water, woody debris,
non woody debris and sediment in each sample point.
Water samples were transported in pre-cleaned
polyethylene bottles and stored at 4 °C in the dark
until analysis for less than 72 hours >@. We used
test-annular sword with sediment samp- ling, which
stored in a pre-clean wide-mouth poly- ethylene
bottle and maintained their sealed to prevent
moisture loss. Non-woody debris was iso- lated from
bark, leaves, and branches with dia- meters less than
1 cm. Woody debris, non-woody debris were quickly
transported the laboratory under the temperature of
65 °C drying to constant weight and weighing >@
Sediment was transported the laboratory and
weighed wet weight. Then drying to constant weight
under the temperature of 105 °C and weighing,
calculated PRLVWXUHFRQWHQW

TABLE 2
Organic carbon storage of unit area

Analysis and calculation. For each selected
stream, the flow velocity was measured in situ
(Martin Marten Z30, Current Meter). Water samples
were analyzed for organic carbon using a TOC
analyzer (multi N/C2001). Organic carbon storage of
water was estimated as C0×V, where C0 is the
concentration of organic carbon, and V is total
volume of water. The organic carbon concentration
of woody debris, non woody debris and sediments
were determined by using potassium dichromate
oxidation method >@ Organic carbon storage of
woody debris, non woody debris and sediments were

storage of unit
area stream
˄g·m-2)

non-woody
debris

31.25

0.25

woody debris

48.43

0.39

sediments

2144.55

17.12

water
total

0.07

0.01

2224.30

17.77

5(68/76
&RQFHQWUDWLRQ RI RUJDQLF FDUERQ 2UJDQLF
FDUERQ FRQFHQWUDWLRQ RI QRQZRRG\ GHEULV ZRRG\
GHEULV DQG ZDWHU ZHUH UHODWLYHO\ VWHDG\ LQ DOO
LQYHVWLJDWHG VWUHDPV DOWKRXJK RUJDQLF FDUERQ
FRQFHQWUDWLRQ RI VHGLPHQW GLVSOD\HG ZLGH UDQJ
2UJDQLF FDUERQ FRQFHQWUDWLRQ RI VHGLPHQW LQ VRPH
VWUHDPVLVOHVVWKDQJ·NJVXFKDVVWUHDPV,DQG
-+RZHYHU2UJDQLFFDUERQFRQFHQWUDWLRQRI




storage of unit
area catchment
˄kg·km-2)
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TABLE 3
The organic carbon storage in the unit area of 12 streams (g·m-2)
streams

non-woody debris

woody debris

sediments

water

total

A
B
C
D
E
F
G
H
I
J
K
L
mean

1522.94
93.62
393.54
386.86
133.75
245.16
199.00
120.17
224.52
90.47
133.00
83.18
3626.21

328.42
99.36
1428.16
149.19
318.95
112.58
372.25
371.38
52.84
134.88
100.33
9.60
289.83

13793.87
23289.08
23089.11
7916.58
13483.22
9815.76
16794.12
11151.62
9333.41
2427.45
25986.35
6686.72
13647.27

0.27
0.35
0.81
.035
0.36
0.50
0.47
0.25
0.47
0.22
0.66
0.41
0.43

15645.50
23482.41
24911.62
8452.98
13936.28
10174.00
17365.84
11643.42
9611.24
2653.02
26220.34
6779.91
14239.71

VHGLPHQWLQVWUHDP$ZDVDVKLJKDVJ·NJ,Q
FRQWUDVWWKHUHZHUHOLWWOHGLIIHUHQFHVLQRUJDQLFFDU
ERQ FRQFHQWUDWLRQ EHWZHHQ QRQZRRG\ GHEULV DQG
ZRRG\ GHEULV UDQJLQJ IURP  WR  J·NJ IRU
QRQZRRG\ GHEULV  WR  J·NJ IRU ZRRG\
GHEULV 2UJDQLF FDUERQ FRQFHQWUDWLRQ RI ZDWHU
UDQJHGIURPWRPJ·O˄)LJ˅

carbon storage of leaves and bark is relatively small
(Fig. 4).

7RWDOVWRUDJHRIRUJDQLFFDUERQThe unit area
catchment total organic carbon storage was 2224.30
kg·km-2, and the unit area stream total organic
carbon storage was 17.77 g·m-2 in the forest streams
(Table 2). Organic carbon storage of unit area
catchment was 31.25 kg·km-2 for non-woody debris,
48.43 kg·km-2 for woody debris, 2144.55 kg·km-2 for
sediment, 0.07 kg·km-2 for water. The values of
carbon storage of unit area stream shared a similar
pattern with carbon storage of unit area catchment,
and showed the values as 0.25 g·m-2 for non-woody
debris, 0.39 g·m-2 for woody debris, 17.12 g·m-2 for
sediment, and 0.01 g·m-2 for water (Table 2).

FIGURE
7KHSURSRUWLRQRIRUJDQLFFDUERQVWRUDJHRI
VWUHDPHDFKFRPSRQHQW

6WRUDJH RI RUJDQLF FDUERQ LQ GLIIHUHQW
VWUHDPV Organic carbon storage of QRQZRRG\
GHEULVZRRG\GHEULVDQG sediment ranged broadly in
all streams (Table 3). For example, organic carbon
storage of non-woody debris differed by nearly 20
fold among the twelve streams, organic carbon
storage of woody debris differed by as much 140
fold. The storage of organic carbon LQ ZDWHU ZDV
UHODWLYHO\ VWHDG\ LQ DOO VWUHDPV (Table 3) In the
twelve investigated streams, organic carbon storage
of sediment was the largest and the proportion of
about 90%. But organic carbon storage in water was
the smallest, the proportion of less than 0.1% (Fig.
3). The organic carbon storage in the non-woody
debris is mainly concentrated in less than 1cm twigs
(except streams D and I), which accounts for the
proportion in more than 50%, while the organic

FIGURE
7KHRUJDQLFFDUERQVWRUDJHRIQRQZRRG\GHEULV
HDFKFRPSRQHQW
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7$%/(
7KHFRUUHODWLRQDQDO\VLVRIRUJDQLFFDUERQVWRUDJHLQQRQZRRG\GHEULV
ZRRG\GHEULVVHGLPHQWDQGZDWHUDQGVWUHDPOHQJWKZLGWKGHSWKDQGIORZYHORFLW\
Non-woody debris
Woody debris
Sediments
Water
Length
0.832**
0.896**
0.853**
0.930**
Width
0.68**
0.490
0.578**
0.385
Depth
0.567
0.767**
0.441
0.673**
Flow velocity
0.571
0.616*
0.536
0.592*
n=12, *P<0.05, ** P<0.01
The correlation analysis showed that organic
were extremely significant correlated with the length
and width of the streams. The organic carbon storage
of woody debris and water were extremely
significant correlated with the length and depth of
stream. However, organic carbon storage in woody
debris and water was significantly correlated with
the stream velocity compared with non-woody
debris and sediments (Table 4).

carbon storage of non-woody debris and sediments
>@DQGUHPRYDOSURFHVVHVWKDWKDVIORFFXODWLRQDQG
EDFWHULDOPHWDEROLVP>@
3UHYLRXV VWXGLHV VKRZ WKDW LQFUHDVLQJ
SUHFLSLWDWLRQ FRXOG UHVXOW LQ D GLOXWLRQ HIIHFW RQ
RUJDQLF FDUERQ LQ VWUHDP >@ :H VDPSOHG GXULQJ
WKHUDLQ\VHDVRQWKXVWKHVWRUDJHRIRUJDQLFFDUERQ
LQZDWHULVWKHOHDVW(Fig.  Non-woody debris and
woody debris enter streams through natural force,
human and animal activity, and surface runoff >
@. These matters are broken down by a lot of
processes, including physical broken, leaching,
animal feeding, and microbial degradation >@. In
contrast, the decomposition of woody debris is
slower in submerged >@. Thus the storage of
organic carbon in woody debris was higher than that
of non-woody debris. The decomposed plant
residues accumulate at the bottom of the stream, and
the plant residues that reentered the stream to control
the movement of sediment >@. So the sediments are
related to the plant residues storage. As a result,
Organic carbon storage in sediment was the most
(Fig.  7KLVLVFRQVLVWHQW ZLWKWKH VWXG\RI+RSH
ZKLFKKHSRLQWHGRXWWKDWWKHVWUHDPRUJDQLFFDUERQ
LV PDLQO\ FRQWUROOHG E\ VRLO RUJDQLF FDUERQ >@
)XUWKHUPRUH 'RVVNH\ DOVR IRXQG WKDW VRLO
FRQWULEXWHG RYHU  RI RUJDQLF FDUERQ >@
$OWKRXJK RUJDQLF FDUERQ VWRUDJH LQ SODQW UHVLGXHV
DFFRXQWHGIRURQO\DVPDOOSDUWWKHFDUERQRISODQW
UHPDLQVUHWHQWLRQWLPHLVVKRUWDQGPRUHDFWLYH>@
VR WKH SODQW UHVLGXH LV YHU\ LPSRUWDQW LQ WKH IRUHVW
HFRV\VWHP
,QFRQFOXVLRQRXUUHVXOWVVXJJHVWHGWKDWDOSLQH
IRUHVWVWUHDPVVWRUHGDPRXQWVRIRUJDQLFFDUERQEXW
WKH VWRUDJH ZHUH YDULHG ZLWK GLIIHUHQW FRPSRQHQWV
DQGVWUHDPV7KHWRWDORUJDQLFFDUERQVWRUDJHRIXQLW
DUHD FDWFKPHQW DQG XQLW DUHD VWUHDP ZHUH 
NJāNP DQG  JāP 7KH UDQN RUGHU RI
GLIIHUHQW FRPSRQHQWV WR RUJDQLF FDUERQ VWRUDJH RI
XQLW DUHD ZDV DV IROORZV VHGLPHQW! ZRRG\
GHEULV!QRQZRRG\ GHEULV!ZDWHU 2UJDQLF FDUERQ
VWRUDJHRIHDFKFRPSRQHQWZDVH[WUHPHO\VLJQLILFDQW
FRUUHODWHG ZLWK VWUHDP OHQJWK 0RUHRYHU RUJDQLF
FDUERQVWRUDJHLQFUHDVHGZLWKLQFUHDVLQJVWUHDPIORZ
YHORFLW\EXWQRQZRRG\GHEULVDQGVHGLPHQWZDVQRW
VWDWLVWLFDOO\ VLJQLILFDQW $OWKRXJK WKH UHVXOWV
REWDLQHGGXULQJWKHUDLQ\VHDVRQ PD\RYHUHVWLPDWH

',6&866,21
)RUHVW VWUHDPV FRQYH\ ZDWHU DQG QXWULHQW
HOHPHQW WR ULYHUV DQG ODNHV GHVSLWH WKHLU UHODWLYHO\
VPDOO GLPHQVLRQV SOD\ D PDMRU UROH RI WKH JOREDO
FDUERQ F\FOH >@ 7KH SUHVHQW LQYHVWLJDWLRQ
VKRZHGWKDWthe organic carbon storage of unit area
catchment was 2224.30 kg·km-2, and organic carbon
storage of unit area stream was 17.77 g·m-2 (Table
2). The rank order of the overall contribution of
different FRPSRQHQWV to organic carbon storage of
unit area was as follows: sediments>woody
debris >non-woody debris > water (Fig.  . The
results may be helpful in estimating carbon storage
the whole watersheds and evaluating the contribution of stream carbon storage to the carbon cycle
in the alpine forest ecosystem.
Concentration of organic carbon can directly
determine the storage of organic carbon in streams,
but different FRPSRQHQWV often display various
patterns. The organic carbon concentration of woody
and non-woody debris was higher than that of
organic carbon in sediments, and organic carbon
concentration in water is low (Fig.  . This is
because they are influenced by their own physical
properties and other aspects, which including stream
characteristics WHPSHUDWXUH YHJHWDWLRQ W\SHV >
@5HODWLRQVKLSEHWZHHQVWUHDPOHQJWKDQGRUJDQLF
FDUERQ VWRUDJH RI HDFK FRPSRQHQW VXJJHVWHG WKDW
ORQJHUVWUHDPVZRXOGJHQHUDWHKLJKHUFDUERQVWRUDJH
7DEOH   0HDQZKLOH RUJDQ LF FDUERQ VWRUDJH
LQFUHDVHG ZLWK LQFUHDVLQJ VWUHDP IORZ YHORFLW\
DOWKRXJK QRQZRRG\ GHEULV DQG VHGLPHQW ZDV QRW
VWDWLVWLFDOO\VLJQLILFDQW 7DEOH ,QDGGLWLRQRUJDQLF
FDUERQ VWRUDJH LV VXEMHFW WR D JUHDW GHDO RI LQSXW
ZKLFK KDV HQWU\ RI SODQW DWPRVSKHULF GHSRVLWLRQ



© by PSP

Volume 26 ± No. 5/2017 pages 3402-3408

Fresenius Environmental Bulletin

[9] ORUHW('HVVHUW&*DLOODUGHW-HWDO  
&RPSDULVRQRIGLVVROYHGLQRUJDQLFDQGRUJDQLF
FDUERQ \LHOGV DQG IOX[HV LQ WKH ZDWHUVKHGV RI
WURSLFDO YROFDQLF LVODQGV H[DPSOHV IURP
*XDGHORXSH )UHQFK :HVW ,QGLHV  &KHPLFDO
*HRORJ\
[10] 5DQWDNDUL00DWWVVRQ7.RUWHODLQHQ3HWDO
  2UJDQLF DQG LQRUJDQLF FDUERQ FRQFHQ
WUDWLRQV DQG IOX[HV IURP PDQDJHG DQG XQ
PDQDJHGERUHDOILUVWRUGHUFDWFKPHQWV6FLHQFH
RIWKH7RWDO(QYLURQPHQW
[11] =KDR+&:DQJ65-LDR/;HWDO  
&KDUDFWHULVWLFV RI WHPSRUDO DQG VSDWLDO GLVWUL
EXWLRQRIWKHQLWURJHQIRUPVLQWKHVHGLPHQWVRI
(UKDLODNH5HV(QYLURQ6FL
[12] +HUEHUW5$  1LWURJHQF\FOLQJLQFRDVWDO
PDULQH HFRV\VWHPV )(06 PLFUR ELRORJ\
UHYLHZV
[13] /LDR 6<DQJ:4 =KDQJ +/ HW DO  
6WRUDJH RI QLWURJHQ DQG SKRVSKRUXV LQ QRQ
ZRRG\ GHEULV LQ DOSLQH IRUHVW VWUHDPV LQ WKH
XSSHU UHDFKHV RI WKH 0LQMLDQJ 5LYHU LQ UDLQ\
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materials are obtained. Packaging is a fundamental
element of almost every manufactured product.
Because of the relatively short life cycle of many
consumer products, the volume of packaging on the
market is almost exactly equal to the volume of
packaging waste. Most of the packaging waste is
composite packaging (primarily PA-PE-Al laminate, a laminated foil made from paper, polyethylene, and aluminum foil)²material that is difficult
to recycle because of relatively high cost and low
resale value. Composite packaging, in particular, is
unattractive to recycling processors because both the
packaging waste recycling system [1]. Carton
packages (including Tetra Pak, SIG and other)
became one of the most popular beverage storage
systems that are made of multilayer packaging
material including cellulose, polyethylene and
optionally aluminum foil [2]. After introduced to
market, packages that become wastes are separated
based on their types and are transferred to particular
recycling industries and the result of this transfer
recycled materials can be used as a second resource
materials in production processes. With this recycling sequence, natural resources are less utilized
and so the level stress on the natural resources
becomes lower.
Packages that are manufactured from different
materials such as plastics and aluminum films and
impossible to separate the counterparts by manually
are called composite packages. The combination of
different materials in these packages causes
extensions in retention periods of food and
beverages. In food sector and especially for protecting beverages for longer periods, composite beverage cardboards which consist of 75% paper, 20%
polyethylene (PE) and 5% aluminum are used
extensively. Recovering waste material from used
beverage cartons (UBC) to manufacture a valueadded product with an economical and efficient
method is an important issue from the perspective of
environmental pollution. Although there were the
attempts to recycle and reuse composite wastes [3-9]
very little work had been done in this area.
Recycling of beverage cartons is a relatively
new developing industry in Turkey. The material
obtained from recycled UBC carton in Europe is
predominantly used for the manufacture of paper and

ABSTRACT
The aim of this study is obtained a
competitiveness product in the market of composite
packaging waste such as milk cartons, which may be
mechanical
resistance and thermo-physical
properties cardboard to realize a solid waste
recycling practice. Paper, plastic and aluminum
composite material consisting of layers of cardboard,
especially for storage of liquid food is a preferred
type of packaging. Our country and the world are
pretty much the amount of waste that occurs in the
composite. The recycled food and beverage carton
containers
including
approximately
75%
paperboard, 20% low density polyethylene (PE), and
5% aluminum foil were studied to obtain a new
product named fiberboard panel (FBP). Composite
pieces (fibers) that are obtained from clipping are
placed in 170-180 °C pre-heated mold via designed
the official press. The FBP with dimensions of
200x200x7 mm were manufactured in four different
groups with mixture ratio of 20%, 25%, 30% and
35% PE used as an adhesive material, and compared
similar products such as oriented strand board (OSB)
and particleboard (PB) panels. Based on the findings
of this study, composite FBP, a novel product, could
be consi-dered as alternative raw material to be used
in buil-ding applications such as isolation, roof
flooring and may be compatible similar products in
the markets.

KEYWORDS:
Composite; fiberboard; milk box; recycling; waste.

INTRODUCTION
Our natural resources decrease day by day, due
to alternations in consumer behaviors and
continuous population growth. In order to use natural
resources efficiently it is required to reduce
consumption of material and wastes that are
particularly reusable must be recycled. As a consequence, using such natural resources; forests, water
and petroleum, etc. at the end of production period
glass, metal, plastic, and paper/cardboard packaging
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The PE inside waste packages has adhesive ability.

carton based products including shopping bags,
cores for paper reel, sheets of cardboard, disposable
kitchen towels, printing paper, plaster board lining,
and corrugated board [10]. During the last decade,
environmental problems and recycling have been the
most popular issues in Turkey. In terms of
environmental pollution, a product manufactured
from used composite beverage packages via economical and proper methods is an important matter.
The recycling of composite beverage package is an
innovation for Turkey. The usage of products from
recycling of composite beverage package is common
for EU countries. They used recycled products from
composite wastes such as shopping bags,
pasteboards, reproduced papers and panel boards etc.
[11]. In this area, they were performed similar
studies such as using fly ash derived from lignite
combustion in power stations for incor-poration into
upgraded metal ceramic composites [12], and for the
synthesis of ceramics [13]
In the recycling process of these wastes, some
chemical methods are used [14]. As well as, there
KDYHQ¶WEHHQDQ\VLJQLILFDQWVWXGLHVDERXWUHF\FOLQJ
FRPSRVLWHZDVWHVVRPHVWXGLHVGRQHE\$\UÕOPÕúHW
al. [10] are available. In that study, panel boards have
been obtained from composite wastes and surface of
the boards are covered with hard ply-wood. In this
manner, mechanical properties are identified and
introduced as a usable new product. Yet, this method
is not used widely and happened to be used
additional product for production of a new one.
In this context, recycling will make any
technology in our country is not being guided our
University the Environmental and Mechanical
Engineering in collaboration producing a useful
product that will allow a one to develop a project
idea has emerged. This study is aimed to achieve the
production of fiberboard panel (FBP) which
mechanical properties are known and which will be
demanded in the market as soon as manufactured.

FIGURE 1
Thermal plate settler
In this study, the making of thermal mold is
achieved for improving end product (Fig. 1). The
mold has dimensions of 200X200 mm and 50 mm
depth and resistor plates are placed for the bottom
and the top of it and it also has thermos elements for
temperature measurement. First, waste compo-site
packages cut to pieces with a maximum size of 5 cm.
This step is accomplished using an office electric
paper cutter which is generally used for destruction
of documents. The minced pieces are placed in to the
mold randomly and pressed in order to be formed
cross matrixes. The process of compression is done
by a hydraulic press. The press used in the project is
extended to the study and is gained for laboratory,
has a compaction capacity of 15 tones. The official
press pictures is shown Fig. 2.

MATERIALS AND METHODS
Materials and Equipment. Although, there
have been many methods for recycling composite
beverage packages, the most convenient way with
the lowest expenditure is production of fiberboards.
This method, without any chemical process, is the
processes of cutting the wastes with proper sizes
before thermal heating and physical press. After
treatment of the product to produce plates without
separation to its components (thermal compression), these plates can be used in furniture, construction, and packaging sectors.
The process is to obtain a new product from
used composite beverage packages as a whole and
the new product is named fiberboard panel (FBP).
With this method, all waste composite beverage
packages can be used without any waste production.

FIGURE 2
Hydraulic press
Composite pieces (fibers) that are obtained
from clipping are placed in 170-180 °C pre-heated
mold. Under this temperature, they are compressed
under the pressure of 15 tones. Approximately after
5 minutes, pieces are bind together with the melting
of PE. An extra binding agent is not needed due to
the existence of 20% PE as a component of cardboard. PE in clipped board melts and forms an elastic
compact matrix that binds aluminum and paper
together like as a binding agent. Aluminum with the
ratio of 5% presents efficient conduction ways for
heat transfer. At the same time aluminum helps the
SODWH¶V ULJLGLW\ $IWHU WKHVH SURFHVVHV a FBP with
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groups with mixture ratio of 20%, 25%, 30% and
35% PE used as an adhesive material. In addition,
two more groups of OSB and PB panels were attach
to mechanical tests for comparison of mechanical
properties with manufactured FBP.
In order to underline the mechanical properties,
a specimen was manufactured from recycled
composite waste material without any additional
material. Furthermore, for determining parameters,
additional different rates of PE as an adhesive
material have been added into recycled composite
waste material to acquire FBP with distinct
mechanical properties. The additions have yet been
obtained from waste PE. These PE board wastes are
turned into chips in a CNC machine and they are
added in certain rate into recycled composite waste
material and distributed homogen-eously in row
composite waste. Inside the mold, with the exposure
of head and pressure, the material melts and spreads
among all fibers. This process increases the
SURGXFW¶VPHFKDQLFDOUHVLVWDQFH

dimensions of 200X200 mm with 7 mm has been
obtained. By increasing the number of clipped pieces
in the mold, thicker plates can be obtained.
Nevertheless, according to the products in the
market, the productions of patterns that are based on
7 mm thicknesses are sufficient. The resulting
specimen of FBP is shown in Fig. 3.

FIGURE 3
The manufactured fiberboard specimens
Later, for obtaining smooth surfaces for
produced patterns, the exterior surfaces compressed
with aluminum foils. In general, in this study,
fiberboard is manufactured from composite beverage wastes in order to manufacture a new product
that has economical values from waste without using
any chemical components because; PE in waste
packages played an active role as binding agent.
During production, the applied maximum pressure is
15 tones and the maximum temperature of the mold
can rise up to 200°C. The mechanical properties of
the manufactured FBP are identified with standard
methods.

FIGURE 4
Tensile test specimen dimensions

Determination of mechanical properties. In
order to identify the mechanical properties of
acquired FBP from tensile and 3-point bending tests
which are proper to international standards have
been done. At the same time, comparisons with the
products in the market have also been done for
researching the usability of acquired FBP. Tensile
and 3-point bending tests were performed at room
temperature using Shimadzu Autograph AG-IC 50
kN universal testing machine in our laboratory. The
testing machine have the 50 kN capacity load cell
which can measure in high precision ±0.1% of
indicated test force. The speeds of crossheads can be
adjusted 0.0005 mm/min ± 1000 mm/min test speed
range with a precision ±0.1% of indicated crosshead
speed. Test data was processed by Trapeziumx
software program synchronized with testing
machine. The mechanical properties of FBP can be
identified via ASTM D 1037-99 standards since
these manufactured panels are wood-based materials
and candidate for taking part as structural materials
in household applica-tions [15]. The specimens have
been kept at room temperature at least 24 hours
before the tests. The FBP with dimensions of
200x200x7 mm were manufactured in four different

FIGURE 5
The tensile test specimens
TABLE 1.
Tensile properties of the tested specimen groups
Material
20% PE
25% PE
30% PE
35% PE
Oriented Strand
board (OSB)
Particleboard(PB)

3411

Tensile Properties
MOE
ımax
(MPa)
(MPa)
952,51
8,10
1414,63
12,94
1561,29
17,00

İmax
(%)
1,44
1,69
2,61

1654,84
969,23

20,19
2,59

2,62
0,27

1235,71

6,67

0,55
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FIGURE 6
Tensile stress-strain curves for the tested specimen groups
RESULTS AND DISCUSSION

of thermoplastics.

Tensile test. The tensile specimens were
prepared according to the standard. The dimensions
of tensile test specimen are shown in Fig. 4.
Machined test specimens are shown in Fig. 5. 3.
Specimens were prepared and tested from each
group (20% PE, 25% PE, 30%PE, 35% PE, OSB
and PB) with a total of 18 specimens for tensile
testing. The tensile tests were performed at 4 mm/
min crosshead speed and the data were recorded. The
tests were ended up when the ultimate tensile stress
values was decreased by 20%.
Stress-strain curves are showed in Fig. 6 for
each group of specimens. Modulus of elasticity
02( XOWLPDWHWHQVLOHVWUHVV ımax), and the strain
İmax) at ultimate tensile stress are shown in Table 1.
According to the tensile test results, FBP from
composite wastes have better tensile strength
properties than the equivalent of wood based
structural materials OSB and PB which are
machined in the same size with FBP. Where,
fiberboard with 20% PE states that milk box
packaging wastes already contains 20% PE in weight
without any PE additions. It can be seen in the table
tKDW ımax value of the FBP with 20% PE is 21%
JUHDWHU WKDQ ımax of PB and 3.1 times greater than
ımax of OSB although there is no adding extra PE
LQWR)%3 7DEOH 8OWLPDWHWHQVLOHVWUHVV ımax) of
FBP remarkably increases with increment of 5% PE
mixture ratio in weight for each groups (Fig. 6).
FBPs with 25%, 30% and 35% PE have better
stiffness than OSB and PB. MOE value of the FBP
with 25% PE is 45% greater than MOE value of OSB
and 14% greater than MOE value of PB (Table 1).
The stiffness of the FBP increases with increasing
PE rate in the material (Fig. 6). The groups of the
FBP with 35% PE rate reached the best tensile
strength properties. Fig. 6 shows that plastic
deformation of FBPs have non-linear curves because
of the PE inside the materials. It can be said that
FBPs show some viscoelastic deformation behavior

Three-point bending test. In order to identify
mechanical properties of FBP, bending specimens
were prepared the dimensions of 76x168x7 mm
based on ASTM D 1037-99 [15] standards. In the
Fig. 7, the machined bending test specimens
according to the standard are shown.

FIGURE 7
The bending specimens
Based on the standard for three-point bending
test, 2 specimens were prepared from each group
with a total of the 12 specimens. The three-point
support required for bending test was manufactured
from beech wood with required sizes as determined
in the standard and, was assembled to the
experimental setup (Fig. 8).

FIGURE 8
Three-point bending test apparatus
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FIGURE 9
Three-point bending load-deflection curves for the tested specimen groups
The three-point bending tests were performed
at 3.36 mm/min crosshead speed according to the
standard and the data were recorded. The tests were
ended up when the maximum load values were
decreased by 20%. Furthermore, three-point bending
tests were performed for OSB and PB specimens for
comparison of bending properties with the current
test specimens. It is observed that the manufactured
composite FBP specimens have better bending
strength than OSB and PB specimens. Loaddeflection curves of the groups of specimens are
shown in Fig. 9. Modulus of elasticity (MOE),
modulus of rupture (MOR) and the deflection (dmax)
at maximum load are shown in Table 2.

CONCLUSIONS
In this study, a FBP, which is having chemical
and physical characteristics as well as a high
commercial opportunity and competiveness, is
manufactured from waste milk and juice packages.
This product is an important advantage not only for
its commercial value and a place in market but also
for environmental production and solid waste
recycling as being a recycled product manufactured
from particular solid wastes. The results are shown
as articled as follows:
This study shows that beverage packages can
be reevaluated. In this context, waste packages cut
down to proper fibers by paper shredder machine.
These fibers are placed in the molds to form a cross
matrix. For the context of this project, with the
proper press and molding system, about 170°C and
5 minutes under 15 tons pressure waste composite
panel board specimens were manufactured. It is
concluded that without any separation technique or
any chemical conversions, all of the waste packages
are turn into panel boards. The manufactured
specimens of panel boards are conducted tensile and
bending tests in our laboratory for identifying the
mechanical properties. According to the results, the
mechanical properties of the FBP manufactured
from waste beverage packages without any additives
are better than OSB and PB which are alternative
products in the market. The strength of the FBP
could be increased with additional contri-butions.
According to environmental legislation, the
manufacturers of cardboards and packages are
obligated to collect back certain amounts of their
products and are obligated to recover them for
economy. Based on these obligations, our
application could have sustainable benefits. It is
considered that recovering composite wastes directly
more convenient than the separation of composite
wastes to their components to manufacture a new
product is not economical due to the high costs of
energy, water and spends a lot of time. In this project
with the applied method, it is considered that
composite beverage packages can be reproduced

TABLE 2
Three-point bending properties of the tested
specimen groups
Material
20% PE
25% PE
30% PE
35% PE
Oriented Strand
board (OSB)
Particleboard (PB)

Three-Point Bending Properties
MOE
MOR
dmax
(MPa)
(MPa)
(mm)
1587,1
17,7
16,2
1766,3
21,8
14,0
2496,8
25,6
13,4
2244,2
28,4
19,6
1661,0
15,4
7,3
2283,8

13,6

4,5

Although modulus of elasticity (MOE) of FBP
with 20% PE is some lower than OSB, the other
groups of FBPs have superior bending properties
when compared with OSB. Modulus of rupture
(MOR) of all groups of fiberboard is greater than
both OSB and PB (Table 2) (Fig. 9). Especially, the
specimen with the 35% mixture ratio (15% PE is
added) is two times more resistant to bending than
OSB and PB.
In this case, it can be said that the recycled
product is capable of usage in household
applications and it can be competitive product for
commercial use.. On the other hand, considering the
recovery of composite wastes, protecting environment, and conservation of natural resources, the
product has a quality of wide facilities.
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[8] Mehrabzadeh, M. and Farahmand, F. (2009)
Recycling of commingled plastics waste
containing polypropylene, polyethylene, and
paper. Journal of Applied Polymer Science 80,
2573±2577.
[9] Baillie, C., Matovi, D., Thamae, T. and Vaja, S.
(2011) Waste-based composites²Poverty
reducing solutions to environmental problems.
Resources, Conservation and Recycling
55:973± 978.
[10] $\UÕOPLV 1 &DQGDQ = DQG +L]LURJOX 6
(2008) Physical and mechanical properties of
cardboard panels made from used beverage
carton with veneer overlay. Materials and
Design 29, 897±1903.
[11] Anonymous, Environmental Protection Agency.
(2007) A Strategy for developing recycling
markets in Ireland. Environmental RTDI
Programme 2000±2006, Final Report 2007b, p.
61±8.
[12] Karayannis, V.G., Moutsatsou, A.K. and
Katsika, E.L.(2012) Recycling of lignite highlycalcareous fly ash into nickel-based composites.
Fresen. Environ. Bull., 21 (8b), 2378-2383.
[13] Karayannis,
V.G.,
Moutsatsou,
A.K.,
Kaukouzas, N., and Vasilatos, C. (2013)
Valorization of CFB-combustion fly ashes as
the raw materials in the development of valueadded ceramics. Fresen. Environ. Bul. 22 (12c),
3879-3885.
[14] Buelens, M., Denoray, P., Kiernan, M. and
Melin, A. (2001) What happens to. . .Used
beverage cartons? Tetra Pak_ brochure 5±15.
[15] ASTM D1037 (1999) Evaluating the properties
of wood base fiber and particle panel material,
American Society for Testing and Materials,
West Conshohocken, PA.

without waste outcomes. It is concluded that this
product has more endurance than its counterparts
such as OSB and PB and can be used as an
alternative product in the market. In this sense, the
recycling of composite materials is a significant
benefit in many ways. With improvements for these
products, an extensive usage area in household
applications will be expected.
By designing a professional mold manufacturing larger specimens and constructing facilities,
acquiring larger sizes of fibers by improving the
process done by paper shredder machine could be
implanted for testing the difference in endurance
values of the product. Under such conditions, the
product is ready to use in different areas. However,
particular coating on the surface of the product will
enlarge the area of interest. (For example, furniture
sector and isolation sector) It is recommended to
commercialize the product and analyze other
mechanical properties of the product.
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ABSTRACT
Online spectrophotometric technique is used to
monitor the decolorization of Reactive Yellow B4RFN (RY B-4RFN) in aqueous solution by Fenton
reagent oxidation. The effects of dosages of Fe2+,
H2O2 concentration, pH value, and concentration of
dye have been examined. The results show that
online monitoring technology is a quick, accurate,
and convenient method to record detailed
decolorization information of RY B-4RFN in Fenton
process. The color removal process can be divided
into two stages. The optimum conditions were determined as [H2O2] = 3.98 mM, [Fe2+] = 0.0512 mM,
pH = 3.8 for RY B-4RFN decolorization during the
Fenton oxidation process. The decolorization rate is
72.15% under this condition. The intrinsic reaction
rate constant of ·OH with RY B-4RFN in solution is
3.71×1011 Mí1 sí1. The chemical structure of RY B4RFN is destroyed and not fully mineralized by Fenton agent in 300 s.

KEYWORDS:
Reactive Yellow B-4RFN, Fenton, Spectrophotometry,
Kinetics

Advanced oxidation processes (AOPs) have
been found to be successful for the abatement of
refractory and toxic organic pollutants in wastewater
[8-10]. AOPs have different systems, which are all
characterized by the same chemical feature: generation of highly reactive hydroxyl radicals (·OH) [1113]. Fenton process is a catalytic oxidation process
using a mixture of hydrogen peroxide and ferrous
ions in aqueous solution. In an acid medium, metal
catalyst Fe2+ is oxidized by hydrogen peroxide H2O2
to generate iron ion Fe3+, hydroxyl radical (·OH)
[14-17] and hydroxyl ion OH-, then high active ·OH
attacks and destroys molecule structure of organic
dye (D).
The online spectrophotometric method is a
quick, feasible and convenient technique for monitoring the change of instant color concentration during Fenton process [4,18]. It can decrease the experimental error and improve experimental accuracy.
Decolorization kinetic of Reactive Yellow B-4RFN
(RY B-4RFN) was investigated by Fenton oxidation
process with online spectrophotometry system. The
effects of pH value, dosage of Fe2+ and H2O2, and
concentration of dye in solution on RY B-4RFN
decolorization were determined. The products of RY
B-4RFN degradation were analyzed by ultraviolet
visible spectrum (UV-Vis) and ion chromatography
(IC), respectively.

INTRODUCTION
Synthetic dyes represent a relatively large
group of organic chemicals. The wastewater generated from the textile and dye industries contains various pollutants, such as the dyes, surfactants, sizing
agents, volatile organic compounds and other chemicals [1, 2]. The wastewater has serious effect on the
environment and human health if not treated
properly. Firstly, high color is considered contamination and different dyes produce wastewater with
different colors [3]. It is necessary to decolorize the
dye wastewater before discharged. Secondly,
wastewater maybe has an adverse effect on the
exposed organisms. Dye wastewater can be treated
by physical, chemical, electrochemical methods, and
biological processes. These treatment methods are
either not able to completely remove the pollutions
[4-6] or generate secondary material (sludge) [7].

MATERIALS AND METHODS
Materials and apparatus. The dye RY B4RFN was purchased from Shijiazhuang Dyestuffs
Company (China) and the chemical structure of RY
B-4RFN is displayed in Figure 1. Wastewater of RY
B-4RFN was prepared by dissolving a requisite
quantity of dyestuffs in double-distilled water. H2O2
(30% in H2O), FeSO4·7H2O, H2SO4 were of analytical grade and purchased from Shijiazhuang Xiandai
Chemical Reagent Company (China).
Online spectrophotometric system is shown in
Figure 2. This system is set up with three parts: reaction unit, optical measurement part and recording
section. Reaction unit consists of a digital magnetic
stirrer apparatus (Shanghai Instrument company,
China), and a 200 mL beaker. Optical measurement
part contains UV-Vis spectrometer, cycle peristaltic
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pump and flowing cuvette (UNICO 2802S, Shanghai, China). Total velocity of wastewater in apparatus was 22 mL min-1. Recording section was a
computer with the monitoring frequency of 12 min-1
during the Fenton oxidation process.
 







 

 

FIGURE 1
The structure of RY B-4RFN

FIGURE 2
Online spectrophotometric device
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dye and Fe2+ concentration. The pH value (2.3-5.6)
of the wastewater was adjusted with sulfuric acid.
The dye wastewater was pressed into cuvette in the
UV-vis spectrophotometer by the peristaltic pump.
The maximal absorption peak of RY B-4RFN dye
was detected by the UV-vis spectrophotometer.
H2O2 at the calculated concentrations was added to
the wastewater, and the UV-vis spectrophotometer
began to record the change of RY B-4RFN absorbance at different reaction times.
The decolorization of dye RY B-4RFN in Fenton oxidation process was analyzed using online
spectrophotometry technique. The UV-vis spectra of
RY B-4RFN, and RY B-4RFN, H2SO4, Fe2+, Fe3+ are
presented in Figure 3. RY B-4RFN has a great
absorption in 350-500 nm spectral range. The maximum adsorption peak is found at 416 nm, which do
not vary with the addition of H2SO4, Fe2+, Fe3+, great
absorption ranges do not show any variation. Hence,
416 nm is chosen as monitoring wavelength in this
research. According to the criterion equation, instant
absorbance values recorded by computer were transferred to concentrations of dyes. The absorbance of
416 nm (A) against RY B-4RFN concentration (C)
relationship is A = 0.01165C-0.0004 (R = 0.99985).
IC analysis. Inorganic ions (Cl-, NO3- and
SO4 ) in aqueous solution were measured by a
Metrohm-881 Ion Chromatography (IC) instrument
with conductivity detector, tower type IC column
(4×250 mm) and MagIC Net software. The eluent was
a mixture of Na2CO3 (1.8 mmol L-1) and NaHCO3 (1.7
mmol L-1). The eluent flow-rate was 1.0 mL miní1.
2-
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UV-Vis spectrum of RY B-4RFN, H2O2,
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FIGURE 4
Time-dependent decolorization of RY B4RFN
([RY B-4RFN] = 16 mg/L, [Fe2+] = 0.0512
mM, [H2O2] = 3.98 mM, pH = 3.8)
(a)

Procedures. The oxidation process was performed in a vessel with 200 mL simulated dye wastewater, in which has definite concentration of the

Time-dependent degradation of RY B4RFN. The change of C/C0 value of RY B-4RFN
dye versus reaction time is listed in Figure 4(a) and
Figure 4(b), respectively. C0 is the initial concentration and C represents the instant concentration of dye
with time. Fenton oxidation on RY B-4RFN solution
has two stages. The decolorization is very fast at the
first stage (less than 30 s). In the second stage,
decolorization is considerably slow. The reasons for
the experimental results are as follow: First, the catalyzer FeSO4 and hydrogen peroxide in aqueous solution are consumed during Fenton oxidation. On the
other hand, intermediate products or byproducts produced in the reaction can reduce apparent rate of dye
degradation. Fenton oxidization process apparently
followed the first-order kinetics in the first stage [1920], ln(C0/C) = kapt. The slope (kap) through the data
points represents the first-order rate constants.
Figure 4(b) shows that the results of present study fit
for the simple first order kinetics at the first stage. In
the present paper, the decolorizing reaction rate constant (kap) and decolorization rate of dye R (R =
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(C0íC)/C0×100%) at 300 s were investigated under
different experimental conditions.

TABLE 1
The Kap and decolorization rate of RY B-4RFN
dye in different Fe2+ concentrations in the
Fenton oxidation process

Effect of FeSO4 concentration. The relationship of Fe2+ concentrations and the constant kap, the
decolorization rate of RY B-4RFN has been displayed in Figure 5 and Table 1. The decolorization
rate of RY B-4RFN increases from 61.43% to
72.15% with the addition of Fe2+ dosage from 0.02
to 0.0512 mM. However, the decolorization rate
decreases to 64.85% when Fe2+ dosage rises to 0.12
mM. This result suggests that high Fe2+ dosage does
not promote decolorization of RY B-4RFN in the
Fenton oxidation due to Fe2+ ion competing for ·OH
with dye molecules (Fe2+ā2+ĺ)H3++ OH-). Therefore, 0.0512 mM of initial Fe2+ can be used as an
optimum dosage. The decomposition of H2O2 and
production of ·OH can be accelerated by Fe2+ catalyst. The kap of RY B-4RFN has obvious raise from
0.00532 to 0.0119 s-1 with increasing Fe2+ dosage
from 0.02 to 0.0512 mM, and the kap decreases with
initial Fe2+ dosage between 0.0512 and 0.12 mM.
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FIGURE 5
Effect of Fe2+ concentration ([RY B-4RFN] =
16 mg/L, [H2O2] = 3.98 mM, pH = 3.8)

kap (s-1)
0.00532
0.00775
0.01190
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0.00947

Decolorization rate (%)
61.43
69.66
72.15
70.68
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Effect of H2O2 concentration. The powerful
hydroxyl radical generating by reacting Fe2+ with
H2O2 can degrade the RY B-4RFN in aqueous solution [21, 22]. Figure 6 and Table 2 show the decolorizing kinetics constant kap and decolorization rate of
RY B-4RFN in a certain Fe2+ dosage and various
amounts of H2O2 concentration. The decolorization
rate of RY B-4RFN increases from 68.61% to
72.05% with the H2O2 dosage rising from 0.96 to
3.98 mM. Figure 6 also displays that the
decolorization rate decreases to 70.60% when H2O2
concentration is 4.78 mM. The range of kap is from
0.00677 to 0.0119 with H2O2 dosage from 0.96 to
3.98 mM. When H2O2 dosage is 4.78 mM, the kap is
0.01097 s-1. When the dosage of H2O2 is above the
optimum value (3.98 mM), decolorization rate
decreases due to hydroperoxyl radical (as a
scavenger of hydroxyl radical) which is generated by
excess H2O2 [23]. Therefore, 3.98 mM of H2O2
concentration can be adopted as an optimum dosage
for Fenton oxidation.

Fe2+ (mM)
0.02
0.04
0.0512
0.0656
0.12

0.000

0
0
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3

4

5

[H2O2]0/mM

FIGURE 6
Effect of H2O2 concentration ([RY B-4RFN] =
16 mg/L, [Fe2+] = 0.0512 mM, pH 3.8)
TABLE 2
The Kap and decolorization rate of RY B-4RFN
dye in different H2O2 concentrations in the
Fenton oxidation process
H2O2 (mM)
0.96
1.12
2.00
3.98
4.78

Decolorization rate (%)
68.61
68.87
70.33
72.05
70.60

kap (s-1)
0.00677
0.00707
0.00855
0.01190
0.01097

Effect of pH value. The pH value of the aqueous solution plays an important role on decolorization rate in Fenton oxidation process [4, 19, 24]. The
influence of pH value on decomposition of RY B4RFN by Fenton process is listed in Figure 7 and
Table 3, respectively. The pH value increases from
2.37 to 3.8, the decolorization rate and kap of RY B4RFN increase from 68.23% to 73.20% and from
0.00742 to 0.0109 s-1, respectively. But the decolorization rate and kap decrease to be 69.86% and
0.0099 s-1, respectively, with the further increasing
of pH 5.6. Hence, the pH value of 3.8 is regarded as
the optimum pH of treating with RY B-4RFN in Fenton oxidation. The decolorization rate and reac-tion
rate are limited at pH<3.8 because ·OH is consumed
by the excessive hydrogen ion (·OH + H+ + e-ĺ
H2O) [25]. While pH value is higher than 3.8 in Fenton oxidation, Fenton oxidizing ability decreased because of the decomposition of hydrogen peroxide
and deactivation of the ferrous catalysts which
formed ferric hydroxo complexes. Therefore, Fenton
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oxidation process is sensitive to the pH value of the
RY B-4RFN aqueous solution.
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FIGURE 7
Effect of pH value ([RY B-4RFN] = 16 mg/L,
[Fe2+] = 0.0512 mM, [H2O2] = 3.98 Mm)
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dye concentrations ranging from 8 to 32 mg Lí1 were
investigated in Figure 8 and Table 4. It is observed
that the color removal and kap for degradation of RY
B-4RFN increase with the dye concentrations
decreasing. The rise of dye concentration in aqueous
solution increases the number of dye molecules in
the water but the hydroxyl radical has no change, so
the removal rate and the decolorizing constant (kap)
decreases.
Kinetics study. The mechanism for decolorization of Reactive Yellow B-4RFN dye is expressed
in Eqs. (1)-(9). The reactions rate of degradation of
dye may be defined as:
3+
-1 -1
k
(1)
Fe2++H2O2 
o Fe +·OH+OH , k1=63 M s
k
(2)
RY B-4RFN (D) +·OH o Poxid
Fe2++·OH o Fe3++ OH-, k3=4.3×108 M-1s-1 (3)
k
H2O2+·OH 
k4=1.0×1010 M-1s-1
o ·OOH+H2O,
(4)
11
-1 -1
k
(5)
·OH+·OOH 
o H2O+O2, k5=6.6×10 M s
3+
2+
Fe +H2O2 o Fe +H +·OOH, k6=0.01M-1s-1 (6)
Fe3++·OOH o Fe2++H++O2, k7=5.0×104 M-1s-1 (7)
Fe2++·OOH o Fe3++HO2-, k8=1.2×106 M-1s-1 (8)
The reaction rate of dye can be defined as:
d[RY B-4RFN]
d[D]
(9)
=k [  OH][D]
1

2

k3

4

TABLE 3
The Kap and decolorization rate of RY B-4RFN
dye in the different pH values in the Fenton
oxidation process

5

k6

k7

k8

pH
2.37
3.13
3.8
5.6

Decolorization rate (%)
68.23
72.32
73.20
69.86

kap (s-1)
0.00742
0.00886
0.0109
0.0099

dt

2

dt

According to the steady-state assumption, we
obtain [·OH] as follow:
d[  OH]
=k1[Fe 2+ ][H 2O 2 ]-k 2 [  OH][D]-k 3[Fe 2+ ][  OH]dt
k 4 [H 2 O 2 ][  OH]-k 5 [  OH][  OOH]=0
(10)
d[  OOH]
=k 4 [H 2O 2 ][  OH]+k 6 [Fe3 ][H 2 O2 ]-k 5 [  OH]
dt
[  OOH]-k 7 [Fe3 ][  OOH]-k 8 [Fe2 ][  OOH]=0
˄11˅

Compared with k7, k8, k4 and k5, k6 was negligible, so Eq.11can be written as:
k 5 [  OH][  OOH]=k 4 [H 2O 2 ][  OH]-k 7 [Fe3 ][  OOH]k 8 [Fe2 ][  OOH]
˄12˅
In addition, k7 and k8 were also negligible compared with k4, Eq.12 can be written as:
k 5 [  OH][  OOH]=k 4 [H 2 O2 ][  OH]

FIGURE 8
Effect of RY B-4RFN concentration ([Fe2+] =
0.0512 mM, [H2O2] = 3.98 mM, pH 3.8)
TABLE 4
The Kap and decolorization rate of RY B-4RFN
dye in different dye concentrations in the Fenton
oxidation process
Dye concentration (mg Lí1)
8
16
24
32

Decolorization
rate (%)
75.16
72.10
71.02
69.64

d[  OH]
=k1[Fe 2+ ][H 2O 2 ]-k 2 [  OH][D]-k 3[Fe 2+ ][  OH]
dt
-2k 4 [H 2 O 2 ][  OH]=0
˄14˅

[  OH]=

Effect of dye concentration. To study the
influence of initial dye concentration on decolorization and the decolorizing reaction constant kap, the

k1[Fe2+ ][H 2 O2 ]
k 2 [D]+k 3 [Fe2+ ]+2k 4 [H 2 O2 ]

(15)

According to Eqs. (9) and (15), we obtained:
(16)

k 2 k1[Fe2+ ][H 2O 2 ][D]
d[D]
=
dt
k 2 [D]+k 3[Fe2+ ]+2k 4 [H 2O 2 ]

kap (s-1)
0.04135
0.03409
0.02557
0.02

˄13˅

Combined Eqs. (10) and (13), we obtain:

So, Eq. (16) deduces to
k
[H 2 O 2 ][D]
2k [H O ]
[D]
=
+ 3 + 4 2 2
(- d[D] dt ) k1[Fe 2+ ] k 2 k1 k 2 k1[Fe 2+ ]

(17)

Fenton oxidation follows first-order kinetics, it
can be described:
d[RY B-4RFN] d[D]
(18)
==k [D]
dt
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The kap is apparent reaction rate constant,
according to Eqs. (17) and (18):
[H 2O2 ]0
(19)
=k[D] +B
0

k ap
k
2k [H O ]
B= 3 + 4 2 2+2 0
k 2 k1 k 2 k1[Fe ]0

The experimental results were listed in Figure
9. The linear relationship between [H2O2]0/kap and
[RY B-4RFN]0 (R2 > 0.99) fits well. According to
the intercept (B), the intrinsic rate constant (k2) of
RY B-4RFN degradation with ·OH is 3.71×1011M-1
s-1.

Fresenius Environmental Bulletin

However, a little of NO3- and Cl- ions exist in oxidation process embodies that the oxidation reaction is
not thorough in less than 300 s. If the oxidation is
sufficient reaction, there are plenty of NO3- and Clions in aqueous solution. Therefore, RY B-4RFN
dye is not mineralized in 300 s by Fenton oxidation
process.

FIGURE 10
UV±Vis spectral comparisons of dyes during
Fenton oxidation (1: 0 s, 2: 300 s)
FIGURE 9
The relationship between [H2O2]0/kap and [RY
B-4RFN]0 ([Fe2+]0 = 0.0512 mM, [H2O2]0 =
3.98 mM, pH = 3.8)

Analysis of products after Fenton process. In
order to investigate structure of RY B-4RFN after
Fenton oxidation process, UV-Vis is and IC were
used to examine intermediates. The reaction condition is as follows: Fe2+ concentration 0.0512 mM,
H2O2 concetration 3.98 mM, dye RY B-4RFN concentration 16 mg L-1, pH value 3.8, the reaction time
300 s.
UV±Vis spectrum. Figure 10 listed the UV±
Vis spectral changes of dyes at Fenton oxidation process. RY B-4RFN shows a maximum absorbability
Ȝmax = 416 nm) in visible spectral area at 0 s and
there is intensive absorption from 350 to 500 nm.
There is no absorbability in visible area but only in
UV range after Fenton process within 300 s. Hence,
decolorization of RY B-4RFN wastewater can effectively be realized. The graph shows that chemical
structure of RY B-4RFN dye is destroyed by Fenton
reagent. However, strong absorbance in ultraviolet
region presents that some intermediates and byproducts may produce after Fenton process. So, RY B4RFN dye is not mineralized by Fenton reagent.
Analysis of Ion Chromatography. Inorganic
products were analyzed using Ion Chromatography.
We find that there is a great deal of SO42- ions in
reaction solution. It shows that the molecule structure of RY B-4RFN is damaged by Fenton agent.

CONCLUSIONS
By means of the research of RY B-4RFN dye
wastewater by Fenton oxidation, we draw the following conclusions:
Online spectrophotometric method is a feasible
and convenient monitoring technique for
investigating decolorization of RY B-4RFN using
Fenton oxidation. Fenton process of RY B-4RFN
degradation can be described by a first-order kinetic
law in the early 30 s. The color removal process can
be divided into two stages: the first stage (30 s) is
faster decolorization with high decolorization
efficiency, while the second stage is slower with low
decolorization rate.
The decolorization rate (R) and its constant
(kap) are studied in Fenton process. The optimum
initial dosage of H2O2 is 3.98 mM. The optimal
dosage of Fe2+ is 0.0512 mM. The pH value is 3.8.
The lower the dye concentration, the higher the
decolorization rate and kap. According to the
mechanism of Fenton process, a kinetic modeling
has been obtained to acquire intrinsic reaction rates
of ·OH and dyes. The intrinsic rate constant of RY
B-4RFN in solution is 3.71×1011 M-1 s-1 during
Fenton pro-cess.
Fenton process can rapidly decompose the
molecule structures of RY B-4RFN after 300 s, and
decolorization of dye wastewater is effectively
accomplished by the UV-vis and IC analysis. However, there are some byproducts or intermediates
producing during the Fenton oxidation process.
Therefore, mineralization is not fully performed in
300 s.

3419

© by PSP

Volume 26 ± No. 5/2017 pages 3415-3421

ACKNOWLEDGEMENTS
The work is supported by the Young Talent
Plan of Hebei Province 2016, the Excellent Youth
Foundation of Hebei Province Department of
Education of China (Grant No. Y2011110).

REFERENCES
[1] Ercan, O., Deniz, S., Yetimoglu, E.K. and Aydin, A. (2015) Degradation of reactive dyes
using advanced oxidation method. Clean Soil
Air Water, 43, 1031-1036.
[2] 7KHZRUOG¶VZRUVWSROOXWLRQSUREOHPDVVHVVLQJ
health risks at hazardous waste sites. (2012)
Blacksmith Institute, New York, USA.
[3] Karatas, M. and Basturk, E. (2014) Advanced
oxidation of reactive blue 181 solution: a comparison between Fenton and sono-Fenton process. Ashraf, S. Ultrasonics Sonochemistry, 21,
1881-1885.
[4] Tunc, S., Gurkan, T. and Duman, O. (2012) Online spectrophotometric method for the determination of optimum operation parameters on the
decolorization of Acid Red 66 and Direct Blue
71 from aqueous solution by Fenton process.
Chemical Engineering Journal, 181-182, 431442.
[5] Siddique, M., Farooq, R. and Price, G.J. (2014)
Synergistic effects of combining ultrasound
with the Fenton process in the degradation of
Reactive Blue 19. Ultrasonics Sonochemistry,
21, 1206-1212.
[6] Gatcha-Bandjun, N., Noubactep, C., Loura
Mbenguela, B. (2014) Water treatment with
Fe0/H2O systems: Learning from internal electrolysis. Fresen. Environ. Bull., 23, 2663-2669.
[7] Dukkanci, M., Vinatoru, M. and Mason, T. J.
(2014) The sonochemical decolourisation of
textile azo dye orange II: effects of Fenton type
reagents and UV light. Ultrasonics Sonochemistry 21, 846-853.
[8] Arjunan, B. and Karuppan, M. (2014) A review
on Fenton and improvements to the Fenton process for wastewater treatment. Journal of Environmental Chemical Engineering, 2, 557-572.
[9] Yu, R.F., Lin, C.H., Chen, H.W., Cheng, W.P.
and Kao, M.C. (2013) Possible control approaches of the Electro-Fenton process for
textile wastewater treatment using on-line monitoring of DO and ORP. Chemical Engineering
Journal, 218, 341-349.
[10] Torrades, F. and Garcia-Montano, J. (2014)
Using central composite experimental design to
optimize the degradation of real dye wastewater
by Fenton and photo-Fenton reactions. Dyes &
Pigments, 100, 184-189.
[11] Segura, Y., Martinez, F., Melero, J.A., Molina,
R., Chand, R. and Bremner, D.H. (2012) Enhan-

Fresenius Environmental Bulletin

cement of the advanced Fenton process
(Fe0/H2O2) by ultrasound for the mineralization
of phenol. Applied Catalysis B: Environmental,
113-114, 100-106.
[12] Dukkanci, M., Vinatoru, M. and Mason, T. J.
(2012) The sonochemical treatment of orange
II: using ultrasound at a range of frequencies and
powers. Journal of Advanced Oxidation Technologies, 15, 277-283.
[13] Merouani, S., Hamdaoui, O., Saoudi, F. and
Chiha, M. (2010) Sonochemical degradation of
Rhodamine B in aqueous phase: Effects of additives. Chemical Engineering Journal, 158, 550557.
[14] Luo, M.X., Lv, L.P., Deng, G.W., Yao, W.,
Ruan, Y., Li, X.X. and Xu, A.H. (2014) The
mechanism of bound hydroxyl radical formation
and degradation pathway of Acid Orange II in
Fenton-like Co2+-HCO3 System. Applied
Catalysis A: General, 469, 198-205.
[15] Maezono, T., Tokumura, M., Sekine, M. and
Kawase, Y. (2011) Hydroxyl radical concentration profile in photo-Fenton oxidation process:
Generation and consumption of hydroxyl radicals during the discoloration of azo-dye Orange
II. Chemosphere, 82, 1422-1430.
[16] Tokumura, M., Morito, R., Hatayama, R. and
Kawase, Yoshinori. (2011) Iron redox cycling
in hydroxyl radical generation during the photoFenton oxidative degradation: Dynamic change
of hydroxyl radical concentration. Applied
Catalysis B: Environmental, 106, 565-576.
[17] Behnajady, M.A., Modirshahla, N. and
Ghanbary, F. (2007) A kinetic model for the
decolorization of C.I. Acid Yellow 23 by Fenton
process. Journal of Hazardous Materials, 148,
98-102.
[18] Xu, H., Yu, T.L., Wang, J.X., Li, M. and Liu,
Y.N. (2015) Online monitoring of Fentonmediated reactive red 6B oxidation kinetics.
Environmental Progress & Sustainable Energy,
34, 1019-1027.
[19] Xu, H., Zhang, D. X. and Xu, W.G. (2008)
Monitoring of decolorization kinetics of Reactive Brilliant Blue X-BR by online spectrophotometric method in Fenton oxidation
process. Journal of Hazardous Materials, 158,
445-453.
[20] Wen, C.C., Wang, C.T., Chou, W.L., Chang,
W.C. and Lee, S.R. (2012) Degradation of
DMSO In Aqueous Solutions by The Fenton
Re-action Based Advanced Oxidation Processes.
Fresen. Environ. Bull., 21, 644-650.
[21] Venny, Gan, S. and Ng, H.K. (2012) Current
status and prospects of Fenton oxidation for the
decontamination of persistent organic pollutants
(POPs) in soils. Chemical Engineering Journal,
213, 295-317.
[22] Nitoi, I., Oncescu, T. and Oancea, P. (2013)
Mechanism and kinetic study for the degrada-

3420

© by PSP

Volume 26 ± No. 5/2017 pages 3415-3421

tion of lindane by photo-Fenton process. Journal
of Industrial and Engineering Chemistry, 19,
305-309.
[23] Hameed, B.H. and Lee, T.W. (2009) Degradation of malachite green in aqueous solution by
Fenton process. Journal of Hazardous Materials,
164, 468-472.
[24] Shokri, A., Mahanpoor, K., Soodbar, D. (2016)
Degradation of 2-Nitrophenol From Petrochemical Wastewater by Uv/Nife2o4/Clinoptilolite
Process. Fresen. Environ. Bull., 25, 500-508.
[25] Lucas, M.S. and Peres, J.A. (2006) Decolorization of the azo dye Reactive Black 5 by
Fenton and photo-Fenton oxidation. Dyes and
Pigments, 71, 236-244.

Fresenius Environmental Bulletin

Received:
Accepted:

21.09.2016
21.03.2017

CORRESPONDING AUTHOR
Aifang Gao
School of Water Resources and Environment
Hebei GEO University
Shijiazhuang, Hebei Province, 050031 -P.R. CHINA
E-mail: llhx2006@126.com

3421

© by PSP

Volume 26 ± No. 5/2017 pages 3422-3429

Fresenius Environmental Bulletin

HEAVY METALS DETERMINATION IN UNIO DOUGLASIAE
SHELLS BY ICP- MS EQUIPPED WITH COLLISION CELL
Wang Haitao, Tang Shizhan, Wu Song, Wang Peng*
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tances through the food chain.Compared with fish
and other aquatic organisms, the shellfish is larger,
their living area is relatively fixed, and it is easy to
catch. Some international scholars have put forward
the "Watch Programme Mussel"[7-9].In all the
tissues and organs of the shellfish, the shell of
shellfish is the most prominent choice for the
environmental monitoring and analysis because of
its specific structure and properties, and it is also a
suitable carrier for the change of pollution and the
history.
The extraction methods of metal elements in
shells have not been reports properly, so it is very
important to study the methods of extractionand
detection heavy of metals in shells. In recent years,
inductively coupled plasma mass spectrometry (ICPMS) has become more and more popular with the
environmental and food analysis because of its high
precision, wide linear range and so on [10-12]. But
ICP-MS analysis technology also has some shortcomings, such as ion suppression effect and multi
atoms and ions interference, etc [13-14]. In the
sample digestion and analysis, some atoms and
ionsare often used, whose ratio of charge and mass
are exactly the same as some detected elements, and
the detection is interfered, this phenomenon is a
Poly-atomic Ion interference effect just as the
interference of ArO+ on Fe and Ar2+ and other
interference on the detection of Se. The collision cell
technology use helium and other gases to impact the
multi atom ions, making them into non-interfering
substances to effectively eliminate the interference
of these multi atomic ions on the detection [15]. In
this study, the method of ICP-MS was used to detect
the ele-ments in the collision cell by the combination
of natural soaking and microwave digestion,
including 16 kinds ofheavymetals Al, V, Cr, Fe, Mn,
Co, Ni, Cu, Zn, As, Se,Sr, Mo, Cd, Ba and Pb. The
objective of this research is to explore the possibility
of using the enrichment degree of the contaminant in
the shell to reflect the pollution history of the
pollutant in the environment.

ABSTRACT
The pollution caused by metals is one of the
main problems in water of our country and as well as
in other countries of the world. Shellfish is the most
prominent choice for monitoring metals in the river.
The content of heavy metals in shellfish is related to
the content of metals in the water. In this study, the
shell samples were digested with hydrogen peroxide
nitric acid digestion system, and the collision cell
was used to eliminate multi atom ion interference.
The content of Al, V, Cr, Fe, Mn, Co, Ni, Cu, Zn, As,
Se, Sr, Mo, Cd, Ba and Pb in Unio douglasiae shells
were determined. The correlation coefficient of
standard curve was between 0.9993~1.0000, and the
detection limit of each element was between 0.140
to 23.61 gkg-1, the recovery range was from 79.0%
to 107.9%, and RSD% was between 0.70%~9.09%.
From the accuracy and precision of the test, the
detection method is accurate and efficient, and can
meet the requirements of the metals detection in shell
samples.

KEYWORDS:
Collision cell; ICP-MS; Unio douglasiae shells; metals

INTRODUCTION
Pollution of heavy metal has been paid more
and more attentions because of their great damage
and long duration accumulation [1-3].In recent years,
due to the development of industrial and agricultural
irrigation, more and more heavy metals are being
discharged into rivers, oceans and other natural
waters where it is an important human food source
and water source. Therefore, the heavy metals in
these waters are getting more and more attention[46].The mobility and instability of water make it very
difficult to monitor the water pollution status
because the organisms can enrich pollutant subs-
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Pbdissolved in 5% HNO3); Internal standard solution (The United States, Agilent Co, the concentration are 100 mg·L-1 of Bi, Ge, In, Li, Lu, Rh, Sc,
Tbdissolved in 10% HNO3); Tuned liquid (The
United States, Agilent Co ˈ the concentration are
ȝJ·L-1 of Ce, Li, Tl, Y); Al single element
standard solution (1000mgL-1, dissolved in HNO3,
China National Standard Material Center); Fe single
element standard solution (1000mgL-1, dissolved in
HNO3, China National Standard Material Center);
Zn single element standard solution (1000mgL-1,
dissolved in HNO3, China National Standard
Material Center); Sr single element standard solution
(1000mgL-1, dis-solved in HNO3, China National
Standard Material Center).

EXPERIMENT
Instruments and reagents. Nitrate, Gr (Germany, Merck company), Sodium hydroxide, Gr
(GermanˈMerck company), Hydrogen peroxide, Gr
(GermanˈMerck company), Water was prepared by
Milli-Q instrument 0ȍ·cm at 25oC); Standard
solution (Environmental reference materials, the
United States, Agilent Co, the concentrations of K,
Ca, Na, Mg, Fe are 1000mgL-1 and 10mgL-1 of Al,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Ba,

TABLE 1
Unio douglasiae morphological parameters
No.

Length (cm)

Width (cm)

Height (cm)

Fresh weight (g)

Shell weight (g)

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

5.8
5.2
4.8
6.1
6.2
5.3
6.1
5.0
5.8
4.8
5.0
6.0
5.3
6.0
5.9
5.5
5.0
5.3
6.2
4.9
4.4
6.2
6.3
5.7
5.2
4.7
5.3
6.0
5.9
4.9

2.9
2.4
2.2
2.7
2.8
2.4
2.5
2.1
2.9
2.5
2.6
2.9
2.6
2.9
2.8
2.6
2.6
2.7
3.0
2.5
2.4
3.0
3.0
2.6
2.4
2.4
2.6
2.9
2.9
2.5

2.6
2.1
2.1
2.5
2.2
2.2
2.3
2.0
2.6
2.1
2.1
2.5
2.2
2.4
2.3
2.0
2.1
2.1
2.5
1.9
1.8
2.6
2.4
2.1
1.9
1.8
2.0
2.0
2.5
1.9

19.23
15.64
12.40
16.10
18.78
15.76
14.02
12.52
20.47
14.72
12.74
19.71
16.34
19.72
20.41
14.23
14.00
16.75
22.57
11.95
10.37
26.06
25.17
18.08
14.15
11.70
16.28
14.33
21.03
12.67

11.59
10.70
7.76
8.68
12.50
8.50
10.37
6.98
10.41
9.10
7.55
11.30
9.57
11.23
12.02
8.26
8.50
9.53
13.53
7.52
7.29
14.13
15.45
11.44
8.39
8.29
9.53
8.35
12.13
7.00
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TABLE 2
Parameters of ICP-MS
Parameters
RF power
Carrier gas
Makeup gas
Sampling depth
Nebulizer pump
Sample pump
S/C deg.
Repeat times

Set Value
1550W
1.0L.min-1
0.21 L.min-1
8.0mm
0.10rps
0.41rps
2Υ
3

7500CX Inductively coupled plasma mass
spectrometry (ICP-MS, USA, Agilent Co); MARS
Microwave digestion instrument (USA, CEM com
pany); Vortex Mixers (Germany, IKA company);
Electronic balance (XS205, Mettler company, Switzerland); Electronic balance (PB602-N, Mettler
company, Switzerland); Table centrifuge (Keda
Zhongjia company, Anhui provicne of China); MilliQ Deionized water generator (USA, Millipore
company).

tric acid, put into the microwave digestion tank, digested by the ramp up mode, The pressure control in
the container is below 800psi, and the microwave
heating procedure is set to use 2 ~ 5min to heat up to
160 degrees Celsius to 190 degrees Celsius, then
holding the temperature for 8min㹼10min, microwave digested to be clear, constant-volume to
50.0mL for detection.

RESULTS AND DISCUSSION
Preparation of standard solution. Taking the
proper amount of the standard solution, diluting the
concentration to 10 mg·L-1 of Al, Fe, Zn, Sr and 0.4
mg·L-1 of V, Cr, Mn, Co, Ni, Cu, As, Se, Mo, Cd,
Ba, Pb with 0.2% nitric acid, constant-volume
standard reserve solution to 25ml, when using the
concentration gradient were diluted to 500, 250, 125,
ȝJā/-1 of Al, Fe, Zn, Sr and 20, 10, 5, 2,
ȝJ·L-1 of V, Cr, Mn, Co, Ni, Cu, As, Se, Mo,
Cd, Ba, Pb.

Optimization and establishment of ICP-MS
determination conditions. The tuning solution was
GLOXWHGWRȝJ/-1 to optimize the instrument condition㸪suction tuning solution, changing the RF power
and other parameters. The response value, sensitivity
and noise of the instrument were observed, the
optimal operating conditions of the instrument
parameters were shown in Table 2 according to the
comprehensive analysis of the situation.

Sample pretreatment. The morphological parameters of Unio douglasiae samples were measured
(Table 1), then used the knife to scrape the mantle,
adductor muscle and organs from organisms without
residue, washed shells with distilled water repeatedly, followed by immersion in 10% NaOH solution
for 30min. Removed attached impurities, and then
rinsed off with water. Dried, weighed, crushed shell
into powder with a mortar, drying to constant weight
at 100Υ and save.

Linear relation and detection limit. Detected
elements were Al, V, Cr, Fe, Mn, Co, Ni, Cu, Zn, As,
Se,Sr, Mo, Cd, Ba and Pb. The standard working solution was prepared with 0.2% nitric acid, the
concentrations of K, Ca, Na, Mg, Fe were 500, 250,
125, 50, 25, ȝJ·L-1 and the concentrations of Al,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Ba
and Pb were 20, 10, 5, 2, 1 and ȝJ·L-1.Under the
optimized conditions, the non - mass spectrum
interference was eliminated by the collision pool
technology, and the internal standard method was
used to eliminate the interferences of the mass spectra. Automatic online internal standard solution was
added, then Ratio (analyte and internal standard CPS
ratio) as ordinate, Conc. (concentration, elements of
the standard solution of X gL-1) as the abscissa of the
regression analysis respectively, get the standard
curve shown in Figure 1.

Extraction of heavy metals. 0.50 g of shell
powder samples were taken in plastic digestion bottles, added 2.5ml hydrogen peroxide, soaked for 2h,
and then added 1 ml of concentrated nitric acid for 2
hours. Majority of shell samples were digested. for a
small amount of the sample cannot be digested by
microwave digestion, adding 1.0ml concentrated ni-
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TABLE 3
Standard curve equation, correlation coefficient, detection limit, internal standard element
(OHPHQWV
Al
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
As
Se
Sr
Mo
Cd
Ba
Pb

6WDQGDUG&XUYH(TXDWLRQ
 ൌ   

&RUUHODWLRQ
&RHIILFLHQW

'HWHFWLRQOLPLWV
Ɋ ିଵ

,QWHUQDOVWDQGDUG
HOHPHQW

ܻ ൌ ͲǤͳͷͺʹܺ  ʹǤʹͻͺ
 ൌ ͲǤͷͺͺ െ ͲǤͲͺͷ
 ൌ ͲǤͲͳ͵  ͲǤͲͺ
 ൌ ͲǤͺͳ͵  ͲǤͲͲʹ
 ൌ ͲǤͳͶ  ͲǤͳͳͲ
 ൌ ͲǤͶ͵Ͷ െ ͲǤͲͺͲ
 ൌ ͲǤͳͷͶ  ͲǤͲʹ
 ൌ ͲǤ͵Ͷͳ  ͲǤͲ͵
 ൌ ͲǤͷͶʹ  ͲǤͻͶͶ
 ൌ ͲǤʹͶͺͳ  ͲǤͲ͵Ͷ
 ൌ ͲǤͲͳͻͺ  ͲǤͲͲ
 ൌ ͶǤͳͶͲ  ͵Ǥʹ͵ʹ
 ൌ ͲǤͳͺͶ  ͲǤͲͲ
 ൌ ͲǤͲͶ͵  ͲǤͲͲͳ
 ൌ ͲǤͲͶͲͲ  ͲǤͲͲͻ
 ൌ ͲǤͶͷͻͻ  ͲǤͲͺͺ

0.9994
0.9995
0.9999
0.9994
0.9995
0.9997
0.9999
1.0000
0.9998
0.9999
0.9999
0.9998
1.0000
1.0000
0.9993
1.0000

16.48
0.219
2.547
1.421
23.61
0.140
4.091
1.505
12.55
1.794
7.496
0.479
0.326
0.573
6.555
2.714

Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Ge
Ge
Ge
Ge
Rh
Rh
Rh
Bi

TABLE 4
Experimental results of accuracy and precision of the detection method

Component
Cu
Pb
Zn
Cd
Cr
As
Se
Ni
Co
Ba
Sr
Al2O3
Fe2O3
MnO
V
Mo

Standard value
ܕ۹ ି

Detection value
ܕ۹ ି

SD

Recovery%

PrecisionRSD%

5.01
1.41
27.9
1.14
0.63
13.9
0.062
0.71
0.20
81.1
1033
0.37
215
42.1
1.72
0.129

4.95
1.43
30.1
1.03
0.62
13.5
0.049
0.7
0.17
78.2
981
0.35
203
39.7
1.58
0.113

0.38
0.13
0.21
0.08
0.052
1.02
0.004
0.05
0.011
6.1
83
0.026
16.2
3.3
0.11
0.01

98.8
101.4
107.9
90.4
98.4
97.1
79.0
98.6
85.0
96.4
95.0
94.6
94.4
94.3
91.9
87.6

7.68
9.09
0.70
7.77
8.39
7.56
8.16
7.14
6.47
7.80
8.46
7.43
7.98
8.31
6.96
8.85

The internal standard element selection principle is to choose quality close elements, select Sc for
the detection of Al, V, Cr, Mn, Fe, Co, Ni and Cu,
Ge as the internal standard element for detection of
Zn, As, Se, Sr, Rh is selected as the internal standard
element for Mo, Cd, Ba internal standard element. Bi
is selected as the standard elements for the detection
of Pb. The standard linear equation, correlation coefficient and detection limit are shown in Table 3. The
correlation coefficient of the standard curve was
between 0.9993 ~ 1.0000 and the correlation coefficient of the standard curves of Cu, Mo, CD and Pb
were 1.0000. The detection limit of each element

was calculated automatically by the instrument, and
the detection limit was between 0.140 and 23.61
g·kg-1. The order of detection limit was Fe > Al >
Zn > Se > Ba > Pb > Cr > As > Ni > Cu > Mn > Cd >>
Sr > Mo >> V > Co.
Detection of reference materials. In order to
guarantee the quality of the analysis, select the kelp
standard substance (GBW08517) as the quality control sample, set three parallel sample, the detection
results were showed in Table 4. The detection recovery rate was between 79.0~107.9%, the detection
RSD% ranged from 0.70 to 9.09%, according to the
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accuracy and precision of test, the detection method
can meet the requirements of metal elements in shell
samples.

risk in Bangladesh. Sci. Total Environ.544, 125133.
[6] Besada, V., Andrade, J.M., Schultze, F. and
Gonzalez, J.J. (2011) Monitoring of metals in
wild mussels (Mytilus galloprovincialis) from
the Spanish North-Atlantic coast.Continental
Shelf Research.31, 457±465.
[7] Al-Rashdia, T.T. and Sulaiman, H. (2013)
Bioconcentration of Heavy Metals in Alfalfa
(Medicago sativa) from Farm Soils around Sohar Industrial Area in Oman. APCBEE Procedia.
5, 271 ± 278.
[8] Hacene, O.R., Boutiba, Z., Belhaouari, B.,
Sabtier, M.E.G., Francour, P. and Faverney,
C.R.D.(2015) Seasonal assessment of biological indices, bioaccumulation and bioavailability
of heavy metals in mussels Mytilus galloprovincialis from Algerian west coast, applied to
environmental monitoring. J. Oceanologia. 57,
362-374.
[9] Sparks, C., Odendaal, J. and Snyma, R. (2014)
An analysis of historical Mussel Watch Programme data from the west coast of the Cape Peninsula, Cape Town. J. Marine Pollution Bulletin. 87, 374±380.
[10] Alghanmi, S.I., AlSulami, A. and El-Zayat, T.A.
(2015) Acid leaching of heavy metals from
contaminated soil collected from Jeddah, Saudi
Arabia: kinetic and thermodynamics studies. J.
Int. Soil and Water Conservation Research. 3,
196±208.
[11] Hastiawan, I., Bings, N.H. and Broekaert,
J.A.C.(2015) Development and Optimization of
Pre-Concentration Procedure of Rare-Earth Elements (REEs) in Their Minerals, Using Microwave-Assisted Sample Dissolution for ICP-Atomic Emission Spectrometric Detection. J. Procedia Chemistry. 17, 93-98.
[12] 6DOD]DU 5)6 *XHUUD 0%+ )LOKR (53
DQG 1REUHJD -$   3HUIRUPDQFH HYD
OXDWLRQRIFROOLVLRQ±UHDFWLRQLQWHUIDFHDQGLQWHU
QDOVWDQGDUGL]DWLRQLQTXDGUXSROH,&306PHD
VXUHPHQWV-7DODQWD
[13] Kadar, A., Noel, L., Chekri, R., Vastel, C.,
Millour, S. and Guerin, T. (2011) Optimisation
of ICP-MS collision/reaction cell conditions for
the determination of elements likely to be interfered (V, Cr, Fe, Co, Ni, As and Se) in foodstuffs. J. Talanta.85(5), 2605-2613.
[14] Mazurova, I., Khvaschevskaya, A. and Guseva
N. (2015) The choice of conditions for the determination of vanadium,chromium and arsenic
concentration in waters by ICP-MS using

CONCLUSIONS
1.The hydrogen peroxide nitric acid microwave digestion system can completely extract the heavy
metals in a sample. Digesting solution was clear and
transparent, which showed that the digestion was
completed.
2.Inductively coupled plasma mass spectrometry equipped withcollision cell can accurately and
precisely determined all desired metals in Unio
douglasiae shells, including Al, V, Cr, Fe, Mn, Co,
Ni, Cu, Zn, As, Se,Sr, Mo, Cd, Ba and Pb.
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LEVELS AND DISTRIBUTION PATTERN OF
ORGANOCHLORINE PESTICIDES AND
POLYCHLORINATED BIPHENYLS IN MAIN EDIBLE
FISHES AND BENTHIC INVERTEBRATES COLLECTED
FROM RED SEA IN SAUDI ARABIA
Soukaina Ennaceur*
Department of Biology, Faculty of Sciences in Yanbu, Taibah University, Al Madinah Al Mounawra, Kingdom of Saudi Arabia

countries more than thirty years ago [1]. OCs were
largely used in the past against pests, epidemics and
unwanted vegetable species. The increased use of
these chemicals has led to concerns regarding the
potential for contamination of environmental ecosystems (water, sediment and biota) [2,5] and associated effects on human health [6]. Food consumption is an important way of human exposure to POPs.
Ingestion is the main route of exposure to these
compounds for the general population compared to
other exposure routes such as inhalation and dermal
contact [7,8]. In particular, an important significance
in this context has been attributed to fish and seafood
[9]. The marine ecosystem is particularly exposed to
pollution being at the lowest altitude and so acting as
DQ³HQG-SRLQW´RIDQ\W\SHRISROOXWDQWproduced on
land.
Fishes are excellent indicator organisms for
pollution in aquatic ecosystems, where trace contaminants are difficult to analyze directly. They also
generally possess a low metabolism for OCs and
should reflect the levels of pollution in aquatic
environment [10]. PCBs and OCPs biodegradation
and biomagnification in fishes and marine mammals
were reported by several authors [11,14]. Xenobiotic
biotransformation is usually related to metabolic rate
which increases from main invertebrates to
vertebrates and from fishes to seabirds and mammals
too. Because OCs are suspected to cause cancer and
DNA damage [6] in consumers and can affect a wide
range of organ systems [15,16], it is important to
monitor constantly the levels of OCs in fishes to be
certain that it is below a reasonable level risk.
In the present study, PCBs and OCPs were
investigated in different invertebrate and fish species
collected from Red Sea from Yanbu city in KSA to
evaluate human risk exposure, distribution pattern
and geographic variations. As the selected species
are regularly used in Saudi diet, it will be important
to know the pollutants data in edible marine
organisms with the aim of protecting the general
population in KSA.

ABSTRACT
Five fish species (Mackerel, Bream, Red mouth
grouper, common Pandora and Parrotfish) and two
benthic invertebrates (Shrimp and Crab) were
collected from Red Sea coasts in Yanbu city in Saudi
Arabia. Concentrations of 14 organochlorine
pesticides (DDT and its metabolites, HCH isomers,
Chlordane, Heptachlor and HCB) and seven PCB
congeners (28, 52, 101, 118, 153, 138 and 180) were
studied. The mean concentrations of PCBs and
OCPs in marine biota were 23 ng.g-1 lipid wt and
651.7 ng.g-1 lipid wt, respectively. Levels of studied
chemical pollutants were significantly higher in
industrial area (IA) when compared with Yanbu al
Bahr (YB) and the Sharam area (Sh) reflecting the
effects of the industrial activities on OC
concentrations in marine organisms. However, these
levels were clearly lower than the maximum residue
values for human consumption fixed by the
international organizations (FAO/WHO/FDA). In
consequence, the consumption of marine products
from Red Sea in KSA is generally safe as regarded
to OCs. Levels of contamination by OCs were also
markedly lower in invertebrate species when compared to fish species due may be to the lower lipid
contents in these benthic organisms.

KEYWORDS:
Organochlorine pesticides, PCB congeners, Fishes,
Invertebrate biota, Red Sea, Saudi Arabia

INTRODUCTION
Organochlorine compounds (OCs) are carbonbased chemicals; they have a particular combination
of physical and chemical proprieties: photochemical, biological and chemical degradation resistant
at different degrees. The high solubility of these
persistent organic pollutants (POPs) in organic matter allowed them to enter food chains as contaminants. Therefore, they were banned for use in most
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organisms as sentinel organisms in monitoring
studies of POP pollution [17,18]. The sampling
locations were situated along appro-ximately 50 Km
of the Saudi Red Sea coasts, from the Industrial Area
(IA) of Yanbu Al Sinaiia to Yanbu al Baher (YB)
and the touristic area of Al Sharam (Sh) (Figure 1).
The samples were sorted by species, stored on
ice in an ice-chest and transported to the laboratory
where they were identified and length and fresh
weight taken (Table 1). Samples were washed with
distilled water, dried on tissue paper and dissected
according to the UNEP [19]. Pieces of dorsal edible
muscles were removed, placed in polyethylene bags,
labeled and stored at -20ºC until chemical analysis.

MATERIALS AND METHODS
Sample collection. Five species of fish samples (Mackerel, Bream, Red mouth grouper, Common Pandora and Parrotfish) and two benthic
invertebrate organisms (Shrimp and Crab) were
randomly collected from three locations along the
Red Sea coasts in Yanbu city. Sample collection was
done by local fishermen between June and December 2014. A total of 189 individuals covering the
studied area were obtained. Selection of samples was
based upon their availability and was reflective of
species meant for consumption in Yanbu. The choice
of crabs was based on the extensive use of these

FIGURE 1
Geographical locations of sampling areas from Red Sea in Yanbu, Saudi Arabia
TABLE 1
General characteristics of fish and invertebrate species collected from Red Sea coasts in Saudi Arabia
Species

Common name

Scientific name

1

Mackerel

Scomber
australasicus

2

Bream

Pagrus major

3

Common
pandora

Pagellus
erythrinus

4

Red mouth
grouper

Aethaloperca
rogaa

5

Parrotfish

Cetoscarus bicolor

1

Shrimp

Pleoticus muelleri

2

Crab

Carpilius convexus

Sample
area

Number of
individual

IA
YB
Sh
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh

9
10
8
11
10
10
9
9
7
10
10
10
9
8
9

IA
YB
Sh
IA
YB
Sh

9
9
9
8
6
9

Length ±
(range; cm)

Weight ±
(range; g)

Fat content
(%)

29
(35-21)

900
(1200-780)

1.5

20
(22-17)

110
(98-150)

1,1

19
(18.5-21)

105
(95-140)

1.3

22
(20.5-24)

170
(165-240)

1.5

20
(18-21)

110
(80-145)

1.1

15
(10-18)

18
(16,5-19)

0.9

12
(9-17)

105
(70-110)

0.5

Fish

Invertebrate
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TABLE 2
Mean concentrations of OCPs (ng.g -1 lipid wt.) in marine species collected from Red Sea in Saudi Arabia
Compounds

RS¶-DDD
SS¶-DDD
RS¶-DDE
SS¶-DDE
RS¶-DDT
SS¶-DDT
 گDDTs
D-HCH
E-HCH
J-HCH
 گHCHs
Cis-nonachlor
Trans-nonachlor
Cis-chlordane
 گchlordanes
Heptachlor
HCB

Fish species
Mackerel

Bream

18.6
33.6
5.2
113.3
12.3
21.6
204.6
42.4
73.5
10.6
126.5
2. 6
16.5
4.2
23.3
nd
15.3

19.5
22.2
13.6
56.1
15.9
16.9
144.2
12.8
23.1
3.1
39
nd
2.3
5.2
7.5
nd
10.5

Common
Pandora
25.9
78.1
18.4
104.6
10.5
38.1
275.6
5.1
11.5
2.3
18.9
nd
4.8
34
38.8
1.8
9.7

Red mouth grouper

Parrotfish

Shrimp

Crab

17.5
54.3
9.4
132.6
13.4
26.2
253.4
23.8
43.4
17.6
84.8
11.3
14.3
nd
25.6
3.6
12.3

4.8
14.4
0.9
22.1
nd
10.5
52.7
34.7
46.8
16.4
97.9
nd
2.6
1.6
4.2
nd
14.6

21.9
61.9
15.4
124.4
18.6
28.4
270.6
22.3
57.6
36.7
116.6
3.4
15.2
2.4
21
1.2
10.2

32.7
48.7
16.7
105.7
20.6
52.4
276.8
12.6
36.1
7.2
55.9
2.9
11.8
5.9
20.6
nd
7.6

TABLE 3
PCB concentration levels (ng.g-1 lipid wt.) in sea products collected from the Red Sea in Saudi Arabia
Fish species
Mackerel
Bream
Common Pandora
Red mouth grouper
Parrotfish
Shrimp
Crab

PCB congeners
PCB 28
PCB 52
0.4
3.5
nd
1.3
0.5
nd
0.4
5.8
nd
2.4
nd
2.6
0.7
4.3

PCB 101
1.6
4.2
0.9
3.7
4.2
3.1
2.6

PCB 118
4.5
3.1
6.4
7.9
3.6
0.8
1.7

PCB 138
10.6
7.2
3.4
6.7
2.6
5.7
3.4

PCB 153
11.6
5.7
8.2
6.9
3.9
1.5
6.7

PCB 180
0.6
0.8
1.1
1.8
0.8
0.7
1.2

 گPCB
32.8
22.3
20.5
33.2
17.5
14.4
20.6

before the cleaning-up in order to quantify the OCs.
The extraction was carried out with 100 mL of
hexane/acetone (3/3; v:v) for 8 h by a Soxhlet
apparatus. The lipid fraction of each species was
gravimetrically determined using 1 mL of extract in
order to present the results on lipid weight basis. The
extract was treated with concent-rated sulfuric acid
(10 mL x four times) for lipid purification. Than
concentrated with a rotary evaporator to 15 mL and
transferred to a Kuderna Danish for farther
concentration to 1 mL under a gentle stream of pure
nitrogen gas. The final extract was purified on a glass
column packed with Florisil and topped with 1 g of
anhydrous sodium sulfate. The column was eluted
with a mixture of hexane (15 mL) and
dichloromethane (10 mL). The eluate was
concentrated and 2 μL was injected into a gas
chromatograph (GC) with electron-capture detector
(63N: ECD). A DB5 capillary column (60 m x 0.25
mm id, 0.25 μm film thicknesses) was used for GC
analysis. The chromatographic conditions were
similar to those described by Ennaceur and Driss
[21]. The carrier gas was nitrogen. Identification of
OCs was based on comparison of the measured
retention times with those of known standards. A
second HP1 fused silica column 30 m x 0.32 mm ID,
0.25 Pm film thickness was used as a confirmatory

Chemical analysis. All reagents were pesticide
grade and were obtained from Fluka (Buchs,
Switzerland). Sulfuric acid was obtained from Biotechnica. Florisil (60±100 mesh) was obtained from
Fluka, activated at 650 ºC for 8 h and re-heated at
130 ºC for 5 h before use. Anhydrous sodium sulfate
suitable for use in pesticide analysis was purchased
from Fluka, heated at 300 ºC and stored in a 130 ºC
oven. The purities of OCP standards ranged from
98% to 99%. They were obtained from Poly-science
Corporation Analytical Standards (Niles, IL, USA)
and prepared in hexane at 1000 mg.mL-1 except EHCH which is dissolved in acetone. PCB congeners
were purchased from Supelco (CIL, USA). The
studied OCPs in the present study were: total DDT
RS¶-''' SS¶-''' RS¶-D'( SS¶-DDE and
RS¶-''7 SS¶-DDT), hexachlorobenzene (HCB),
HCH (D-, E- and J-HCH isomers), chlordane
compounds: CHLs (cis- and trans-nona-chlor, cischlordane), heptachlor and PCB conge-ners were:
28, 52, 101, 118, 138, 153 and 180. Sample analysis
was done according to the method described by
Covaci [20] with slight modifications. Fish muscle
(10 g of wet weight) was ground in a blender and
homogenized with 30 g of anhydrous sodium sulfate.
Internal standards (PCB 105 and dieldrin) at the final
concentration of 50 ppb were added to the sample
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sites (YB = 48.1 ng.g-1 lipid wt and Sh = 6.1 ng.g-1
lipid wt) was statistically significant (t-test: p<0.05).
The higher level RI گ-DDTs in red mouth grouper
was found in samples collected from the IA (132.1
ng.g-1 lipid wt), followed by levels recorded in
samples from YB area (111.2 ng.g-1 lipid wt) and
finally the lowest value was found in samples from
the Sh area (10.2 ng.g-1 lipid wt) (Table 4). For
bream, common Pandora and parrotfish we observed the same tendency of contamination levels. The
highest concentrations were detected in species
collected near the IA and the lowest were from
species near the Sh area.
The industrial area of Yanbu is located in the
south of the city and is considered the second largest
Saudi Arabian city by the Red Sea after Jeddah. This
is the area of all major refineries and petro-chemical
installations and is still undergoing major growth. As
a consequence, it can be observed that there is a
recognizable general tendency for DDT levels in fish
to decrease from the IA to the Sh area. The results
lead to suppose that DDT concen-trations in fish and
invertebrates might due to industrial practices as oil
input, chemical pollution, radioactive wastes and
organic sludge near the Red Sea coasts in Yanbu
industrial area.
As it is known, DDT is persistent in the environment and has hydrophobic proprieties compared
to the other OCPs. The relatively high concentra-tion
of DDT and related compounds found in the present
study might be also due to their bioaccu-mulation for
several years in the ecosystem.
The DDE/DDT ratio is used to assess resent
contamination of an ecosystem by DDT [23]. This
ratio ranged between 2.01 in crabs to 5.24 in mackerel. The higher concentration of DDE and the
lower concentration of DDT in fish and invertebrates (Table 2) suggest that DDTs have not been recently used in Saudi Arabia.

column. Blanks of pure n-hexane were periodically
injected to ensure the purity of the GC system. The
analytical method was validated through regular
analysis of procedural blanks (mackerel oil was
used). Spiking was done at three levels 0.05; 0.1 and
0.5 mg.L-1. The average recoveries were between
91% and 112% and the detection limit for OCPs and
PCBs were 0.1 and 0.3 ng.g-1 lipid wt, respectively.
Statistical analysis. Samples with concentrations < LOQ were excluded from statistical analysis
to ensure accuracy. The SPSS software version 11.5
was used for statistical analysis. The Student t-test
was applied for general comparisons. The test was
considered significant if p < 0.05.

RESULTS AND DISCUSSION
To our best knowledge, the present study is the
first investigation about OCP and PCB concentrations in marine biota collected from Red Sea in
Saudi Arabia. Concentrations of detected OCs were
presented in Table 2 and 3. All analyzed samples
showed the presence of OCs in the following order
of concentrations: DDTs>HCHs>HCB> PCBs>
CHLs. A mean concentration of 651.7 ng.g-1 lipid wt
for all detected OCs was measured.
DDTs. DDT and its metabolites were detected
at moderate to relatively high levels with large variations between studied fish samples. The general
order followed by DDTs was: DDE>DDD> DDT
(Table 2).
The sum of DDT metabolites varied between
52.7 ng.g-1 lipid wt in parrotfish to 276.8 ng.g-1 lipid
wt in crab samples. This group of OCs represents
approximately the half of total organochlorine
compoundsSS¶-DDE was detected in all analyzed
samples and was the predominant OC compound
with high concentration recorded in Red mouth
grouper fish (132.6 ng.g-1 lipid wt) and low
concentration found in parrotfish (22.1 ng.g-1 lipid
ZW 7KHORZHUYDOXHVRISS¶-DDT can be explained
due to its short half-life (~ 8 months) in the
environment [20]. Aguilar [22] considered a ratio of
SS¶-DDE/ȈSS¶-DDTs (ȈSS¶-DDTs= SS¶-DDT +
SS¶-''(SS¶-DDD) bellow 0.6 in marine mammals as a sign of fresh exposure to DDT. In the present study, all biota samples have a ratio of
DDE/ȈSS¶-DDTs bellow 0.6 except for mackerel
and Red mouth grouper the ratio exceeded slightly
this value (0.67 and 0.62, respectively). These two
fish species are the most consumed in the city.
Mackerel samples collected from Red Sea near the
industrial area showed higher levels of DDTs (more
than 70% of detected OCs) with a mean concentration of 150.4 ng.g-1 lipid wt (table 4). The comparison between the concentration of DDT in mackerel
collected from IA and those detected in the other two

HCHs. The HCH profile displays variation
between samples (Table 2) and also between studied
areas (Table 4). The mean concentrations of HCHs
in studied species ranged from 126.5 ng.g-1 lipid wt
in mackerel to 39 ng.g-1 lipid wt in bream, less than
those of DDTs. These low levels in marine
organisms reflect the low potential of these chemicals for bioaccumulation. These compounds are also
relatively less lipophilic than the other OCPs and
have shorter half-life in ecosystem [24].
Furthermore, HCHs have high vapor pressures that
facilitate rapid atmospheric dissipation, leaving
fewer levels in the environment (soil and water) [25].
The contribution of E-HCH to total HCH is similar
for all species making up more than 55% of the total
HCH. This isomer is detected with high
concentration in mackerel (73.5 ng.g-1 lipid wt), low
value was found in common Pandora (11.5 ng.g-1
lipid wt). Our result was similar to the study
conducted in Red Sea from Egypt coasts [26].
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E-HCH has a higher bioaccumulation factor in
aquatic organisms and is more persistent then Dand
J-HCH [27]. The differences in accumulation between fish samples can be explained by the feeding
habits of fish and their biotransformation capabilities
[28]. The low concentration of J-HCH in the studied
area showed that this isomer may not be used in
Yanbu.

The mean and total PCB concentrations were
23 ng.g-1 lipid wt and 161.3 ng.g-1 lipid wt, respectively, with maximum total PCB value of 33.2
ng.g-1 lipid wt in red mouth grouper fish and minimum total PCB value of 14.4 ng.g-1 lipid wt in
shrimps. Among the studied congeners, PCB 153
and 138 were the predominant in all marine species
with high concentrations compared to the other
congeners. The high values of PCB 153 and 138 may
be explained by the high persistence of these
chemicals in the environment [30]. Similar results
concerning these two congeners were found in edible
fish collected from Marmara Sea in Turkey [31] and
in mussels and red mullet collected from the western
Mediterranean Sea [32]. In bream and shrimps the
predominant congener was PCB 138. This congener
was detected with a mean concentration of 5.6 ng.g1
lipid wt. We observed that the other studied
congeners pursued the following order in term of
total
PCB
concentrations:
PCB118>
PCB101>PCB52>PCB 180>PCB28 (Figure 2).

HCB. All analyzed marine samples showed the
presence of HCB residues (100%). Mean
concentration of HCB was: 11.4 ng.g-1 lipid wt with
maximum concentration of 15.3 ng.g-1 lipid wt detected in mackerel and minimum concentration of
7.6 ng.g-1 lipid wt in crabs. The profiles of HCB
concentrations are not similar in the three studied
areas compared to the other OCPs. High values were
detected in bream species from the Sh area and in
parrotfish samples from the IA (approximately 10%
of all detected OCPs). In the past HCB was used as
fungicide [29]. This compound is known to have a
rather volatile nature [25]. We can conclude that the
relatively low levels of HCB detected in marine
organisms from Red Sea in KSA seemed to be due
to global contamination.

For the PCB congeners 153 and 138, the
maximum allowed concentrations for sea fishes is
100 ng.g-1 fresh weight [31]. For the other congeners
(28, 52, 101 and 180) this limit was fixed to 80 ng.g1
fresh weight. In the present study, the detectable
concentrations of PCB congeners were clearly below
these limits for all analyzed fish and invertebrate
samples. The comparison between our results and
those recorded in Egyptian Red Sea coasts [26]
showed that the PCB concentrations in marine biota
from the KSA Red Sea coasts were lower, with no
statistical significance. In the Egyptian study the
minimum and maximum values of total PCB were:
6.7 ng.g-1 lipid wt and 66.4 ng.g-1 lipid wt,
respectively.

CHLs. The profile of CHL residues detected in
the majority of studied samples followed this order:
trans-nonachlor >cis-chlordan>cis-nonachlor. The
mean concentration of CHLs was 20.1 ng.g-1 lipid wt
with a maximum concentration of 38.8 ng.g-1 lipid
wt detected in common fish and minimum level of
4.2 ng.g-1 lipid wt in parrotfish.
PCBs. The concentrations of the seven major
congeners of PCBs detected in this study were presented in Table 3 and Figure 2.
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FIGURE 2
Distribution of PCB congeners in collected marine species from Red Sea coasts in Yanbu city, KSA
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FIGURE 3
Distribution pattern of OCs in selected marines fish and invertebrate species coming from the KSA
Red Sea
TABLE 4
Comparison of OC concentrations (ng.g -1 lipid wt.) in fish species collected from the three studied area in
Red Sea
Fish species
Mackerel

Bream

Common Pandora

Red mouth grouper

Parrotfish

Shrimp

Crab

Area
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh
IA
YB
Sh

HCB
6.2
5.1
4.1
6.3
3.1
1.1
7.1
1.5
1.1
6.1
4.2
2.1
8.4
3.9
2.3
5.2
4.3
0.7
4.2
2.6
0.8

 گDDTs
150.4
48.1
6.1
121.7
17.2
5.3
164.1
89.6
21.9
132.1
111.2
10.2
30.3
14.3
8.1
143.4
42.1
85.2
142.4
83.2
44.2

OC compounds
 گHCHs
42.3
54.1
30.1
18.4
12.3
8.3
6.3
8.5
4.1
51.4
22.2
11.2
41.5
35.3
21.1
83.5
22.4
10.7
31.3
20.5
4.1

 گchlordane
13.7
9.1
0.6
5.2
1.3
0.5
19.1
9.5
10.2
12.9
7.3
5.4
2.1
0.9
1.2
7.1
9.8
4.1
12.4
7.3
0.9

 گPCB
12.4
15.3
5.1
12.6
6.4
3.3
12.4
4.5
3.6
18.6
5.4
9.2
10.5
5.6
1.4
6.2
5.1
3.1
13.2
4.3
3.1

environmental pollution and fish species are the
most important. Therefore, the lipid content in these
species may explain the differences between OC
levels detected in fishes and invertebrates. We observed that with low lipid content (<1%) in shrimps
and craps the concentration levels were always very
low. The converse is true; for example, in mackerel
the lipid content is about 1.5% and this fish species
has relatively the highest OC levels detected in the
present study.

COMPARISON BETWEEN OC LEVELS IN
FISHES AND INVERTEBRATES
The comparison between OC levels in edible
fish portions and invertebrates collected from Red
Sea in KSA are presented in Figure 3.
We observed statistical significance between
these two marine products (p<0.05) specially for
SS¶-DDE, E-+&+DQGگ-PCB. The OC concentrations in marine biota depend from multiple variables.
Amount
these
variables,
lipid
content,
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TABLE 5
Comparison of maximum and tolerable levels of pesticides (ng.g-1) with international standards
Pesticides
Italy MRLs
Germany MRLs
US FDA MRLs
Red Sea levels

DDT
50-500
5000
5000
52.7-276.8

Chlordane
5-40
50
300
4.2-38.8

HCB
10-80
10
7.6-15.3

Heptachlor
5-40
10
300
nd-3.6

Reference
GURI, 2004
Bendesgestzblatt Jahrgang, 1999
FDA, 2008
Present study

and Agriculture Organization and Word Health
Organization [41] to 200 ng.g-1 wet wt. The
concentrations found in fishes and inverteb-rates at
all sampling area from Red Sea in KSA were below
these values.

GEOGRAPHICAL VARIATION OF OCS
Significant correlations between level of contaminations and sampling locations were recorded
(Table 4). The t-test applied in comparison between
the studied area in term of PCB and OCP concentrations showed statistical significant differences
especially between the IA and the Sh regions. In fact,
the p-test was clearly below 0.05 when com-paring
گ-''7 گ-PCB and HCB in mackerel, bream and
red mouth grouper collected from these two regions.
The result recorded in Yanbu al Bahr area (maritime
activities) showed levels relatively similar to those
detected in IA (Table 4). We can suggest that the
industrial activities: petrochemical facilities,
refineries, oil wells and discharge of in-dustrial
wastes from the industrial area in Yanbu city may
affect the OC levels in marine biota. How-ever, the
present results were much lower than those recorded
in similar industrial regions such as the levels
detected in marine species studied in Latvia waters
[33] (maximum level: 3600 ng.g-1 lipid wt and
minimum level: 410 ng.g-1 lipid wt) and the levels
detected in fishes from Poland (total PCB 9000 ng.g1
lipid wt) [8].
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ABSTRACT

INTRODUCTION

Biosurfactants are amphiphilic biological
compounds which are produced by various fungi and
bacteria that reduce surface and interfacial tensions.
In this study, a biosurfactant-producing microorganism was isolated from a soil sample which
was collected from Cukurova University campus.
The microorganism was identified as Bacillus subtilis by 16 S rRNA gene sequencing method and by
investigating its biochemical properties obtained
from VITEK-II Compact Identification System.
Production of the biosurfactant was carried out by
Bacillus subtilis using waste bread as substrate in
culture medium. The biosurfactant production process was followed by surface tension measurement,
emulsification index assay, determination of carbohydrate groups, foam stability and antimicrobial
and antifungal activity observation of biosurfactant.
Bacilllus subtilis showed very good hemolytic activity and diameter of the hemolytic zone was observed to be larger than 3 cm i.e. complete hemolysis
(++++). Xylen was the best substrates for emulsification index (39%) of biosurfactant produced from
Bacillus subtilis. Surface tension of biosurfactant
was determined as 48.64 mN/m by using pendant
drop method. The rhamnose test was positive which
indicates that biosurfactant could be of rhamnolipid
type. Biosurfactant had a good foaming stability and
the purified biosurfactant exhibited antimicrobial
and antifungal activities. Consequently, biosurfactant produced by Bacillus subtilis will provide
improved wash efficiency as a detergent additive due
to its characteristic features.

In Turkey, about 11 million tons of wheat is
annually processed into flour, of which 10 million
tons are used for bread production and the remaining
is used for production of other bakery products in the
secondary cereal sector >1@. Baking industry has the
greatest waste production in the secondary cereal
sector which is about 2 to 5% of the total production.
This waste is attributed to the return of unsold bread
and flaw in production (e.g. over fermentation,
overbaking and substandard bread loaves with low
volume or unacceptable shape). It has been reported
that the number of bakeries receiving bread returns
was 50% in 2008 and increased to 61% in 2012. This
was attributed to competition due to opening of new
bakeries >2@. Another factor which adds to increase
in bread waste is the thought that the indicator of
freshness of bread is its softness >3@. In Turkey
annual bread waste has been estimated to be 2.1
billion loaves which is worth of 1.546 billion TL.
Waste bread has been used in preparation of other
meals, to feed the street dogs or returned to the
manufacturer >2@.
It is obvious that converting stale/waste bread
into value added products through biotechnological
processes will substantially contribute to the economy. Stale/waste bread with its starch, nitrogenous
matter, lipids and mineral matter content is a very
suitable growth media for microorganisms and its
use as cheap substrate is expected to reduce the
production costs of biotechnological processes.
Biosurfactants are structurally diverse group of
surface active molecules produced by microorganisms. They are amphipathic molecules, which
include hydrophilic and hydrophobic portions.
These molecules reduce surface and interfacial tensions in both aqueous solutions and hydrocarbon
mixtures. This makes them potential candidates for
enhancing oil recovery, detergency, foaming, remediation of oil spill and deemulsification processes

KEYWORDS:
Bacillus subtilis, biosurfactant production, detergent
additive, waste bread
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>4@. Biosurfactants contain various type of molecules, such as lipopeptides, glycolipids (rhamnolipids,
trehalolipids, sophorolipids), polysaccharide-protein
complex, fatty acids, neutral lipids and phospholipids >5@. Surfactin (a type of lipopeptide) produced by Bacillus subtilis is one of the most powerful biosurfactant which can lyse red blood cells. The
occurring hemolysis on blood agar indicates
surfactin production >6-11@.
Most of the surfactans are chemically
synthesized and show toxicity to fresh water living
organisms. These surfactants are constituents of
commercial laundry detergents. Due to the awarness
on environmental issues, there is significant research
for developing ecofriendly and natural substitues of
chemical surfactants. Biosurfactants such as cyclic
lipopeptide shows stability over a pH range of 7.012.0 and their surface-active properties do not
degrade at high temperatures. They have emulsion
formation capability with vegetable oils, excellent
compatibility and stability with commercial laundry
detergents.
This
properties
indicate
that
biosurfactant can be employed in laundry detergents
formulation >12@.
Biosurfactants have several advantages over
the chemical surfactants, such as lower toxicity,
higher biodegradability, better environmental compatibility, higher foaming, high selectivity, high digestibility and specific activity at extreme temperatures, pH, salinity and the ability to be synthesized
from renewable feedstocks >8, 12-14@.
In this study, we report the production of
biosurfactant using waste bread by Bacillus subtilis.
Properties and characterization of the purified biosurfactant are also presented.

reverse oligonucleotide primers by IONTEK (Iontek
Pharmaceutical Diagnostic and Biotechnology
Products Research Development Industry and Trade
Co., Ltd.). Similarity analysis of the nucleotides was
performed by BLAST searches against sequences
available GenBank. A phylogenetic tree was
generated by using the neighbor-joining method.
The sequence has been deposited in the GenBank
database.
Screening of hemolytic activity on blood
agar plate. Isolated strains were inoculated on blood
agar plate and incubated at 37qC for 2-7 days. A
clear zone was appeared around the colony and
indicating hemolytic activity. Diameter of the clear
zone depends on the biosurfactant concentra-tion.
Diameter of the clear zones were HYDOXDWHGDV µ¶
QR KHPRO\VLV µ¶ LQFRPSOHWH KHPRO\VLV µ¶
complete hemolysis with a diameter of lysis  1 cm;
µ¶FRPSOHWHKHPRO\VLVZLWKDGLDPHWHURIO\VLV
! 1 cm but  FPDQGµ¶FRPSOHWHKHPRO\VLV
with a diameter of lysis ! 3 cm and green colonies
>11, 16, 17@.
Production of biosurfactant. Bacillus subtilis
was inoculated on a nutrient agar plate and incubated
at 37qC for 24 h. After incubation, bacterial culture
was inoculated into 25 mL of nutrient broth and was
shaken with 250 rpm at 37ºC until absorbance
became around 3 (absorbance measured with UV1800 Shimadzu Spectrophotometer at 600 nm).
Subsequently bacterial culture was transferred into
250 mL of biosurfactant production medium (main
medium) (pH 7.0) (10% of the total volume is bacterial culture) containing 1% waste bread powder.
Incubation in the shaker was carried out at 30ºC for
52 h with 150 rpm. After 52 hours of incubation the
cells were harvested by centrifugation at 13000 g for
15 minutes and the supernatant was used as a
biosurfactant source and stored at 4qC for further
studies >13@.

MATERIALS AND METHODS
Isolation and identification of Bacillus spp.
The microorganism which used in this study was
isolated from soil sample collected from the campus
of Cukurova University. 5 g of soil was suspended
in 50 mL of sterile saline water (0.9% NaCl) and
incubated at 85°C for 10 min. 100 μL of this
suspension was spreaded on a nutrient agar plate and
incubated at 37°C for 24 h. Stock culture was kept in
nutrient agar slant at +4qC and in glycerol stock at 86°C. >15@.
The identification of bacterial isolate was
FRQ¿UPHGE\applying widely used microbiological
methods (Gram staining, catalase reaction, endospore-forming and cell morphology), biochemical
characterization (VITEK-II Compact (bioMerieux)
Identification System) and molecular techniques (16
S rRNA gene sequence analysis). VITEK-II system
is an identification method containing 63 different
biochemical tests. The amplification of 16S rRNA
gene of selected isolate was carried out using
polymerase chain reaction (PCR) by forward and

Measurement of emulsification index and
surface tension. Biosurfactant emulsification index
was determined by using the method that was developed by Ramnani et al. >18@. The emulsification
index measurements of biosurfactant with different
hydrocarbons such as xylene, heptane, diesel and
sunflower oil were carried out. Water, xylene and
cell-free culture broth (supernatant) were mixed in a
measuring cylinder by volume fractions of 20%,
30% and 10% respectively. The height of the solvent
layer in the measuring cylinder was read and the
mixture was stirred with vortex to generate an
emulsion. The height of the emulsion layer was read
after 24 h (EI-24) and 1 week and emulsification
index was calculated using the following equation;
EI (%) = >(height of emulsion layer) / (height
of oil + emulsion layer)@ u 100.
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bacterial and fungal strains such as Pseudomonas
aeruginosa, Escherichia coli JM109, Escherichia
coli K12, Staphylococcus aureus ATCC 6538,
Staphylococcus
aureus
ATCC
29213,
Staphylococcus epidermidis B4268, Candida albicans was determined by using the agar diffusion
method. For this purpose, stock cultures of each
microorganism (100 PL) were inoculated into
Mueller-Hinton broth and incubated by shaking (180
rpm) at 37qC for overnight. After incubation, 0.1 mL
of bacterial cultures were spreaded on a MuellerHinton agar plate and 0.1 mL of fungal culture was
spreaded on a Potato-Dextrose agar plate.
Subsequently, each sterile free-antibiotic disc was
placed at the centre of the agar plate and 25, 50, 100
PL of purified biosurfactant solutions were saturated
to antibiotic disc, then incubated at 37qC for 24-48
h. At the end of the incubation, the diameter of
inhibition zone around the discs was measured by
using a ruler. Ampicillin (10 Pg/disc-Media) and
Nystatin (100 units-Oxoid) were used as control for
bacterial and fungal strains, respectively >13, 22@.

Obtained results were compared with a positive
control (water, xylene, Tween 80 = 25%, 30%, 5%
respectively by volume) and negative control (water,
xylene = 30%, 30% respectively by volume) groups.
The surface tension measurement of
biosurfactant was determined with a tensiometer
(Optical Contact Angle/Surface Tension Measurement Device (TAYG)) by using the Pendant Drop
method >19@ at Middle East Technical University,
Central Laboratory, Ar-Ge Education and Measurement Central. Distilled water was used as control.
The control did not cause a decrease in surface
tension.
Extraction and purification of biosurfactant. In order to extract biosurfactant, cells were
removed from culture medium by centrifugation at
13000 g for 15 min after fermentation. After centriIXJDWLRQVXSHUQDWDQW¶VS+ZDVDGMXVWHGWRZLWK
6 M HCl, and was added ethyl acetate with the equal
amount (by volume) by using a separating funnel.
The mixture was shaken for several minutes until the
phase separation occurs. The organic phase was
removed and the operation was repeated.
Subsequently the organic part was collected and it
was treated with anhydrous sodium sulphate in order
to remove the water from it. Afterwards, it was
concentrated by a rotary evaporator (Bibby Rotary
Evaporator RE 100) at 40qC. After concentration,
viscous green crude biosurfactant extract was
obtained.
For further purification of biosurfactant, the
crude biosurfactant was dissolved in 0.05 M sodium
bicarbonate and filtered. After filtration, the pH of
the solution was adjusted to 2.0 by using 6 M HCl
and the solution was kept at 4qC for analysis of biosurfactant >20@.

RESULTS
Identification of Bacillus subtilis. The isolate
was found to be aerobic, motile, Gram positive,
spore forming, rod shaped and catalase positive. The
bacterial isolate was identified as Bacillus subtilis by
biochemical characterization and 16 S rRNA gene
sequence analysis. When compared with available
sequences in the NCBI database, the 16S rRNA
partial gene sequence of this isolate, showed 99%
sequence similarity with the published 16S rRNA
gene sequences of Bacillus subtilis (gb_FJ573171.1),
Bacillus subtilis (gb_KC1820-59.1), Bacillus subtilis
(gb_EU982508.1) (Figure 1).

Determination of carbohydrate groups of
biosurfactant. The presence of carbohydrate groups
in the biosurfactant molecule was detected by
rhamnose test. For this purpose, 0.5 mL of biosurfactant was mixed with 0.5 mL of 5% phenol solution and added with 2.5 mL of sulfuric acid. This
mixture kept for 15 min at room temperature. Subsequently, carbohydrate groups in the biosurfactant
were determined with respect to the blank at 490 nm
by using UV-1800 Shimadzu Spectrophotometer
>21@.

Screening of hemolytic activity in blood agar
plate. Out of 18 isolated bacteria, 10 strains were
determined to produce biosurfactant on blood agar.
Among these, Bacillus subtilis showed maximum
hemolytic activity (4 cm) (biosurfactant productivity). Therefore it was selected for further studies (Figure 2). The concentration of biosurfactant
was determined by measuring the diameter of the
FOHDU ]RQH 7KH UHVXOW ZDV HYDOXDWHG DV µ¶
complete hemolysis with a diameter of lysis ! 3 cm.

Determination of foam stability of biosurfactant. The foam was produced by hand shaking
the 5 g/L of crude biosurfactant solution for couple
of minutes. Subsequently, the stability of the foam
was monitored for 2 h >21@.

Measurement of emulsification index and
surface tension. Table 1 shows the hydrocarbon
sources which were tested for emulsification activity
by cell-free broth containing the biosurfac-tant.
According to the results, biosurfactant generat-ed an
emulsion layer together with xylen and diesel. The
emulsification index value of biosurfactant with
xylene and diesel was calculated as 39% and 5%,
respectively. Xylene and diesel emulsions were

Determination of antimicrobial and antifungal activity of biosurfactant. Antimicrobial and
antifungal activity of the purified biosurfactant on
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FIGURE 1
Dendogram showing phylogenetic relationship between Bacillus subtilis strain with other Bacillus spp.
Based on 16S rRNA gene sequences
stable for 7 days. However, emulsification was not
observed with heptane and sunflower oil (0%).
The surface tension measurement of
biosurfactant was determined with a tensiometer by
using the Pendant Drop method by Middle East
Technical University, Central Laboratory. Surface
tension of biosurfactant was determined as 48.64
mN/m. The reduction of surface tension indicated
the surface activity which results from the
production of biosurfactant.
TABLE 1
Emulsification index (EI-24) values of
biosurfactant on different hydrocarbon
Hydrocarbon
Xylene
Diesel
Heptane
Sunflower oil

EI-24 (%)
39
5
0
0

FIGURE 2
Hemolytic activity hydrolysis zone of
biosurfactant produced by Bacillus subtilis on
blood agar plate
Rhamnose test and foam stability. Presence
of carbohydrate groups in the biosurfactant molecule
was detected by rhamnose test. Rhamnose test was
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FIGURE 3
Foaming stability of biosurfactant
A: Good foaming stability was appeared in the center. B: Almost all of the foam was disappeared after
2 h. C: Distilled water as control. No foam was observed.

TABLE 2
Antimicrobial and antifungal activity of biosurfactant produced by Bacillus subtilis
Microorganisms
24 h Incubation
Pseudomonas aeruginosa
Escherichia coli JM 109
Escherichia coli K 12
Staphylococcus aureus ATCC 6538
Staphylococcus aureus ATCC 29213
Staphylococcus epidermidis B 4268
Candida albicans
48 h Incubation
Pseudomonas aeruginosa
Escherichia coli JM 109
Escherichia coli K 12
Staphylococcus aureus ATCC 6538
Staphylococcus aureus ATCC 29213
Staphylococcus epidermidis B 4268
Candida albicans

Concentration of Biosurfactant
50 PL
100 PL
25 PL



0.8 cm bacteriocidal
1.1 cm bacteriocidal
1.2 cm bacteriocidal
1.1 cm bacteriocidal
1.2 cm bacteriocidal
1.5 cm bacteriocidal
2.2 cm bacteriostatic
2.7 cm bacteriostatic
0.8 cm bacteriocidal
1 cm bacteriocidal
1.8 cm bacteriocidal



0.7 cm bacteriostatic
0.8 cm bacteriostatic
1.4 cm bacteriocidal
0.9 cm fungistatic
1.1 cm fungistatic
1.7 cm fungistatic
50 PL
100 PL
25 PL
1.1 cm bacteriostatic
1.4 cm bacteriostatic
1.5 cm bacteriostatic
1.1 cm bacteriocidal
0.8 cm bacteriocidal
1.5 cm bacteriocidal
2 cm bacteriostatic
1.8 cm bacteriostatic
1.1 cm bacteriocidal
1.2 cm bacteriocidal
1.6 cm bacteriocidal
2.2 cm bacteriostatic
2.7 cm bacteriostatic
0.9 cm bacteriocidal
1.85 cm bacteriocidal
2 cm bacteriocidal
1.4 cm bacteriostatic
1.1 cm bacteriostatic
1.4 cm bacteriostatic
0.8 cm bacteriostatic
1 cm bacteriostatic
1.4 cm bacteriocidal
0.9 cm fungistatic
1.1 cm fungistatic
1.7 cm fungistatic

positive indicating the separated biosurfactant could
be of glycolipid type.
Aqueous solution of biosurfactant showed
good foaming stability. Almost all of the foam was
detected to be disappeared after 2 h (Figure 3).

significant
bacteriocidal, bacteriostatic
and
fungistatic action against Gram positive and Gram
negative bacteria and fungal strain. When the results
were examined, it was detected that the maximum
antimicrobial activity of biosurfactant was against
E.coli K 12 (Figure 4). Although anti-microbial
activity of biosurfactant did not occur against
Pseudomonas aeruginosa and Staphylococ-cus
aureus ATCC 29213 in 24 h incubation,
bacteriostatic action of biosurfactant to the same
strains was observed in 48 h incubation.

Antimicrobial and antifungal activity. The
results of the antimicrobial and antifungal activity of
biosurfactant produced by Bacillus subtilis against
pathogenic bacteria and fungi are shown in Table 2.
The purified biosurfactant was determined to show
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Staphylococcus aureus ATCC 6538

Pseudomonas aeruginosa

E.coli K 12

Candida albicans
FIGURE 4
Antimicrobial and antifungal activity of the 100 PL of purified biosurfactant on Staphylococcus
aureus ATCC 6538, Pseudomonas aeruginosa, Escherichia coli K 12, and Candida albicans
The values regarding emulsification index of
biosurfactant in this work are lower than Ramnani et
al.¶V ZRUN >18@. However, emulsion was obs-erved
to be stable with xylene and diesel analysis after one
week. Furthermore, in this study, emul-sification
were not observed with heptane and sunflower oil.
In contrast to our results, Ramnani et al. >18@,
Abouseoud et al. >21@, Santos et al. >24@ reported that
the emulsification was observed with heptane and
sunflower oil.
Similar surface tension measurement method
(Pendant Drop method) has been reported for
Bacillus subtilis ATCC 21332. The results show that
when Bacillus subtilis was grown on a minimal salts
medium with various purified starches, the surface
tension dropped below 30 mN/m for all the tested
starches (purified corn, potato, rice and soluble and
wheat starch) >19@. Different methods were also
reported by Fernandes et al. >13@, Joshi et al. >25@,
Nitschke and Pastore >8@, Santos et al. >24@, Noudeh
et al. >17@, Vaz et al. >26@, Sousa et al. >27@ and
Gudina et al. >28@. Surface tension of biosurfactant

DISCUSSION AND CONCLUSIONS
Screening of hemolytic activity in blood agar
plate. The result matches well with the previous
work existing in the literature, confirming the
existence of biosurfactant/hemolytic activity in agar
plate >11, 14, 16, 17, 21, 23@.
Measurement of emulsification index and
surface tension. Different emulsification index
values have been reported by Nitschke and Pastore
>8@, Ramnani et al. >18@, Abouseoud et al. >21@ and
Santos et al. >24@. Ramnani et al. >18@ stated that
biosurfactant from Bacillus licheniformis RG1
reduced the surface tension of xylene (EI-24: 60%)
and heptane (EI-24: 61%). In another studies,
emulsification index (E24%) for diesel, heptane and
sunflower oil were found as 55%, 50% and 45%,
respectively >21@. Santos et al. >24@ and Nitschke and
Pastore >8@ reported that the emulsification index of
diesel, sunflower oil and heptane were obtained as
54%, 47% and 66%, respectively.
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Bacillus subtilis R14 was carried out against 29
bacteria (Enterococcus faecalis-12 strains, Staphylococcus aureus-7 strains, Pseudomonas aeruginosa-8 strains and Escherichia coli-2 strain).
Fernandes et. al. >13@ reported that, Staphylococcus
aureus CI311 isolate was the most sensitive against
produced biosurfactant (the diameter of the zone,
2.81 cm). On the other hand, Pseudomonas aeruginosa CI15 isolate was the most resistant against
the produced biosurfactant (the diameter of the zone,
0.98 cm). In another study, the biosurfactant was
produced using four different substrates (coconut,
soyabean, basal medium and sesame). The
antimicrobial activity of biosurfactant was studied
against E. coli, P.aeruginosa, S. typhi-murium and S.
aureus. The produced biosurfactant using soyabean
substrate (3 cm) showed the highest antimicrobial
activity as compared to using substra-tes such as
coconut (2.4 cm), sesame (2 cm) and basal medium
(2.5 cm) >30@.
It has been concluded that the waste bread is
suitable growth media for microorganisms thus it
can be used as cheap substrate. This study indicates
that Bacillus subtilis can produce biosurfactant from
waste bread. Utilization of waste bread for
biosurfactant production could reduce the production costs of biosurfactant. The biosurfactant produced by Bacillus subtilis is surface-active compound, having potential application in detergent
industry. Furthermore, it has been showed that
biosurfactant produced from Bacillus subtilis can be
both in lipopeptide and glycolipid type.

from Bacillus subtilis R14 was measured with a
tensiometer (KSV Sigma 70) using Wilhelmy plate
method. The surface tension of culture medium was
reduced from 54 mN/m to 30 mN/m after 20 hours
of cultivation >13@. The biosurfactant producing
strain Bacillus subtilis 20B was isolated from
fermented food (rice) sample. Surface tension of
biosurfactant was determined with a surface
tensiometer employing the principles of Du-1RX\¶V
ring method. Biosurfactant produced from Bacillus
subtilis 20B reduced surface tension to 47.67 mN/m
in cotton seed oil based minimal medium >25@.
Nitschke and Pastore >8@ reported that by using the
plate method with Krüss Processor Tensiometer
(K12 T Krüss), biosurfactant obtained from Bacillus
subtilis LB5a reduced the surface tension of the
medium to 26.6 mN/m. Surface tension of
biosurfactant from Candida lipolytica UCP0988 was
measured using a Sigma 700 digital surface
tensiometer by Du Nouy ring method. The medium
containing animal fat (5%) and corn steep liquor
(2.5%) was used for the production of biosurfactant
by Candida lipolytica UCP0988. Surface tension
reduced from 50 to 28 mN/m in this medium >24@.
Biosurfactant produced by Bacillus licheniformis
PTCC 1595 had the ability to decrease the surface
tension. Surface tension was determined with a du
Nouy Tensiometer (K100, Kruss). Maximum
surface tension was obtained in 48 h of incubation
(46.51 mN/m) >17@. Surface tension measurement of
biosurfactants from Bacil-lus subtilis EG1, Bacillus
subtilis ATCC6633 and Bacillus subtilis 573 were
determined using a Krüss K6 tensiometer with De
Nouy Ring Method. Surface tension values of
biosurfactant produced by Bacillus subtilis EG1 and
Bacillus subtilis ATCC6633 were measured as 29.0
mN/m and 31.5 mN/m, respectively >26, 27@.
Biosurfactant obtain-ed from Bacillus subtilis 573
using corn steep liquor as culture medium (5%)
reduced the surface tension of medium from 51.4 to
32.8 mN/m >28@.
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THE REMOVAL OF Pb(II) FROM AQUEOUS SOLUTIONS
BY STRONG AND WEAK ACIDIC CATION EXCHANGE
RESINS
Meruyert Koizhaiganova Kaygusuz1,*, Nuray Olcay Isik2, Kadriye Esen Erden1
1

Pamukkale University Denizli Vocational School of Technical Sciences, Denizli/TURKEY,
2
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Lead is a toxic metal, which accumulates not
only in plants [6], but also in the vital organs of men
and animals and enters into the body through air,
water and food [7]. According to the WHO (World
Health Organization) standards, the maximum limit
of lead in drinking water is 0.05 mg/dm3 but the
maximum discharge limit for lead in wastewater is
0.5 mg/dm3. Its cumulative poisoning effects are
serious hematological damage, anemia, kidney
malfunctioning, brain damage etc. Chronic exposure
to lead causes severe lesions in kidney, liver, lungs
and spleen [8].
Treatments are essential to prevent the
contamination of drinking water and the reach of
contaminants into food chain [9]. There are many
reported methods for the removal of metals from
aqueous media such as chemical precipitation,
adsorption, biosorption and ion exchange [10-17].
Ion exchange technique is one of the common
methods that used for treatment of liquid wastes. A
synthetic ion exchange resin offers an attractive and
inexpensive option for the removal of heavy metal
ions from aqueous solutions [17]. Generally resins
are manufactured in the spherical, stress and strain
free form to resist physical degradation, and they can
be reused many times [8]. They are stable at high
temperatures and applicable over a wide pH range
[18]. The main advantages of ion exchange are
recovery of metal value, selectivity, less sludge
volume produced and the meeting of strict discharge
specifications. Nevertheless, its application is
relatively simple and safe due to the mild operating
conditions applied [19, 20].
The aim of the present study is to investigate
the feasibility of using the ion-exchange resins
Amberjet 1200 H and Lewatit CNP 80 as adsorbents
for removal of Pb(II) from aqueous solutions using a
batch technique under different experimental
conditions. Several parameters which affect the ion
exchange process have been investigated.

ABSTRACT
In the present study, the removal of lead
(Pb)(II) ions from aqueous solutions was
investigated. Experimental investigations were
undertaken using the ion-exchange resins Amberjet
1200 H (strongly acidic cation exchange resin) and
Lewatit CNP 80 (weakly acidic cation exchange
resin). The batch removal of Pb(II) from aqueous
solutions under different experimental conditions
was used in this study. The effects of initial pH and
contact time on the uptake of Pb(II) ions have been
studied. The maximum percentage of metal removal
was attained after about 4 h. The uptake of Pb(II) ion
showed pH dependency. The resins were more
selective at pH 3 for Pb(II). The adsorption of Pb(II)
onto the resins followed well Freundlich and D-R
isotherms.

KEYWORDS:
Lead, Cation Exchange Resin, Waste water, Tannery

INTRODUCTION
One of the most important natural resources is
water. Human and other living organisms cannot
survive without it. This natural resource is being
contaminated by various anthropogenic activities
such as rapid growth of populations, urbanization
and industrialization that ultimately make the
environment polluted [1].
Textile and leather industries utilize a large
quantity of water in production process [2]. Textile
and leather industries at small and large-scale sector
are contributors of metal contaminants to the
environment. From the eco-toxicological point of
view, the most hazard metals are mercury, lead,
cadmium and chromium (VI) [3]. In an attempt to
provide the best color matches and finishes, these
industries widely use heavy metal based pigments
which contain mostly lead and cadmium. Thus,
presence of lead, cadmium and other heavy metals
make the textile or leather effluents considerably
toxic [4, 5].

EXPERIMENTAL
Materials . Amberjet 1200 H (strongly acidic
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TABLE 1
Physical and chemical properties of resinsa
Constituents
Amberjet 1200 H
Lewatit CNP 80
Matrix
Styrene/divinyl benzene
Crosslinked polyacrylate
Functional groups
Sulphonate
Carboxylic groups ±COOH
Physical form
Amber spherical beads
Opaque colored spherical beads
Ionic form
H+
H+
Total capacity, eq/L
1.8
4.3
Porosity
Gel
Macroporous
Maximum operating temperature, °C
135
75
Mean particle size, mm (90%)
0.6 ± 0.7
0.315 ± 1.60
a
Information provided by the manufacturer
of the contact time.
The metal ion concentration in the original
solution and the metal ions left in bulk solution were
determined by the AAS technique. The same
measurements were repeated three times and average
values have been taken as the remaining metal
amount in the solution phase. The maximum
deviation was 3%.

cation exchange resin) (Rohm and Haas, France) and
Lewatit CNP 80 (weakly acidic cation exchange
resin) (Fluka Co.) were used in the carrying out of
the experiments. The specification of the resins is
given in Table 1. Lead nitrate, sodium hydroxide,
hydrochloric acid, and all other chemicals employed
were of analytical reagent grade and used without
further purification. All the solutions used for the
laboratory studies were prepared using doubledistilled water. Pb(II) solutions at various
concentrations were made by dissolving the required
quantities of lead nitrate in double-distilled water.

Sorption Isotherms. In order to analyze the
equilibrium data of the sorption characteristics of
Pb(II) ions on the resins; experimental data were
fitted to the Langmuir, Freundlich and Dubinin±
Radushkevich isotherm models.
The Langmuir isotherm is the most widely used
model and traditionally used to quantify and contrast
the performance of different adsorbents. This
PRGHO¶V WKHRU\ SUHVXPHG PRQROD\HU FRYHUDJH RI
adsorbate over a homogeneous sorbent surface [21].
Langmuir model linearized equation is expressed as
follows:

ଵ

ൌ
 
(1)

Preparation of the resins. The resins were
prepared in glass column. Strong acidic cation
exchange resin, Amberjet 1200 H was prepared in H+
form by passing respectively the solution of 2L of 1
M HCl; 2L of distilled water; 2L of 1M NaOH; 2L
of distilled water; 2L of 1M HCl and 2L of distilled
water; 2L of 1M NaOH and 2L of distilled water; 3L
of 1M HCl and 8L of distilled water through 200 mL
of resin.
Weak acidic cation exchange resin, Lewatit
CNP 80 was prepared in H+ form by passing
respectively the solution of 2L of 1 M NaOH; 2L of
distilled water; 2L of 1M HCl; 2L of distilled water;
2L of 1M NaOH and 2L of distilled water; 2L of 1M
HCl and 8L of distilled water through 200 mL of
resin.
The resins were then left for 24 h and washed
with distilled water until they were free from Clí.
The resins were centrifuged (5000 rpm) at 20ºC for
20 min. After air drying, the resins were stored for
sorption studies.



ொబ

where qe is the amount of metal ions adsorbed
onto adsorbent, Ce is the equilibrium concentration
of lead in solution, and Q0 and bL are Langmuir
constants related to adsorption capacity and
adsorption energy, respectively.
The Freundlich isotherm assumes an empirical
expression encompassing the surface heterogeneity
and the exponential distribution of the energy of
activities [22]. The Freundlich adsorption isotherm
was tested in the following linearized form:
ଵ
 ܳ ൌ  ܭி  Ǥ  ܥ
(2)
ಷ

Kinetic study. In general, the sorption mixture
containing of 0.5 g of sorbent in 50 mL of metal
solution was kept for 60 min at 25 ± 2°C. After
equilibration, the sorbent-solution was passed
through a filter and was analyzed for metal ion
content using an Atomic Adsorption Spectrometer
(AAS, Varian AA 300). Contact time adsorption
experiments were conducted at 25°C in a well-mixed
Pyrex glass vessel with a cover. Time course
experiments were carried out by shaking the
adsorption mixture at various predetermined
intervals and analyzing the metal content at the end

by plotting log Qe vs. log Ce. Ce is the
equilibrium activity of metal ions and Qe is the
surface activity for metal ions on the solid surface.
Both KF and nF are constants, being indicative of the
extent of adsorption and the degree of non-linearity
between solution and concentration, respectively.
The adsorption data have also been applied to
D-R model based on the heterogeneous surface of
the adsorbate as in Freundlich isotherm. In order to
distinguish between physical and chemical
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(a)

(b)
FIGURE 1
The effect of contact time on the sorption of Pb(II) ions on Amberjet 1200 H (a) and
Lewatit CNP 80 (b).

(a)

(b)
FIGURE 2
The effect of pH on the sorption of Pb(II) ions on Amberjet 1200 H (a) and Lewatit CNP 80 (b).
vicinity of a solid surface is characterized by a series
of equipotential surfaces having the same sorption
potential. This sorption potential is independent of
the temperature, but varies according to the nature of
sorbent and sorbate. The mean energy of adsorption
(E) is calculated by the following equation using the
FRQVWDQWȕ
ଵ
(5)
ܧൌ

adsorption, and also to estimate the apparent free
energy of adsorption, an equation proposed to find
out the adsorption mechanism on the basis of the
potential theory assuming a heterogeneous surface.
The linearized form of D-R isotherm may be written
as [23]:
(3)
 ܥௗ௦ ൌ   ܺ െ ߚǤ ߝ ଶ
where Cads (mol/g) is the amount of solute
adsorbed per unit weight of solid, Xm (mol/g) is the
DGVRUSWLRQFDSDFLW\ȕ PRO. 2 is a constant related
WR HQHUJ\ DQG İ LV WKH 3RODQ\L SRWHQWLDO 3RODQ\L
potential can be calculated by the following
equation:
ߝ ൌ ܴܶ ቀͳ 

ଵ


ቁ

ඥିଶఉ

RESULTS AND DISCUSSION
Effect of contact time. The effect of contact
time was studied using a constant concentration of
lead solution at 293.15 K. Batch experiments of
adsorption were performed in temperaturecontrolled shaker, at 25 ± 2°C, and shaken at 100
rpm for periods of time that ranged from 0 to 48 h.
In all experiments performed, 0.5 g of sorbent was
thoroughly mixed with 50 mL of Pb(NO3)2

(4)

where R is gas constant (kJ/ mol.K) and T is
temperature in Kelvin. Saturation limit Xm may
represent the total specific micropore volume of the
sorbent. The slope of the plot ln Cads versus İ JLYHVȕ
(mol2/J2) and of the intercept yields the sorption
capacity, Xm (mg/g). The sorption space in the
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(a)

(b)
FIGURE 3
Equilibrium curves of lead(II) adsorption on the resins (a) Amberjet 1200 H, (b) Lewatit CNP 80
influences of initial Pb(II) LRQV¶ FRQFHQWUDWLRQ RQ
adsorption were examined and shown in Figure 3.
Adsorption equilibrium in the concentration range of
50-400 mg/L was studied with 0.5 g of the resins at
25°C. By increasing the initial metal concentration
in solution, the amount of adsorbed lead(II)
gradually increases. But, this increase starts to ease
off after 350 mg/ L of initial lead concentrations.
This trend is perhaps due to the saturation of
adsorption site at higher concentrations.
The linear model, Langmuir, Freundlich, and
Dubinin-Radushkevich (D-R) are applied to describe
the sorption characteristics of Pb(II) on resins. The
experimental data of both resins were fitted to the
Freundlich and Dubinin±Radushkevich isotherm
models but not fitted to the Langmuir isotherm
model. The constants of isotherm models along with
correlation coefficients (R2) have been calculated
from the plots for adsorption of lead(II) on the both
resins and the results are given in Table 2.

solutions. As shown in Figure 1, Pb(II) adsorption
has been increased rapidly first 4 hours and then
uptake has been constant after 19 hours. Therefore,
240 min contact time was found to be appropriate for
maximum sorption and was used in all subsequent
measurements.
Effect of pH. The pH of a solution is another
important parameter in adsorption process because
of the dependencies of the complexation reactions or
electrostatic interactions in physisorption processes
at the adsorption surface [24]. In order to found the
optimum pH, some experiments were examined by
varying the initial pH of the solutions with 50 mL of
1.0x10-3 mol/L of metal solution at 25±2°C
containing 0.5 g of resin in the pH range 2.5 - 4 for
Amberjet 1200 H and pH 2.5-5 for Lewatit CNP 80.
The results are shown in Figure 2. The percentage
adsorption increases with pH to attain a maximum at
pH 3 for Pb(II) by resins.
It was reported that the strong acidic cation
exchangers are well dissociated over a wide pH
range and thus reaching its maximum sorption
capacity. On the other hand, weak acidic cation
exchangers containing, for example, carboxylic
functional groups reach the maximum sorption
capacity at pH> 7.0 [8]. In our study the pH range
for Amberjet 1200 H was in a good agreement with
the mentioned study, however the same was not seen
for Lewatit CNP 80 probably due to the treatments
used.

DRK
isotherm

Freundlich
isotherm

TABLE 2
Constants of Isotherm Models for Amberjet
1200 H and Lewatit CNP 80

Adsorption equilibrium and Isotherm
Models. An adsorption isotherm describes the
relationship between the amount of adsorbate which
is adsorbed on the adsorbent and the concentration
of dissolved adsorbate in the liquid at equilibrium
[25]. The equilibrium adsorption isotherm is
essentially important in the design of adsorption
systems. So, adsorption equilibrium and the

Lewatit
CNP 80
0.9965
4.63
3.13
0.9955
0.052

9.9

13.4

The Freundlich isotherm: The sorption data
is obeyed well to the Freundlich isotherm (Figure 4).
From the slope and intercept of the straight portion
of the plot the values of the Freundlich parameters
(1/nF and KF) have been computed
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R2
KF (mg/g)
nF
R2
Xm.108
(mol/g)
E (kj/mol)

Amberjet
1200 H
0.8125
451.86
0.89
0.9026
10.07
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(a)

(b)
FIGURE 4
Freundlich isotherm models for Pb(II) adsorption on (a) Amberjet 1200 H and Lewatit (b) CNP 80

(a)

(b)
FIGURE 5
D-R isotherm models for Pb(II) adsorption on Amberjet 1200 H (a) and Lewatit CNP 80 (b)
(Figure 5). From the slope and intercept of the
straight portion of the plot, the values of Xm and E
have been calculated and shown in Table 2.
Adsorption capacities (X m) of D±R model were
found to be 10.07x108 mol/g and 0.052x108 mol/g for
Amberjet 1200 H and Lewatit CNP 80, respectively.
The value of E is calculated to be 9.9 and 13.4 kJ/mol
for Amberjet 1200 H and Lewatit CNP 80,
respectively. The numerical value of mean sorption
energy is in the range of 1-8 kJ/mol and 9-16 kJ/mol
forecast the physical adsorption and chemical
adsorption, respectively [28]. The high value (>8
kJ/mol) of sorption free energy indicates that the
chemisorption phenomenon is predominant and
reflects the strong bonding that may be due to the
effective role played by the resins in the sorption
process. It is assumed that the structure of the resins
is heterogeneous.
Ion exchange resin is one of the most common
and popular ion exchangers. With the rapid
development of material technology, a number of
investigations have been performed on the
adsorption of lead on different ion exchange resins
such as Dowex 50W, Amberlite IR 120, IRC

(Table 2). The sorption intensities (1/nF) for
Amberjet 1200 H and Lewatit CNP 80 were found to
be 1.1215 and 0.3193, respectively. Similarly, the
sorption capacities (KF) for Amberjet 1200 H and
Lewatit CNP 80 were calculated to be 451.86 and
4.63 mg/g, respectively.
The numerical value of 1/nF<1 indicates that
the sorption capacity is only slightly suppressed at
lower equilibrium concentration and suggests
multiple binding sites, with the sites of highest
strength binding the sorbate first. Alternately, 1/nF>1
can mean that bound sorbate molecules interact in
such a way that the binding strength is increased as
more sorbate binds [26, 27]. The Freundlich sorption
isotherm gives an expression encompassing the
surface heterogeneity and the exponential
distribution of activities and their energies. This
isotherm does not predict any saturation of the
sorbent by the sorbate, thus, infinite surface
coverage is predicted mathematically, indicating a
multilayer sorption of the surface [27].
The Dubinin-Radushkevich isotherm: The
sorption data is conformed well to the D-R isotherm
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Denizli. Turkish Studies International Periodical for The Languages, Literature and His-tory
of Turkish or Turkic 10(6), 603-618. (in
Turkish)
[3] Baysal, A., Ozbek, N., Akman, S. (2013)
Determination of Trace Metals in Waste Water
and Their Removal Processes. Waste Water Treatment Technologies and Recent Analytical
Developments. Prof. Fernando Sebastián García
Einschlag (Ed.), InTech, Chapter 7, 145-171.
DOI: 10.5772/52025.
[4] Kant, R. (2012) Textile dyeing industry an
environmental hazard. Natural Science 4 (1),
22-26.
[5] Halimoon, N., Soo Yin, R. G. (2010) Removal
of Heavy Metals from Textile Wastewater using
Zeolite. Environment Asia 3(special issue), 124130.
[6] Murado÷lu F., Encu T., Gündo÷GX0%R\VDQ
Canal S. (2016) Influence of Lead Stress on
Growth, Antioxidative Enzyme Activities and
Ion Change in Root and Leaf of Strawberry.
Fresen Environ Bull. 25(2), 623-632.
[7] Knetovic Z., Trgo M., Sutlovic D. (2016)
Assessment of Environmental Pollution
Through Accumulation of Lead and Cadmium
in Meconium Samples. Fresen Environ Bull.
25(12a), 5804-5811.
[8] Hubicki, Z.,Kolodynska, D. (2012) Selective
Removal of Heavy Metal Ions from Waters and
Waste Waters Using Ion Exchange Methods,
Ion Exchange Technologies. Prof. Ayben
Kilislioglu (Ed.), InTech, Chapter 8, 193-240.
DOI: 10.5772/51040.
[9] Pang, C, Liu, Y, Cao, X, Li, M, Huang, G, Hua,
R, Wang, C, Liu, Y, Fu An X. (2010) Biosorption of uranium(VI) from aqueous solution by
dead fungal biomass of Penicillium citrinum.
Chemical Engineering Journal 7437, 1-30.
[10] Hassani G., Alinejad A., Rezaei S., Jamshidi A.,
Farsani S.F., Zare M.R. (2016) Optimization of
The Removal of Acid Blue 25 from Aqueous
Media by Recyclable nano Magnetic
Manganese Ferrite. Fresen Environ Bull. 25(8),
2919-2927.
[11] Li H., Chi Z., Yan B., Chakov V.V., Kuptsov
V.A., Zhu H., Wang L., Ou Y. (2016) Natural
Sphagnum Transplantation for Heavy Metals
Removal from Degraded Riverine Wetland
Water in Northeast China. Fresen Environ Bull.
25(12a), 6078-6086.
[12] Gholami B.F., Mahvi A.H., Barandoozi F.N.
(2013) Removal of Heavy Metal Ions from
$TXHRXV6ROXWLRQE\$SSOLFDWÕRQRI/RZ&RVW
Materials. Fresen Environ Bull. 22, 655-659.
[13] Onder D.. Onder S., Daghan H., Uygur V.
(2016) The Ability of Brassica napus L. to
Remove Lead (Pb) from WKH 6RLO DW 'ÕIIHUHQW
Irrigation Levels and Pb Concentrations. Fresen
Environ Bull. 25(1), 200-209.

718,732-CR and Purolite. To improve their metal
exchange capacity and to reduce lead ions from an
aqueous solution, resins have been used in modified
forms as well. A comparison of the lead metal uptake
capacities of this study with those of other resins
reported in the literature is given in Table 3.
Although a direct comparison of our study with other
reported resins is difficult due to the varying
experimental conditions applied in those studies, the
strong acidic cationic resin used in this study Amberjet 1200 H exhibited reasonable adsorption
capacity in comparison with the other resins.
TABLE 3
Comparison of lead uptake capacities of various
resins
Resins

Amberlite IR 120
Amberlite IRC 718
Dowex 50 W
CIE resin
PS-EDTA
SIE resin
Purolite
732-CR
Lewatit CNP 80
Amberjet 1200 H

Maximum
adsorption
capacities
19.6 mmol/g
3.96 meq/g
4.1 meq/g
0.514 mmol/g
50 mg/g
0.848 mg/g
0.022 mg/g
484.0 mg/g
4.63 mg/g
451.86 mg/g

References

[29]
[30]
[31]
[32]
[33]
[17]
[34]
[35]
Present study

CONCLUSION
The results of this study indicate that ionexchange resins as Amberjet 1200 H (strongly acidic
cation exchange resin) and Lewatit CNP 80 (weakly
acidic cation exchange resin) can be successfully
used for the Pb(II) ions recovery from aqueous
solutions under the optimized conditions.
Adsorption by the resins thus demonstrated itself to
be a useful alternative to conventional systems for
the recovery of Pb(II) in solutions. The adsorption of
Pb(II) onto the resins follows the Freundlich and DR isotherms. The value of sorption energy (>8.00 kJ
mol-1) gives an indication about the nature of
sorption and the effective role played by the resin
adsorbents in the sorption process. The values for
adsorption capacity (KF) and intensity of adsorption
(n) indicate the greater affinity for lead(II) by these
resins.
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wastewater, the method is time-consuming (5 days)
and requires experience and skill for reproducible
results; especially it is not suitable for on-line monitoring BOD.
To overcome the shortcoming of 5-d BOD,
various biosensors have been explored for rapid
measurement of BOD.
A category of BOD biosensors was reported
that probe dissolved O2 and carbon dioxide combining sometimes with membranes upon aerobic microorganism growth in the body of water tested [2,
3]. This kind of biosensors usually have linear response to BOD concentration; however, they suffer
the problems such as expensive O2 probe, shortterm stability due to membrane fouling, and the
need for O2 probe periodically cleaned and replaced,
thus limiting their broad use.
Recently, variety of MFC-type BOD biosensors have been developed for off-line or on-line
determining BOD [1, 4-9], which showed a linear
relationship between the BOD of wastewater and
either the maximum current or coulomb produced.
MFC-type BOD biosensor offers several advantages including long-term stability, low maintenance requirement, resistance to heavy metals, and
broad specificity [6]. However, the need for oxygen
at the cathode is a disadvantage for operation of the
system because oxygen can leak into the anode
chamber, lowering the coulomb efficiency [10] and
inhibiting the growth of obligate anaerobes. As a
consequence, oxygen leakage lowers the sensitivity,
limits the linear range, thus impairing the application of the biosensor.
In this report, we describe a biosensor based
on microbial electrolysis cell (MEC), a modified
MFC biosensor in which the cathode is completely
anoxic with a suitable voltage is added to allow for
hydrogen evolution and to improve the BOD response linearity. As showed in the Figure S1A (See
Supplementary Materials) at the cathode, instead of
combining oxygen and protons to form water, electrons produced by the bacteria combine with protons to form hydrogen via the hydrogen evolution
reaction: 2H++2e-ĺH2 (g) [11].
Although MECs have been widely used in
hydrogen production [12-15], to be suitable as
biosensors they must be modified to meet the

ABSTRACT
BOD measurement is often required for
evaluation of water quality. Most used 5-day BOD
measurement method is time consuming and requires skills. Although MFC based biosensors can
measure BOD rapidly, they suffer oxygen leakage
problem, damping the wide spread application. In
this study, a novel biosensor for rapid determination
of BOD was developed based on microbial
electrolysis cell (MEC) technique, and its performance was evaluated. The biosensor utilized maximum current and coulomb yield as indicators of
BOD level. For the best performance, system
parameters were optimized as external applied
voltage to be 0.7-0.9 volts, artificial BOD to be 10
to 100 mg/L when maximum current was measured
and 10 to 400 mg/L when coulomb yield was
measured. At the optimal conditions, the sensor
responded to BOD linearly and was able to
complete each measure in 10 min and 80-400 min
respectively using maximum current and coulomb
yield as BOD indicator. The repeatability of the
system was high as indicated by relative standard
deviation less than ±13% for 6 measurements. For
stability test, the system was stable over a period of
12 days as evaluated by relative standard deviation
less than ±10.3%. These results demonstrated that
MEC can be employed as a biosensor for on-line or
off-line monitoring of BOD.

KEYWORDS:
Biosensor, Biochemical oxygen demand, Microbial
electrolysis cell

INTRODUCTION
Biochemical oxygen demand (BOD) is one of
the most important and widely used parameters for
the evaluation of water quality. With increasingly
concern about the environment, inexpensive and
rapid methods for measuring of BOD are desirable.
The most widely used method for measuring
BOD is the 5-day BOD assay [1]. Although
inexpensive and applicable to broad range of
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criterions: 1) the maximum current and coulomb
generated is proportional to the BOD amount in the
anode chamber, 2) the operation is repeatable, and 3)
the system is stable for a certain time period. In this
report, we demonstrate a system that can meet the
above criterions by choosing the right type of MEC
and by optimization of operational conditions and
parameters.
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an electrochemical workstation (Shanghai Chenhua
Instrument Co., Ltd, CHI660C). The MFC was
operated in a batch mode and was kept at 35°C in a
thermostatic water bath.
To investigate the effect of membrane on
MEC performance, the MEC was converted to
operate as a membrane-less MEC by omitting the
proton membrane and cathode chamber (See
Supplementary materials Figure S1B). Besides, a
platinum-plated titanium plate (60×40×0.8 mm
with surface area of 24 cm2) was used instead of the
platinum-plated titanium mesh. The operational
conditions of the membrane less-MEC were the
same as those of DMEC. For all experiments, 0.7 V
was applied from the external power source to the
MEC unless otherwise stated.

MATERIALS AND METHODS
Artificial wastewater. A modified glucoseglutamic acid (GGA) solution for the BOD [16]
was used as model wastewater throughout the study
[5]. The base of modified artificial wastewater (AW)
consisted of 3.31 g/L NaH2PO4·2H2O, 10.31 g/L
Na2HPO4·12H2O, 0.56 g/L (NH4)2SO4, 0.2 g/L
MgSO4·7H2O, 15 mg/L CaCl2, 1 mg/L FeCl3·6H2O,
20 mg/L MnSO4·H2O, 0.42 g/L NaHCO3, and 10
ml/L trace mineral solution [17]. High BOD solutions were prepared by adding appropriate amount
of GGA to the base dilution. To prevent the growth
of bacteria, the artificial wastewater was filtered
through a membrane (particle retention diameter
0.22 Pm) and then was stored at 4ºC before use.

Analysis of current and Coulomb. An
electrochemical workstation (Shanghai Chenhua Instrument Co., Ltd, CHI660C) was used as power
supply (PS) for added voltage, and used to monitor
the current. The circuit current was measured using
an electrochemical workstation and was recorded
every 5 seconds. Coulomb, which is expressed as
current multiplied by time, was calculated by
integrating the current over the time from the point
of injection to the time where current decreased to
5% of maximum current. Unless stated, all experiments were repeated three times, and results were
presented as average values or as a typical result.

Microbial electrolysis cell system and its
operation. In preparation for MEC operation, a
mediator-less double-chamber MFC (DMFC) enriched and maintained for over 5 months was used
in this study. The DMFC consisted of two polyacrylic sheets (80×100×20 mm3) carved to form a
chamber (40×60×12 mm3) (See Supplementary
materials Figure S1A and Figure S2). The anode
and cathode compartments were separated by a proton exchange membrane (Nafion 117, Dupont Co.,
USA). Graphite felt (40×50×5 mm, GF series, Electro-synthesis Co., USA) and platinum-plated titanium mesh (38×50×2 mm, surface area about 50
cm2) from Baoji Zhengyuan Plating Titanium Products (Guangzhou) Co., Ltd., China) were used as
anode and cathode electrode, respectively. The two
electrodes were connected with titanium wire
through a resistance of 10 ȍ. Injection ports and
drain ports were installed in each compartment of
the DMFC.
A mixture of anaerobic activated sludge and
effluent from the primary clarifier of Qingdao Tuandao Sewage Treatment Plant (Qingdao, China)
was used as the inoculum for the enrichment of the
electrochemically-active bacteria in the fuel cell.
The anode chamber contained AW (BOD = 200
mg/L) and was kept anoxic by purging with pure
nitrogen gas (20 mL/min). The cathode compartment contained 50 mM phosphate buffer (pH 7.0)
only and was purged with air (20 mL/min) in order
to supply O2 needed for the cathode reaction. The
voltage over the external resistance (Rext) was recorded every 1 min to a desk personal computer via

RESULTS AND DISCUSSIONS
The MEC sensors were operated in a batch to
batch manor. In each batch of test, new wastewater
was added to an emptied anode chamber to start the
measurement. In the process, maximum current and
coulomb generated by the device were recorded as
a measure of BOD in the wastewater.
In order for the maximum current to be
proportional to BOD, the current-time profile must
be smooth; furthermore, the measurements from
consecutive batches must be consistent. These requirements were met by rationally choosing the
type of MEC, and by carefully optimizing the operation conditions.
Choice for the MEC type as BOD Biosensor.
There are two types of MEC reported in the literature: with and without membrane that separates the
anode and cathode. In our study, MEC with membrane was chosen as the system for further characterization for the following reasons.
Membrane-less MEC has the advantages such
as lower internal resistance and no pH splitting for
the two electrodes. However, this type of MEC
failed to give repeatable performance in consecutive batch test. As shown in the Fig. 1, maximum
current decreased start from the second cycle
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vity, which eventually leaded to a decrease of the
sensor sensitivity and stability.
The tendency of change in coulomb yield with
cycle number was similar to that of maximum
current in ML-MEC. Coulomb yield changed from
43.6 C (n=1) to 39.1 C (n=5). The decrease in
coulomb yield was probably due to an increase in
loss of substrate (such as fermentation, methanogenesis, and consumed for growth of the microbial
consortium) at the increased reaction times and thus
lost for current generation.

(batch), and a transitional shoulder appeared that
would adversely affect the linear relation between
BOD and maximum current. The current decrease
with increased cycle was likely due to metal ions
with high redox potential (eg. Fe3+) deposit on the
cathode, since yellow layer was observed that disappeared after washed with 0.5 M nitric acid (See
Supplementary Materials Figure S3). For example,
cobalt could be recovered from aqueous Co(II) in
cathode of MEC [18, 19]. The electrochemical deposition of metal cations with high redox potentials
on cathode surface resulted in reduced cathode acti-

FIGURE 1
Current produced by membrane-less MEC varying
with time at each different cycle and when the
cathodic electrode was washed with 0.5 M nitric
acid after five cycles (inlet). The membrane-less
MEC was operated at pH 7.0, BOD 200 mg/L,
resistance 10 ȍtemperature 35°C, applied voltage
0.7 V, and N2 gassing rate 20 mL/min.

FIGURE 2
Current produced by DMEC varying with time in
batch operation. The DMEC was operated at pH
7.0, BOD 200 mg/L, resistance 10 ȍtemperature
35°C, and N2 was gassed in both anodic chamber
and cathodic chamber at the rate of 20 mL/min.

(A)

(B)
FIGURE 3
Current produced by DMEC varying with time at different applied voltages (A) Coulomb yield from
the DMEC and reaction time needed for one full cycle at different applied voltages. The DMEC was
operated at pH 7.0, BOD 200 mg/L, resistance 10 ȍtemperature 35°C, and N2 was gassed in both
anodic and cathodic chamber at the rate of 20 mL/min.
(Error bars ± SD is based on triplicate measurements).
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MFC for over 5 moths, it is assumed that the microbial consortium in the anode compartment is in its
maximum activity in terms of fuel oxidation (factor
i) and electron transfer to the electrode (factor ii).
At low applied voltage (0.3 V), pH changed less
than 0.5 units both in cathode and anode compartment after a complete fed batch cycle, whilst the pH
changed significantly at an applied voltage of 0.7 V
(pH in anode decreased to about 6.5 while pH in
cathode increased to 8.4). Based on the assumption
above and pH change at different applied voltages,
current generation at low applied voltage was
mainly affected by the applied voltage other than
rate of fuel oxidation and proton transfer through
the membrane. Current generation at high applied
voltage, however, was mainly influenced by other
factors (eg. the rates of fuel oxidation and/or proton
transport to the cathode through the membrane) instead of applied voltage.
Figure 3A showed the reaction time needed
for one full batch cycle (defined as the time from
the point of injection to the time where current decreased to 5% of maximum current) at different applied voltages. It decreased from 305 ± 19 min
(±SD, n = 3) at an applied voltage of 0.3 V to 111 ±
6 min (±SD, n = 3) at an applied voltage of 0.9 V.
The decrease in reaction time with the increase of
the applied voltage might be due to the reason that
not only the cathodic reaction was accelerated, but
also the electron transfer between microbial cells
and anode electrode was promoted at a high applied
voltage, which reduced electron accumulation in
the process of microbial metabolism, thus
contributing to the oxidation of substrate.
Applied voltage also affected coulomb yield
and reaction (measurement) time that was too long
with applied voltage < 0.7 V. Figure 3B showed
that the coulomb yield also increased with the increase of applied voltage. The increase of coulomb
yield was about 40% (changing from 33±1.2 to
45.7±1.1 C) when applied voltage varied from 0.3
to 0.9 V. In addition, the differences in coulomb
yield at different applied voltage means that some
electrons are consumed by (a) mechanism(s) other
than the cathode reaction. Less coulomb achieved at
low applied voltage could be due to part of the organic matter consumed by methane bacteria in the
anodic compartment, as confirmed by the presence
of trace amounts of methane in the nitrogen purge
flow. Many researches have showed that the lower
the applied voltage the more methane generation
and the lower coulomb yield, which resulted from
an increase in methanogens at the increased reaction times [13, 14, 22]. In general, conditions in the
anodic compartment are favorable for the growth of
methanogenesis and it is difficult to avoid proliferation of the methanogenic bacteria when MEC is
operated under non-sterile conditions over long
periods of time, which was also suggested by the
appearance of dark spots of biomass on the walls of

Therefore, double chambered MEC with a
membrane was chosen for all the following experiments. The higher internal resistance can be
compensated with an externally applied voltage.
The pH splitting for the two electrodes was not a
serious problem to biosensors since they operated
in a way that after each batch of test, the solutions
in both chambers were replaced.
Operation of MEC-based biosensor. Each
test was initiated by replacing the anode solution of
MEC with a new sample. Current produced by the
new sample increased rapidly to a maximum within
20 min, then decreased gradually to a background
level as a result of substrate consumed out (Fig. 2).
Either the maximum current or Coulomb was taken
as a measure of the BOD in the sample.
In principle, the current reflected the substrate
oxidation rate; therefore, the area under the curve,
which is the coulomb, should be proportional to
BOD. However, measurement time for maximum
current can be as short as less than 20 min while for
Coulomb the time is about 2 hours.
In order to use maximum current as an indicator of BOD, the curves for different BOD should be
well shaped as the one in Fig. 2 without a translational shoulder.
Optimization of applied voltage. Appropriate external voltage is important for the performance of MEC based biosensor because the amplitude of the voltage affects the current-time profile,
as well as linearity of maximum current with BOD,
in addition to the reaction duration and pH splitting
of the two chambers.
To find out the optimal applied voltage MECtype BOD sensor, a range of voltages between 0.3
and 0.9 V was tested. As shown in Fig.3A, the
maximum current increased with the applied voltage from 2.64±0.15 mA (repeat time n=3) (0.3 V)
to 14.7±0.29 mA (n=3) (0.9 V). When the applied
voltage < 0.7 V, the current shape was not smooth,
thus not suitable for BOD measurement. The result
shows that to enhance current generation an
increasing applied voltage is needed. This increased
applied voltage represents the additional energy that
needs to be supplied at higher current to compensate for the increasing energy losses associated with
the electrode reactions (i.e. overpotential/ polarization) and the ohmic resistance in the system [20].
With reference to the factors that have been identified as the limiting factors in a mediator-less MFC
as discussed elsewhere [21], several factors may affect the current generation of a DMEC, including (i)
substrate oxidation rate of electrochemically active
bacteria in the anode chamber, (ii) electron transfer
from the microbial cells to the anode, (iii) the value
of applied voltage, (iv) proton transfer through the
membrane, and (v) cathode reaction. Since MEC
used in present study was enriched and operated as
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cal values leads to a decreasing microbial activity
and may even cause full deactivation [24]. Second,
an increase of the pH in the cathode chamber reduces the cathode reaction rate that is proportional
to the square of the hydrogen ion concentration according to the hydrogen evolution reaction kinetic
equation. Finally, the occurrence of a pH gradient
leads to a considerable increase of the difference
between the cathodic and anodic potential, which
results in more energy needed to overcome the
overpotential of electrodes. The reason for this is
the involvement of protons in both the anode and
cathode reactions. As most anode reactions are proton liberating processes, the decrease of pH would
lead to a positive shift of the anode potential
according to the Nernst equation. The hydrogen
evolution in cathode on the other hand is proton
consuming process, where the increase of the pH
directly leads to a negative potential shift.
Thus, the suitable range for MEC as a biosensor was determined to be 10-200 mg/L when maximum current taken as an indicator of BOD.

the reactor. This methanogenesis competes with the
electrochemically-active bacteria for substrate,
which decreases the coulomb yield. Furthermore, as
in any microbial process, a few percent of the organic substrate is expected to be consumed by the
microbial consortium for growth and thus lost for
coulomb generation. And this part of the loss is proportional to the operational time. The consumption
of substrate that has nothing to do with coulomb
generation can be avoided as much as possible by
increasing the applied voltage and operating the
reactor under short cycle times [14, 22].
Taken together, voltage in the range 0.7 ± 0.9
V gave satisfactory performance.
MEC biosensor work range with respect to
BOD concentration. To determine the suitable
range for BOD concentration, a series of AWs with
different BOD concentrations ranging from 10 to
400 mg/L was fed into the MEC, and the current
profile and reaction time were measured under a
fixed applied voltage of 0.7 V as shown in Fig. 4.
The maximum current increased with BOD up
to a concentration of 400 mg/L, at which the
maximum current reached a plateau at 14.2 mA.
When BOD was beyond 200 mg/L, a transitional
"shoulder" appeared in the current dropping phase,
which might be due to an accumulation of protons
in the anodic chamber (decrease of pH) and an increase of pH in the cathodic chamber as a result of
slow proton transport rate. At BOD = 400 mg/L, pH
split at the two electrodes to reached 9.5 at cathode
and 6.4 at anode after a complete batch cycle. The
use of membrane results in pH splitting has been reported in many previous literatures [21, 23-26]. The
consequences of pH splitting are severe: first of all,
an increasing deviation of the pH from physiologi-

Linearity and sensitivity of the biosensor.
The current and Coulomb yield responses of MEC
biosensors to variation of BOD were determined
with applied voltage 0.7 V as shown in Fig. 5. In
the range 10-100 mg/L BOD, maximum current
linearly increased with BOD with a correlation
coefficient r2 =0.990 [30] and Coulomb yield was
linear with BOD with a correlation coefficient r 2 =
0.999 in the range 10-400 mg/L BOD. From the fitting curve, the sensitivity was easily determined to
be 0.08105 mA/(mg BOD/L) when current as a
BOD indicator and to be 0.22079 C/(mg BOD/L)
when Coulomb yield as an indicator.

FIGURE 4
Current produced by DMEC varying with time at different BOD concentration. The DMEC was fed
with wastewater diluted to BOD values indicated in the figure, and the current generated was
monitored. The DMEC was operated at pH 7.0, resistance 10 ȍtemperature 35°C,
applied voltage 0.7 V, and N2 was gassed at the rate of 20 mL/min.
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FIGURE 5
Chart A: Relationship between BOD concentration and the maximum current, and coulomb yield from
the DMEC. The DMEC was fed with diluted artificial wastewater diluted to the concentration
indicated in the figure using a basic solution. The DMEC was operated at pH 7.0, temperature 35°C,
resistance 10 ȍ, applied voltage 0.7 V, and N2 was gassed at the rate of 20 mL/min.
(Error bars ± SD are based on triplicate).
Chart B: Coulomb yield produced by DMEC varying with time at different BOD concentration. The
DMEC was fed with wastewater diluted to BOD values indicated in the figure, and the current
generated was monitored. The DMEC was operated at pH 7.0, resistance 10 ȍtemperature 35°C,
applied voltage 0.7 V, and N2 gassing at the rate of 20 mL/min.
TABLE 1
The repeatability of the DMEC-type BOD sensor at different BOD concentrations in form of
I max and Coulomb yield
Repeatability
Indicators

I max

Coulomb yield
a

%2'PJ/-1

Average BODsensor PJ/-1
43.9±5.8a
156.0±17.6
239.1±18.4
52.9±3.6
149.0±9.4
249.5±12.7

50
150
250
50
150
250

Standard deviation
PJ/-1
%
6.1
12.2
6.0
4.0
10.9
4.36
2.9
5.8
1.0
0.7
0.5
0.2

±SD (n=6)

MEC-type BOD biosensor was only affected by
proton supply at high applied voltage.
In addition, the DMEC could achieve 10.88
C/mg BOD (coulomb efficiency about 90.67%), a
value about 2 times as 5.45 C/mg BOD that obtained by a MFC-type BOD sensor [1]. It is probably due to the fact that no coulomb losses are suffered by aerobic microbial conversion of substrate,
as is the case in MFC [28]. In MFCs, oxygen can
diffuse from the aerobic cathodic compartment to
the anaerobic anodic compartment through the
membrane. This problem, however, is circumvented
in MEC as its cathodic compartment is anaerobic as
well. Besides, a shortened reaction time, as a result
of high cathodic reduction rate, also contributed to
the high coulomb yield. The reaction time for a
sample with 200 mg BOD/L (20 mL) was about 2 h
in present study, a value much shorter than 10 h

The DMEC generated a maximum current
density of 0.625 mA/cm2 (with respect to anode
electrode surface area) at a BOD concentration of
200 mg/L, a value that 11 times of that obtained by
Gil et al. [21] and 14 times of that achieved by Kim
et al [1] with MFC-type BOD sensors, though the
solution ionic strengths reported in previous literatures [1, 21] were much higher than this study. It
was also 3 times higher than the maximum current
density obtained by a MFC-type BOD biosensor
with platinum-coated graphite felt cathode electrode at a chemical oxygen demand concentration
of 400 mg/L [27]. The high maximum current density obtained by a MEC-type BOD biosensor probably attributed to the high cathodic reduction efficiency of DMEC. In MFC-type BOD biosensor, cathodic reaction was affected by both proton supply
and oxygen supply, however, cathodic reaction of
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ments was 41.1 C with relative standard deviation
of ±6.8%. A typical BOD sensor based on dissolved
oxygen monitoring has a limited stability due to the
nature of oxygen probes, which has been described
in introduction section. However, a MFC-type BOD
sensor has been reported operating over 5 years
without any maintenances [1]. MEC-type BOD sensor was directly modified from MFC-type BOD
sensor, hence they are similar in nature (including
the sensitive anode microbes) except for the difference in the cathode reaction. Therefore, the operational stability of a MEC-type BOD sensor might
be maintained as long as that of a MFC-type BOD
sensor.

that needed with a MFC-type BOD sensor [1]. The
shortened reaction time reduced the percent of organic substrate consumed by the microbial consortium for growth and methane generation that has
nothing to do with coulomb generation.
The maximum current density and Coulomb
obtained by the MEC-type sensor higher than those
produced by MFC-type ones for a given BOD
concentration indicated that the sensitivity of a
DMEC-type BOD biosensor was higher than that of
a MFC-type one.
Repeatability and stability. The repeatability
of the DMEC-type BOD sensor has been studied by
feeding each AW standard solution of three BOD
concentrations 6 times over 20 h. Relative standard
deviations were less than ±6% (in form of coulomb)
and ±13% (in form of maximum current) (Table 1),
which were below acceptable limit, ±15.4%,
according to Eaton et al. in 5-d BOD test [29].
The stability of the sensor was evaluated by
analyzing AW standard solution (BOD=200 mg/L)
over a period of 12 days at the detecting frequency
of 6 times every day. As shown in Fig.6, the maximum current and coulomb yield remained relatively
stable over the whole testing period. The average
maximum current varied daily between 11.76 and
13.33 mA with relative standard deviation from
±0.7 to ±5.8%, and the average maximum current
calculated from the 72 measurements was 12.43
mA with relative standard deviation of ±5.2% [30].
Meanwhile, the average coulomb yield varied daily
between 39.3 and 43.8 C with relative standard
deviation from ±1.8 to ±10.3%, and the average
coulomb yield calculated from the 72 measure-

CONCLUSIONS
A BOD monitoring system based on MEC has
been demonstrated to be useful for monitoring
BOD. Maximum current and coulomb yield from
the MEC showed good correlation with BOD concentration. As biosensor, the system was sensitive
and able to shorten the measurement time within 10
min, thus can be used for on-line monitoring. Compared to MFC biosensors, MEC sensor did not suffer oxygen leakage problem.
Although glucose-glutamic acid artificial
wastewater was used as the standard solution in the
present study to evaluate the sensor performance,
the MEC sensor system used mixed consortium
originated from anaerobic sludge should also be
able to degrade other kinds of organic matter even
in more complex form.

FIGURE 6
The operational stability of the DMEC-type sensor response (the DMEC was fed with 200 mg/L and
was operated at pH 7.0, temperature 35°C, resistance 10 ȍ, applied voltage 0.7 V, and N2 20 mL/min.
(Error bars ± SD are based on six/6 time measurements).
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SUPPLEMENTARY MATERIALS

(B)

(A)

FIGURE S1
Schematics of the double chambered MEC (A) and membrane-less MEC
(B) with a supplementary power supply (PS)

FIGURE S2
Photograph of the mediator-less double-chamber MFC (DMFC)

(A)

(B)
(C)
FIGURE S3
Photographs of ML-MEC cathode electrode. (A) before use, (B) after 5
cycles, (C) washed with 0.5 mol/L nitric acid solution after 5 cycles.
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6FKRRORI/LIH6FLHQFHDQG(QJLQHHULQJ+DQGDQ8QLYHUVLW\+DQGDQ+HEHL&KLQD
6FKRRORI0HWDOOXUJ\DQG(QYLURQPHQW&HQWUDO6RXWK8QLYHUVLW\&KDQJVKD+XQDQ&KLQD

GHYHORSPHQWRI&KLQHVHJDOOQXWSURFHVVLQJLQGXVWU\
UHVHDUFK DQG GHYHORSPHQW WRZDUG HIILFLHQW DQG
SUDFWLFDO WHFKQRORJLHV IRU WUHDWLQJ WKH ZDVWHZDWHU
SURGXFHG IURP JDOOLF DFLG SURGXFWLRQ LV RI
VLJQLILFDQWLPSRUWDQFHDQGXUJHQF\
7KH UHFRYHU\ RI JDOOLF DFLG FDQ UHGXFH WKH
GLIILFXOW\ RI ZDVWHZDWHU WUHDWPHQW ZKLOH UHF\FOLQJ
WKH YDOXDEOH FRPSRQHQWV ZKLFK ZDV RI LPSRUWDQW
VLJQLILFDQFH RQ ERWK HQYLURQPHQWDO SURWHFWLRQ DQG
HFRQRPLFEHQHILW,QRXUSUHOLPLQDU\ZRUNPHWK\O
LVREXW\O NHWRQH HWK\O DFHWDWH EXWDQRO DQG WULEXW\O
SKRVSKDWH 7%3 NHURVHQH>@ZHUHVWXGLHGIRUWKH
VHSDUDWLRQ RI JDOOLF DFLG IURP DFWXDO SURGXFWLRQ
ZDVWHZDWHU DQG ZH IRXQG 7%3 NHURVHQH >@
ZRUNHG EHVW ZKLFK KDG WKH DGYDQWDJHV RI KLJK
H[WUDFWLRQ\LHOGJRRGVHOHFWLYLW\IDVWSKDVHVHSDUDWLRQ DQG ODUJH ORDGLQJ FDSDFLW\ EXW WKH VWULSSLQJ
EHKDYLRU ZKLFK ZDV DOVR YHU\ LPSRUWDQW ZDV QRW
UHSRUWHG
7KH VROXELOLW\RIJDOOLFDFLG ZDVRQO\Jā/
& >@ZKLOHVRGLXPJDOODWHKDGJUHDWVROX
ELOLW\LQZDWHUDQGGRQ WGLVVROYHLQRUJDQLFVROYHQW
7KXV E\ WKH DGGLQJ DONDOLQH PDWHULDOV JDOOLF DFLG
ORDGHG LQ WKH 7%3NHURVHQH ZRXOG FKDQJH LQWR
VRGLXPJDOODWHDQGVWULSSHGLQWRWKHDTXHRXVSKDVH
VRDVWREHUHFRYHUHG1D2+ZDVWKHPRVWFRPPRQ
S+ UHJXODWLRQ DJHQW ZKLFK KDV WKH DGYDQWDJHV RI
ORZSULFHHDV\WRREWDLQDQGFRQYHQLHQWWRVWRUDJH
,Q WKLV SDSHU H[SHULPHQWV ZHUH FDUULHG RXW RQ WKH
VWULSSLQJ EHKDYLRU IURP ORDGHG RUJDQLF SKDVH ZDV
LQYHVWLJDWHG7KHFRPSRVLWLRQRIWKH7%3NHURVHQH
ZDV7%3DQGNHURVHQH7KHEHVWVWULSSLQJ
FRQGLWLRQV ZHUH GHWHUPLQHG DQG WKH VWXG\ RI SLORW
VFDOHFRQWLQXRXVWZRVWDJHFRXQWHUFXUUHQWVWULSSLQJ
ZDVSURFHHGHGLGHDOUHFRYHU\HIIHFWZDVJDLQHG

ABSTRACT
7KHVWULSSLQJRIJDOOLFDFLGIURPORDGHGVROYHQW
WULEXW\O SKRVSKDWH 7%3 NHURVHQH ZDV FDUULHG RXW
ZLWK 1D2+ DV VWULSSDQW 7KH HIIHFW RI HTXLOLEULXP
WLPHWHPSHUDWXUHSKDVHUDWLRDQGWKHDPRXQWRIDONDOL ZHUH LQYHVWLJDWHG DOVR WKH VWULSSLQJ LVRWKHUP
DQGWKHWKHRUHWLFDOVWULSSLQJVWDJHVZDVGHWHUPLQHG
DQG WZRVWDJH FRQWLQXRXV FRXQWHUFXUUHQW VWULSSLQJ
ZDVFDUULHGRXW7KHUHVXOWVVKRZHGWKDW1D2+ZDV
D VXLWDEOH DJHQW IRU WKH UHFRYHU\ JDOOLF DFLG IURP
ORDGHG RUJDQLF SKDVH V ZDV HQRXJK IRU WKH
VWULSSLQJ HTXLOLEULXP WKH VWULSSLQJ \LHOG LQFUHDVHG
ZLWKWKHLQFUHDVHRIWHPSHUDWXUHDQGWKHWKHRUHWLFDO
VWULSSLQJ VWDJHV ZDV WZR ,Q WKH FRQWLQXRXV WZR
VWDJH FRXQWHUFXUUHQW VWULSSLQJ SURFHVV WKH JDOOLF
DFLGFRQFHQWUDWLRQLQWKHVWULSOLTXRUZDVKLJKHUWKDQ
 J/ ZKLFK FRXOG SURGXFH JDOOLF DFLG E\
DFLGLILFDWLRQGLUHFWO\RUXVHGDVUDZPDWHULDOLQWKH
DONDOLQHK\GURO\VLVSURFHVV
.(<:25'6
H[WUDFWLRQ VWULSSLQJ WKHRUHWLFDO VWULSSLQJ VWDJH JDOOLF
DFLG WULEXW\O SKRVSKDWHNHURVHQH &KLQHVH QXWJDOO SUR
FHVVLQJZDVWHZDWHU

INTRODUCTION
*DOOLFDFLGDQDWXUDOO\RFFXUULQJSODQWSKHQRO
ZLWKDQWLR[LGDWLYHDFWLYLW\DQWLLQIODPPDWRU\DQWL
PXWDJHQLF DFWLYLW\ DQWLIUHH UDGLFDO DQG RWKHU ELR
ORJLFDODFWLYLWLHV>@KDYHEHHQXVHGIRUWUHDWLQJ D YDULHW\ RI GLVHDVHV > @ ZKLFK KDV FDXVHG
ZLGHVSUHDG FRQFHUQ *HQHUDOO\ PDQXIDFWXUHUV XVH
WKHDONDOLK\GURO\VLVSURFHVVWRSURGXFHJDOOLFDFLG
ZLWK&KLQHVHQXWJDOODVWKHUDZPDWHULDO>@
7KHZDVWHZDWHUSURGXFHGE\DONDOLQHK\GURO\VLVSURFHVVFRQWDLQVDFHUWDLQDPRXQWRIJDOOLFDFLG
FKURPDH[FHVV+&ODQG1D&OSURGXFHGGXULQJWKH
QHXWUDOL]DWLRQ UHDFWLRQ >@ 7KH SROOXWDQW FRPSRVL
WLRQZDVFRPSOLFDWHGZLWKSRRUELRGHJUDGDELOLW\DQG
ZDVGLIILFXOWWRPDQDJHIRUVDIHGLVFKDUJH8QWLOWRGD\WKHZDVWHZDWHULVXVXDOO\QHXWUDOL]HGEHIRUHGLVFKDUJH >@ WKH ZDVWHZDWHU FDQ VHULRXVO\ GDPDJH
WKH ORFDO HFRORJLFDO HQYLURQPHQW 7KH SUREOHP RI
VHYHUH HQYLURQPHQWDO SROOXWLRQ LV KLQGHULQJ WKH

EXPERIMENTAL SECTION
5HDJHQWV 7%3 NHURVHQH JDOOLF DFLG +&O
1D2+SKRVSKRULFDFLGDQGPHWKDQROZHUHRIDQD
O\WLFDOJUDGH*DOOLFDFLGVWDQGDUGZDVSURYLGHGE\
WKH &KLQD 3KDUPDFHXWLFDODQG%LRORJLFDO 3URGXFWV
7KH DFWXDO JDOOLF DFLG SURFHVVLQJ ZDVWHZDWHU ZDV
REWDLQHGIURPDELRWHFKQRORJ\FRPSDQ\LQ+XDLKXD
+XQDQ3URYLQFH&KLQD
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%HFDXVH WKH VWULSSLQJ \LHOG ZDV  E\ RQH
VWDJH VWULSSLQJ ZKHQ WKH SKDVH UDWLR ZDV  WKH
VLPXODWHG PXOWLVWDJH VWULSSLQJ SURFHVV ZDV QRW
VWXGLHG

$QDO\VLV PHWKRGV +LJKSHUIRUPDQFH OLTXLG
FKURPDWRJUDSK\ +3/&  ZDV XVHG WR DQDO\]H WKH
JDOOLFDFLGFRQFHQWUDWLRQVLQWKHDTXHRXVSKDVH>
 @ 0HDQZKLOH WKH VWULSSLQJ \LHOG DQG WKH
GLVWULEXWLRQUDWLR '  ZHUH FDOFXODWHGE\(TDQG
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:KHUH &R UHSUHVHQWV WKH JDOOLF DFLG LQ WKH RULJLQDO
RUJDQLFSKDVHDQG&R¶UHSUHVHQWVWKHJDOOLFDFLGLQWKH
DTXHRXVSKDVHDIWHUVWULSSLQJ
6FKHPDWLF 'LDJUDP 7KH H[SHULPHQWV ZHUH
FDUULHG RXW LQ VHSDUDWRU\ IXQQHOV H[FHSW WZRVWDJH
FRQWLQXRXV FRXQWHUFXUUHQW VWULSSLQJ WKH IUHTXHQF\
RI WKH RVFLOODWRU ZDV VHW DW  PLQ DQG WKH
WHPSHUDWXUH ZDV FRQWUROOHG DW  . H[FHSW WKH
H[SHULPHQW RI WKH HIIHFW RI WHPSHUDWXUH 7KH IORZ
FKDUWRIWKHWZRVWDJHFRXQWHUFXUUHQWVWULSSLQJSURFHVVZDVVKRZQLQ)LJXUHWKHVL]HRIWKHSLORWVFDOH
VWULSSLQJWDQNZDV/î:î+PP

FIGURE 2
The equilibration time for the stripping of
gallic acid

FIGURE 3
The effect of temperature on the stripping of
gallic acid
7KH(IIHFWRI7HPSHUDWXUHRQ7KH6WULSSLQJ
(TXLOLEULXP7KHFKDQJHVRIWKHVWULSSLQJ\LHOGDQG
WKHGLVWULEXWLRQUDWLRZHUHVWXGLHGRYHUWKHWHPSHUDWXUH UDQJH  . WKH UHVXOWV ZHUH VKRZQ LQ
)LJXUH
7KH VWULSSLQJ \LHOG LQFUHDVHGE\ ZKLOH
WKH GLVWULEXWLRQ UDWLR GHFUHDVHG E\  ZKHQ WKH
WHPSHUDWXUH LQFUHDVHG IURP  . WR  . 7KH
FKDQJH RI WKH VWULSSLQJ \LHOG DQG GLVWULEXWLRQ UDWLR
ZDV GLIIHUHQW LQ WKH H[WUDFWLRQ SURFHVV FRPSDULQJ
ZLWK LQ WKH VWULSSLQJ SURFHVV >@ ZKLFK ZDV EHFDXVHWKHWUDQVIHUGLUHFWLRQRIJDOOLFDFLGZDVRSSRVLWHLQWKHH[WUDFWLRQSURFHVVDQGWKHVWULSSLQJSURFHVV7KHFKDQJHRIWKHVWULSSLQJ\LHOGDQGGLVWULEXWLRQZHUHOHVVWKDQDQGZKHQWKHWHPSHUDWXUHZDVLQWKHUDQJH.WKXVWKHHIIHFWRI
WHPSHUDWXUHFRXOGEHLJQRUHG

FIGURE 1
Flow chart of two-stage countercurrent
stripping

RESULTS AND DISCUSSION
7KH(IIHFWRI7LPH RQ7KH6WULSSLQJ(TXL
OLEULXPPROā/1D2+ZDVXVHGDVVWULSSDQWIRU
WKH UHFRYHU\ RI JDOOLF DFLG IURP ORDGHG
7%3NHURVHQHWKHUHVXOWVZHUHVKRZQLQ)LJXUH
7KH VWULSSLQJ UHDFWLRQ UHDFKHG HTXLOLEULXP DW
DERXWVZKHQWKHSKDVHUDWLRZDVZKLFKZDV
IDVW LQGLFDWLQJ WKDW JDOOLF DFLG VHSDUDWHG IURP WKH
ELQGLQJVLWHVTXLFNO\7KHH[WUDFWLRQUHDFWLRQGLGQRW
UHDFKHTXLOLEULXPXQWLOPLQ>@ZKLFKZDVPXFK
VORZHUWKDQWKHVWULSSLQJUHDFWLRQ7KHVWULSSLQJWLPH
ZDV VHW DW  PLQ IRU VXEVHTXHQW H[SHULPHQWV

7KH(IIHFWRI3KDVH5DWLRRQ7KH6WULSSLQJ
(TXLOLEULXP7KHSKDVHUDWLRYDULHGIURP WR
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E\FKDQJLQJWKHYROXPHRIWKHRUJDQLFSKDVH
DQGWKH DTXHRXVSKDVHWKH FKDQJH RIWKH VWULSSLQJ
\LHOGDQGJDOOLFDFLGFRQFHQWUDWLRQVLQWKHVWULSOLTXRU
ZHUHVWXGLHGWKHUHVXOWVZHUHVKRZQLQ)LJXUH
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:KHQ WKH DPRXQW RI 1D2+ DQG JDOOLF DFLG ZDV
EHWZHHQDQGS+RIWKHVWULSOLTXRUZDVLQ
WKH UDQJH  WKH VWULSSLQJ \LHOG ZDV KLJKHU WKDQ
ZKLFKLQGLFDWHGWKDWWKHPDMRULW\RIJDOOLFDFLG
FRXOGEHUHFRYHUHGZLWKLQDZLGHS+UDQJH
$VIRUWKHVWULSSLQJRIWKHORDGHGRUJDQLFSKDVH
H[WUDFWHGIURPDFWXDOZDVWHZDWHUWKHVWULSSLQJ\LHOG
ZDVWKHKLJKHVWZKHQWKHDPRXQWRI1D2+DQGJDOOLF
DFLGZDVZKLFKZDVSRVVLEO\FDXVHGE\WKH
FRQVXPSWLRQ RI 1D2+ E\ RWKHU DFLGLF VXEVWDQFHV
VXFK DV +&O >@ ZKLFK ZRXOG EH ORDGHG LQWR WKH
H[WUDFWDQWGXULQJH[WUDFWLRQ

FIGURE 4
The effect of phase ratio on the stripping of
gallic acid (Va: volume of the aqueous phase;
Vo: volume of the organic phase)

FIGURE 6
Stripping isotherm and the determination of
theoretical stripping stages
7KH 6WULSSLQJ ,VRWKHUP DQG 7KHRUHWLFDO
6WULSSLQJ6WDJHV7KHVWULSSLQJLVRWKHUPZDVGHWHUPLQHGXVLQJVLPXODWHGZDVWHZDWHU7KHSKDVHUDWLR
ZDV0F&DEH7KLHOHPHWKRGZDVXVHGWRDQDO\]H
WKHWKHRUHWLFDOVWULSSLQJVWDJHVUHTXLUHG>@
7KHUH ZDV D VLJQLILFDQW SRVLWLYH OLQHDU
FRUUHODWLRQEHWZHHQWKHJDOOLFDFLGFRQFHQWUDWLRQLQ
WKH RUJDQLF SKDVH DQG WKH DTXHRXV SKDVH
\  [ 5  ,QWKHVWULSSLQJSUR
FHVVWKHJDOOLFDFLGUHPDLQHGLQWKHH[WUDFWHQWDIWHU
VWULSSLQJ FRXOG EH LQIHUUHG WKURXJK WKH DQDO\VLV RI
WKHJDOOLFDFLGLQWKHVWULSOLTXRU
:KHQ WKH SKDVH UDWLR ZDV  WKH QXPEHU RI
WKH VWHSV ZDV WZR DV VKRZQ LQ )LJXUH  WKXV WKH
WKHRUHWLFDOVWDJHVZDVWZRZKLFKLQGLFDWHGWKDWGHVLUHG UHVXOW FRXOG EH REWDLQHG E\ WZRVWDJH FRXQ
WHUFXUUHQWVWULSSLQJ

FIGURE 5
The effect of gallic acid: NaOH on the
stripping of gallic acid
7KHVWULSSLQJ\LHOGGHFUHDVHGDQGWKHGLVWULEX
WLRQUDWLRLQFUHDVHGZLWKWKHLQFUHDVHRIWKHSKDVHUDWLRDVVKRZQLQ)LJXUH:KHQWKHSKDVHUDWLRZDV
WKHVWULSSLQJ\LHOGZDVVWLOOXSWRDQG
WKHJDOOLFDFLGFRQFHQWUDWLRQLQWKHVWULSOLTXRUZDV
J/ZKLFKZDVDERXWWLPHVFRPSDULQJ
ZLWKWKHJDOOLFDFLGFRQFHQWUDWLRQLQWKHZDVWHZDWHU
SURGXFHGE\WKHDONDOLQH K\GURO\VLVSURFHVV:KHQ
DSSOLHG LQ WKH DFWXDO SURGXFWLRQ SURFHVV WKH WRWDO
VWULSSLQJ\LHOGFRXOGEHIXUWKHULPSURYHGE\WKHLQFUHDVH RI WKH VWULSSLQJ VWDJHV DQG WKH VWULS OLTXRU
FRQWDLQLQJKLJKHUJDOOLFDFLGFRQFHQWUDWLRQFRXOGEH
JDLQHG

6WXG\ RI 7KH &RQWLQXRXV 7ZR6WDJH
&RXQWHUFXUUHQW 6WULSSLQJ 3URFHVV 7ZRVWDJH
FRXQWHUFXUUHQW VWULSSLQJ RI JDOOLF DFLG ZDV FDUULHG
RXW DW URRP WHPSHUDWXUH ,Q RUGHU WR REWDLQ VWULS
OLTXRUFRQWDLQLQJKLJKJDOOLFDFLGFRQFHQWUDWLRQWKH
IORZUDWHRIWKHRUJDQLFSKDVHDQGDTXHRXVSKDVHZDV
FRQWUROOHGE\6LQFHWKHGLIIHUHQFHEHWZHHQWKH
YHORFLWLHVRIRUJDQLFSKDVHDQGDTXHRXVSKDVH ZDV
ODUJHWKHDTXHRXVSKDVHZDVUHIOX[HGIURPWKHRXWOHW
RIWKHFODULILFDWLRQFKDPEHUWRWKHDJLWDWLRQWDQNLQ
WKHVDPHVWDJHLQRUGHUWRLQFUHDVHWKHFRQWDFWWLPH

7KH (IIHFW RI *DOOLF $FLG 1D2+ RQ WKH
6WULSSLQJ(TXLOLEULXP:KHQWKHDPRXQWRI1D2+
DGGHG DQG JDOOLF DFLG ZDV   WKH VWULSSLQJ \LHOG
ZDV  DQG S+ RI WKH VWULS OLTXRU ZDV 
GHPRQVWUDWLQJWKH VWULSSLQJUHDFWLRQ ZDVFRPSOHWH
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RUJDQLF SKDVH DIWHU VWULSSLQJ LQFUHDVHG ZLWK WKH
LQFUHDVH RI WKH JDOOLF DFLG FRQFHQWUDWLRQ LQ WKH
DTXHRXVSKDVH7KHDSSURSULDWHVWULSSLQJVWDJHVZDV
WZRE\WZRVWDJHFRXQWHUFXUUHQWVWULSSLQJWKHJDOOLF
DFLGFRQWDLQHGLQWKHVWULSOLTXRUZDVKLJKHUWKDQ
J/ ZKLFK FRXOG EH GLUHFWO\ DFLGLILHG IRU
SURGXFLQJ JDOOLFDFLGRU UHWXUQHGWRWKHSURGXFWLRQ
SURFHVV
,QFRQFOXVLRQWKHSURFHVVIRUUHFRYHULQJJDOOLF
DFLGIURPORDGHG7%3NHURVHQHZDVVLPSOHHDV\IRU
DXWRPDWHUXQQLQJDQGFRXOGUXQFRQWLQXRXVO\ZKLFK
KDVEURDGDSSOLFDWLRQSURVSHFWVDQGFRXOGEHDSSOLHG
IRUWKHLQGXVWULDOVFDOHUHFRYHU\RIJDOOLFDFLGIURP
&KLQHVHJDOOQXWSURFHVVLQJZDVWHZDWHU

RI WKH RUJDQLF SKDVH DQG WKH DTXHRXV SKDVH 7KH
1D2+FRQFHQWUDWLRQZDVDQGWKHS+RIHDFK
VWDJH ZDV FRQWUROOHG DW DERXW S+  WKH JDOOLF DFLG
OHYHOVDQGS+RIWKHDTXHRXVSKDVHLQHDFKVWDJHZDV
PHDVXUHGWKHUHVXOWVZHUHVKRZQLQ)LJXUH

ACKNOWLEDGEMENTS
7KLVVWXG\ZDVVXSSRUWHGE\WKH6WUDWHJLF3UR
MHFWRI6FLHQFHDQG7HFKQRORJ\RI+XQDQ3URYLQFH
&KLQD>*UDQW1R*.@7KHDXWKRUVZRXOG
OLNHWRWKDQNWKHPHPEHUVRIWKH5HVHDUFK*URXSIRU
([WUDFWLRQ DQG 6HSDUDWLRQ &KHPLVWU\ ZKR FR
RSHUDWHGZLWKWKHSUHVHQWVWXG\

FIGURE 7
Results of continuous two-stage
countercurrent stripping
7KHJDOOLFDFLGLQWKHHIIOXHQWRIWKHWZRVWDJH
VWULSSLQJ ZDV J/ ZKLFK FRXOG EH GLUHFWO\
FU\VWDOOL]HGE\DFLGLILFDWLRQWRSURGXFHJDOOLFDFLGRU
UHWXUQHGWRWKHDONDOLK\GURO\VLVSURFHVV7KHJDOOLF
DFLG LQ WKH HIIOXHQW RI RQHVWDJH VWULSSLQJ ZDV OHVV
WKDQJ/7KURXJKWKHVWULSSLQJLVRWKHUPZH
FRXOGFDOFXODWHRXWWKDWWKHJDOOLFDFLGFRQFHQWUDWLRQ
UHPDLQHG LQ WKH RUJDQLF SKDVH DIWHU VWULSSLQJ ZDV
OHVVWKDQJ/ZKLFKZDVYHU\ORZ7KHJDOOLF
DFLG FRQFHQWUDWLRQ UHPDLQHG LQ WKH RUJDQLF SKDVH
FRXOG EH IXUWKHU UHGXFHG E\ DGGLQJ WKH VWULSSLQJ
VWDJHVLIQHFHVVDU\6LQFHWKHH[WUDFWLRQDQGVWULSSLQJ
GHYLFHV ZHUHFRQQHFWHGDVDFORVHGORRSF\FOH DQG
RSHUDWHG FRQWLQXRXVO\ WKH ORDGHG RUJDQLF SKDVH
ZRXOGUHHQWHUWKHH[WUDFWLRQWDQNDIWHUVWULSSLQJZH
IRXQGWKDWDIWHUVWULSSLQJWKHORZOHYHOVRIJDOOLFDFLG
UHPDLQHGLQWKHRUJDQLFSKDVHKDGQRHIIHFWRQWKH
H[WUDFWLRQ SURFHVV ZKLFK LQGLFDWHG WKDW WKH WZR
VWDJH VWULSSLQJ SURFHVV ZDV VWDEOH DQG VXLWDEOH IRU
WKH UHFRYHU\ RI JDOOLF DFLG IURP WKH ORDGHG 7%3
NHURVHQH
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EFFECTS OF ENVIRONMENTAL AND STORAGE
CONDITIONS ON THE GERMINATION OF ALLIUM
SPECIES
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phenols and steroidal saponins. Additionally, some
members are economically important or cultivated
as ornamentals [3]. The three Allium species used in
our study prefer to grow among limestone rocks and
stones or in alpine meadows and flower from July to
September [4].
Seed dormancy is a complicated feature of
plants that aids in the avoidance of severe climate
conditions; many seeds are dormant at maturity [5,
6,7]. Dormancy is likely controlled by environmental factors [8], and in alpine habitats, dormancy helps
new seedlings to avoid freezing winter temperatures
[9, 10]. After standing for a winter, a dormant seed
will germinate in the next season and continue growing. Otherwise, seeds are unable to germinate the
following spring, and they will enter the soil seed
bank and wait for suitable conditions [11, 12]. The
form of dormancy that continues in the seed bank is
known as secondary dormancy [13] formerly.
If a non-dormant seed does not germinate in
autumn due to unfavourable climatic conditions, it
can enter secondary dormancy and wait for the next
season [14, 15, 5]. Dormancy can be broken by cold
and wet stratification in laboratory and/or natural
habitats. Furthermore, if the cold and wet conditions
continue longer, the seed can germinate more easily
and break dormancy [5]. GA3 can experimentally be
replaced by cold wet stratification in most situations,
ZKLFKOLNHO\FDXVHVDQLQFUHDVHLQWKHVHHG¶VLQWHUQDO
GA3 content [16].
One important method for the conservation of
plant biodiversity is to preserve rare or endemic plant
seeds [17]. Some inhabitants of alpine plant
communities may become extinct or rare [18] or may
even vanish from mountains if their remaining
habitats are lost [19]. Germplasm conservation of
wild species with orthodox seeds through long term
storage will only be truly effective if the germination
processes of dormant seeds are also understood [20].
Ex situ conservation implications for rare and/or
threatened plants are based on knowing germinationpromoting applications [20, 21] although in situ
protection is preferred [20, 21].
Germination requirements of native species,
particularly for endemic or rare species, are very im-

ABSTRACT
In this study, we assessed the germination
responses of Allium flavum var minus, Allium guttatum subsp guttatum, and Allium olympicum seeds to
various treatments. Moist chilling, room and soil
storage, GA3 treatment and scarification were tested
at three different temperatures (20/10, 15/10, 25/15
°C), four different durations (0, 3, 6 and 9 months)
and under two light regimes (photoperiod/darkness)
to assess the rates of breaking dormancy. All three
Allium species reached the highest germination
percentages after moist chilling. A. guttatum reached
the highest germination after 9 months of moist
chilling (80.00 %), 9 months of room storage (22.25
%) and 6 months of soil storage (54.75 %). A. guttatum, compared to the other species, also responded
best to GA3 and scarification. A. flavum was best
germinated after moist chilling for 9 months (78.00
%), germinated at a rate of 20.00 % after 3 months
of room storage, and exhibited lower germination
than the control with soil storage. A. guttatum and A.
flavum germinated after scarification at rates of
27.00 % and 24.00 %, but scarification was not
successful on A. olympicum. A. olympicum
responded only to moist chilling, and the other
treatments were not successful at breaking the
dormancy of this species. We suggest that all three
species have physiological dormancy that may be
exhibited at different levels.

KEYWORDS:
Allium flavum, Allium guttatum, Allium olympicum, seed
dormancy, germination

INTRODUCTION
Allium is a highly variable and taxonomically
difficult genus within the family Amaryllidaceae,
and its species are widely distributed throughout the
northern hemisphere [1] In Turkey, there are 190
Allium taxa, and 67 of which are endemic [2]. Many
Allium species are used for food, spices and herbal
remedies. The genus contains sulphur compounds,
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end of this period, seeds were incubated under three
different temperature regimes and two light regimes.
Seeds were stored in paper bags at room
conditions for 3, 6 and 9 months, and at the end of
the storage period were sown in petri dishes and
incubated with three different temperature regimes
and two light regimes.
At the start of October in 2013, seeds were
packed into 6 cm x 6 cm fine weaved cotton fabrics
(25 seeds per packet) and tied with cotton rope. They
were buried at 5 cm deep in pots filled with a soil
mixture of 2/3 loam and 1/3 sand, with drainage
holes at the bottom. Pots were placed outdoors at the
Gemlik campus of Uluda÷ University. After standing for 3, 6 and 9 months in the soil, the packets were
removed from the pots, sown in petri dishes and
incubated under three temperature regimes and two
light regimes. A data logger was used to monitor the
outside temperature.

portant for effective plant conservation [17]. Research on wild Allium germination is scarce and covers very few species. In a study on Allium species
of Kazakhstan, lower temperatures promoted
germination and scarification reduced dormancy
[23]. Studies on the germination of Allium species
were included; germination of A. stracheyi seeds
[24], storage of 94 Allium species in a gene bank [25]
and germination of A. hirsutum from Iran [26]. The
seeds of the three Allium species used in this study
were dormant, and their germination strategies have
not been previously studied. Allium guttatum Steven
subsp. guttatum, Allium flavum L. var minus Boiss.,
and Allium olympicum Boiss. grow on Mount
Uluda÷, Turkey. A. flavum is an endemic species.
Aims of the study were to assess the type of dormancy exhibited by the selected Allium species and
to determine the germination responses to different
environmental factors such as temperature, moist
chilling, and light regime, storage in soil and room
conditions. It also aimed to determine responses to
GA3 as a stimulant, of the three Allium species from
Mount Uluda÷.

Scarification and responses to GA3. Scarification of the testa was achieved by soaking the seeds
in 80 % H2SO4 for 10 minutes. Seeds were then
washed in running tap water, sown according to the
procedure mentioned above, and incubated at 15/10
°C (darkness/photoperiod). GA3 was applied as a 24hours pre-treatment. GA3 was applied in
concentrations of 250, 500 and 1000 ppm, and
distilled water was used for controls.

MATERIALS AND METHODS
Seed material. Seeds of three Allium species
were collected from the alpine site of Mount Uludag
in September 2013. Seeds were taken from their capsules, air dried for a week after collection, and stored
until the experiments were started. Experiments
were initiated one month after storage.

Statistical Comparisons. Final germination
(arcsine transformed) was analysed by three-way
ANOVA separately for each of the three species. All
tests were carried out at a significance level of 0.05
using SPSS ver 22 for Windows.

Seed germination. Sterile, plastic, 9-cm petri
dishes were used for seed germination. Surfaces
were sterilized using a 5 % Sodium hypochlorite
solution for 3 minutes, and seeds were rinsed with
tap water [27]. Seeds were placed on a sterilized
Whatman no. 1 filter paper moistened with 4 ml of
distilled water or GA3 solution. K-salt of GA3 was
used for the hormone treatments. To reduce evaporation, petri dishes were wrapped with stretch film during photoperiods and with aluminium foil for dark
incubations. We tested three different temperature
regimes for germination experiments: 20/10 °C,
25/15 °C and 15/10 °C (darkness/photoperiod).
Seeds were considered germinated when the radicle
emerged from the testa. Germination was recorded
for 70 days, and the germinated seeds were removed.
Four replications of 25 seeds per petri dish were
used.

RESULTS
A. flavum. Moist chilling duration, incubation
temperature and light significantly influenced seed
germination in A. flavum (Table 1). The effects of the
interactions of all three factors were also significant,
except for duration and incubation temperature
interactions in A. flavum (Table 1). A. flavum seeds
preferred to germinate in darkness than in the
photoperiod (Table 2). Among the control treatments, only 15/10 °C resulted in germination (11.00
± 00.00) for darkness-incubated A. flavum seeds.
Additionally, the highest germination percentage
was found after 9 months of moist chilling and
incubation at 15/10 °C in darkness (78.00± 03.31).
The other incubation temperatures resulted in more
or less the same levels between the darkness durations (Table 2). The photoperiod-incubated seeds
reached a maximum of 62.75 ± 18.28 percent after 6
months of chilling at 20/10 °C.

Effects of moist chilling, room storage and
storage in soil. Seeds were kept at +4°C in petri
dishes after sowing for moist chilling. The samples
were stored for 3, 6 and 9 months in a fridge. At the
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TABLE 1
Three way analysis of variance results of the effects of duration, incubation temperature and Light regime
and GA3, incubation temperature and Light regime on three Allium species germination.
Factor
Moist chilling
Duration (A)
Incubation temperature (B)
Light (C)
interaction A x B
interaction B x C
interaction A x C
interaction A x B x C
Error
Room storage
Duration (A)
Incubation temperature (B)
Light (C)
interaction A x B
interaction B x C
interaction A x C
interaction A x B x C
Error
Soil storage
Duration (A)
Incubation temperature (B)
Light (C)
interaction A x B
interaction B x C
interaction A x C
interaction A x B x C
Error
GA3
GA3 (A)
Incubation temperature (B)
Light (C)
interaction A x B
interaction B x C
interaction A x C
interaction A x B x C
Error

df
3
2
1
6
2
3
6
df
3
2
1
6
2
3
6
72
df
3
2
1
6
2
3
6
72
df
3
2
1
6
2
3
6
72

A. flavum
F
121.329 ***
3.938 *
23.866 ***
1.343 ns
19.432 ***
3.065 *
2.260 *
F
21.064 ***
5.708 **
23.528 ***
19.956 ***
23.139 ***
31.004 ***
8.218 ***

Germination Percentage
A. guttatum
F
203.534 ***
2.851 ns
10.797***
10.942***
15.548 ***
4.391 **
7.202 ***
72
F
54.848 ***
12.105 ***
14.235 ***
37.504 ***
15.583 ***
1.646 ns
9.586 ***

A. olympicum
F
169.570 ***
13.775 ***
4.770 *
2.687 *
24.404 ***
6.252 **
6.735 ***
F
32.599 ***
14.036 ***
0.061 ns
12.702 ***
1.714 ns
0.879 ns
4.932 ***

F
6.479 **
11.136 ***
0.036 ns
20.928 ***
4.368 *
0.042 ns
7.303 ***

F
47.258 ***
7.120 **
6.878 **
2.335 *
1.297 ns
7.032 ***
3.804 *

F
37.760 ***
18.322 ***
0.139 ns
8.362 ***
0.191 ns
4.164 *
2.870 *

F
4.032*
120.296***
74.948***
1.533 ns
73.789***
1.322 ns
20.748***

F
22.496***
27.248***
1.605 ns
5.170***
11.563***
5.740***
8.401***

F
2.651 ns
15.553***
4.613*
4.039*
3.835*
4.125*
7.914***

*P<0.05, ** P<0.01, ***P<0.001, ns no significant difference.

5). GA3 treatment was ineffective at 25/15 °C and
20/10 °C. However, germination was slightly
stimulated at 500 ppm GA3 incubated at 15/10 °C in
darkness (18.75± 04.21, Table 5).

Storage at room temperature also stimulated
germination slightly after 3 months in A. flavum
seeds. Germination reached 20.00± 04.42 percent in
20/10 °C in darkness. The room storage duration, the
incubation temperature and light significantly influenced A. flavum seed germination (Table 1). The effect of the interactions between all three factors was
also significant (Table 1).
The mean monthly outside temperature was
given in Figure 1. Storage in soil did not stimulate A.
flavum germination, except in the case of storage for
6 months, where the germination reached
09.25±03.31 percent at 25/15 °C in darkness (Table
2). The soil storage duration and the incubation
temperature significantly influenced A. flavum seed
germination (Table 1). The effect of the interactions
of all the three factors was also significant, except
for the interaction between the soil storage duration
and the incubation temperature (Table 1).
Scarification resulted in 24.00 percent germination in darkness-incubated A. flavum seeds (Table

A. guttatum. Moist chilling duration and light
significantly influenced A. guttatum seed germination (Table 1). The effects of the interactions of all
three factors were also significant (Table 1). The
highest germination percentages occurred in photoperiod-incubated A. guttatum seeds, mainly with
moist chilling and soil treatments. In general, the
germination percentage increased with the duration
of moist chilling treatment (Table 3). Moist chilling
for 3 and 6 months stimulated germination and
changed the dormant status of the seeds. The highest
germination percentages were observed for seeds
chilled for 6 months at 15/10 °C and incubated in
darkness (73.25 ± 11.32 percent) and for seeds
chilled for 9 months at 25/15 °C and incubated in
darkness (80.00 ±04.42 percent).
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TABLE 2
Effects of moist chilling, room and soil storage on the germination percentage of A. flavum at three
different temperatures (Means ± SE) m. month
Moist chilling
20/10 °C

15/10 °C

25/15 °C

Room storage
20/10 °C

15/10 °C

25/15 °C

Soil storage
20/10 °C

15/10 °C

25/15 °C

Duration
0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

Darkness
00.00 ± 00.00
51.00 ± 06.37
46.00±00.00
52.00±06.48
11.00±00.00
72.25±08.75
68.00±08.96
78.00±03.31
00.00±00.00
38.75±01.70
51.00±02.91
50.75±04.00

Photoperiod
00.00±00.00
27.50±07.80
62.75±09.14
53.00±07.11
00.00±00.00
34.25±03.09
30.50±04.92
42.70±10.05
00.00±00.00
35.25±09.45
50.00±04.04
52.50±01.66

0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

00.00±00.00
20.00±04.42
00.00±00.00
01.00±00.58
11.00±00.00
11.00±00.00
00.00±00.00
00.00±00.00
00.00±00.00
00.00±00.00
00.00±00.00
01.00±00.58

00.00±00.00
02.25±01.03
00.00±00.00
02.00±00.00
00.00±00.00
01.00±01.15
00.00±00.00
01.00±00.58
00.00±00.00
00.00±00.00
04.50±02.51
05.50±02.02

0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

00.00±00.00
04.50±01.66
00.00±0.00
01.75±01.18
11.00±00.00
02.50±01.45
01.75±01.75
01.00±01.15
00.00±00.00
01.50±0.05
09.25±03.30
01.00±00.58

00.00±00.00
03.50±00.87
06.50±00.96
01.00±00.58
11.00±00.00
03.00±01.23
03.00±01.23
01.00±00.58
00.00±00.00
02.25±01.03
05.00±00.05
01.50±01.05

FIGURE 1
Mean monthly temperature of the Gemlik campus of Uluda÷ University during the experimental period
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TABLE 5
Germination percentages of scarified and 15/10 °C incubated seeds of three Allium species
Treatment
Control
Scarified

A. flavum
D
P
11.00 ±00.00
00.00 ±00.00
24.00±01.23
08. 50±04.35

A. guttatum
D
P
11.25±01.03
08.50 ±01.05
27.00±00.41
26.00±02.86

A. olympicum
D
P
02.00 ±01.16
02.25 ±01.03
00.00±00.00
00.00±00.00

D. Darkness, P: Photoperiod
TABLE 3
Effects of moist chilling, room and soil storage on the germination percentage of A. guttatum at three
different temperatures (Means ± SE) m. month
Moist chilling
20/10 °C

15/10 °C

25/15 °C

Duration
0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

Darkness
05.50 ± 02.02
41.00 ± 09.23
72.25±06.35
70.00±04.89
11.25±01.03
48.00±04.95
73.25±05.66
68.25±08.00
02.75±00.29
43.00±02.22
60.75±07.34
63.25±02.39

Photoperiod
07.75±02.14
24.00±02.38
74.50±02.24
66.00±05.90
08.50±01.50
42.00±03.46
58.25±02.39
14.50±01.66
15.50±02.60
36.50±03.77
59.50±07.96
80.00±02.00

0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

05.50±02.02
05.00±01.78
00.50±00.05
22.25±04.25
11.25±01.03
11.25±01.03
00.50±00.05
06.00±00.58
02.75±01.50
05.00±00.05
01.75±01.18
01.93±00.88

07.75±04.27
00.00±00.00
05.50 ±00.58
20.00±02.12
08.50±01.50
08.50±01.50
05.00 ±00.05
10.75±02.36
15.50±02.60
13.50±01.44
00.50±00.05
03.50±00.80

0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

05.50±02.02
21.75±04.89
17.75±01.18
00.00±00.00
11.25±01.03
20.25±02.52
22.00±02.72
10.25±03.12
02.75±00.58
20.66±03.25
20.16±02.05
04.33±02.81

07.75±02.14
22.75±01.18
33.50±02.40
04.00±04.69
08.50±01.50
21.00±02.20
54.75±01.74
04.00±01.44
15.50±02.59
10.75±00.72
20.75±04.15
01.50±00.05

Room storage
20/10 °C

15/10 °C

25/15 °C
Soil storage
20/10 °C

15/10 °C

25/15 °C

Soil storage duration, incubation temperature
and light significantly affected A. guttatum seed
germination (Table 1). Soil storage resulted in similar germination percentages at 3 and 6 months; however, the germination percentage was decreased in
all cases, and almost no germination occurred after 9
months of burial (Table 3).
A. guttatum seeds responded to GA3 treatments
more than the other two Allium species. There was

After 9 months of room storage, germination
was slightly stimulated, with 22.25 ± 02.98 percent
germination at 20/10 °C for darkness incubations
and 20.00 ± 04.24 percent for photoperiod incubations. Room storage duration, incubation temperature and light significantly influenced seed germination, except for the interaction between the room
storage duration and light for A. guttatum seed
germination (Table 1).
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resulted in the highest germination percentages for
photoperiod incubations at 20/10 °C and 25/15 °C.
The highest germination percentage was found when
seeds were chilled for 6 months and incubated at
25/15 °C under photoperiod (74.00 ± 05.71) (Table
4).
Room storage also stimulated the germination
percentage of A. olympicum seeds to some extent.
The highest germination percentage was 15.75 ±
01.97 after 9 months of room storage (20/10 °C,
photoperiod) (Table 4). Room storage duration and
incubation temperature significantly influenced the
seed germination of A. olympicum (Table 1). The effects of the interactions between factors were significant for room storage duration and incubation
temperature and for the interaction between all three
factors (Table 1).

32.50 ± 05.33 % germination at 1000 ppm GA3 for
incubations at 20/10 °C and at darkness (Table 6).
The difference level of GA3 treatment was highest in
A. guttatum (P<0.001) among the other two Alliums
(Table 1).
Scarification also permitted germination to
some extent. The germination was 27.00 ± 00.00
percent for darkness- and 26.00 ± 00.00 percent for
photoperiod-incubated A. guttatum seeds. A. guttatum responded to scarification more than the other
two Allium species (Table 5).
A. olympicum. Moist chilling duration,
incubation temperature and light significantly influenced the seed germination of A. olympicum (Table
1). The effect of the interactions of all the three factors was also significant (Table 1). A. olympicum
germination favoured photoperiods more than darkness. Moist chilling treatment for 6 and 9 months

TABLE 4
Effects of moist chilling, room and soil storage on the germination percentage of A. olympicum at three
different temperatures (Means ± SE) m. month
Moist chilling
20/10 °C

15/10 °C

25/15 °C

Duration
0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

Darkness
01.00 ± 00. 58
47.75 ± 07.92
55.75±10.18
30.00±04.22
01.00 ± 00. 58
50.75±04.19
48.25±06.69
51.25±06.10
01.00 ± 00. 58
49.25±04.48
51.50±06.40
37.75±07.34

Photoperiod
00.00±00.00
62.00±02.89
60.00±08.08
63.25±02.39
01.75±01.18
19.25±03.94
47.25±04.31
25.50±03.80
05.25±01.18
43.75±01.89
74.00±02.89
72.25±01.80

0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

01.00 ±00. 58
02.75±00. 58
00.00±00.00
08.50±00.50
01.00 ±00. 58
01.00 ±00. 58
00.00±00.00
04.50±02.72
01.00 ±00. 58
00.00±00.00
08.75±01.80
08.50±02.90

00.00±00.00
01.25±01.30
01.00 ±00. 58
15.75±01.97
01.75±01.18
01.00±00. 58
05.00 ±00.50
05.00 ±00.50
05.25±01.18
00.00±00.00
05.00±02.35
06.50±00.95

0m
3m
6m
9m
0m
3m
6m
9m
0m
3m
6m
9m

01.00±00. 58
14.75±03.11
08.50±00.95
17.50±05.12
01.00±00. 58
04.50±02.60
05.25±01.18
11.75±00. 58
01.00±00. 58
09.50±00.96
10.50±02.87
25.50±02.06

00.00±00.00
16.50±02.50
20.50±02.47
06.25±01.89
01.75±01.18
06.00±00. 58
02.75±01.49
10.50±03.50
05.25±01.18
07.50±00.50
14. 50±03.66
23.50±04.77

Room storage
20/10 °C

15/10 °C

25/15 °C
Soil storage
20/10 °C

15/10 °C

25/15 °C
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TABLE 6
Effects of GA3 on the germination of three Allium species. (Means ± SE)
Incubation
temperature
20/10 ° C

15/10 ° C

25/15 ° C

GA3 (ppm)
0
250
500
1000
0
250
500
1000
0
250
500
1000

A. flavum
D
P
00.00 ±00.00
00.00 ±00.00
01.50±00.50
00.00 ±00.00
00.00 ±00.00
01.00±00.58
01.50±00.50
01.75±01.18
11.00±00.00
00.00 ±00.00
13.75±01.88
04.75±01.03
18.75 ±04.21
00.50±00.50
13.75±00.94
04.00±00.61
00.00 ±00.00
00.00 ±00.00
01.50±00.50
01.00±00.58
01.00±00.58
01.50±00.50
00.00 ±00.00
00.00 ±00.00

A. guttatum
D
P
05.50 ±02.02
07.75 ±02.14
10.00 ±00.58
23.00 ±01.78
21.75 ±03.61
19.00 ±02.89
20.00 ±05.49
32.50 ±05.33
11.25±01.03
08.50 ±01.50
10.25±01.11
21.50 ±02.10
17.25±03.15
20.50 ±02.47
21.00±00.41
19.75 ±02.14
02.75±00.58
15.50 ±02.60
10.25±01.11
05.00 ±01.78
13.00±01.78
01.50±00.50
21.00±00.41
04.50±01.44

A. olympicum
D
P
01.00±00.58
00.00 ±00.00
01.00±00.58
00.00 ±00.00
00.00 ±00.00
02.00 ±00.00
05.00 ±05.00
00.00 ±00.00
02.00 ±01.16
02.25 ±01.03
00.00 ±00.00
04.00 ±01.23
03.50 ±00.87
02.00 ±00.00
03.50 ±00.87
01.75 ±01.18
01.00±00.58
07.00 ±00.81
01.00±00.58
01.50±00.50
01.00±00.58
01.00±00.58
01.00±00.58
01.00±00.58

D: Darkness, P: Photoperiod

days of low temperature for A. altissimum [23] but 6
weeks of low temperature improved germination in
A. hirsutum [26].
Dormant alpine seeds that are generally
produced in autumn and held in seed banks are expected to germinate after overwintering in spring [5].
Most of the alpine species do not readily germinate
after maturation because of a high temperature
requirement, which is believed to be species specific
(Reviewed by Jaganathan et al., 2015) [29]. Moist
chilling can reduce the temperature requirements for
germination [5, 8].
After ripening under dry conditions may also
help reduce physiological dormancy (PD) [30]. On
the other hand, storage at room temperature and in
soil was not found to be as successful as moist
chilling in our study. However, there was still
stimulation of germination in some of the seeds
stored in room and soil conditions. The highest
germination was found for room stored A. guttatum
seeds, with rates of 22.5 ± 04.25 percent after 9
months (Table 3).
Gibberellic acid (GA3) is very important for
seed germination and is accepted as one of the most
effective factors for breaking dormancy [30]. The
type of dormancy and the quantity of dormant seeds
may change from year to year within a species [30].
In intermediate PD, seeds can germinate after 2-3
months of cold stratification. In deep PD, seeds require longer periods of cold stratification, scarification and GA3 failed to induce germination [5, 33].
Among the three Allium species, 1000 ppm GA3 resulted in 32.50 ± 05.33 percent germination in A.
guttatum. Responses to GA3 were weak in A. flavum
and A. olympicum. Germination of A. stracheyi seeds
was stimulated by 100 ppm GA3 [24].GA3 is a wellknown stimulator of germination in dormant seeds
[30] and has been shown to induce the germination
of many dormant species, such as Papaver [16],
Syagrus coronata [32], and Capsella bursa-pastoris
[33]. In our study, we found slightly positive responses to GA3 in A. flavum and A. olympicum,
which was probably due to the deep PD of those two

Soil storage for 6 and 9 months resulted in the
stimulation of germination under both photoperiod
and darkness for all temperatures tested. The highest
germination percentage, 25.50 ± 02.06, was reached
after 9 months storage in soil at 25/15 °C in darkness.
Soil storage duration and incubation temperature
significantly influenced A. olympicum seed
germination (Table 1).
Scarification was not successful on breaking
dormancy (Table 5). Additionally, A. olympicum
seeds did not respond to GA3 treatments (Table 6)
and the effect of GA3 treatments was found as nonsignificant (Table 1).

DISCUSSION AND CONCLUSION
Allium species from different taxonomic
groups and habitats have different responses to
environmental conditions and variety of germination
mechanisms [26].
Chilling in moist conditions was the most
effective method for overcoming dormancy in the
three Allium species in this study; 6 and 9 months of
moist chilling were found to be the most effective
treatments. A. flavum and A. guttatum reached the
highest germination percentages after 9 months of
moist chilling (Tables 2 and 3). Moist chilling in the
laboratory can replace the overwintering requirement. Allium schoenoprasum seeds also germinated
at rates of more than 90 % at 15° C and 20° C after
3 months of cold and wet stratification [28]. Specht
and Keller (1997) [25], tested the temperature
requirements of 94 Allium species from 4 subgenera
stored in the Gatersleben gene bank in Germany.
They found that among the 4 constant test
temperatures, species mostly preferred to germinate
at 5, 11 and 16 ° C, suggesting that temperature
requirements for germination could be related to
geographical origin. Allium species from different
habitats might also have a variety of germination
mechanisms. For example, a minimum of 60 days of
low temperature is required for A. suworowii and 70
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species. Scarification was not successful in stimulating germination in A. olympicum, though it did
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Scarification and GA3 application were ineffective at
releasing deep PD [5, 30].
It has been suggested that dormant seeds are
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12] and it is affected by seed size and shape [28].
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banks [37]. Soil storage for 3 and 6 months stimulated germination in A. guttatum, but 9 months of
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ABSTRACT

INTRODUCTION

Adana, one of the biggest cities of Turkey, is
located on the Cukurova Plain of the Mediterranean
Region. Cukurova Region, whose agricultural
potential with fertile soils formed by alluvial deposit
and suitable climate is quite high, has experienced
rapid urbanization and industrialization over the past
four decades. Depending on industrial activities and
population growth, Adana has entered a process of
both socio-cultural and spatial change in the 1970s.
Nowadays its urbanization process rapidly continues
with population about two million. In this study,
spatial changes and agricultural land loss is analyzed
caused by urban sprawl using the Geographical
Information System (GIS) techniques.
In order to analyze land use/land cover (LULC)
changes, LULC classification maps belonging to
years 1970, 1985, 2000 and 2015 were produced and
analyses were made in three periods covering 15
years each (1970-1985, 1985-2000, 2000-2015). It
was observed in the results that while build-up area
expanded by 1125,23% between years 1970 and
2015, farmland decreased by 37,33%, forestland
decreased by 76,86% and bushland decreased by
53,48%. According to the calculated Urbanization
Intensity Index (UII), urbanization occurred most
rapidly in years between 1970 and 1985 (UII=0,96).
Related with the rapid spatial expansion of the city,
dynamic index (DI) of build-up was found to be very
high compared to the DI of other land uses. While
the DI of build-up area was 29,03 between years
1970 and 2015, the DI of farmland was calculated as
-0,94. According to the transition matrix created
under the scope of the study, totally 9743 ha
farmland, 794ha forestland and 738ha bushland were
converted into build-up area. The results of the study
indicate that the urban planning process in Turkey
should be strengthened and supported by more
ecological and sustainable approaches.

Turkey has been undergoing urbanization and
industrialization over the past three decades. Many
towns in Turkey have witnessed extensive urban
growth in this period. The urban population increased from 19,7 million (%44 percent of total
population) in 1980 to 72,5 million (%92 percent of
total population) in 2015 (TSE, 2016). The spatial
expansion of this rapid urbanization across the
country has brought about significant changes in
land use and land cover (LULC). As in many countries around the world, the transformation of
agricultural landscapes to developed areas is one
major consequence of LULC changes in Turkey [1,
2, 3, 4, 5, 6]7KLVRFFXUVLQPDQ\RI7XUNH\¶VELJ
cities, and the problem is particularly dramatic in the
Cukurova Region [7, 8, 9].
Cukurova is located between the Seyhan and
Ceyhan Rivers in the Mediterranean Coastal Region
and is formed by fertile sediments carried by these
two rivers. The Cukurova Plain (which covers the
provinces of Adana, Mersin, Osmaniye, and Hatay)
is one of the major agricultural production areas in
Turkey. Today Adana is the largest and most
crowded city in the region with an urban population
of 1,7 million; the population was 843,000 in 1980
[10]. Such massive population growth in Adana is a
result of rural-to-urban migration for employment
opportunities and better living conditions. Adana is
considered an agricultural and agro-industrial center.
Due to the rapid population growth in recent years,
there is significant pressure on the local government
to increase housing and expand development areas
into peri-urban and rural areas. The first master city
plan of Adana prepared in 1940 covered 560 ha; the
last master plan made by the Adana Metropolitan
Municipality covers 32500 ha.
On the one hand, urbanization provides economic prosperity and social opportunities to improve quality of life. But on the other hand, it causes
many important environmental problems resulting
from urban sprawl, such as the loss of cultivated land
[2, 11, 12].
In recent years, most current case studies have
focused on LULC changes. Both qualitative and
quantitative methods are used to seek land use
changes in these studies. Deng et al. [13] created a
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study to determine the impact of different urbanization modes on cultivated land changes in eastern
China using an econometric model. Lu et al. [14]
analysed the dynamic change in agricultural land use
LQ &KLQD¶V 6KDQGRQJ 3HQLQVXOD DQG specified
significant changes in farmlands and other land use
categories due to urbanization and industrialization.
They claim that the most plausible reason for these
changes is the arrangement of government policies
DQGDVKLIWLQIDUPHUV¶HFRnomic interests. Sharma et
al. [2] adapted satellite data and GIS technics to
analyse spatiotemporal changes in Kolkata City, India, during the period from 1989 to 2010. Within this
study, land use and land cover maps were prepared
using supervised classification. Correlations were
studied among the normalized difference vegetation
index (NDVI), the normalized difference built-up
index (NDBI), the normalized difference water
index (NDWI), and land use surface temperature
(LST).
The problems related to rapid urbanization and
transformation of agricultural landscapes represent
huge challenges to many urban areas in Turkey. The
present study focuses on the city of Adana and the
surrounding area and aims (1) to detect and evaluate
LULC changes due to urbanization between 1970
and 2015; and (2) to quantify the loss of agricultural
areas.

Fresenius Environmental Bulletin

master plan prepared by the Adana Metropolitan
Municipality.
The city has a Mediterranean climate characterized by hot, dry summers and mild, rainy winters.
According to long-term climate data from the State
Meteorology Department, the average annual
temperature is 19,1°C, with a highest recorded temperature of 44°C and a lowest recorded temperature
of -8°C. The region also has an annual rainfall of
690mm. Elevations within the study area range from
30m to 1000m above sea level and large agricultural
areas lie in lowland areas with elevations of less than
100m.
Adana, with its rapidly developing trends in
agricultural and industrial sectors, is the most
developed city in the Mediterranean Region. As a
regional center since 1990, Adana has seen rapid
population growth, principally through the in-migration of people from other parts of the country. Our
VWXG\DUHD¶VSRSXODWLRQLQZDVDSSUR[LPDWHO\
1,7 million.
MATERIALS AND METHODS
Data resources and processing. Land use
changing was obtained by comparing land uses in the
different time periods (1970, 1985, 2000, 2015). In
order to describe the physiographic features and land
use of study area, spatial data are used from various
sources; aerial photos dated 1970, Landsat images
for former periods from the website of US
Geological Survey (USGS), 1/25000 scale topographic maps dated 2010 from General Command of
Mapping, 1/5000 scale city master plan obtained
from archives of Adana Metropolitan Municipality.
Primarily, printed maps and plans were scanned and
digitized. Then, all spatial data were geometrically
rectified onto the base map produced from 1/25000
scaled topographic maps. The digital image processing was performed on ERDAS 8.7 and ArcView
10.

STUDY AREA
Adana Province, which covers an area of 14
030 km2, is located in the Eastern Mediterranean
Region of Turkey. It is the fifth most populous
province in Turkey, with approximately 2,1 million
inhabitants. Study area including the city center of
Adana Province, lies in the fertile Cukurova Plain
between 36°30'-38°23' north latitude and 340¶36°¶HDVWORQJLWXGH(Figure 1). The area, comprises
four central districts and their suburbs and, is spread
over an area of 325 km2 according to the recent city

FIGURE 1
Location of study area
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FIGURE 2
Land use/land cover classification of study area in 1970, 1985, 2000 and 2015.

Classification images. Between years 19702015, in order to analyze the LULC changes that
occurred in every 15 year periods, the classification
maps of the study area belonging to years 1970,
1985, 2000 and 2015 were produced. LULC were
classified into six categories as Built-up-area, Bushland, and Farmland, Water body, Forestland and
Unused area. In this study, supervised classification
method was used for the LULC classification
[15,16].
Field data were collected using GPS to assess
the classification accuracy. The results of kappa
statistics used for evaluation of classification results
were calculated respectively as 0,74, 0,82, 0,85 and
0,89. The reason why the value of year 1970 is relatively lower than the others is that the resolution of
the display in this year (30m) was lower compared
to other displays. The studies stating that accuracy
analyses give significantly lower values; as resolution decreases; compared to other data sets exist in
the literature [17].

LULC Dynamic Index (DI). Rate of change
was calculated using the following equations [14,
21]
 െ  ͳ
 ܫܦൌ
ൈ ൈͳͲͲΨ


୬
 െ  ͳ
ܶ ܫܦൌ  
ൈ ൈͳͲͲΨ


୨ୀଵ
Where DI is changing rate (%) and TDI is total
changing rate; UA and UB are the areas for a land
use category in the beginning and end of a
monitoring period for ith and T is total years within
the monitoring period.
Bilateral Dynamic Degree Model of Land
Use. Bilateral Dynamic Degree Model is adapted by
Wang et al [22] for detecting the internal variations
and conversions of each land use category.
σ୬୨ୀଵǡ୨ஷ୧൛ሺ୧ǡ୨ሻ   ሺ୨ǡ୧ሻ ൟ ͳ
 ܫܦܤൌ
ൈ ൈͳͲͲΨ
୧

Where Ki is the bilateral land use dynamic degree for the ith type of land over the monitoring period T (15 years), U(i,j) is the area converted from ith
W\SH WR MWK W\SH DQG UHSUHVHQWV ³ORVV´ FRQYHUVLRQ
U(i,j) is the area converted from jth type of land to ith
W\SHDQGUHSUHVHQWV³JDLQ´FRQYHUVLRQDQG8LLVWKH
area of ith type at the beginning of monitoring
period.

LULC Intensity Index (LuII). For measuring
LULC intensity, we used annual urban growth rate
(AGR) to indicate land use intensity index (LuII) and
total land use intensity index (TLuII) from 1970 to
2015. The equation was defined as follows [18, 3,
19, 20].
ା െ 
 ܫܫݑܮൌ
ൈͳͲͲΨ
ା
TAn+i is the total land area of the target unit to
be calculated at the time point of n+i; UAn+i and UAi
indicate the urban area, built-up area, at time n+i and
i; n is the number of years in the monitoring period.

RESULTS AND DISCUSSION
Spatiotemporal Changes of LULC. From the
classification maps shown in Figure 2, LULC
changes based on years were calculated and were
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the most affected land use type from expansion of
the city is farmlands. In 1970 while 63% of the city
was covered by farmlands, 39,47% of it is covered
in year 2015. Forest lands and bushlands also
significantly decreased in study area. While 9,9% of
the area was covered by forests in year 1970, 2% of
the study area was covered by forests in year 2015.
Forest lands decreased by 76,9% in 45 years.
Significant decreases also occurred in bushlands
which is the characterized flora of the study area.
They decreased by 53,48% between years 1970 and
2015.

given in Table 1. Between 1970 and 2015, only increase in residential areas and decrease in other land
use types can be observed. In 1970 build-up area
constituted 3,29% of the study area, it ranked 5th
among other land use types in terms of the area
covered. In year 2015, build-up area increased by 12
times and covered 40,34% of the study area and
ranked 1st among the area land use types. As seen in
Figure 2, the residential areas are mostly surrounded
by farmlands. Farmlands are among the basic land
use types in all time periods of the study. As
mentioned also by Colakkadioglu and Yucel [23]
Adana city was developed on fertile land. Therefore

TABLE 1
Temporal changes of LULC

Land use/cover
Urban/Built up area
Farm land
Forest land
Bushland
Water body
Unused area
Total study area

1970
Area
(km2)
%
1070
3,29
20471 62,99
3215
9,89
1969
6,06
210
0,65
5565 17,12
325
100

1985
Area
(km2)
%
5730
17,63
17595
54,14
1545
4,75
1287
3,96
210
0,65
6133
18,87
325
100

2000
Area
(km2)
%
9634
29,64
16008
49,26
696
2,14
977
3,01
179
0,55
5006
15,40
325
100

2015
Area
%
(km2)
13110
40,34
12829
39,47
744
2,29
916
2,82
189
0,58
4712
14,50
325
100

Change
1970-2015
%
1125,23
-37,33
-76,86
-53,48
-10,00
-15,33

TABLE 2
The analyses of LULC changes
Different period

Build-up

Farmland

Forest land

Bushland

Water Body

Unused area

TDI
Total Dynamic Index

1970-1985
1985-2000
2000-2015
1970-2015
1970-1985
1985-2000
2000-2015
1970-2015
1970-1985
1985-2000
2000-2015
1970-2015
1970-1985
1985-2000
2000-2015
1970-2015
1970-1985
1985-2000
2000-2015
1970-2015
1970-1985
1985-2000
2000-2015
1970-2015

Extension Area
(ha)
4660
3904
3476
12040
-2876
-1587
-3179
-7642
-1670
-849
48
-2471
-682
-310
-61
-1053
0
-31
10
-21
568
-1127
-294
-853

Annual Extension
Area (ha/y)
310,67
260,27
231,73
267,56
-191,73
-105,80
-211,93
-169,82
-111,33
-56,60
3,20
-54,91
-45,47
-20,67
-4,07
-23,40
0,00
-2,07
0,67
-0,47
37,87
-75,13
-19,60
-18,96

1970-1985
1985-2000
2000-2015
1970-2015

Change intensity
index LuII
0,96
0,80
0,71
0,82
-0,59
-0,33
-0,65
-0,52
-0,34
-0,17
0,01
-0,17
-0,14
-0,06
-0,01
-0,07
0,00
-0,01
0,00
0,00
0,12
-0,23
-0,06
-0,06

DI
29,03
4,54
2,41
25,01
-0,94
-0,60
-1,32
-0,83
-3,46
-3,66
0,46
-1,71
-2,31
-1,61
-0,42
-1,19
0,00
-0,98
0,37
-0,22
0,68
-1,23
-0,39
-0,34
23
-3,54
1,11
20,72
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TABLE 3
Transition matrix of LULC types between 1970-2015

Urban
Farmland
Bushland
Forest
Water body
Unused area
Total (2015)
BDI

Urban
1070
9743
738
794
21
744
13110
23,1

Farmland
0
10595
346
1023
0
865
12829
1,16

Bushland
0
50
175
526
0
165
916
3,25

Forest
0
0
59
674
0
11
744
1,87

Water body
0
0
0
0
189
0
189
0,23

Unused area
0
83
651
198
0
3780
4712
1,06

Total (1970)
1070
20471
1969
3215
210
5565

this context [24] (Table 3). The transition matrix
shows that most land conversion during the spatial
expansion of the city occurred from farmlands. Between years 1970 and 2015, 9743ha of plantations
FRQYHUWHG WR XUEDQ DUHD $IWHU ¶V GXH WR
expansion of the city towards north, 794ha of the
forests located to the north of the study area, converted to urban area. In year 1970, while 62,99% of
the research area was covered by farmlands, 9743ha
land converted into built-up area while 1023ha of
forestland were converted into farmlands. Especially
the spoiled forest lands to the north of city center,
converted to farmlands within time, due to the
economical concerns of land owners. The
conversion of farmlands occurred by the preference
of farmers as residence unearned income is higher
compared to agriculture.

The analyses of LULC changes were given in
Table 2. The analysis results were evaluated for each
land use in three time periods. 310,67ha expansion
occurred in built-up area between years 1970 and
1985. Fastest urbanization occurred in that period
with the effect of industrialization and immigration.
Between years 1970 and 1985, urbanization intensity
index was calculated as 0,96, and dynamic index
(DI) was calculated as 29,03. In this period,
industrialization and internal immigration was
fastest in Adana city. Between 1970 and 2015, the
loss in farmlands was 191,73ha per year and in total
it was 2876ha. The change intensity index of
farmlands was calculated as -0,59 and dynamic
index was calculated as -0,94. Between 1970 and
1985, the loss in forest lands was 1670ha which was
the biggest value. The change intensity index of
forestland was calculated as -0,34 and dynamic
index was calculated as -3,46.
Between years 1985 and 2000, industrialization
rate partially decreased in Adana and a part of major
industrial activities moved to Istanbul and
surrounding areas. In that period, 260,27ha/y
expansion occurred while urbanization intensity index was calculated as 0,8, and dynamic index (DI)
was calculated as 4,54. In this period, certain decreases occurred in all other land uses. Most significant decreases were in farmlands (1587 ha) and unused areas (1127 ha).
The 15 years between years 2000-2015 can be
expressed as economically more stable period for
Turkey. This situation affected urbanization and decreases occurred in indexes related with urbanization
in that period. Urbanization intensity index was
calculated as 0,71, and dynamic index (DI) was
calculated as 2,41. Highest loss in farmlands
(3197ha) occurred in that period. A small increase of
48ha occurred in forest lands between years 2000
and 2015. Afforestation policies in the shores of
Lake Seyhan to the north of the city contributed to
that increase at that period.

CONCLUSION
In this study, LULC changes due to expansion
of Adana city located in Cukurova were studied and
especially the decrease of farmlands together with
the urban expansion was emphasized. Cukurova is
the most fertile plain of Turkey and was formed by
the alluviums carried by Seyhan and Ceyhan rivers
in thousands of years. The region became one of the
most important agricultural areas after irrigation and
drainage investments made by public funding.
However in urbanization process, income oriented
wrong land use policies, directed the local governments in Adana related with the preparation of
development plans and caused wrong decisions to be
taken. The population increase rate of Adana decreased in recent years. Urban sprawl focused policies due to old habits, can still be observed. This
situation is reflected to urban plans as well. The
residence inventory should be evaluated in light of
the existing and estimated population in the future
and urban conversion instead of urban sprawl should
be evaluated as a tool in creation of new settlement
areas.
Besides the environmental factors should be
protected during the preparation of development
plans and in order to achieve this, the development /
construction legislation should be renewed. The

Conversions of different LULC types. In order to analyze the mutual conversion of LULC,
classification maps of years 1970, 1985 and 2015
were compared. Cross transition matrix, given in the
Table 3, was formed by the changes determined in
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development plans which grant privilege to economical unearned income rather than ecological values
should be reviewed. Apart from this, planning
hierarchy should be created and lower-upper scale
decisions should be applied in physical planning.
This subject is especially important for achievement
of integrated approach in planning.
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abundant biodiversity in this wetland, the Nature
Reserve is a migratory station and habitat for rare
endangered birds and also one of the most representative estuarine wetlands, weighing great ecological value [1-2]. Despite the fact that in recent
twenty years, a surge in exploitation and excessive
human activities in the Yellow River Delta Nature
Reserve benefits people a lot in economy, they also
cause the enormous ecological pressure [3-5].
The rich animal and plant resources in the
Nature Reserve are great wealth of our country [67]. On basis of certain ecological and social value,
the purpose to delimit the ecological sensitivity
redline in the Yellow River Delta Nature Reserve, by
means of drawing on and summarizing experience of
different fields, is to reasonably exploit and utilize
the natural resources, to better benefit human kind,
and ultimately to realize ecological balance and
resource sustainable development. At the same time,
the delimiting of ecological sensitivity redline will
further define preserving objectives, formulate protection strategies and strengthen the construction of
ecological civilization.
Different from the past, the Yellow River Delta
Nature Reserve in this study area itself belongs to
ecological sensitivity area. Therefore, the aim of this
research is to classify the whole area into important
control area, moderate control area and general
control area so as to put ecological redline into effect
and set up relevant policies and regulations. Based
on the actual situation of the nature reserve, the
single factor assessment model, matrix decision
method [8] and ArcGIS [9] were adopted in this
research to delimit the ecological redline in the
Yellow River Delta Nature Reserve. The research
then proposed to establish the zoning control system,
to set up the information management GIS database
and improve the monitoring system, and to build the
ecological restoration laws and emergency management regulations and so on.

ABSTRACT
In recent twenty years, large-scale exploitation
and increasing human activities in the Yellow River
Delta Nature Reserve have brought rapid economic
development. Despite that, the ecological system
encounters the enormous pressure. Therefore, studying on the drawing and implementation of
ecological sensitivity redline plays a significant role
in preserving and restoring the ecological environment. Taking the Yellow River Delta Nature Reserve
as the research object, this study initially distributed
the Nature Reserve into different land parcels
according to various land use, then the expert scoring
method was utilized to evaluate the degree of land
development and the habitat complexity of each land
parcel. And then the Nature Reserve was classified
by constructing land use and development degree
and eco-environment complexity judgment matrix.
Finally, GIS technology was applied to realize the
delineation of important control area, moderate
control area and general control area. The result
shows that the three areas occupy 256.53 km²,
567.04 km² and 193.16 km² respectively, accounting
for 25.23%, 55.77% and 19.00% of the total area
separately. Implementation includes to establish the
zoning control system, to set up the information
management GIS database and improve the monitoring system, and to build the ecological restoration
laws and emergency management regulations and
the like.

KEYWORDS:
Yellow River Delta Nature Reserve, ecological sensitivity
redline, ArcGIS, implementation

INTRODUCTION
The Yellow River Delta National Nature
Reserve is located in the Yellow River estuary in the
northeast of Dongying city, Shandong province,
with Bohai to the north and Laizhou bay to the east.
It is an important biodiversity distributing area in
Shandong province and even the whole country.
With various species, diverse ecosystem types and

OVERVIEW OF THE STUDY
The Yellow River Delta Nature Reserve is
situated in east longitude 118. 55°~119.34°, north
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latitude 37.58°~38.20°, with a total area of 153000
hm2. The Yellow River Delta wetland resulted from
sediment accumulation carried by the Yellow River,
and formed affluent wetland resources in the
interaction of river, sea and land. In order to enhance
the preservation of the Nature Reserve Delta
ZHWODQGV 'RQJ\LQJ 0XQLFLSDO 3HRSOH¶V *RYHUQment approved to establish the Yellow River
municipal nature reserve in December, 1990. Then
LQ1RYHPEHU3HRSOH¶V*RYHUQPHQWRI6KDQdong Province approved to promote it as provincial
nature reserve. In October, 1992, approved by the
State Council, the Yellow River Delta National
Nature Reserve was established. The Nature Reserve
is a typical wetland reserve, which mainly preserves
the new-born wetland ecosystem and rare dying-out
birds.
With advantageous geographical location and
unique ecological type, this reserve is not only the
most integrated, extensive and youngest wetland
ecosystem in warm-temperate China, but also the
transit station, breeding and wintering ground for
migrating birds in the north-eastern Asian inland and
the Western Pacific Rim. In addition, it provides us
a significant position to explore the formation,
evolution and development trend of the renascent
wetland in the river estuary, and also plays a crucial
role in biodiversity protection in China.

Fresenius Environmental Bulletin

THE METHODS OF DELIMITING
The single factor assessment model. The ecoenvironmental sensitivity refers to the sensitivity
degree of ecosystem to the disturbance of nature and
human activities in the region, and reflects the
degree of difficulty and possibility that ecoenvironmental problems occur when the regional
ecosystem encounters disturbance [10]. According
to the definition of eco-environmental sensitivity
and the actual situation of the Yellow River Delta
Nature Reserve, the single factor assessment model
selected the degree of land development and
utilization [11-12] and the habitat complexity [13] as
the evaluation indexes. First, the Nature Reserve was
distributed into different land parcels according to
various land use (Fig. 1 & Table 1), then expert
scoring method was utilized to evaluate the degree
of land use and development and the habitat
complexity of each land parcel (Table 2).
Constructing judgment matrix. The land use
and development degree was divided into three
levels: high, middle and low, the habitat complexity
is also divided into the three levels [14-16]. Then the
Nature Reserve was delineated by judgment matrix
[17] into important control area, moderate area and
general control area (Table 3).

FIGURE 1
Land parcel extraction in the Yellow River Delta Nature Reserve
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TABLE 1
The ultimate delimiting results of ecological redline
No. of Land Parcel
0
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

Land Use Types
coastal beach region
shallow offshore waters
reed marsh
grassland with Suaeda
bird habitat
bird habitat
reed marsh
saline and alkaline land
wetland restoration area
pool
waste rice fields
pool
oil fields
culture pond
oil fields
oil fields
oil fields
oil fields
oil fields
culture pond
scenic spot
grassland
aquaculture region
wasteland
saline and alkaline land
farmland
saline and alkaline land
woodland
woodland
land with trees
land with trees
inland beach region
woodland
land with trees
woodland
management station
building
scenic spot
scenic spot
the Yellow River Channel
reed marsh
ecotourism area
farmland
farmland
farmland
farmland
farmland
pastureland
checkpoint
Total area
the total important control area
the total moderate control area
the total general control area
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Grading Results
moderate control area
moderate control area
important control area
important control area
important control area
important control area
important control area
general control area
moderate control area
moderate control area
moderate control area
important control area
general control area
moderate control area
general control area
general control area
general control area
general control area
general control area
moderate control area
general control area
important control area
general control area
moderate control area
general control area
general control area
general control area
important control area
important control area
moderate control area
moderate control area
moderate control area
important control area
moderate control area
important control area
general control area
general control area
general control area
general control area
important control area
important control area
moderate control area
general control area
general control area
general control area
general control area
general control area
general control area
general control area
1016.72km²
256.53 km²
567.04 km²
193.16 km²

Area (km²)
398.80
50.02
27.85
78.82
11.35
3.98
20.80
4.14
20.50
9.52
5.90
1.45
6.00
7.26
3.68
2.02
11.42
0.75
2.91
47.65
3.18
2.23
9.06
5.72
10.18
8.58
2.38
4.55
25.49
4.31
3.09
1.32
5.12
8.04
0.18
0.54
0.28
0.58
3.22
10.94
0.40
4.91
11.27
89.22
14.43
41.03
6.71
24.59
0.36
25.23%
55.77%
19.00%
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TABLE 2
The degree of land use and development and the habitat complexity
Land use
The Scoring of Land
The Degree of Land
The Degree of
Types
Development
Development
habitat complexity
1
Coastal Beach
0.15
Weak
Low
2
shallow waters
0.35
Weak
Low
3
woodland
0.20
Weak
High
4
bird habitat
0.25
Weak
High
5
wetland
0.25
Weak
High
6
pool
0.25
Weak
Middle
7
farmland
0.75
Strong
Middle
8
saline and alkaline land
0.50
Middle
Low
9
wetland restoration area
0.45
Middle
Middle
10
culture pond
0.45
Middle
Middle
11
waste rice fields
0.40
Middle
Middle
12
Checkpoint, etc.
0.65
Strong
Low
13
oil fields
0.85
Strong
Low
14
upland fields
0.40
Middle
Middle
15
grassland
0.25
Weak
High
16
wasteland
0.40
Middle
Middle
17
building
0.75
Strong
Low
18
the Yellow River Channel
0.40
Middle
High
19
reed marsh
0.15
Strong
High
20
ecotourism area
0.60
Strong
High
Noteφthe degree of land use and developmentδweak <0.4θmiddle 0.4-0.5θstrong > 0.5ε
No.

TABLE 3
Land use and development degree and habitat complexity matrix
The habitat complexity
The land use degree
Strong
Middle
Weak

Low

Middle

High

General area
General area
Moderate area

General area
Moderate area
Important area

Moderate area
Important area
Important area

this area, the land use types mainly include farmland,
saline and alkaline land, and oil fields.

RESULTS OF DELIMITNG
The overlapping technology of ArcGIS [18]
was applied with the purpose of completing the
ultimate delimiting of ecological redline (Fig. 2 &
Table 1). The result shows that the three areas
occupy 256.53 km2, 567.04 km² and 193.16 km²
respectively, accounting for 25.23%, 55.77% and
19.00% of the total area separately. The important
control area is mainly distributed in the middle and
northern part of the reserve with low land use and
exploitation degree and high habitat complexity,
whose land use types mainly include wetland (reed
marsh, etc.), woodland, grassland, the Yellow River
Channel and so on. The moderate control area,
mainly distributed in the east and south of the
reserve, allows a certain degree of land use and
exploitation and features a relatively simple habitat
complexity, whose land use types are tidal flats,
shallow offshore waters, upland fields, and
ecotourism area, etc. The general control area is
mainly distributed in the west of the reserve, in
which the land use and development degree is a little
high and the habitat complexity is slightly simple. In

IMPLEMENTATION FOR THE REDLINE
To establish the zoning control system. The
Nature Reserve shall be in accordance with
5HJXODWLRQV RI WKH 3HRSOH¶V 5HSXEOLF RI &KLQD RQ
Nature Reserves and the Administrative Measures
for Marine Nature Reserves as a whole [19-20].
First, in the important control area, in addition to
necessary scientific experiments, any production and
construction activities, polluting and dumping
behaviors should be prohibited seriously in pursuit
of sustaining, recovering and improving ecoenvironment and diversity and preserving natural
landscape. Second, with the scope of bearing
capacity of the ecosystem, moderate activities are
permitted in the moderate control area besides
necessary scientific research. Last, tourisms,
farming and animal husbandry, which conforming to
nature reserve planning, are allowed as well as
necessary scientific experiments.
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FIGURE 2
The ecological sensitivity redline in the Yellow River Delta Nature Reserve

by artificial measures, so that the destruction of
ecosystems to gradually recover or to a virtuous
circle of ecosystem development. The ecological
restoration system in the Yellow River Delta Nature
Reserve can be addressed through diverse means,
such as returning farming to wetlands [25-26], water
transfer project [27], pollution prevention and control [28], forestation program [29], habitat recovery
[30] and so on.
Located in the northeast coast of Dongying
city, the Yellow River Delta Nature Reserve with
lush forest and lawns is at risk of being threatened by
tidal disasters, typhoons and locust plague. Since the
air is quite dry in spring and winter seasons, it is
vulnerable to forest and lawn fires. As the wild
animals are very rich, it is of great possibility to carry
infectious diseases during ELUGV¶PLJUDWLRQ3URGXFtion activities in the area such as oil field development may lead to oil spill, blowout and other
accidents, rendering serious environmental pollution, and even worse, if the contaminated effluent
discharges into the wetlands, it will wreak havoc on
the whole environment. In addition, any grievous
deforestation and vicious destruction of eco-environment will contribute a lot to the unwanted repercussion either on mankind or on the natural resources.
Therefore, through introducing tougher and complete emergency system, it is possible to preserve the
Nature Reserve security, personal and property security, and eco-environmental security [31-32].

To set up the information management GIS
database and improve the monitoring system.
With the development of 3S technology and the
advent of big data era, it is required to accelerate
information and digitization construction in the
nature reserve. Thus, it is the top priority of
construction management and research work in the
nature reserve with typical characteristics of time
and space and a huge massive of information to be
supported by the GIS technology of strong analysis
function [21]. The powerful spatial management and
analysis function of GIS technology offer a foundation to set up environment policies and meet the
emergency to government administration. Furthermore, GIS technology and powerful spatial data
provide rich and scientific information management,
analysis and decision-making approaches to habitat
protection and reasonable planning. At the same
time, analyzing the existing monitoring data through
GIS database and different feature layers is
beneficial to improve eco-environmental monitoring
system and thereby build more reasonable
monitoring system [22].
To build the ecological restoration laws and
emergency management regulations. Ecological
restoration [23-24] refers to the cessation of anthropogenic interference to ecosystems, in order to
reduce the load pressure, relying on the ability of
self-regulation and self-organization of ecosystems
to orderly direction of evolution, or the use of
ecosystem self-recovery capability, supplemented
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released the results of the second national land survey on 2014 suggesting that 19.4% agricultural land
was contaminated, and Cd, nickel (Ni) and arsenic
(As) were the most serious pollutants in China [1].
Soil pollution of heavy metals mainly includes
mercury (Hg), Cd, Pb, chromium (Cr), As, zinc (Zn),
copper (Cu), and so on [2-4]. The study found that
heavy metals were transported together with the
nutritive elements in the water spinach [5]. They can
absorb by the plant from the soil and accumulate in
the edible portion of crops, the yield and quality have
been reduced, and then affect human health seriously
through the food chain [6-10]. The heavy metal ions
such as Cd, Cr, As, Pb, Cu and so on, which have
exceeded the national standard in grain and
vegetables in many parts of China [11]. The soil
polluted by heavy metals is hard to detect, low-level
intake of these toxic metals have a negative effect on
human health, and this detrimental impact only
expresses after several years of exposure [12-13].
Heavy metal contamination in agricultural soils is an
emerging problem and seriously constrained yield
and quality of agricultural products [5, 14-15].
In recent years, organic manure was widely
used, traditional farming always an emphasis on the
use of organic manure. Organic manure is an ideal
fertilizer for organic green agriculture. While the
remediation of heavy metal contaminated soil by
organic manure has become a hot research topic,
organic manures can change physical, chemical and
biological soil properties to increase resistance and
resilience of soil [16-17]. However, some organic
manure may result in increased risk of heavy metal.
The raw materials of organic manure such as largescale farms of livestock manure, municipal solid
waste, sludge, industrial and agricultural waste and
others contain heavy metals with different content
[18-19]. According to the mature compost standard
in Germany, the test results of many provinces in
Germany showed that 66%, 23% and 32% of the
chicken manure samples exceeded the criterion for
Cd, Cu, and Zn, respectively; 52%, 69% and 59% of
the pig manure samples exceeded the criterion for Cd,
Cu, and Zn, respectively [20-21]. Dach et al. [22]
found that use of municipal organic

7KHORQJWHUPPDVVLYHXVHVRIRUJDQLFPDQXUHV
FRQWDLQKHDY\PHWDOZLOOSRVHDVHULRXVWKUHDWWRWKH
DJULFXOWXUDO HFRORJLFDO HQYLURQPHQW DQG KXPDQ
KHDOWK ZKLFK FDQ FDXVH WKH H[FHVV RI QLWULWH DQG
KHDY\ PHWDO FRQWHQWV DQG RWKHU SROOXWLRQ LVVXHV LQ
YHJHWDEOHV 7KHUHIRUH KRZ WR XVH WKH RUJDQLF
PDQXUHVUHDVRQDEOHDQGHIIHFWLYHLVYHU\LPSRUWDQW
:HDUH KHUHWRGHWHUPLQH WKHHIIHFWVRI DSSOLFDWLRQ
RUJDQLF PDQXUHV DQG LWV RSWLPXP GRVH WR LPSURYH
\LHOGDQGUHGXFHWKHKHDY\PHWDOFRQWHQWLQOHWWXFH
YDU UDPRVD +RUW  7KH WUHDWPHQWV ZHUH DQLPDO
PDQXUHV UXEELVK FRPSRVW VOXGJH PDQXUH DQG WKH
FRQWURO 6RLOSRW WULDOZDVSHUIRUPHGLQWKHSUHVHQW
VWXG\ 2XU ILQGLQJV LQGLFDWH WKDW  SLJ PDQXUH
DQG VOXGJH PDQXUH QRW RQO\ LQFUHDVHG OHWWXFH GU\
ZHLJKW EXW DOVR UHGXFHG WKH FRQWHQW RI PRVW KHDY\
PHWDO LQ WKH URRW DQG VKRRW RI OHWWXFH  UXEELVK
PDQXUH LQFUHDVHG WKH FRQWHQW RI KHDY\ PHWDOV DQG
OHDG WR KLJK FDGPLXP &G  DQG OHDG 3E 
DFFXPXODWLRQLQWKHVKRRWVRIOHWWXFH7KHUHIRUHWKH
RSWLPXPDPRXQWRIRUJDQLFPDQXUHZDVNJāP
LHNJāPX

KEYWORDS:
organic manure; soil; lettuce (var. ramosa Hort.); heavy
metal; yield

INTRODUCTION
With the development of urbanization and
industrialization and excessive use of pesticides,
environment pollution and ecological destruction are
more and more serious, which affect human health
and ecological balance. The environmental pollution
and destruction of heavy metal ions are particularly
serious. Soil pollution caused by heavy metals has
increasingly become the hot topic in the field of
environmental scientists and soil scientists. The
Ministry of Environmental Protection of China
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+HDY\PHWDOFRQWHQWRIWKHWHVWVRLODQGPDQXUHDQGVWDQGDUGYDOXHV mg·kg-1
Material
Soil sample
chicken manure
FRZPDQXUH
SLJPDQXUH
VOXGJHPDQXUH
UXEELVKFRPSRVW
Soil environmental quality standard (GB15618²1995)
Agricultural sludge pollution standards (GB4284²84)
Organic manure - agricultural industry standard (NY5252012)

Zn
60.00
116.00
147.48
190.68
580.00
492.00
300
200

Mn
388.00
308.00
213.03
310.89
288.00
316.00
²
²

Cu
28.00
20.00
24.58
29.02
140.00
188.00
100
1000

Cd
0.12
0.14
0.14
0.23
0.78
2.02
0.60
20

Pb
15.24
9.00
9.61
9.36
24.66
109.91
350
1000

²

²

²

3

50

Note: "-" indicates that the heavy metal element has no limits in the national standard
solid waste for 5 consecutive years significantly
increase the topsoil Cd, Pb, Zn and Cu content, and
there is a significant positive correlation between
topsoil heavy metal content and municipal organic
solid waste content. Approximately 10% grain, 24%
agricultural and poultry products, and 48% vegetable are contaminated by heavy metals [23]. Organic manure-carrying some heavy metal into the soil,
it also affects the absorption and accumulation of
heavy metals by changing the shape of the heavy
metals in soil [24-26]. While research has suggested
that a moderate amount of applying organic manure
can reduce the pollution of soil heavy metal toxicity,
but we can't ignore the potential threat to the
environment by excessive use of organic manures
[27-28]. In order to guarantee the safety of crop
production and soil remediation, we should rational
use organic manure.
Vegetables are an indispensable food in the
human diet, which contains proteins, carbohydrates,
minerals and vitamins [29]. Vegetable quality and
safety are closely related to the production environment, means of production and fertilizer application.
Rational use of organic manure has become an
important issue in organic agricultural production.
The distribution characteristics of heavy metals in
the soil-vegetables system in Chongqing showed that
the enrichment ability of vegetable in heavy metals
is in the order of leafy vegetables > nightshades >
beans > tubers > melons [30]. Rational application of
organic manure can not only increase the vegetable
yield, but they also decrease the occurrence of pests
and diseases, reducing the amount of fertilizer and
pesticide, and then improve vegetable quality [3132]. Therefore, this article through to determination
and analysis of heavy metal content in vegetables on
contaminated soil with different organic manure
inputs, we have discussed the effect of applying
organic manure. The aim of this study was to explore
the scientific fertilizer application, this is very
important to control the heavy metal pollution of
food.

MATERIALS AND METHODS
Materials. The soil was collected from Shangzhuang experimental station of China Agricultural
University. Separate the crushed stone, plant residues and other sundry, then soils were air-dried and
sieved through a 2 mm mesh before use.
The three animal manures are chicken manure,
pig manure and cow manure, which come from the
³An Xin FLHOGV´ VXUURXQGLQJ IDUPVFRPSRVW PDWXrity. Rubbish compost was sourced from Beijing
Guozhong Biological Technology Co. Sludge
manure was sourced from Beijing City Drainage
Group Panggezhuang sludge disposal plant.
Organic materials were air-dried and sieved
through a 2 mm mesh before use. Use of agricultural industry standard of People's Republic of
China that organic manure (NY525-2012) standards.
Agricultural pollutants in sludge using (GB4284-84)
standards, this soil is alkaline, so we use the neutral
and alkaline standard in this reference standard. We
use of GB15618-1995 "soil environmental quality
standards" in the secondary standard to compare.
The heavy metal contents of soil and manure are
shown in table 1.
$ SRW H[SHULPHQW ZDV FRQGXFWHG LQ WKH
JUHHQKRXVHFRQGLWLRQVLQ:HVW&DPSXV&KLQD$JUL
FXOWXUDO 8QLYHUVLW\ 7KH SODQWV WHVWHG ZHUH OHWWXFH
YDU UDPRVD +RUW  DQG SXUFKDVHG IURP &KLQHVH
$FDGHP\RI$JULFXOWXUDO6FLHQFHV
Pot experiment. Five organic manures were
studied in this experiment, which contains chicken
manure, cow manure, pig manure, sludge manure
and rubbish compost. Organic manures mixed with
soil at the rates of 1.5% (w/w), just as 15 g kg-1. In
addition, because of the higher levels of heavy
metals in sludge and rubbish manure, different
fertilizing dosage experiments were designed, 0, 10,
15, 30 and 80 g·kg-1 (0, 1%, 1.5%, 3% and 8%),
which were denoted by Control, C1, C2, C3 and C4,
respectively. see Table 2, 3.
Organic manure was thoroughly mixed with
soil then the mixture was put into a plastic pot.
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Determination of lettuce biomass. After
approximately 45 days of cultivation, the harvested
lettuce plants were separated into roots and shoots,
and washed with tap water, then washed using
deionized water three times. All samples were oven
dried at 105 °C for 1 h and then dried to a constant
weight at 70 °C. The dry weight was recorded.
Determination of heavy metal content by
ICP-MS. Lettuce tissue samples were analyzed for
heavy metal by inductively coupled plasma mass
spectrometry (ICP-MS) (Agilent, 7700x, USA). The
dry tissues were ground using mortar and pestle, then
digested with the mixed solutions of HNO3-H2O2
(v/v, 4:1) microwave digestion system (Milestone,
Ultra WAVE, Italy). The residue was diluted with
deionized water and measured by ICP-MS. Detailed
methods as described previously with slight
modifications [33].




FIGURE 1
Effects of organic manure on the shoot and
root dry weight of lettuce plants grown in soil.
Error bars represent standard error (n=3),
Error bars=standard error. Different lowercase
letters represent significantly.

Statistical analysis. Data were analysis using
SPSS 18.0 statistics software, and a one-way
ANOVA has used to evaluate the differences
between treatments. Correlations between measured
variables were evaluated by 3HDUVRQ¶V WHVW DW WKH
significance level p=0.05, p<0.05 were considered to
be significant. All results were conducted with three
replicates.

In summary, with the application of five kinds
of organic manure, the roots and shoots dry weight
of lettuce was increased. Compared with the control
treatment, lettuce dry weight increased most
obviously by sludge and pig manure treatments; the
chicken manure and rubbish treatments were the
second; the cow manure treatment has no
significantly increase.

RESULTS AND DISCUSSION
Effect of organic manure application on






lettuce dry weight. Figure 1 shows the shoot and
root dry weight of lettuce plant with organic manure
treatments. The results revealed that roots dry weight
of lettuce treatment with cow manure increased
slightly, which were no significant difference with
control treatments, dry weight of other treatments
increased significantly. The dry weight was
maximum under the treatment of sludge manure,
which increased by 237.19% than that of the control.
There was no significant difference between chicken
manure, pig manure, sludge and rubbish, and there
was no significant difference between chicken
manure, cow manure, and rubbish. Compared with
control, each kind of organic manure could promote
the growth of lettuce shoots (Figure 1), the result is
consistent with the roots. Besides cow manure
treatment increased slightly, other organic manure
treatments were significantly increased. The shoots
dry weight were maximum under the treatment of pig
manure, which increased by 1671.78% than that of
the control. There was no significant difference
between chicken manure and rubbish, and there was
no significant difference between sludge and pig
manure.

Each pot contains 1 kg matrix. Soil water content
was adjusted to 60 %. Lettuce seeds were sown after
one week of balance. Four lettuce plants with
uniform size were kept for each prepared pot, and
there are four replicates in each treatment. Adjust the
position every 7 days, and watering every 3 days.
The temperature range of greenhouse is 15 to 25 °C.
The experiment lasted for 45 days.

7UHDWPHQW
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Therefore, we could get a conclusion that applying
right amount organic manure could provide essential
macronutrient elements, which are important to the
growth of lettuce, and affect plant absorption of
heavy metals through changing the form of heavy
metals in soil, thus to effectively reduce the
absorption of heavy metals by lettuce. The reason
may be that organic manure decreased the
bioavailability of heavy metals in the soil; another
possible reason was the yields of lettuce by organic
manure was higher than that of control, and the
contents of heavy metals in the leaves were diluted.

Effect of organic manure application on
contents of heavy metals in lettuce. Compared with
the control treatment, in addition to the cow manure,
other organic manure treatments reduced lower Zn
content in lettuce root (Figure 2). The Zn content in
lettuce root was significantly reduced by sludge and
pig manure treatments, which increased by 52.72%,
39.12%, respectively. The Zn content in lettuce root
also decreased by rubbish and chicken manure
treatments, but the difference was not significant
(p<0.05). Similarly to Zn content, except cow
manure treatment, the Cu and Mn content in lettuce
root also significantly decreased by other organic
manure treatments. The Cu and Mn content in lettuce
root is significantly reduced by sludge treatment,
which decreased by 76.65%, 56.86%, respectively.
For the As content, except pig manure treatment, the
As content in lettuce root also decreased by other
organic manure treatments, but the difference was
not significant. Compared with control, the Cd
content in lettuce root has been decreased by organic
manure treatments, and the Cd content of pig manure
treatment was the lowest, which decreased by
69.74%. For the Pb content, besides chicken manure
treatment increased slightly, other organic manure
treatments decreased Zn content, but the difference
was not significant.
For the content of heavy metals in the lettuce
shoots, we found that besides rubbish treatment
increased slightly, other organic manure treatments
decreased Zn content, but the difference was not
significant. Compared with control, The Cu contents
increased after chicken manure, pig manure, and cow
manure treatments, and decreased after rubbish and
sludge treatments, but the effect is not significant.
The Mn and Cd contents decreased after this organic
manure. The effect of Cd content was not significant.
For the Mn content, besides cow manure treatment,
other organic manure treatments decreased Mn
content, the Mn content of pig manure treatment was
the lowest, which decreased by 48.32%. Compared
with control, The As contents increased slightly after
pig manure and rubbish treatments, but have not
changed after chicken manure treatment, and the As
contents decreased slightly after cow manure and
sludge treatments. The Pb contents after five kinds
of organic manure treatments were slightly higher
than that of control.
Through this analysis, we know that Zn, Mn,
Cu, As, Cd, and Pb contents in lettuce roots were
significantly higher than that in the shoots. Previous
studies have found that manures (chicken manure
and cow manure) can enhance plant growth and
decrease the uptake of heavy metals for Carpobrotus
rossii [17]. Our results showed that most of the heavy
metals contents in lettuce root was reduced by this
organic manure treatment, wherein the effects of pig
manure and sludge treatments were the most
significant. The rule of the leaf was consistent with
the root, but the effect was lower than the root.

FIGURE 2
Concentration of Zn, Mn, Cu, As, Cd, and Pb in
lettuce shoots and roots by different organic
manure treatments. Error bars represent
standard error (n=3). Different lowercase letters
represent significantly. Reference the standard
of ³limits of contaminatiRQLQIRRG´. Lettuce
moisture content is calculated by 92%. The data
obtained indicated that the contents of Zn, Mn,
Cu, As, Cd and Pb in lettuce tissues are not
exceeded the standard.
Effect of sludge concentrations on lettuce
dry weights. Sludge could increase the root dry
weight of lettuce. The root dry weight increased as
the sludge concentration increased (Figure 3). The
root dry weight was maximum under 8% sludge
treatment, which increased by 594.1% than that of
the control. The rule of the shoot was consistent with
the root. The shoot dry weight was maximum under
8% sludge manure treatment, which increased by
4402% than that of the control.
In summary, the shoots and roots dry weight
increased as the sludge concentration increased, and
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was minimum under 3% sludge treatment, which
reduced by 54.31% than that of the control. Similarly
to Mn content, the Cd content in lettuce shoot
reduced with different concentrations of sludge
treatments, and the Cd content was minimum under
1.5% sludge treatment, which reduced by 41.86%
than that of the control. For the As content, except 1%
and 1.5% sludge treatment decreased slightly, the As
content in lettuce shoots was increased with different
concentrations of sludge treatments, but the
difference was not significant. The Pb content has
been decreased slightly with 3% sludge, but the
difference was not significant.
In summary, the Zn and Cu contents in lettuce
shoot significantly increase with 8% sludge manure
treatment. The Cu contents in lettuce root decreased
with8% sludge manure treatment. This shown that
the transport capacity of Cu was stronger in lettuce.
The Pb content had no significant difference from
different concentrations of sludge. Most of the heavy
metals contents in lettuce tissues were reduced by
different concentrations of sludge treatments, and the
effect of 1.5% sludge treatment was the most
significant. In conclusion, our results demonstrate
that 1.5% sludge treatment could increase yields
significantly, and reduce the enrichment of heavy
metals in lettuce. Therefore, the optimum amount of
fertilization was 3.8 kgām-2, i.e. 2534. 6 kgāmu-1.
These results are consistent with the conclusion by
Han et al. [34].

the effect of 8% sludge treatment was the most
significant. The content of heavy metals in sludge
was higher, whether the dry weight of lettuce will
increase with the increase of sludge, and how much
sludge could get high yield and safety of lettuce, we
will make the further discussion in later research.

FIGURE 3
Effects of sludge concentrations on the shoot and
root dry weight of lettuce plants grown in soil.
Error bars represent standard error (n=3).
Different lowercase letters represent
significantly
Heavy metals contents in lettuce tissues
under different sludge treated. The heavy metals
contents in the roots of lettuce plants were
determined in Figure 4. The Zn and Mn contents
decreased contrasted with control under different
concentration of sludge treatment. The Zn content in
lettuce root was significantly reduced by1%, 1.5%
and 3% sludge treatments. The Zn and Mn contents
were minimum under 1.5% sludge manure treatment,
which reduced by 39.12%, 56.86% than that of the
control, respectively. Compared with the control, the
Cu content in lettuce root significantly reduced with
different concentrations of sludge treatments. The
Cu content was minimum under 1.5% sludge
treatment, which reduced by 76.65% than that of the
control. Similarly to Cu content, the Cd content in
lettuce root significantly reduced with different
concentrations of sludge treatments. The Cd content
was minimum under 8% sludge treatment, which
reduced by 64.47% than that of the control. For the
As content, except 1.5% sludge treatment, the As
content in lettuce root was increased with different
concentrations of sludge treatments, but the
difference was not significant. The Pb content has
been decreased slightly, but the difference was not
significant.
For the content of heavy metals in the lettuce
shoots, the Zn content significantly increases with 8
% sludge manure treatment, which increased by
29.50% and 148.9% than that of the control. The Cu
content significantly increased with 3% and 8%
sludge manure treatment, which increased by 91.06
% and 148.9% than that of the control respectively.
The Zn and Cu contents decreased slightly with other
treatments. The Mn content significantly decreased
contrasted
with
control
under
different
concentrations of sludge treatment. The Mn content

),*85(
&RQFHQWUDWLRQRI=Q0Q&X$V&GDQG3ELQ
OHWWXFHVKRRWVDQGURRWVZLWKGLIIHUHQW
FRQFHQWUDWLRQVRIVOXGJH(UURUEDUVUHSUHVHQW
VWDQGDUGHUURU Q  'LIIHUHQWORZHUFDVHOHWWHUV
UHSUHVHQWVLJQLILFDQWGLIIHUHQFHVDPRQJ
WUHDWPHQWV S
Effect of rubbish concentrations on lettuce
dry weights. Different concentrations of rubbish
compost could promote the growth of lettuce (Figure
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control. The Mn content was minimum under 3%
rubbish treatment, which reduced by 50.40% than
that of the control. In addition to 1% rubbish
treatment, the Pb content was increased with
different concentrations of rubbish treatments.
In summary, all heavy metal concentrations of
this study significantly increased by 8% rubbish
treatment. Most of the heavy metals contents in
lettuce tissues were reduced by different 1% and 1.5
% rubbish treatments. According to the research of
this experiment, 1% to 1.5% rubbish treatment could
increase yields significantly, and reduce the
enrichment of heavy metals in lettuce. Therefore, the
optimum amount of fertilization was 2.5-3.8 kgām-2,
i.e. 1667.5-2534.6 kgāmu-1.

5). The lettuce dry weight was increased with the
rising of rubbish concentration. The dry weight of
shoots and roots were maximum under 3% rubbish
treatment, which increased by 751.3% and 277.55%
than that of the control. The lettuce dry weight was
decreased under 8% rubbish treatment, it is shown
that 8% rubbish treatment inhibit the growth of
lettuce.
In summary, the effect of 3% rubbish treatment
was the most significant for lettuce growth, and 8%
rubbish inhibit the lettuce growth. Therefore, we
hypothesized that the optimum amount of rubbish
should be less than 8%.

FIGURE 5
Effects of rubbish concentrations on the shoot
and root dry weight of lettuce plants grown in
soil. Error bars represent standard error (n=3).
Different lowercase letters represent
significantly.
Heavy metals contents in lettuce tissues
under different rubbish treated. Compared with
control, the Zn, As, Cd, and Pb contents in lettuce
root were increased by 8% rubbish treatment, and the
Zn and As contents significantly increase, which
increased by 68.77% and 60.91% than that of the
control, respectively (Figure 6). The Zn, As, Cd, and
Pb contents in lettuce root were reduced by other
rubbish treatment. The Zn and Cd contents were
minimum under 3% rubbish manure treatment,
which reduced by 48.66% and 63.16% than that of
the control, respectively. In addition to 8% rubbish
treatment, the Cu and Mn contents were significantly
reduced with different concentrations of rubbish
treatments. The Cu content was minimum under 3%
rubbish manure treatment, which reduced by 58.78%
then that of the control, the Mn content was
minimum under 1% rubbish manure treatment,
which reduced by 54.20% than that of the control.
Figure 6 shown that the Zn, Cu, Mn, As, Cd and
Pb contents in lettuce shoot was increased by 8%
rubbish treatment, which increased by 95.60%,
147.6%, 34.00%, 58.33%, 186.0%, and 180.3% than
that of the control, respectively, and the Cd and Pd
content in lettuce shoots exceeded the national
control standard by 1.4 and 12.7 times, respectively.
The Cu content was minimum under 1.5% rubbish
treatment, which reduced by 22.85% than that of the

FIGURE 6
Concentration of Zn, Mn, Cu, As, Cd, and Pb in
lettuce shoots and roots with different
concentrations of rubbish. Error bars represent
standard error (n=3), Different lowercase letters
represent significant differences among
treatments (p<0.05)
&21&/86,21
Experiment results of different organic manure
application rates were shown that with the increase
of sludge and UXEELVK manure concentration. But
most of the heavy metals contents in lettuce shoots
were increased by 8% sludge and rubbish treatment.
The heavy metals contents in lettuce tissues were
obviously reduced by 1.5% sludgeͫand 1%, 1.5%
UXEELVK treatment. The experiment with different
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concern, largely due to its widespread use in
industrial processes and highly toxic nature [1].
Human exposure to significant Ni(II) levels is
associated with serious acute and chronic health
disorders [2,3]. Furthermore, Ni(II) is known to
impair the normal homeostasis of essential metal
ions and acts as a hematotoxic, immunotoxic, hepatotoxic, pulmonary toxic, nephrotoxic, carcinogenic, teratogenic and embryotoxic agent [4,5].
The development of effective treatment
technologies for Ni(II) ion remediation is
challenging, and conventional methods, such as
chemical precipitation, ion exchange, reverse
osmosis, ultrafiltration, nanofiltration, electrodeionization, adsorption on activated carbon,
crystallization in the form of nickel carbonate and
electrochemical, are costly, require preliminary
treatment, generate toxic sludge, and/or are
inefficient for handling wastewater containing low
Ni(II) ion concentrations [6-8]. Biosorption is a
promising alternative technique for treating heavy
metal-contaminated effluents due to its environmental friendliness, enhanced efficiency, costeffectiveness, minimization of secondary wastes,
ease of operation and simplicity of design [7,9].
Hass avocado (Persea americana Mill. var.
Hass) is a popular oleaginous, subtropical fruit of
high economic importance. Industrial processing of
Hass avocados generates a large amount of byproducts, such as shells, which are highly underutilized and are a source of environmental pollution
[10,11]. A potentially beneficial use of avocado
shells is for the removal of toxic heavy metals from
aqueous solutions as a biosorbent.
The present work aims to assess the effect of
relevant environmental parameters, such as solution
pH, initial Ni(II) concentration and contact time, on
the ability of the Hass avocado shell (HAS) to
biosorb Ni(II) ions from aqueous solutions.
Moreover, the biosorption mechanism of Ni(II) onto
HAS is assessed in terms of kinetics and equilibrium.
Finally, the functional groups involved in the Ni(II)

ABSTRACT
This research work describes the utilization of
Hass avocado shell (HAS), i.e., a waste material
generated in large quantities from the fruit
consumption, to detoxify and remove divalent nickel
[Ni(II)] ions from aqueous solutions via biosorption. Batch studies reveal that the Ni(II) biosorption capacity of HAS is dependent on operating
variables, such as solution pH, contact time and
initial Ni(II) concentration. Ni(II) biosorption
increases with increasing solution pH, shaking
contact time and initial metal concentration. The
Ni(II) biosorption kinetics is well described by the
pseudo-second order model, whereas the Langmuir
isotherm model best describes the Ni(II) equilibrium biosorption data. The Langmuir isotherm
model predicts a maximum biosorption capacity of
126.3 mg g-1, which adequately matches the experimental value of Ni(II) biosorption capacity at
equilibrium (107.26 mg g-1), and a biosorption
equilibrium constant of 0.0124 L mg-1, which
indicates that the biosorption of Ni(II) ions onto HAS
is favorable. Fourier transform infrared spectroscopy
(FTIR) shows that the carboxyl and aromatic
functional groups on the HAS surface could be the
potential biosorption sites for Ni(II) biosorption. The
present study proves that HAS can be used as an
effective, low-cost and eco-friendly biosorbent to
remediate
Ni(II)-contaminated
water
and
wastewater.

KEYWORDS:
Biosorption; Nickel(II); Hass avocado shell; Isotherm
model; Kinetic model; Wastewater treatment

INTRODUCTION
Divalent nickel [Ni(II)] is a heavy metal with
the greatest and more immediate environmental
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on kinetics performance, experiments were carried
out using Ni(II) concentrations ranging from 8.6 to
436.7 mg L-1 at 25 ºC.
To check for Ni(II) adsorption onto glass and/or
nickel precipitation, HAS-free controls were run
simultaneously under exactly the same conditions as
that used for the Ni(II) biosorption experiments.
Throughout the experiments perfor-med in this
work, no change in the Ni(II) concen-tration was
detected in the HAS-free controls, which indicated
that the Ni(II) removal observed in the biosorption
experiments was only due to the HAS biosorbent.
Samples were collected at different times of
contact between HAS biomass and Ni(II) solutions
and filtered through filter paper (Whatman; grade
42). The obtained filtrates were subsequently
analyzed spectrophotometrically (Genesys 10 UVVisible, Thermo Electron Scientific Instruments
Corporation) to determine the Ni(II) concentration
by the dimethylglyoxime method [12]. The absorbance of the wine red-to-brown colored complex of
Ni(II) ions with dimethylglyoxime was read at a
wavelength of 465 nm.

biosorption process are identified by Fourier
transform infrared (FTIR) spectroscopy.

MATERIAL AND METHODS
Preparation of the biosorbent. Hass avocado
shells (HAS) were obtained for free from a local
wholesale market. HAS were first washed
thoroughly with distilled deionized water and then
oven-dried at 60ºC until they reached a constant dry
weight. The dried samples were subsequently milled
using a Glen Creston hammer mill, and the resulting
particles were screened using ASTM standard
sieves. The fraction with particle sizes of 0.59 ± 0.8
mm was used in the Ni(II) biosorption experiments.
The sieved biosorbent without any further chemical
or physical treatment was kept in an airtight plastic
container until being used for the experiments.
Ni(II) solutions for the biosorption
experiments. NiSO4·6H2O of analytical grade from
J.T. Baker, Mexico (purity > 99.1%) was used as a
source of Ni(II) ions. The Ni(II) stock solution (2000
mg L-1) was prepared by dissolving accura-tely
weighed amount of NiSO4·6H2O in distilled
deionized water. Solutions of the desired concentrations for experiments were obtained by diluting
the Ni(II) stock solution. In the present work, initial
Ni(II) concentrations varied from 8.6 to 436.7 mg L1
and the pH of each Ni(II) solution was adjusted to
the desired value with 0.1 M HCl or NaOH solution.

Equilibrium studies of Ni(II) biosorption.
For the Ni(II) equilibrium biosorption studies, 1 g L1
of HAS biomass was mixed with solutions of
different initial Ni(II) concentrations (8.6 - 436.7 mg
L-1) at pH 7.5 and temperature of 25 ºC, with constant
agitation at 180 rpm for 300 h to ensure that
biosorption equilibrium was reached. After-wards,
the samples were collected and filtered through filter
paper (Whatman; grade 42), and the obtained
filtrates were subsequently analyzed for the Ni(II)
concentration.

Kinetics studies of Ni(II) biosorption and
analytical method. Batch kinetics biosorption
studies were performed to assess the influence of
operational parameters, such as solution pH, shaking
contact time and initial Ni(II) concen-tration, on
Ni(II) biosorption by HAS from aqueous solutions.
All of the experiments were conducted in 500-mL
Erlenmeyer flasks containing 120 mL of Ni(II)
solution of known pH and concentration and 1 g (dry
weight) L-1 of HAS. Care was taken to maintain a
constant pH for each Ni(II) test solution (± 0.1 pH
unit) throughout the course of the experiments by
checking periodically and adjusting when necessary
with 0.1 M HCl or NaOH solution. Flasks were
placed in a shaker (Cole Parmer®) with a constant
shaking speed of 180 rpm and a temperature of 25
ºC.
The effect of solution pH levels on Ni(II)
biosorption by HAS was explored in Ni(II) solutions
at 100 mg L-1 initial metal concentration with
different pH values ranging from 4.0 to 7.5 at 25 ºC.
The influence of the shaking contact time on Ni(II)
biosorption was studied between 0 and 300 h in
Ni(II) solutions with initial metal concentrations
ranging from 8.6 to 436.7 mg L-1 at 25 ºC. To
examine the effect of the initial Ni(II) concentration
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Estimation of Ni(II) biosorption capacity.
The capacity of Ni(II) biosorption (qt, mg g-1)
represents the amount of Ni(II) ions removed at time
t by the unit mass (dry weight) of HAS biomass and
was estimated with the following mass balance
equation:

qt =

(C0 Ct )V
W

(1)

where C0 and Ct (mg L-1) are the initial and
residual Ni(II) concentrations at time t0 = 0 h and t =
t, respectively, V is the volume of solution (L) and
W is the dry weight of HAS biomass (g).
The biosorption capacity at equilibrium (qe)
was calculated using Equation 1, with Ct being
replaced by Ce, where Ce is the aqueous phase
concentration of Ni(II) ions at equilibrium (mg L-1).
Modeling of biosorption kinetics of Ni(II)
ions on HAS. Two kinetics models, i.e., pseudofirst-order and pseudo-second-order, were used in
the present work to evaluate the mechanism that
controls the Ni(II) biosorption process (Table 1).
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TABLE 1
Kinetics and isotherm models
Kinetics models
Nomenclature
qt, capacity (mg g-1); qe1, biosorption capacity (mg g-1) at equilibrium;
k1, rate constant (h-1)
qt, capacity (mg g-1); qe2, biosorption capacity (mg g-1) at equilibrium;
k2, rate constant (g mg-1 h-1)

Equation
Pseudo-first order
Pseudo-second
order

Langmuir

qt
qt

q max b Ce
1  b Ce

RL

1
1  b C0

qe

Halsey
qe

Temkin

qe

qe

Khan

Redlich-Peterson

Fritz-Schluender

Isotherm models
Two-parameter models
qe, biosorption capacity (mg g-1) at equilibrium; Ce, liquid phase
concentration of Ni(II) at equilibrium (mg L-1); qmax, maximum
biosorption capacity (mg g-1); b, Langmuir constant (L mg-1).
RL, Hall separation factor; Co, initial adsorbate concentration (mg L-1);
T, surface coverage

b C0
1  b C0

KF, Freundlich model constant (mg g-1); Ce, nickel concentration at
equilibrium (mg L-1); n, heterogeneity factor
KH, Halsey isotherm model constant (L g-1)-1/nH; nH, Halsey model
exponent; Ce, nickel concentration at equilibrium (mg L-1)

1

K F Ce n
§ KH
¨
¨C
© e

1

· nH
¸
¸
¹
RT

bT ln( AT Ce ) 1

1

Sips

Toth

t
(k 2 q e22 ) 1  t q e21

qe

T
Freundlich

qe1 1  e  k1t

qe

qe
qe

qe =

q max K s C ens
1

[14]

[15,16]

[13]
[13]

qe, biosorption capacity (mg g-1) at equilibrium; bT, constant associated
with the heat of adsorption; AT, Temkin model constant (L g-1); Ce,
nickel concentration at equilibrium (mg L-1)
Three-parameter model

[13]

Ks, affinity coefficient >(mg L-1)-1/ns@; ns, heterogeneity coefficient

[13]

qmax, maximum biosorption capacity (mg g-1); BT, Toth model constant
(L mg-1)-1/nT; nT, Toth model exponent

[13]

1
K s C ens

q max BT C e
(1  ( BT C e )

nT1 nT

q max bK C e
(1  bK C e )

nK

K RP C e
1  E RP C enRP

AFSCe FS
1+ BFSCe FS

)

qmax, maximum biosorption capacity (mg g-1); bk, Khan model constant
(L mg-1); nk, Khan model exponent; Ce, adsorbate concentration at
equilibrium (mg L-1)
KRP (L g-1), E RP (L mg-1)nRP, Redlich-Peterson model isotherm
constants; nRP, coefficient associated to the nature of the adsorbent; Ce,
nickel concentration at equilibrium (mg L-1)
Four-parameter model
AFS (mg g-1)(mg L-1)-Į)6 and BFS (mg L-1)-ȕ)6, Fritz-Schluender model
constants; ĮFS and ȕFS, Fritz-Schluender model exponents; Ce, nickel
concentration at equilibrium (mg L-1)

[13]

[17]

Prism software version 6.0c (GraphPad Software,
Inc.).
All of the parameters of the kinetics and
isotherm models were evaluated by non-linear
regression analysis of the experimental data using
GraphPad Prism software version 6.0c. The best-fit
models were selected by the highest coefficient of
determination (R2) and lowest residual or sum of
squares error (SSE) and root mean squared error or
standard error (RMSE) values.

These models have been widely used to analyze and
understand biosorption kinetics of heavy metals by
different biosorbents [13,14,18,19].
Modeling of biosorption isotherm of Ni(II)
ions. Biosorption isotherm models are essential tools
for describing the interactions between the
biosorbent and adsorbate [20]. In the present work,
two-parameter (Langmuir, Freundlich, Halsey and
Temkin), three-parameter (Sips, Toth, Khan and
Redlich-Peterson), and four-parameter (FritzSchluender) sorption isotherm models were used to
analyze the experimental equilibrium data of Ni(II)
biosorption obtained at different initial Ni(II)
concentrations (Table 1).

FTIR analysis. FTIR spectroscopy was used to
elucidate the functional groups present on the HAS
surface that may be involved in the biosorption of
Ni(II) ions from aqueous solutions.
HAS samples (at a concentration of 1 g L-1)
were mixed with Ni(II) solutions at a concentration
of 436.7 mg L-1 and pH 7.5 ± 0.1 for 300 h, with
constant agitation at 180 rpm and 25 ºC to saturate
the binding sites with Ni(II) ions. All suspensions
were subsequently centrifuged for 10 min at 3000
rpm, and the pellets were washed twice with distilled
deionized water to remove unbound metal. After

Statistical and data analysis. Three independent replicates confirmed that the Ni(II) biosorption
experiments were reproducible within a 5% error at
most, and mean values are reported herein. Ni(II)
biosorption data were statistically analyzed by the
DQDO\VLV RI YDULDQFH $129$ 7XNH\¶V PHWKRG
overall confidence level = 0.05) using GraphPad
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It is evident that the biosorption of Ni(II) ions
onto HAS is a highly pH-dependent process. The
Ni(II) biosorption capacity increases as the solution
pH increases and reaches its highest level at pH 7.5.
This biosorption behavior may be due to the strong
electrostatic repulsion between the positively
charged ligands present on the HAS surface at lower
pH values and the cationic Ni(II) ions, as well as due
to the competition between protons (H+ and H3O+)
and Ni(II) ions for occupancy of the binding sites,
which both hinder the Ni(II)-binding process at low
solution pH values. In contrast, with increasing pH,
the extent of Ni(II) biosorption increases,
presumably because of a decrease in competition
between Ni(II) ions and protons for the same
functional groups and an increase of the negative
surface charge resulting in higher electrostatic
attraction between the HAS surface and Ni(II) ions
[18,23]. It is well known that at pH values ranging
from 4 to approximately 7.5, nickel ions in aqueous
solution are present as divalent positive ions that can
interact with negatively charged groups in the
biosorbent biomass [24,25].
Based on the present results, pH 7.5 is shown to
be optimal for Ni(II) biosorption by HAS, and this
pH is therefore used in further studies. Optimal pH
values within the range from 3.0 to 8.0 have been
reported for the efficient removal of Ni(II) ions from
aqueous solutions by different bio-sorbents, such as
shrimp head [18], Litchi chinensis seeds [17],
sugarcane bagasse [15], Lycopersicum esculentum
(tomato) leaf [26], Calotropis procera [27], barley
straw [28], mustard oil cake [29], Rhodotorula
glutinis [23] and Mucor hiemalis [8], among others.

centrifuging the resulting suspensions, the obtained
Ni(II)-loaded HAS was oven-dried at 105 ºC to
remove any water retained which could interfere
with the observation of hydroxyl groups on the HAS
surface.
Ni(II)-unloaded (native HAS) and Ni(II)loaded HAS were finely ground, mixed with dried
spectroscopic KBr at a ratio 1:5 and immediately
analyzed with a Perkin-Elmer Spectrum 2000
Fourier transform infrared (FTIR) spectrophotometer equipped with a Perkin-Elmer diffuse reflectance FTIR accessory. FTIR spectra were obtained
from 16 scans over the 4000-400 cm-1 range with a
resolution of 4 cm-1.

RESULTS AND DISCUSSION
Effect of solution pH levels on Ni(II)
biosorption kinetics. It is well known that solution
pH plays a major role in controlling biosorption
processes by affecting the chemical speciation and
solubility of heavy metals in solution, as well as the
chemical state of the functional groups responsible
for biosorption, thereby affecting the net surface
charge of the biosorbent and the availability of
biosorption sites [18,21]. Furthermore, another key
influence of solution pH is related to the fact that
hydrogen (H+)/hydronium (H3O+) and hydroxyl
(OH-) ions are strong competitors of cationic and
anionic heavy metals, respectively, for the binding
sites of the biosorbent [21].

FIGURE 1
Influence of solution pH on the Ni(II)
biosorption capacity of Hass avocado shell
(Solution pH: z, 4.0; , 5.0; S, 5.5; T, 6.0; ,
6.5; }, 7.0; , 7.5).

FIGURE 2
Effect of initial Ni(II) concentration on the Ni(II)
biosorption capacity of Hass avocado shell
-1
(Initial Ni(II) concentration [mg L ]: , 8.6; U,
ź, 49.38; ྐ, 75.23; z, 82.46; ,
125; , 176.17; S, 269; |, 352; Ì, 436.75).

Figure 1 displays the variations in the Ni(II)
biosorption capacity of HAS as a function of contact
time for the seven different solution pH values
assayed, ranging from 4.0 to 7.5. Values of pH
higher than 7.5 were not assayed because at pH t 8.0,
hydroxide ions (OH-) in solution may bind to Ni(II)
ions to form hydroxylated nickel complexes, such as
nickel hydroxide, which precipitates in solution
[6,22]; therefore, under these pH condi-tions, the
combined process of nickel biosorption and
microprecipitation would take place, with the
predominance of the latter [17].
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Effect of contact time and initial Ni(II)
concentration on metal biosorption. In the present
work, the influence of contact time and initial Ni(II)
concentration on Ni(II) biosorption onto HAS was
investigated at eleven different initial Ni(II) concentrations, ranging from 8.6 to 436.7 mg L-1. Figure 2
shows that the contact time also has a considerable
effect on the biosorption of Ni(II) ions onto HAS.
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HAS active sites, ion exchange, complexation,
coordination and/or chelation [13]. This kinetic
model assumes that two reactions occur; the first one
is fast and reaches equilibrium quickly, and the
second is a slower reaction that can continue for long
periods of time. Moreover, the two reactions can
occur either in series or in parallel [19].

Regardless of the initial Ni(II) concentration, the
Ni(II) biosorption capacity of HAS gradually
increases as the experimental biosorption time
increases until the biosorption capacity reaches a
maximum constant value that corresponds to the
equilibrium biosorption capacity (exp qe) value.
Likewise, the equilibrium biosorption capacity of
Ni(II) ions increases from 5.63 to 107.26 mg g-1 as
the initial Ni(II) concentration increases from 8.6 to
436.7 mg L-1, which indicates that the saturation of
the HAS surface with Ni(II) ions is highly dependent
on the initial metal concentration.
The rise in the equilibrium biosorption capacity
with increasing initial Ni(II) concentration may be
explained on the basis of the higher availability of
Ni(II) ions in aqueous solution, which enhances the
interactions between the Ni(II) ions and HAS.
Additionally, an increase in the initial Ni(II)
concentration also increases the driving force of the
Ni(II) concentration gradient to overcome all of the
mass transfer resistances of Ni(II) ions between the
Ni(II) aqueous solution and HAS particles, which
results in a higher probability of collision between
Ni(II) ions and active biosorption sites on the HAS
surface and thus leads to an enhanced biosorption
capacity [8,17].
Biosorption kinetics modeling of Ni(II) ions
onto HAS. Biosorption kinetics modeling is useful
to describe crucial aspects of the biosorption process,
such as the biosorption rate and factors affecting the
biosorption rate and mechanism [6,19]. Information
on the kinetics of solute biosorption is required for
selecting the optimum operating conditions for fullscale batch biosorption process, establishing the time
dependence of bio-sorption systems under various
process conditions and designing efficient and
effective biosorption systems [19,30].
The kinetics process of the biosorption of Ni(II)
ions onto HAS at different initial Ni(II)
concentrations was analyzed using the pseudo-first
order and pseudo-second order models. Table 2 lists
the experimental equilibrium biosorption capacity
(exp qe) and the parameter values of the pseudo-first
order (k1 and qe1) and pseudo-second order (k2 and
qe2) kinetics models, along with the corresponding
R2, RMSE and SSE values.
Comparing the results predicted by these
kinetic models, the pseudo-second order model
exhibits the highest R2 and lowest RMSE and SSE
values. Moreover, the equilibrium biosorption
capacities (qe2) determined from the pseudo-second
order model are in good agreement with the
experimental (exp qe) values. From these results, the
Ni(II) biosorption kinetics onto HAS are best
described by the pseudo-second order model, which
suggests that the rate-controlling step of the Ni(II)
biosorption process might be chemical sorption or
chemisorption, involving valence forces through
electron sharing/exchange between Ni(II) ions and
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FIGURE 3
Comparison between the experimental
isotherm data and the calculated isotherm data
derived from two- (A), three- (B) and fourparameter (C) models for Ni(II) biosorption by
Hass avocado shell (Experimental data: ; Twoparameter: xxx Freundlich, ± ± ± Langmuir, - - Temkin,  Halsey; Three-parameter: - - - Sips,
 Redlich and Peterson, x±x± Khan, xxx Toth;
Four-parameter:  Fritz-Schluender).
The pseudo-second order model is also the
most suitable for describing the kinetic behavior of
Ni(II) biosorption onto Lansium domesticum peel
[6], lignocellulose/montmorillonite nanocomposite
[31], L. esculentum (tomato) leaf [26], Litchi
chinensis seeds [17], sugarcane bagasse [15], shrimp
head [18], Moringa aptera Gaertn pods [32],
Rhodotorula glutinis [23], M. hiemalis [8],
Nizmuddinia zanardini, Sargassum glaucescens,
Cystoseira indica >@ DQG EDNHU¶V \HDVW >@ ,Q
contrast, the Ni(II) biosorption kinetics onto orange
(Citrus reticulata) peel [34] and Calotropis procera
root [27] followed the pseudo-first order model.
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TABLE 2
Kinetics parameters of the pseudo-first order and pseudo-second order models for Ni(II) biosorption onto
Hass avocado shell at different initial Ni(II) concentrations
Pseudo-first order model
Initial
exp qe
concentration (mg g-1)
(mg L-1)
8.6
5.63

qe1
(mg g-1)

k1
(h-1)

R2

SSE

RMSE

5.21 ± 0.17

0.22 ± 0.03

0.84

7.23

0.617

17
36.1
49.4
75.2
82.5
125

12.07
25.29
33.38
46.40
57.72
61.36

11.48 ± 0.29
24.25 ± 0.69
31.39 ± 0.88
38.55 ± 1.84
49.26 ± 2.42
52.64 ± 1.92

0.23 ± 0.02
0.17 ± 0.02
0.14 ± 0.017
0.10 ± 0.022
0.10 ± 0.023
0.20 ± 0.031

0.92
0.91
0.92
0.83
0.80
0.84

20.42
109.90
173.90
729.80
1263.00
845.50

1.037
2.405
3.025
6.198
8.154
6.671

176.2

68.44

57.57 ± 2.13

0.14 ± 0.022

0.88

1005.00

7.274

269
71.42
352
92.57
436.7
107.26
Pseudo-second order model
Initial
exp qe
concentration (mg g-1)
(mg L-1)
8.6
5.63

63.72 ± 1.67
88.62 ± 1.34
97.54 ± 2.51

0.18 ± 0.020
0.31 ± 0.022
0.21 ± 0.023

0.92
0.96
0.92

635.20
430.80
1450.00

5.782
4.762
8.735

qe2
(mg g-1)

k2
(g mg-1 h-1)

R2

SSE

RMSE

5.43 ± 0.14

0.064 ± 0.01

0.923

3.71

0.442

17

12.07

11.97 ± 0.30

0.028 ± 0.004

0.932

17.84

0.917

36.1
49.4
75.2
82.5
125
176.2

25.29
33.38
46.40
57.72
61.36
68.44

25.39 ± 0.63
33.26 ± 0.81
42.08 ± 1.79
53.39 ± 2.29
55.06 ± 1.64
61.39 ± 2.04

0.019 ± 0.001
0.01 ± 0.0008
0.008 ± 0.0006
0.006 ± 0.0005
0.005 ± 0.001
0.004 ± 0.0005

0.944
0.955
0.896
0.881
0.910
0.921

71.37
108.00
446.60
756.00
494.70
670.70

1.938
2.384
4.848
6.308
5.103
5.941

269

71.42

66.84 ± 1.39

0.003 ± 0.0004

0.960

344.20

4.256

352
436.7

92.57
107.26

91.58 ± 1.01
101.9 ± 2.17

0.003 ± 0.0004
0.003 ± 0.0004

0.983
0.953

207.00
869.20

3.301
6.764

as biosorption binding sites of HAS become
occupied, it becomes more difficult for Ni(II) ions to
find available biosorption sites; that is, a progressive
saturation of the biosorbent is suggested [18,35].
Considering the shape and slope of the initial portion
of the isotherm curve, it can be concluded that the
biosorption isotherm for Ni(II) ions onto HAS
corresponds to a L-type isotherm in the Giles
classification system [36], where the biosorption is
initially quite rapid and then slowly approaches
equilibrium at high concentrations. Type L isotherm
is generally associated with the biosorption of a
PRQROD\HURIDGVRUEDWHRQWRWKHELRVRUEHQW¶VVXUIDFH
and a high affinity between the adsorbate and the
biosorbent; moreover, no strong competition exists
between the solvent and the adsorbate to occupy the
biosorption sites [37]. The L-type isotherm also
indicates the occurrence of a chemisorption reaction
between the adsorbate and biosorbent [38], which is
in agreement with the kinetics results described
above.

It is also seen in Table 2 that with increasing
initial Ni(II) concentration, the pseudo-second order
rate constant (k2) gradually decreases until it reaches
a minimum, with a constant value of approximately
3 x 10-3 g mg-1 h-1. This may be because at higher
initial Ni(II) concentrations, the HAS biomass can
biosorb larger amounts of Ni(II) ions and therefore
requires longer contact times to reach equilibrium.
This trend has also been observed in other Ni(II)
biosorption systems [6,17,18,23].
Biosorption isotherm modeling of Ni(II) ions
onto HAS. The biosorption isotherm provides
valuable information regarding the interactions of
the adsorbate (e.g., Ni(II) ions) with the biosorbent
and is therefore required for the understanding of the
biosorption mechanism [19].
The experimental biosorption isotherm of
Ni(II) obtained at pH 7.5 and 25°C is shown in
Figure 3. It can be seen that the Ni(II) biosorption
isotherm is regular, smooth and concave to the
concentration axis. The isotherm shape indicates that
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TABLE 3
Parameters of the isotherm models for the biosorption of Ni(II) ions onto Hass avocado shell
Two-parameter models
Langmuir
Freundlich
qmax
126.3 ± 5.749 mg g-1
KF
7.94 ± 1.383 mg g-1
b
0.01243 ± 0.001372 L mg-1
n
2.234 ± 0.1702
0.9854
R2
0.9643
R2
RMSE
4.068
RMSE
6.36
SSE
148.9
SSE
364.1
Halsey
Temkin
KH
4.53E-04 ± 4.6E-005 (L g-1)-1/nh
AT
0.2199 ± 0.04721 L mg-1
2.944 ± 0.02308
bT
111.9 ± 9.041 J mol-1
nH
0.9630
R2
0.9445
R2
RMSE
4.83
RMSE
7.933
SSE
14638
SSE
566.3
Three-parameter models
Sips
Redlich-Peterson
qmax
139.3 ± 19.10 mg g-1
KRP
2.014 ± 0.5556 L g-1
-1
-1/ns
0.01699 ± 0.005528 (mg L )
ȕRP
0.03775 ± 0.03634 (mg L-1)-ȕRP
Ks
1.139 ± 0.1669
nRP
0.8581 ± 0.1138
ns
R2
0.9868
R2
0.9875
RMSE
4.107
RMSE
3.987
SSE
135
SSE
127.2
Khan
Toth
70.69 ± 33.37 mg g-1
qmax
154 ± 39.98 mg g-1
qmax
-1 -1/nk
0.0268 ± 0.0178 (L mg )
BT
0.01406 ± 0.002893 (L mg-1)-1/nT
bK
nK
0.7894 ± 0.1275
nT
1.406 ± 0.498
0.9878
R2
0.9871
R2
RMSE
3.944
RMSE
4.05
SSE
124.5
SSE
131.2
Four-parameter model
Fritz-Schluender
AFS
1.147 (mg g-1)(mg L-1)-ĮFS ± 1.664
ĮFS
1.305 ± 0.7451
0. 04906 (mg L-1)-ȕFS ± 0.03667
BFS
1.042 ± 0.554
ȕFS
0.9880
R2
RMSE
4.179
SSE
122.3

It is crucial to determine the most suitable
isotherm model for the biosorption process to predict
the maximum biosorption capacity, design the
biosorption process and optimize biosorbent usage in
industrial-scale biosorption systems [6,7]. In the
present work, several isotherm models with two
(Langmuir, Freundlich, Halsey and Temkin), three
(Sips, Redlich-Peterson, Khan and Toth) and four
(Fritz-Schluender) parameters were used to model
the experimental equilibrium data of Ni(II)
biosorption onto HAS. The non-linear regression
parameters of the isotherm models and the
corresponding R2, RMSE and SSE values are listed
in Table 3. Moreover, Figure 3 shows a comparison
between the data predicted by the isotherm models
and the data obtained experimentally.
It is evident from the results that the Langmuir
model shows the best fit to the experimental
equilibrium data of Ni(II) biosorption among the
two-parameter isotherm models, with a high
determination coefficient (R2 = 0.9854) and low
RMSE (4.068) and SSE (148.9) values. In contrast,



the Freundlich, Temkin and Halsey isotherm models
do not adequately describe the Ni(II) biosorption
isotherm because they have lower coefficients of
determination and higher RMSE and SSE values
than the Langmuir model.
All three-parameter models (Sips, RedlichPeterson, Khan and Toth), as well as the fourparameter model (Fritz-Schluender), exhibit high
determination coefficients and low RMSE and SSE
values. However, the 95% confidence intervals of
the parameters of these isotherm models are wider
than that of the Langmuir model; therefore, they are
not suitable for describing the experimental biosorption isotherm.
Based on these results, the Langmuir model
agrees best with the experimental equilibrium data
for the biosorption of Ni(II) ions by HAS. Moreover, the predicted equilibrium biosorption capacity
obtained with the Langmuir model (126.3 mg g -1)
matches the experimental value closely (107.26 mg
g-1). These results are in accordance with the shape
of the experimental biosorption isotherm, which
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exhibits Langmuirian behavior. The applicability of
the Langmuir model to the biosorption system under
investigation suggests that the Ni(II) bio-sorption
behavior of HAS follows a homogeneous monolayer
chemisorption process [35].
The Langmuir model has great practical
importance because it contains the two most
important parameters in a biosorption process, i.e.,
qmax and b. The first parameter (qmax) is attributed to
the maximum capacity of biosorption to complete
saturation of the biosorbent, and the second
parameter (b) is a constant related to the affinity
between the biosorbent and sorbate. These two
parameters are especially useful for designing and
scaling up biosorption processes [19]. In addition,
the Langmuir model is simpler than the three- and
four-parameter isotherm models and can
consequently be applied and interpreted more easily
and may therefore be more helpful [35].
The maximum Ni(II) biosorption capacity
determined from the Langmuir isotherm model is
126.3 mg g-1 (Table 3), which is close to the experimental Ni(II) biosorption capacity at equilibrium
(107.26 mg g-1). Furthermore, the Langmuir model
predicts an equilibrium affinity constant (b) of
0.01243 L mg-1, which is within the interval of b
values (0-1) indicating that the biosorption of Ni(II)
ions onto HAS is favorable under the present
experimental conditions. To confirm the favorability of the Ni(II) biosorption process, the
dimensionless Hall separation factor (RL) is
calculated and found to decrease as the initial Ni(II)
concentration increases (Figure 4), which confirms
that the biosorption of Ni(II) ions onto HAS is
enhanced as the starting concentration of Ni(II) ions
in solution increases. The value of RL indicates
whether the type of isotherm is irreversible (RL = 0),
favorable (0 < RL < 1.0), linear (RL = 1) or
unfavorable (RL > 1.0) [39]. All RL values obtained
in the present work are between 0 and 1.0, indicating
that the Ni(II) ions biosorption by HAS is favorable
at all assayed Ni(II) concentrations and confirming
the suitability of the biosorbent for the sorbate [17].

FIGURE 5
Variation of surface coverage with initial Ni(II)
concentration.

FIGURE 6
IR spectra of Hass avocado shell (A, native shell;
B, Ni(II)-loaded shell).
The b value is also used to calculate the surface
coverage (T), which is helpful to predict the fraction
of HAS biosorption sites occupied by Ni(II) ions at
equilibrium. Figure 5 shows that the surface
coverage tends to approach unity with an increase in
the initial Ni(II) concentration, which suggests that
the HAS surface is almost completely covered with
a monolayer of Ni(II) ions at high Ni(II)
concentrations. It can also be seen from Figure 5 that
the surface coverage ceases to vary significantly at
high Ni(II) concentrations and that the reaction rate
becomes almost independent from the Ni(II)
concentration. The surface coverage values indicate
effective biosorption of Ni(II) ions from aqueous
solutions by HAS at all of the initial Ni(II)
concentrations assayed.
The maximum biosorption capacity of Ni(II) of
this study is compared with literature data as
presented in Table 4. Although a comparison between different biosorption systems, even when
tested on the same heavy metal, is very difficult due
to the different operating conditions used, it is
evident that HAS has a higher biosorption capacity
than almost all of the reported biosorbents. In
addition, the ease, high availability and cost
effectiveness of HAS make it potentially useful for
the detoxification of Ni(II)-contaminated water and
wastewater.

FIGURE 4
Dependence of separation factor on initial Ni(II)
concentration
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TABLE 5
Summary of infrared bands observed in the
Hass avocado shell spectrum before and after
contact with Ni(II) solution

TABLE 4
Maximum Ni(II) biosorption capacity of some
biosorbents
Biosorbent
Acid washed crab shell
Almond shell
Barley straw
Cystoseira indica
Gracilaria caudata
Gum kondagogu
Hazelnut shell
Lactarius salmonicolor
Lycopersicum esculentum

qmax [mg g-1]
2.35
3.22
35.8
50
45
50.5
3.92
68.08
58.82

Reference
[28]
[40]
[28]
[1]
[41]
[42]
[40]
[43]
[26]

Modified coir pith
Litchi chinensis seeds
Mucor hiemalis
Nizmuddinia zanardini
Padina australis
Protonated rice bran
Rhodotorula glutinis
Saccharomyces cerevisiae

38.9
66.62
21.49
55.56
27.03
46.51
44.45
9.01

[44]
[17]
[8]
[1]
[1]
[45]
[23]
[46]

Sargassum glaucescens
Sargassum muticum
NaOH-pretreated shrimp
head
Silica gel-immobilized
L. salmonicolor
Sugarcane bagasse
Hass avocado shell
Cassia fistula, stem bark
Cassia fistula, leaves

55.56
70
104.22

[1]
[41]
[18]

114.44

[43]

2.234
126. 3
148.4
145.2

[15]
This work
[16]
[16]

IR band frequency
(cm-1)

Functional group
assignment

Reference

Native
HAS

Ni(II)loaded
HAS

3321

3347

O-H stretching

[47]

2927

2927

Asymmetric stretching
vibration of CH2

[47]

2132

2138

Terminal alkyne
vibration

[47]

1731

1725

Stretching vibration of
C=O bond due to nonionic carboxyl groups

[48]

1648

Complexation of C=O
from the carboxyl
functional group by
dative coordination

[49]

1624

Asymmetric stretching
vibration of ionic
carboxylic groups

[48]

1598

Asymmetric stretching
vibration of
carboxylate-metal ion
complex

[50]

1542

C=C aromatic stretching
in phenolic complexes

[51,52]

1516

1516
shoulder

Vibration of C=C bonds
of aromatic rings of
lignin

[53]

1444

1454

Aromatic asymmetric
C-H bending, C=C ring
B stretching of
flavonoids

[54]

1425

Complexation of the
oxygen from the
carboxyl C-O bond

[49]

1376

Symmetric C-H
bending, phenol O-H
bending

[54]

C-O stretching of the
guaiacyl ring.
C-O ring B aromatic
stretching of flavonoids.
Catechol

[54,55]

1613

FTIR spectral analysis. The interactions of
Ni(II) ions with the HAS functional groups were
examined by FTIR analyses. The FTIR spectrum of
Ni(II)-loaded HAS is compared with that of the
native biosorbent.
Figure 6 shows the FTIR spectra of unloaded
and Ni(II)-loaded HAS, and Table 5 summarizes the
peak positions of the major infrared bands. It is
known that the shells from different avocado
varieties have low contents of fat, oil and ash [56],
and they are rich in lignin and phenolic compounds
[57]. Hass avocado shells are rich in catechins,
procyanidins, hydroxycinnamic acids and flavonols
[10,56]. The FTIR spectrum of native HAS reveals a
large number of absorption bands related to the
presence of the aromatic functional group that is
present in lignin and other phenolic compounds,
such as the aromatic group vibration band at 1516
cm-1 [53], the O-H bending band at 1372 cm-1 [54],
as well as the C-O vibration band corresponding to
both the guaiacyl ring and ring B of flavonoids at
1285 cm-1. The peaks observed at 1731 and 1613 cm1
correspond to the stretching vibration of the C=O
bond due to the non-ionic and ionic carboxyl groups,
respectively [48]. The absorption band located at
2132 cm-1 may be associated to the vibration of
terminal alkynes [47], which can be found in
avocado alkanols [58]. Other important absorption
peaks observed in the IR spectrum of native HAS are
at 3321, 1107 and 1068 cm-1, all of which are related
to O-H groups, which are abundant in lignocellulosic
biomass.
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1372

1285

1107

1106

Secondary alcohols COH stretching

[47]

1068

1076

Primary alcohols C-OH
stretching

[47]

The absorption spectrum of Ni(II)-loaded HAS
shows evident changes compared with that of the
native HAS, mainly in the region between 1700 and
1250 cm-1. The most important changes are related
to the carboxyl groups, such as a decrease in the
intensity of the absorption band at 1731 cm-1 which
may indicate a decrease of non-ionic carboxyl
groups available after the biosorption reaction, as
well as the appearance of absorption bands at 1648,
1598 and 1425 cm-1 which indicates the presence of
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metal-carboxylate complexes. The above results
suggest that Ni(II) ions are biosorbed onto HAS
through complexation of the metal ions with
carboxylate groups; that is, HAS biosorbs Ni(II) ions
by a chemisorption reaction. Previous studies on the
biosorption of Cd(II) by Sargassum fluitans [49],
Co(II), Cu(II) and Ni(II) by phthalate-functionalized
sugarcane bagasse [50] and Cr(III) by Pelvetia
canaliculata [59] showed that the complexation of
cationic metal ions with carboxylate groups was the
main mechanism for the biosorption of these heavy
metals.
Other important changes in the spectrum of
Ni(II)-loaded HAS are the disappearance of the
absorption band at 1285 cm-1, which is attributed to
the stretching of the C-O bond of aromatic groups
such as the guaiacyl ring and ring B of flavonoids,
decrease in the intensity of the absorption bands
related to the vibration of C=C bonds of aromatic
rings at 1516 and 1444 cm-1 and shifting of the latter
band to 1454 cm-1, all of which indicate that aromatic
groups, mainly phenolic groups, play a role in Ni(II)
biosorption by HAS. The appearance of the
absorption band at 1542 cm-1 may confirm this
statement because increases in the intensity in the
region between 1530 and 1575 cm-1 have been
reported to be due to the formation of metal
complexes of lithium, sodium and potassium with
the flavonoid rutin [52]. The involvement of phenolic groups in the biosorption of cationic metals has
also been reported for Cr(III) by Cupressus
lusitanica bark [21] and Cu(II) by Acidosasa edulis
shoot shell [60].
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insecticides, herbicides, fungicides, acaricides,
rodenticides, and avicides [2]. They pose a serious
danger to aquatic life [3]. Aquatic life is continuously contaminated by toxic chemicals used in agricultural, industrial and household activities [4].
Glyphosate [N-(phosphonomethyl)-glycine] is
the active agent of the broad-spectrum non-selective
systemic herbicide used to contain weeds in
agriculture and forestry [5]. Its half-life, toxicity and
mobility make glyphosate a more commonly used
herbicide than others [6, 7]. Glyphosate acts on
target organisms by inhibiting 5-enolpyruvylshikimate 3-phosphate synthetase (EPSPS) enzyme
which is required for the formation of aromatic
amino acids like fenylalanine, tyrosine, and tryptophan [8, 9]. An herbicide with organophosphate,
JO\SKRVDWHLVDEVRUEHGQRWRQO\WKURXJKWKHSODQWV¶
leaves, but also from the soft stem tissue. Target
plants treated with glyphosate die slowly over a short
period of time like days or weeks [10]. Used
commonly to control weeds in terrestrial and aquatic
environments, glyphosate is one of the most popular
herbicide formulations in the U.S. [5, 11].
Pesticides have the ability to produce reactive
oxygen species (ROS). The amount or rate of ROS
production has increased because of the excessive
use of natural or synthetic pesticides [12]. Stimulation of free radical production, induction of lipid
SHUR[LGDWLRQDQGLPSDLUPHQWRIWKHRUJDQLVP¶VDQtioxidant capacity all result from the toxic mechanism of most pesticides [13].
The disruption of the balance between oxidant
and antioxidant molecules in the cells in favor of
oxidants is called oxidative stress. The resulting accumulation of oxidant molecules in cellular structures hinders a variety of physiological events [14,
15]. The high content of polyunsaturated fatty acids
(PUFA) in fish tissue and cells is claimed to make
fish more susceptible to lipid peroxidation [16].

ABSTRACT
The aim of this study is to explore the effects
of the herbicide glyphosate on serum paraoxonase
(PON1) activity, high-density lipoprotein (HDL),
and total antioxidant (TAS) and oxidant (TOS) levels in Kars Creek Transcaucasian Barbs (Capoeta
capoeta [Guldenstaedt, 1773]). Twenty four Capoeta capoeta are chosen within a weight range of 200
to 240 grams and they are equally divided into 3
groups, namely Groups I, II, III. The fish placed in
Group I are received aquatic environment while
Groups II and III were kept in aquatic environments
with a pH value of 7.4 in tanks to which 0,01 and
0,02 mg/L glyphosate (N-phosphonomethyl glycine
480 mg/L), respectively. It was found that groups II
and III had significantly lower serum plasma PON1,
HDL and TAS levels than the control group (Group
I). On the other hand, serum TOS levels were found
significantly elevated in Groups II and III, in
comparison to the control group. In this work,
significant changes were found in the serum
paraoxonase activity, HDL, TAS and TOS levels of
fishes living in environments added 0.01 and 0.02
mg/L glyphosate.

KEYWORDS:
Kars Creek, glyphosate, serum paraoxonase, total
oxidant/antioxidant, Capoeta capoeta

INTRODUCTION
Pesticides are chemicals that are commonly
used especially in the agricultural sector to control
the pests that damage agricultural products and other
vectors that cause diseases for the purposes of
producing more crops [1]. Pesticides are classified as
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TABLE 1
Serum PON1, HDL, TAS and TOS levels in control and 0,01 and 0,02 mg/L glyphosate added
Capoeta capoeta
Parameters (n=8)
Control
Glyphosate (0.01mg/L) Glyphosate (0.02mg/L)
P
a
b
b
47.51±5.12
35.92±10.09
32.75±8.53
0.001
PON1 (U/L)
63.28±6.99a
41.74±5.61b
38.21±5.38b
0.001
HDL (mg/dl)
1.27±0.09a
1.06±0.12a
0.87±0.09b
0.001
TAS (mmol Trolox eq/L)
6.12±0.67a
9.25±1.03a,b
11.21±1.11b
0.01
726 ȝPRO+2O2 eq /L)
a, b
Values presented with different letters in the same line are statistically different (p<0,01) (p<0,001).

spectrophotometrically with commercial kits. HDL
levels were determined in an automatic analyzer
(Huma Star 600, Germany) using commercial kits.

Paraoxonase (PON1) enzyme is an ester
hydrolase weighing 43-45 kDa and including 354
amino acids. Associated with high density lipoprotein (HDL) and commonly found in the liver, kidneys, intestines and serum, PON 1 enzyme protects
low-density lipoprotein (LDL) from oxidation by
being involved in the detoxification of organophosphate compounds and hydrolyzing lipid peroxides
[17-19]. It is believed that PON1 has the ability to
metabolize fat-soluble radicals, and it has been suggested that PON1 activity is in inverse proportion to
oxidative stress in the serum and macrophages [20].
The disruption of the ecological balance due to
the haphazard use of pesticides in agricultural areas
harms many organisms that are not targeted, including fish, which has commercial significance
[21]. Recently fish is used as indicator organisms to
determine toxicity in aquatic environments. The
present study aims to explore the effects of the
herbicide glyphosate on serum paraoxonase (PON1)
activity, high-density lipoprotein (HDL), and total
antioxidant (TAS) and oxidant (TOS) levels in Kars
Creek Transcaucasian Barbs (Capoeta capoeta
[Guldenstaedt, 1773]).

Statistical Analysis. For the statistical
evaluation, the data were subjected to a descriptive
statistical analysis. The results were expressed as
mean (X) ± standard deviation (SD). Variance
analysis (ANOVA) and Tukey comparison test were
employed with statistics software (IBM SPSS
version 20 for Windows) to determine the differences between the mean values in the groups.

RESULTS
Table 1 presents the biochemical changes in the
blood samples collected 10 days later from the fish
in the control group and the fish which lived in water
to which has 0,01 and 0,02 mg/L glyphosate. It was
found that groups II and III had statistically lower
serum plasma PON1, HDL and TAS levels than the
control group (Group I) (p<0,001). On the other
hand, serum TOS levels were found statistically
elevated in Groups II and III, in comparison to the
control group (p<0,01).

MATERIALS AND METHODS
The study includes 24 Capoeta capoeta which
are weighting in a range of 200 to 240 grams. After
being caught from Kars Creek, the fish were brought
to the laboratory and put into 500 L tanks. After the
fish were allowed 15 days to adapt to their new
environment, three groups were formed putting 8
fish into each group. The fish in Group I were kept
in a normal aquatic environment, while those in
Groups II and III were kept in aquatic environments
for 10 days with a pH value of 7.4 in tanks to which
0,01
and
0,02
mg/L
glyphosate
(Nphosphonomethyl glycine 480 mg/L), respectively.
At the end of the study period, blood samples were
collected from the fish. The samples were centrifuged at 4oC and 3000 rpm for 10 minutes to separate
the serum. The sera obtained as such were kept at 20oC until the time of analysis.
Serum PON1 activity was measured using
(FNHUVRQ¶V >@ method. TAS and TOS measurements were conducted as suggested by Erel [23, 24]

DISCUSSION AND CONCLUSION
Aquatic environment is continuously contaminated by toxic chemicals used in agricultural, industrial and household activities [4]. Overuse of
pesticides produce negative effects on all organisms,
including fish which has commercial significance. In
consideration of human health, it is crucial to
examine the effects of pesticides on fish, which
holds a critical place in the food chain [25]. Besides,
identification of the effects of glyphosate commonly
used in controlling weeds in agricultural areas on
PON1 activity, HDL and total antioxidant/oxidant
levels in Capoeta capoeta is important with regard
to using the right amount of pesticides and
minimizing environmental pollution.
Detoxification of organophosphate pesticides
in living things is carried out by enzymes such as
acetylcholinesterase, carboxylesterase and paraoxo-
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implications for risk assessment and the
conservation of endangered pacific salmon.
Environmental Health Perspectives, 117, 348353.
[3] Lloyd, R. (1992) Pollution and Freshwater Fish.
A Buckland Foundation Book, Fishing News
Books, Cornwall, 176.
[4] Begum, G. (2004) Carbofuran insecticide induced biochemical alterations in liver and
muscle tissues of the fish Clarias batrachus
(Linn) and Recovery Response. Aquatic Toxicology, 66, 83-92.
[5] Williams, G., Kroes, R. and Munro, I. (2000)
Safety Evaluation and Risk Assessment of the
Herbicide Roundup and Its Active Ingredient,
Glyphosate, for Humans. Regulatory Toxicology and Pharmacology, 31, 117-165.
[6] Dallegrave, E., Mantase, F.D., Coelho, R.S.,
Pereira, J.D., Dalsanter, P.R. and Langeloh, A.
(2003) The teratogenic potential of the herbicide glyphosate t-roundup in Wistar rats. Toxicology Letters, 142, 45-52.
[7] Mueller, T.C., Mitchell, P.D., Young, B.G. and
Culpepper, A.S. (2005) Proactive versus reactive management of glyphosate-resistant or tolerant weeds. Weed Technology, 19, 924-933.
[8] Piesova, E. (2005) The effect of glyphosate on
the frequency of micronuclei in bovine lymphocytes in vitro. Acta Veterinaria - Beograd,
55, 101-109.
[9] Williams, A.L., Watson, R.E. and DeSesso,
J.M. (2012) Developmental and reproductive
outcomes in humans and animals after glyphosate exposure: a critical analysis. Journal of
Toxicology and Environmental Health, Part B,
15, 39-96.
[10] Bresnahan, G.A., Manthey, F.A., Howatt, K.A.
and Chakraborty, M. (2003) Glyphosate applied preharvest induces shikimic acid accumulation in hard red spring wheat (Triticum
aestivum). Journal of Agricultural and Food
Chemistry, 51(14), 4004±4007.
[11] Grube, A., Donaldson, D., Kiely, T. and Wu, L.
(2011) Pesticide industry sales and usage: 2006
and 2007 market estimates. DC, USA: U.S.
Environmental Protection Agency Washington.
[12] Livingstone, D.R. (2001) Contaminantstimulated reactive oxygen species production
and oxidative damage in aquatic organisms.
Marine Pollution Bulletin, 42, 656-666.
[13] Mohammad, A., Akram, R., Shahin, S., Sherkoupeh, N. and Ali, R. (2004) Pesticides and
oxidative stress: a review. Medical Science
Monitor, 10, 141-147.
[14] Evans, P.H. (1993) Free radicals in brain
metabolism and pathology. British Medical
Bulletin, 49, 577-587.
[15] Lightbody, J.H., Stevenson, L.M., Jackson, F.,
Donaldson, K. and Jones, D.G. (2001) Compa-

nase (PON1) [26, 27]. It was noted that organophosphate pesticide formulations like glyphosate
which affect fish in the aquatic environment inhibited acetylcholinesterase by forming a covalent bond
with its active site [28-30]. This was reported to lead
to impairments in the respiratory function due to
increased acetylcholine at the nerve-muscle junction
[31].
Ayoola [32] established that the LC50 value of
glyphosate for 96 hours in Claris gariepinus was
0,04 mg/L and that, among the tissues, the major effect of glyphosate was seen in the liver. PON1 enzyme found in a number of tissues and particularly
in the liver is involved in the detoxification of organophosphate compounds and hydrolyzes lipid
peroxides [17, 18].
Pesticides cause oxidative stress by leading to
the formation of free radicals or affecting the antioxidant enzymes that scavenge free radicals. One of
the toxic effects brought about by pesticides is lipid
peroxidation [33]. Various studies [33-35] have
demonstrated that herbicides lead to oxidative stress
in fish.
In their study including Rhamdia quelen and
Prochilodus lineatus, Glusczak and colleagues [29]
noted that at 0,2 and 0,4 mg/L concentrations,
glyphosate increased lipid peroxidation in the muscle tissue after 24- and 96-hour exposure. In the same
vein, Modesto and colleagues [30] who studied
Prochilodus lineatus reported that acute glyphosate
administration stimulated the bio-transformation
pathway, reduced the activity of certain antioxidant
enzymes, and increased lipid peroxidation.
It was suggested that long-term exposure to
xenobiotics caused oxidative stress, which affected
enzymatic and non-enzymatic antioxidants in fish
and that the disruption of GSH synthesis could reduce the amount of hepatic GSH [36].
In conclusion, significant changes were found
in the serum paraoxonase activity, HDL, TAS and
TOS levels of fish to whose living environment 0,01
and 0,02 mg/L glyphosate was added. We believe
that detailed studies should be conducted to reveal
the effects of herbicides like glyphosate on the living
things in aquatic environments, as well as the
harmful effects that may be seen in humans who
consume these living things as food.
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6XOIDPHWKD]LQH 60=  DQWLEDFWHULDO FRP
SRXQGV DUH IUHTXHQWO\ GHWHFWHG LQ WKH DTXDWLF
HQYLURQPHQW DQG SKRWRGHJUDGDWLRQ LV H[SHFWHG WR
SOD\ DQ LPSRUWDQW UROH IRU VXOIDPHWKD]LQH IDWH LQ
VXUIDFH ZDWHU ,Q RUGHU WR HYDOXDWH WKH HIIHFW RI
GLVVROYHGLRQVLQZDWHURQWKHSKRWRWUDQVIRUPDWLRQ
RIVXOIDPHWKD]LQHWKHLQIOXHQFHRIVROXEOHLRQVVXFK
DV 32 12 1+ 62 DQG VRPH KHDY\ PHWDO
LRQVDV=Q&XDQG3ERQWKH89SKRWRO\VLVRI
VXOIDPHWKD]LQH ZHUH LQYHVWLJDWHG LQ WKLV ZRUN
5HVXOWVGHVFULEHGWKDWWKH89SKRWRGHJUDGDWLRQRI
VXOIDPHWKD]LQH IROORZHG WKH SVHXGR ILUVWRUGHU
NLQHWLFV 7KH SKRWRGHJUDGDWLRQ UDWH RI
VXOIDPHWKD]LQH LUUDGLDWHG ZLWK 89 OLJKW ZDV
VLJQLILFDQWO\KLJKHU 70.4% WKDQWKDWLUUDGLDWHGZLWK
VXQOLJKW 6.32% 32 DQG 62 UHGXFHG WKH 89
SKRWRGHJUDGDWLRQ UDWH RI VXOIDPHWKD]LQH DQG WKH
GHJUDGDWLRQUDWHGHFUHDVHGPRQRWRQRXVO\ZLWK32
DQG 62 FRQFHQWUDWLRQ LQFUHDVHG :KLOH WKH 89
SKRWRO\VLV UDWH FRQVWDQW LQFUHDVHG DW ILUVW DQG WKHQ
GHFUHDVHGZLWKWKHLQFUHDVLQJFRQFHQWUDWLRQRI12
:KHUHDV1+LRQGLGQRWGHPRQVWUDWHDQ\REYLRXV
HIIHFWVRZLQJWRWKHOLJKWVWDELOLW\RI1+$OVRWKH
UV-photoGHJUDGDWLRQ RI VXOIDPHWKD]LQH ZDV
VLJQLILFDQWO\ VXSSUHVVHG ZLWK WKH DGGLWLRQ RI =Q
&XDQG3EHVSHFLDOO\IRUWKH&X:KLOHWKH89
SKRWR GHJUDGDWLRQ RI VXOIDPHWKD]LQH FRXOG EH
LQFUHDVHGLQWKHSUHVHQFHRIQDQRSDUWLFOH7L27KH
DERYH UHVXOWV GHPRQVWUDWHG WKDW 89SKRWR
GHJUDGDWLRQSURFHVVRIVXOIDPHWKD]LQHZDVDIIHFWHG
GLIIHUHQWO\ E\ GLVVROYHG LRQV DQG QDQRSDUWLFOHV LQ
ZDWHUZKLFKZHUHLPSRUWDQWIRUDLGLQJLQWKHWUDQV
IRUP DQG IDWH SUHGLFWLRQ RI VXOIDPHWKD]LQH LQ VXU
IDFHZDWHU%HVLGHVWKHSKRWRO\VLVPDLQSURFHVVHVRI
VXOIDPHWKD]LQHZHUHVSHFXODWHGE\+3/&(6,06
DQDO\VLVFRXSOHGZLWKWKHIURQWLHUPROHFXODURUELWDO
WKHRU\

$QWLELRWLFVKDYHSOD\HGDQLPSRUWDQWUROHLQWKH
SUHYHQWLRQ DQG WUHDWPHQW RI KXPDQ DQG OLYHVWRFN
GLVHDVHV DQG LQ RUGHU WR SURPRWH OLYHVWRFN
SURGXFWLRQDQWLELRWLFVKDYHRIWHQEHHQDGGHGWRWKH
IHHG > @ +RZHYHU RZLQJ WR RYHUXVH DQG HYHQ
DEXVH RI DQWLELRWLFV EHFDXVH RI WKH ODFN RI SURSHU
JXLGHOLQHV D ODUJH DPRXQW RI DQWLELRWLFV ZLWK WKH
IRUPRIWKHSDUHQWDQGRULQWHUPHGLDWHSURGXFWVKDYH
EHHQ GLVFKDUJHG LQWR WKH VHZHUDJH QHWZRUN RU WKH
QDWXUDO HQYLURQPHQW > @ 0RUH RYHU VLQFH WKH
UHPRYDOHIILFLHQF\RIDQWLELRWLFVZDVOLPLWHGGXULQJ
WKH QRUPDO VHZDJH WUHDWPHQW SURFHVV EHFDXVH RI
WKHLU KLJK VWDELOLW\ DQG WKH DQWLELRWLFV
FRQFHQWUDWLRQV RI VHFRQGDU\ HIIOXHQW LQ &KLQD ZDV
KLJKZLWKFRQFHQWUDWLRQVUDQJLQJIURPWR
QJ/ >@ 7KHUHIRUH EHLQJ DV DQ LPSRUWDQW
XQLYHUVDO DQWLELRWLFV VXOID GUXJV VXFK DV
VXOIDPHWKD]LQH 60= DQGVXOIDPHWKR[D]ROH 60; 
KDYHEHHQUHSHDWHGO\PRQLWRUHGLQDOPRVWDOORIWKH
ZDWHUV ZKLFK PLJKW WKUHDWHQ WKH VDIHW\ RI DTXDWLF
RUJDQLVPVDQGIXUWKHUFDXVHKDUPWRKXPDQKHDOWK\
> @ &XUUHQWO\ DQWLELRWLFV DUH FRQVLGHUHG DV
HPHUJLQJ SROOXWDQWV RI SDUWLFXODU DWWHQWLRQ EHFDXVH
RISRWHQWLDODGYHUVHHIIHFWVVXFKDVWKHGHYHORSPHQW
RI UHVLVWDQW EDFWHULDO VWUDLQV >@ &RQVHTXHQWO\
LQYHVWLJDWLRQVRQWKH UHPRYDODQGRUWUDQVSRUWDWLRQ
DQGWUDQVIRUPDWLRQRIDQWLELRWLFVKDYHUHFHLYHGJUHDW
DWWHQWLRQ IRU WKH ULVN DVVHVVPHQW DQG WKH
HQYLURQPHQWDOIDWHSUHGLFWLRQRIWKHVHSROOXWDQWVLQ
QDWXUDOZDWHU
7KH SKRWRFKHPLFDO GHJUDGDWLRQ LV DQ LPSRUW
DQWZD\WRGLVSRVHDQGHOLPLQDWHWKHDQWLELRWLFVIURP
WKH DTXDWLF HQYLURQPHQW >@ &HUWDLQO\ WKH
FRPSRVLWLRQRIQDWXUDOZDWHUVXFKDVLRQV +32
12 DQG 1+  DQG GLVVROYHG RUJDQLF PDWWHU
'20 HWFPD\KDYHLPSDFWRQWKHSKRWRO\VLVRI
DQWLELRWLFV >@ ,QYHVWLJDWLRQV RQ HIIHFWV RI S+
DQG WKH SKRWRDFWLYH FKHPLFDOV RQ DQWLELRWLFV¶
SKRWRO\VLV KDYH DOVR EHHQ UHSRUWHG >@$SDUW
IURP WKHVH QDWXUDO ZDWHU FRQVWLWXHQWV VRPH PHWDO
LRQV VXFK DV =Q &X DQG 3E UHOHDVHG LQWR WKH
DTXDWLF HQYLURQPHQW DOVR PLJKW KDYH LPSRUWDQW

.(<:25'6
6XOIDPHWKD]LQH SKRWRO\VLV HQYLURQPHQWDO IDFWRUV
GLVVROYHGLRQVKHDY\PHWDOLRQVQDQRSDUWLFOH7L2
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 P/āPLQ7KH LQMHFWLRQ YROXPH ZDV  / DQG
WKH GHWHFWLRQ ZDYHOHQJWK ZDV VHW DV  QP ,Q
DGGLWLRQ LQ RUGHU WR LGHQWLI\ WKH 60= SKRWR
GHJUDGDWLRQ LQWHUPHGLDWHV SURGXFWV +3/&06
:DWHUV DQDO\VLVZDVFDUULHGRXW

LQIOXHQFH RQ WKH SKRWRO\VLV RI DQWLELRWLFV )RU
H[DPSOH =KDQJ HW DO¶V ZRUN >@ VXJJHVWHG WKDW
FLSURIOR[DFLQDQGR[\WHWUDF\FOLQHFRXOGEHFKHODWHG
ZLWKKHDY\PHWDOVDVFDGPLXP]LQFDQGFRSSHUYLD
PXOWLSOHFRRUGLQDWLRQVLWHVDQGWKHLUZRUNFHUWLILHG
WKDWWKHFRPSOH[DWLRQRIDQWLELRWLFVZDVFRPPRQO\
KLJKHVW WR[LF DW WKH HQYLURQPHQWDO ULVNV$QG DOVR
:HL HW DO¶V LQYHVWLJDWLRQ >@ VKRZHG WKDW
FLSURIOR[DFLQ &,3  DQG K\GUDWHG &X ,,  FRXOG EH
FKHODWHGWRIRUP>&X +&,3 +2 @LQWKHVXUIDFH
ZDWHUZLWKS+RI±DQGWKHSKRWRGHJUDGDWLRQRI
+&,3ZDVKHQFHUHVWULFWHGREYLRXVO\RZLQJWRWKH
&X ,, FRPSOH[DWLRQ%HVLGHVZLWKWKHZLGHVSUHDG
XVH RI QDQRSDUWLFOH WLWDQLXP GLR[LGH 7L2 
LQFUHDVLQJO\ QXPEHUVRI7L2KDYHDOUHDG\HQWHUHG
LQWR WKH ZDWHU HQYLURQPHQW>@ ZKLFK PLJKW
JHQHUDWH WKH IROORZLQJ EHKDYLRU DV PLJUDWLRQ
DGVRUSWLRQ VHGLPHQWDWLRQ DQG HQULFKPHQW HWF>@
+HQFHQDQRSDUWLFOH7L2PLJKWKDYHLPSDFWRQWKH
SKRWRO\VLVRIDQWLELRWLFVWRVRPHH[WHQW$OWKRXJK
D QXPEHU RI VWXGLHV KDYH H[DPLQHG WKH SKRWR
GHJUDGDWLRQ RI DQWLELRWLFV WR RXU NQRZOHGJH WKH
HIIHFWVRI YDULRXV QDWXUDO ZDWHUFRQVWLWXHQWVRQWKH
SKRWRO\VLV NLQHWLFV RI 60= KDYH QRW EHHQ
V\VWHPDWLFDOO\ LQYHVWLJDWHG \HW$QG PRUHRYHU WKH
SKRWRO\VLV PHFKDQLVP RI 60= KDV QRW EHHQ ZHOO
GRFXPHQWHGXQWLOQRZ
7KH DLP RI WKLV VWXG\ ZDV WKHUHIRUH WR LQYHV
WLJDWHWKHHIIHFWVRIVRPHQDWXUDOZDWHUFRQVWLWXHQWV
+32 12 1+ DQG 62  VRPH VHOHFWHG
PHWDO VXEVWDQFHV =Q &X DQG 3E  DQG QDQR
SDUWLFOH7L2RQSKRWRGHJUDGDWLRQNLQHWLFVRI60=
,Q DGGLWLRQ LQ RUGHU WR HOXFLGDWH WKH SKRWRO\VLV
PHFKDQLVPRI60=LQZDWHUWKHGHJUDGDWLRQLQWHU
PHGLDWHV DQG SDWKZD\ ZHUH IXUWKHU LQYHVWLJDWHG WR
XQGHUVWDQG WKH ULVNV WKH\ PLJKW SRVH WR WKH
HQYLURQPHQW



pH






















t/min

),*85(
S+RI60=VROXWLRQRYHUWLPHLQWKH89
FRQGLWLRQ ,QLWLDOFRQGLWLRQV&R PJ/60=
S+R PPRO/&X&O
3KRWRO\VLV 7KH SKRWRO\VLV H[SHULPHQWV ZLWK
RU ZLWKRXW QDQRSDUWLFOH 7L2  RI 100 mL 60=
LQLWLDO FRQFHQWUDWLRQ RI  PJ/ S+ RI   ZHUH
FRQGXFWHG LQ D MDFNHWHG SKRWRUHDFWRU ZLWKRXW
DHUDWLRQ+HUH60=ZHUHILUVWO\GLVVROYHG LQ ć
GLOXWHGZDWHU ZLWKRXW FRVROYHQWV DQG WKHQ QDWXUDOO\
FRROHGWRć EHIRUH WKH XWLOL]DWLRQ 7KH UHTXLUHG
S+ RI  ZDV DGMXVWHG E\ DGGLQJ GLOXWHG DTXHRXV
VROXWLRQRIK\GURFKORULFDFLGDQG1D2+DQGWKHS+
YDOXHVRIDOOVROXWLRQGLGQRWFKDQJHREYLRXVO\ IURP
WR GXULQJ WKH SKRWRO\VLVSURFHVVLQ)LJ,Q
RUGHU WR UHDFK WKH DGVRUSWLRQ±GHVRUSWLRQ TXDVL
HTXLOLEUXP WKH VXVSHQVLRQ ZLWK QDQRSDUWLFOH 7L2
ZDVVWLUUHGIRUKULQWKHGDUN$89ODPSZLWKWKH
PDLQ ZDYHOHQJWK RI  QP DQGRU YLVLEOH OLJKW
OLJKW LQWHQVLW\ ZDV PHDVXUHG DW :P E\ OLJKW
LQWHQVLW\ PHWHU  ZHUH XVHG DV OLJKW VRXUFH 'XULQJ
WKH HQWLUH SKRWRO\VLV H[SHULPHQW PL[WXUHV ZHUH
PDJQHWLFDOO\ VWLUUHG LQ RUGHU WR HQVXUH D FRQVWDQW
PL[LQJ RI WKH VROXWLRQV 7KH WHPSHUDWXUH ZDV
PDLQWDLQHG DW  ć  E\ WKH FRROLQJ ZDWHU
6DPSOHVDWGLIIHUHQWWLPHLQWHUYDOVZHUHFROOHFWHGIRU
WKH DQDO\VLV RI 60= FRQFHQWUDWLRQ E\ +3/&  $OO
H[SHULPHQWVZHUHSHUIRUPHGLQWULSOLFDWHV

0$7(5,$/6$1'0(7+2'6
5HDJHQWV $OO FKHPLFDOV XVHG LQ WKLV VWXG\
ZHUH RI DQDO\WLFDO JUDGH DQG ZHUH XVHG ZLWKRXW
IXUWKHU SXULILFDWLRQ 6XOIDPHWKD]LQH 60=  DQG
QDQRSDUWLFOH37L2ZHUHSXUFKDVHGIURP$GDPDV
.+32 .12 1+ 62 .62 =Q&O DQG
&X&O ZHUH SXUFKDVHG IURP -LDQJ 7LDQ &KHPLFDO
7HFKQRORJ\ &RPSDQ\ LQ 7LDQMLQ 3E&O ZDV
SXUFKDVHG IURP 1RUWKHUQ $OOLDQFH 'HYHORS PHQW
&RPSDQ\RI)LQH&KHPLFDOVLQ7LDQMLQ

,QWKLVSUHVHQWVWXG\WKHSKRWRGHJUDGDWLRQUDWH
RI60=ZDVGHILQHGDV

Ș

$QDO\WLFDO 0HWKRGV 60= FRQFHQWUDWLRQV
ZHUH DQDO\]HG XVLQJ +3/& 6KLPDG]X  &KURPD
WRJUDSKLFVHSDUDWLRQZDVSHUIRUPHGRQ&
DFHWRQLWULOH &+&1 VROXWLRQ $  DQG SXUH ZDWHU
VROXWLRQ% +HUHWKHJUDGLHQWPHWKRGZDVXVHGE\
DSSO\LQJWKHIROORZLQJOLQHDUJUDGLHQWPLQ
$PLQ$PLQ$ZLWKDIORZUDWHRI

C0  C
u 100%
C0
 

:KHUH&ZDVWKHLQLWLDOFRQFHQWUDWLRQRI60=
DQG&ZDV60=UHVLGXDOFRQFHQWUDWLRQ
 7KH NLQHWLFV RI SKRWRGHJUDGDWLRQ ZDV
DQDO\]HGDV
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90

Degradationrate/%

80

(IIHFW RI 'LIIHUHQW 'LVVROYHG ,RQV RQ WKH
3KRWRO\VLV RI 60= (IIHFW RI 32 RQ WKH
SKRWRO\VLV RI 60= 3KRVSKRUXV LV DQ LPSRUWDQW
QXWULHQW LQ VXUIDFH ZDWHU DQG FRXOG OHDG WR
HXWURSKLFDWLRQ ZLWK KLJKHU FRQFHQWUDWLRQ 8VXDOO\
.+32ZDVXVHGDVDFWLYHSKRVSKDWHVSHFLHVLQWKH
DTXHRXV DQG WKHUHIRUH WKH HIIHFW RI .+32 
DQGPJ/ RQWKH89SKRWRO\VLVRI
60=ZDVLQYHVWLJDWHGLQWKLVZRUNDQGUHVXOWVZHUH
VKRZQ LQ )LJ 5HVXOWV VKRZQ LQ )LJ GHVFULEHG
WKDW WKH 89SKRWRGHJUDGDWLRQ NLQHWLF FRQVWDQWV RI
60= GHFUHDVHG GLIIHUHQWO\ ZLWK WKH DGGLWLRQ RI
YDULRXV FRQFHQWUDWLRQV RI .+32 :KHQ WKH
.+32 FRQFHQWUDWLRQ ZHUH  PJ/ DQG  PJ/
WKHGHJUDGDWLRQUDWHRI60=ZHUHDQG
ZLWKLQPLQUHVSHFWLYHO\
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dark
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t/min

),*85(
60=SKRWRGHJUDGDWLRQUDWHDORQJZLWKWKH
FKDQJHRIWLPH(5HDFWLRQFRQGLWLRQVCo=10
mg/L 60=, pH=5

5(68/76$1'',6&866,21

0.0096

(IIHFW RI 'LIIHUHQW /LJKW 6RXUFHV RQ
3KRWRGHJUDGDWLRQRI60= 7KHSKRWRGHJUDGDWLRQ
SURFHVVRI60=ZDVSHUIRUPHGXQGHUVXQVKLQHDQG
89 LUUDGLDWLRQ FRQGLWLRQ UHVSHFWLYHO\ LQ RUGHU WR
HYDOXDWH WKH QRQSKRWR FRQGLWLRQ WKH GDUN SURFHVV
ZDV DOVR SHUIRUPHG DQG UHVXOWV ZHUH VKRZQ DV LQ
)LJ )LJ GHVFULEHG WKDW WKH GHJUDGDWLRQ UDWH RI
60= ZDV  DIWHU  KU XQGHU WKH 89 OLJKW
LUUDGLDWLRQFRQGLWLRQZKLOHWKHGHJUDGDWLRQUDWHZDV
RQO\ DERXW  XQGHU WKH VXQOLJKW 7KH
GHJUDGDWLRQ UDWH GLG QRW FKDQJH REYLRXVO\ LQ WKH
GDUN WR DFFRXQW IRU QRQSKRWRFKHPLFDO ORVV$OVR
)LJ VXJJHVWHG WKH PD[LPXP DEVRUSWLRQ
ZDYHOHQJWKRI60=ZLWKQPDQGWKH89ODPS
HPLVVLRQ ZDYH OHQJWK XVHG LQ WKLV H[SHULPHQWDO
SURFHGXUHZDVDERXWQPWKHUHIRUH60=FRXOG
DEVRUE XOWUDYLROHW HQHUJ\ HIIHFWLYHO\ +RZHYHU
VXQOLJKW UDGLDWLRQ PDLQO\ IRFXVHG LQ WKH YLVLEOH
ZDYHOHQJWKUHJLRQRQO\DERXWRIVXQOLJKW
ZDV ORFDWHG LQ WKH XOWUDYLROHW UHJLRQ WKXV WKH
GHJUDGDWLRQ UDWH RI 60= XQGHU VXQOLJKW ZDV
UHODWLYHO\ORZ

k/min-1

0.0092

0.0088

0.0084

0.0080

0

5

10

15

20

c/mg.L-1

),*85(
3KRWRGHJUDGDWLRQNLQHWLFFRQVWDQWVRI60=
YHUVHYDULRXV.+32DGGLWLRQ(5HDFWLRQ
FRQGLWLRQVCo=10 mg/L 60=, pH=5
2ZLQJWRWKHSKRWRDEVRUSWLRQRI.+32IRU
ZDYHOHQJWKV PRUH WKDQ  QP WKH SKRWRO\VLV RI
60=PLJKWEHVXSSUHVVHGE\OLJKWPDVNLQJHIIHFWWR
VRPHH[WHQW$OVR+32PLJKWDFWDVWKHVFDYHQJHU
RI+DQG2+DQGFRQVHTXHQWO\2+FRQFHQWUDWLRQ
LQ WKH VROXWLRQ PLJKW EH UHGXFHG$QG +X HW DO¶V
UHSRUW >@ DOVR VXJJHVWHG WKDW WKH DGGLWLRQ RI
+32LRQVFRXOGOHDGWRDPDUNHGVXSSUHVVLRQ IRU
2+ UDGLFDOVLQVROXWLRQ2QWKHRWKHUKDQGWKRXJK
VRPH+32PLJKWEHJHQHUDWHGGXULQJWKHUHDFWLRQ
WKHR[LGL]LQJSRZHURI+32ZDVORZHUWKDQWKDW
3521

Volume 26 ± No. 5/2017 pages 3519-3528

© by PSP

Fresenius Environmental Bulletin

RI 2+ ZKLFK PLJKW DOVR UHGXFH WKH GHJUDGDWLRQ
HIILFLHQF\RI60=>@$GGLWLRQDO$129$VKRZHG
WKDWWKH SYDOXH IRU+32 ZDVDERXW OHVV
WKDQ   ZKLFK VXJJHVWHG WKH VLJQLILFDQW
GLIIHUHQFH EHWZHHQ WKH GHJUDGDWLRQ SHUFHQWDJH
YDOXHVZLWKWKHDGGLWLRQRI+32

0.0100
(NH4)2SO4

0.0096

K2SO4

0.0092
0.0088

k/min-1

0.0084
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0.0076
0.0072
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0.0064
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),*85(
89SKRWRGHJUDGDWLRQNLQHWLFFRQVWDQWVRI60=
YHUVHYDULRXV62FRQFHQWUDWLRQ(5HDFWLRQ
FRQGLWLRQVCo=10 mg/L 60=, pH=5
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TABLE 2
7KHSKRWRO\VLVNLQHWLFVDQDO\VLVRI60=DW
GLIIHUHQW 1+ 62FRQFHQWUDWLRQ

c/mg.L-1

),*85(
89SKRWRGHJUDGDWLRQNLQHWLFFRQVWDQWVRI60=
YHUVHYDULRXV12DGGLWLRQ(5HDFWLRQ
FRQGLWLRQVCo=10 mg/L 60=, pH=5
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,W LV NQRZQ WKDW XQGHU 89OLJKW LUUDGLDWLRQ
.12PLJKWSURGXFH2 LQWKHZDWHUZKLFKFRXOG
UHDFW UDSLGO\ ZLWK +2 DQG WKHQ JHQHUDWH 2+
WKHUHIRUH PXFK PRUH 2+ FRXOG DFFHOHUDWH
GHJUDGDWLRQ RI 60= DFFRUGLQJO\ .12 LQ WKH
UDQJH RI  PJ/  VKRZHG SKRWRVHQVLWL]LQJ HIIHFW
IRU60=GHJUDGDWLRQ$QGWKLVUHVXOWZDVLQDFFRUG
ZLWK =KDQJ HW DO¶V UHVHDUFK >@ WKDW 12í KDG DQ
VLJQLILFDQWO\ UHVWUDLQLQJ HIIHFW RQ WKH SKRWR
GHJUDGDWLRQ RI GLFORIHQDF 2Q WKH RWKHU KDQG WKH
PDLQOLJKWDEVRUSWLRQVSHFWUXPRI12±ZDV
QP DQG 60= ZDV RI  QP WKHUHIRUH WRR
PXFK .12 ODUJHU WKDQ  PJ/  PLJKW FRPSHWH
ZLWK60=IRUDEVRUELQJWKHVSHFWUXPHQHUJ\XQGHU
WKHLUUDGLDWLRQRI89OLJKWWKXVWKHSKRWRO\VLVUDWH
RI 60= GHFOLQHG ZLWK LQFUHDVLQJ .12 
FRQFHQWUDWLRQ RI  PJ/ ,Q DGGLWLRQ $129$
VXJJHVWHGWKDWWKHSYDOXHIRU12ZDVDERXW
OHVV WKDQ   DQG WKLV PLJKW GHPRQVWUDWH WKDW
WKHUH ZDV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH
GHJUDGDWLRQ SHUFHQWDJH YDOXHV ZLWK WKH DGGLWLRQ RI
12
+RZHYHULQFDVHRI 1+ 62UHVXOWVVKRZQ
LQ)LJVXJJHVWHGWKDWWKH89SKRWRGHJUDGDWLRQUDWH
RI60=ZDVGHFUHDVHGPRQRWRQLFDOO\$OVRSYDOXH
RI12ZDVDERXW JUHDWHUWKDQ DQGWKH

TABLE 1
7KHSKRWRO\VLVNLQHWLFVDQDO\VLVRI60=DW
GLIIHUHQW.12FRQFHQWUDWLRQ
)LUVWRUGHU
NLQHWLFHTXDWLRQ

)LUVWRUGHU
NLQHWLF
HTXDWLRQ
W

Effect of NO3- and NH4+ on the photolysis of
SMZ. 1LWUDWHLVDFRPPRQSKRWRVHQVLWL]HULQZDWHU
DQG PLJKW EH WUDQVIRUPHG LQWR UHDFWLYH R[\JHQ
VSHFLHVLQWKHOLJKWWKHUHIRUHWKHHIIHFWRI.12 
DQGPJ/ RQWKH89SKRWRGHJUDGDWLRQUDWH
RI60=ZDVLQYHVWLJDWHGLQGHWDLODQGUHVXOWVZHUH
VKRZQ LQ )LJ DQG 7DEOH  )XUWKHU LQ RUGHU WR
LQYHVWLJDWHWKHHIIHFWRI³1´IRUPRQWKHSKRWRO\VLV
RI 60= DQRWKHU ³1´ IRUP 1+ 62 ZDV DOVR
FRQVLGHUHGLQWKLVZRUNDQGWKHHIIHFWRI 1+ 62
0, 1, 10 and 50 mg/L RQWKHSKRWRO\VLVRI60=ZDV
VKRZHGLQ)LJDQG7DEOH

.12
PJ/

˅

1+ 62
˄PJ/

˅

.LQHWLF DQDO\VLV VKRZHG WKDW WKH 89SKRWR
GHJUDGDWLRQ SURFHVV RI 60= LQ .12 IROORZHG
SVHXGRILUVWRUGHU NLQHWLFV )LJ VKRZHG WKDW WKH
GHJUDGDWLRQ NLQHWLF FRQVWDQWV RI 60= LQFUHDVHG
ILUVWO\DQGWKHQGHFUHDVHGZLWKLQFUHDVLQJRI.12
FRQFHQWUDWLRQ DGGLWLRQ :KHQ WKH .12 FRQFHQ
WUDWLRQZHUHDQGPJ/WKHGHJUDGDWLRQUDWH
RI60=ZDVDQGUHVSHFWLYHO\
ZLWKLQPLQ
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GHJUDGDWLRQ RI 60= ZDV QRW DIIHFWHG REYLRXVO\ E\
WKHDGGLWLRQRI&OZLWKWKH$129$SYDOXHRI
Sη VKRZQDVLQ)LJ  FRPSDUHGZLWKRWKHU
DQLRQV7KHUHIRUH]LQFFRSSHUDQGOHDGFKORULGHV 
DQGPPRO/ KDGEHHQXVHGGXULQJ
WKHGHJUDGDWLRQSURFHVVHVIRUVWXG\HIIHFWVRIKHDY\
PHWDOLRQVRQWKHSKRWRO\VLVRI60= PJ/S+
 DQGUHVXOWVZHUHVKRZQLQ)LJ)LJDQG)LJ
UHVSHFWLYHO\$OVRLWLVWUXHWKDWWKHDGGLWLRQRIWKHVH
PHWDO VDOWV LQ VROXWLRQ PLJKW LQIOXHQFH WKH S+ RI
60=VROXWLRQZKLFKUHVXOWHGLQWKHS+YDOXHUDQJH
RI  +RZHYHU RXU LQYHVWLJDWLRQ KDG VXJJHVWHG
WKDW 60= 89SKRWR GHJUDGDWLRQ SURFHVV ZDV QRW
DIIHFWHGREYLRXVO\E\WKHS+GXULQJWKHUDQJHRI
 LQ )LJ 7KHUHIRUH WKH HIIHFW RI S+ ZLWK S+
UDQJH RI   RQ WKH 60= 89SKRWR GHJUDGDWLRQ
SURFHVV FRXOG EH QHJOHFWHG ZLWK WKH DGGLWLRQ RI
YDULRXVKHDY\PHWDOLRQV

SKRWRGHJUDGDWLRQ UDWH RI 60= GHFOLQHG REYLRXVO\
IURPWRZLWK 1+ 62 DGGLWLRQRI
PJ/
(IIHFWRI62RQWKHSKRWRO\VLVRI60=,Q
RUGHUWRYHULI\WKHPDLQLRQVRI1+RU62GXULQJ
WKH 89SKRWRGHJUDGDWLRQ H[SHULPHQW WKH HIIHFW RI
.62ZLWKWKHVLPLODU62FRQFHQWUDWLRQRQ DVWKH
1+ 62 V\VWHP  WKH SKRWRO\VLV RI 60= ZDV
IXUWKHU LQYHVWLJDWHG LQ GHWDLO DQG UHVXOWV ZHUH DOVR
VKRZHGLQ)LJ5HVXOWVVKRZQLQ)LJVXJJHVWHG
WKDW WKH SKRWRO\VLV UDWH FRQVWDQWV RI 60= LQ
1+ 62DQG.62ZHUHYHU\VLPLODUDQGLWFDQ
EHLQIHUUHGWKDW62 PLJKWSOD\WKHOHDGLQJUROHLQ
WKH89SKRWRO\VLVLQKLELWLRQRI60=2QWKHRWKHU
KDQG RZLQJ WR WKH OLJKW VWDELOLW\ RI DPPR QLXP
DPPRQLXP GLG QRW DEVRUE WKH HQHUJ\ LQ WKH 89
ZKLFKFRXOGQRWFRPSHWHZLWK60=LQDEVRUELQJWKH
HQHUJ\ DQG DOVR DFWLYH JURXSV FRXOG QRW EH
JHQHUDWHGE\DPPRQLXPDQGFRXOGQRWUHDFWZLWKWKH
UHDFWLYH JURXS UHVXOWHG IURP WKH 60=  $QG
*DQJZDQJ¶V VWXG\ >@ DOVR GHPRQV WUDWHG WKDW
LQFUHDVHV RI 1+ FRQFHQWUDWLRQ KDG QR REYLRXVO\
HIIHFW RQ WKH SKRWRGHJUDGDWLRQ RI 6DOLF\OLF DFLG
XQGHU VLPXODWHG VXQOLJKW ,Q DGGLWLRQ $129$
VXJJHVWHG WKDW WKH SYDOXH IRU .62 ZDV DERXW
 OHVVWKDQ 7KHUHIRUHIURPWKHDERYHLW
FRXOG EH IXUWKHU GHPRQVWUDWHG WKDW WKH .62 KDG
REYLRXVLQKLELWLRQHIIHFWRQWKHSKRWRO\VLVRI60=
KRZHYHUWKHFRH[LVWHGDPPRQLXPLQWKH 1+ 62
V\VWHPKDGOLWWOHHIIHFWRQWKHSKRWRO\VLVLQKLELWLRQ
RI60=
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pH=5

20

40

60

80

100

120

t/min
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(IIHFWVRI&X&ORQWKH89SKRWRGHJUDGDWLRQRI
60=(5HDFWLRQFRQGLWLRQVCo=10 mg/L 60=,
pH=5

(IIHFW RI 9DULRXV +HDY\ 0HWDO ,RQV RQ WKH
3KRWRO\VLVRI60=  %DVHG RQWKH DERYH VROXEOH
LRQVVXFKDV3212DQG62 ZLWK$129$S
YDOXHVOHVVWKDQ KDYHVLJQLILFDQWHIIHFWVRQWKH
SKRWRGHJUDGDWLRQRI60=DQGDOVRDFFRUGLQJWR*H
HW DO¶V UHVHDUFK>@ GUXJ SKRWRO\VLV SURFHVV ZDV
DOPRVW QRW LQIOXHQFHG E\ WKH DGGLWLRQ RI &O
DGGLWLRQDO RXU ZRUN VXJJHVWHG WKDW WKH SKRWR

5HVXOWVVKRZQLQ)LJDQGGHVFULEHGWKDW
WKH GHJUDGDWLRQ UDWH RI 60= ZDV GHFUHDVHG
GLIIHUHQWO\ZLWKWKHDGGLWLRQRI=Q&XDQG3E
)RUH[DPSOH)LJVKRZHGWKDW&XVXSSUHVVHGWKH
SKRWRO\VLV RI 60= REYLRXVO\ :KHQ &X
FRQFHQWUDWLRQZDVOHVVWKDQPPRO/WKHGHJUHH
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IRUPDWLRQRI>&X +2 @ WKHDEVRUSWLRQRI60=
WRSKRWRQZDVVKLHOGHGWRVRPHH[WHQWDQGDOVR&X

FRXOG QRW R[LGL]H 60= EHFDXVH RI LWV ZHDN
R[LGDWLRQFDSDFLW\EXWLWFRXOGUHDFWZLWK 2+DQG
IRUP 2+ > @ PRUHRYHU GXH WR WKH VXEWOH
VROXELOLW\ RI &X 2+  .VS   î   WKH EOXH
&X 2+ SUHFLSLWDWHPLJKWKLQGHUWKHDEVRUSWLRQWR
SKRWRQVDQGWKHUHIRUHVXSSUHVV60=SKRWRO\VLV

Degradation rate/%

RILQKLELWLRQHQKDQFHGVLJQLILFDQWO\DQGWKHLQKLEL
WLRQHIIHFWWHQGHGWREHVWDELOL]DWLRQZKHQWKH&X
FRQFHQWUDWLRQZDVPRUHWKDQPPRO/$OVRWKH
NLQHWLF DQDO\VLV VKRZHG WKDW WKH SKRWRGHJUDGDWLRQ
SURFHVV RI 60= ZLWK =Q &X DQG 3E DGGLWLRQ
IROORZHG SVHXGRILUVWRUGHU NLQHWLFV $GGLWLRQDO
$129$ DQDO\VLV VXJJHVWHG WKDW DOO SYDOXHV RI 
WKUHH PHWDO LRQV 3=Q  3&X  33E  
ZHUHOHVVWKDQZKLFKIXUWKHUGHPRQVWUDWHGWKDW
KHDY\PHWDOLRQVZHUHWKHLPSRUWDQWLPSDFW IDFWRURI
WKH60=SKRWRGHJUDGDWLRQ)LJVKRZHGWKDWWKH
LQKLELWLRQGHJUHHRI89SKRWRGHJUDGDWLRQ60=ZDV
GLIIHUHQWLIZLWKWKHVDPHDGGLWLRQRIPHWDOLRQV 
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(IIHFWRIQDQRSDUWLFOH7L2RQWKH89SKRWRO\VLV
RI60=(5HDFWLRQFRQGLWLRQVCo=10 mg/L 60=,
pH=5
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Effect of nanoparticle TiO2 on the Photolysis
of SMZ. ,Q RUGHU WR LQYHVWLJDWH WKH HIIHFW RI
QDQRSDUWLFOHV RQ WKH 89SKRWRO\VLV RI 60= 7L2
   PPRO/  ZDV XWLOL]HG DQG UHVXOWV
ZHUH VKRZQ DV )LJ )LJ VXJJHVWHG WKDW WKH
FKDQJH RI 60= FRQFHQWUDWLRQ ZDV YHU\ OLWWOH OHVV
WKDQ   XQGHU MXVW 7L2 LQ WKH DEVHQFH RI 89
LUUDGLDWLRQ 7L2 PPRO/  ZKLFK IXUWKHU
GHPRQVWUDWHG WKDW WKH DGVRUSWLRQ RI 60= RQ 7L2
PLJKW EH QHJOLJLEOH &RPSDULQJ ZLWK MXVW WKH 89
SKRWRO\VLV RI 60= UHPRYDO UDWH RI   60=
UHPRYDOHIILFLHQF\FRXOGEHLQFUHDVHGVOLJKWO\WR
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),*85(
(IIHFWVRIGLIIHUHUQWKHDY\PHWDOLRQVRQWKH
SKRWRO\VLVRI60=(5HDFWLRQFRQGLWLRQVCo=10
mg/L 60=, pH=5
7KH LQKLELWLRQ PHFKDQLVP RI &X =Q DQG
3E IRU60=SKRWRO\VLVZDVDQDO\]HGDVIROORZV,Q
FDVH RI WKH &X DGGLWLRQ V\VWHP RZLQJ WR WKH
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a

b
c
),*85(
Scheme of the frontier orbital density of SMZ ((a) HOMO (Highest Occupied Molecular Orbital) and (b)
LOMO (Lowest Unoccupied Molecular Orbital)) and (c)structural formula of SMZ molecule
XQGHU 7L2 ORZ FRQFHQWUDWLRQ FRQGLWLRQ 
PPRO/ N PLQ 5    IRU  KU XQGHU
89LUUDGLDWLRQ0RUHRYHULWZDVREYLRXVWKDW60=
UHPRYDOHIILFLHQF\ZDVKLJKDV N PLQ
 
5  ZLWKPPRO/7L2IRUKUXQGHU89
LUUDGLDWLRQ ,Q IDFW LQ FDVH RI WKH XVXDO OHVV WKDQ 
FRQFHQWUDWLRQ FRQGLWLRQ RI QDQR SDUWLFOH 7L2 LQ
ZDWHUERG\ OHVVWKDQPPROJ/ >@WKHHIIHFW
RIQDQRSDUWLFOHRQWKHSKRWRO\VLVRI60=ZDVYHU\
OLWWOH

of the methyl- pyrimidine ring of the SMZ molecule.
TABLE 3
Potential cleavage sites and frontier electron
density (FED) values at each position of SMZ
Atom No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Photolysis Mechanism of SMZ. $FFRU
GLQJ WR WKH IURQWLHU PROHFXODU RUELWDO WKHRU\ [32]
PROHFXODU PRGHOLQJ ZDV FDOFXODWHG ZLWK DE LQLWLR
LQ)LJ >@7KHDWRPLFFKDUJHYDOXHVKLJKHVW
RFFXSLHG PROHFXODU RUELWDO +202  DQG ORZHVW
XQRFFXSLHG PROHFXODU RUELWDO /202  >@ZHUH
SUHVHQWHGLQ7DEOH5HVXOWVLQ7DEOHVXJJHVWHGWKH
UHODWLYHO\ KLJK HOHFWURQHJDWLYLW\ RI 2 DQG 2
+HQFH WKH GHVXOIXUL]DWLRQ UHDFWLRQ RI 60= PLJKW
HDVLO\KDSSHQGXULQJWKHSKRWRFDWDO\WLFGHJUDGDWLRQ
RI60=,QDGGLWLRQERQGVDVVRFLDWHGZLWK22
1 1 1 DQG 6 ZKLFK ZHUH RI KLJKHU IURQW
HOHFWURQ GHQVLW\ PLJKW EH SUHIHUHQWLDOO\ DWWDFNHG
E\ ā2+ 7R IXUWKHU HOXFLGDWH WKH SKRWRO\VLV
PHFKDQLVPRI60=+3/&06 ZDVFDUULHGRXWWR
LQYHVWLJDWH WKH SKRWRO\VLV LQWHUPHGLDWHV 7KH 06
VSHFWUDRIWZRSULQFLSDOLQWHUPHGLDWHVZHUHREWDLQHG
DIWHUKURI60=SKRWRO\VLVLQ)LJ For SMZ
VLQFH WKH GHVXOIRQDWLRQ reactions [35] are typical
photolysis processes[36], product 1 (m/z 215) was
stemmed from the desorption of 62 from the
benzene ring of SMZ, corresponding to the
formation of &+1. Products 2 (m/z 124) was
formed through hydroxyl radical attacking the bond
between the aminophenyl and the methylpyrimidine
ring moie- ties. Accordingly, on the basis of the
detected inter- mediates and theory studies, a
photolysis pathway for SMZ was proposed in Fig. 15,
including three main pathways: (1) the desulfonation
from the benzene ring of SMZ; (2) cleavage of the
bond between the aminophenyl and the
methylpyrimidine ring moieties; (3) fragmentation

&KDUJHYDOXH
-0.083988
-0.035062
-0.094692
-0.036046
-0.083008
0.120865
-0.385078
0.674793
-0.330941
-0.326142
-0.378754
0.283637
-0.277453
0.131882
-0.106427
0.136514
-0.267186
-0.184938
-0.186343

3('YDOXH




















),*85(
3URSRVHG89SKRWRGHJUDGDWLRQSDWKZD\RI
VXOIDPHWKD]LQHLQSXUHZDWHU
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),*85(
7KH0DVVVSHFWURJUDPRILQWHUPHGLDWHSURGXFWDQG
&21&/86,216

5()(5(1&(6

7KH SKRWR WUDQVIRUPDWLRQ RI 60= ZDV
LQIOXHQFHGGLIIHUHQWO\E\WKHOLJKWLUUDGLDWLRQDQGWKH
GLVVROYHGLRQVDQGQDQRSDUWLFOHVLQZDWHU7KH89
SKRWRGHJUDGDWLRQUDWHRIZDVPXFKKLJKHUWKDQWKDW
RIVXQOLJKWFRQGLWLRQDQGWKHSKRWRO\VLVRI60=LQ
DTXHRXV V\VWHPV IROORZHG DSSDUHQW ILUVWRUGHU
NLQHWLFV XQGHU 89 OLJKW LUUDGLDWLRQ %HVLGHV
.+32FRXOGUHGXFHWKH89SKRWRGHJUDGDWLRQUDWH
RI 60= DQG WKH GHJUDGDWLRQ UDWH GHFUHDVHG ZLWK
.+32 FRQFHQWUDWLRQ LQFUHDVHG +RZHYHU .12
PLJKWKDYHDGXDOHIIHFWRQWKHSKRWRGHJUDGDWLRQUDWH
RI 60= DQG WKH 89SKRWRO\VLV UDWH FRQVWDQW
LQFUHDVHGDWILUVWDQGWKHQGHFUHDVHGZLWKLQFUHDVLQJ
WKHFRQFHQWUDWLRQRI.12ZKLOHWKHHIIHFWRI1+
RQWKHSKRWRO\VLVRI60=ZDVYHU\OLWWOH$OVRWKH
89SKRWR GHJUDGDWLRQ RI 60= ZDV PDUNHGO\
VXSSUHVVHGZLWKWKHDGGLWLRQRI=Q&XDQG3E
$OVR DOWKRXJK WKH SKRWRGHJUDGDWLRQ RI
VXOIDPHWKD]LQHZDVYHU\UDSLGLQWKHSUHVHQFHRIORWV
RI 7L2 LQ FDVH RI WKH XVXDO ORZ FRQFHQWUDWLRQ
FRQGLWLRQ RI QDQRSDUWLFOH 7L2 LQ ZDWHUERG\ WKH
HIIHFWRIQDQRSDUWLFOH7L2RQWKHSKRWRO\VLVRI60=
ZDV YHU\ OLWWOH ,Q DGGLWLRQ E\ +3/&(6,06
DQDO\VLVFRPELQHGZLWKWKHIURQWLHUPROHFXODURUELWDO
WKHRU\ WKH SKRWRO\VLV RI 60= PLJKW LQFOXGH WKUHH
PDLQSURFHVVHVdesulfonationcleavage of the bond
between the aminophenyl and the methylpyrimidine
ring moieties and fragmentation of the methylpyrimidine ring 5HVXOWV LQ WKLV ZRUN PLJKW EH
YDOXDEOH IRU DLGLQJ LQ WKH WUDQVIRUPDWLRQ DQG IDWH
SUHGLFWLRQRI60=LQVXUIDFHZDWHU

[1] .KDOHHO 1'+ 0DKPRXG :00 +DGDG
*0$EGHO6DODP 5$ .PPHUHU .  
3KRWRO\VLV RI VXOIDPHWKR[\S\ULGD]LQH LQ YDUL
RXV DTXHRXV PHGLD $HURELF ELRGHJUDGD WLRQ
DQGLGHQWLILFDWLRQRISKRWRSURGXFWVE\ /&89
QGDVK0606-+D]DUG0DWHU±
[2] .XQJ 7$ 7VDL &: .X %& :DQJ
:+   $ JHQHULF DQG UDSLG VWUDWHJ\ IRU
GHWHUPLQLQJ WUDFH PXOWLUHVLGXHV RI VXOIRQD
PLGHV LQ DTXDWLF SURGXFWV E\ XVLQJ DQ LPSUR
YHG 4X(&K(56 PHWKRG DQG OLTXLG FKURPD
WRJUDSK\HOHFWURVSUD\TXDGUXSROHWDQGHPPDVV
VSHFWURPHWU\)RRG&KHP&
[3] ;X-+DR=*XR&=KDQJ<+H<0HQJ
:   3KRWRGHJUDGDWLRQ RI VXOIDS\ULGLQH
XQGHU VLPXODWHG VXQOLJKW LUUDGLDWLRQ NLQHWLFV
PHFKDQLVP DQG WR[LFLW\ HYROYHPHQW &KHPR
VSKHUH
[4] %DWLVWD$36 3LUHV )&& 7HL[HLUD$&6&
  7KH UROH RI UHDFWLYH R[\JHQ VSHFLHV LQ
VXOIDPHWKD]LQH GHJUDGDWLRQ XVLQJ 89EDVHG
WHFKQRORJLHV DQG SURGXFWV LGHQWLILFDWLRQ -
3KRWRFKHP3KRWRELRO$HQV
[5] 4L:0OOHU%3HUQHWFRXGULHU%6LQJHU+
/LX + 4X - %HUJ 0   2UJDQLF PLFUR
SROOXWDQWV LQ WKH <DQJW]H 5LYHU VHDVRQDO
RFFXUUHQFHDQGDQQXDOORDGV6FL7RWDO(QYLURQ

[6] /L ; 6KL + /L . =KDQJ / *DQ<  
2FFXUUHQFHDQGIDWHRIDQWLELRWLFVLQDGYDQFHG
ZDVWHZDWHU WUHDWPHQW IDFLOLWLHV DQG UHFHLYLQJ
ULYHUV LQ %HLMLQJ &KLQD )URQW HQYLURQ VFL
HQJ
[7] %L & <H = =KDQJ 5 *X $ /LX /  
'LUHFW SKRWRO\VLV RI S\ULGLQH LQ VROXWLRQ ZLWK
QP 89 LUUDGLDWLRQ )UHVHQ (QYLURQ
%XOO
[8] =KRX / 'HQJ + =KDQJ : *DR <  

$&.12:/('*(0(176
7KDQNVIRUWKHIXQGLQJVXSSRUWRIWKH1DWXUDO
6FLHQFH)RXQGDWLRQRI&KLQD 1R 

3526

© by PSP

Volume 26 ± No. 5/2017 pages 3519-3528

Fresenius Environmental Bulletin

NLQHWLFVRIELRFKHPLFDOO\DFWLYHFRPSRXQGVLQ
ORZSUHVVXUH 89 SKRWRO\VLV DQG 89+  2  
DGYDQFHG R[LGDWLRQ SURFHVVHV :$7(5 5(6

[20] $YLVDU ' /HVWHU < 0DPDQH +   S+
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ABSTRACT

INTRODUCTION

The photocatalytic degradation of olive mill
wastewater (OMW) of TiO2/V2O5/AC and TiO2/
WO3/AC (activated carbon) catalysts, prepared by a
sol±gel method in aqueous solution was investigated. Initially, the TiO2/V2O5/AC and TiO2/WO3/AC
nanoparticles were obtained using a sufficient
thermal treatment by gradually increasing the
temperature from 300, 400 and 500°C with 1 h intervals for a total of 3 h. Then, the characterizations of
these materials were carried out using (SEM),
(TEM), (EDX), (FTIR) and X- (XRD). Secondly; the
photocatalytic degradation of these materials has
been investigated in OMW using ultraviolet (UV),
hydrogen peroxide (H2O2) and nanoparticles. Initially, chemical coagulation experiments with lime
and alum have been carried out to obtain more treatment. In the photolytic degradation, the effect of
catalysis, times, pH, H2O2 and temperature were selected as parameters. The results show that the removal percentage of color, phenol and lignin increased with the use of H2O2 and O3 together. The
percentage removals of color for TiO2/WO3/AC,
TiO2/V2O5/AC were 89.55 and 86.30% respectively.
In addition, the percentage removals for phenol were
94.30, 96.26% and for lignin 51.96 and 48.08%,
respectively. Optimum values for the degradation of
color and phenol were found at pH 7.0 using
TiO2/WO3/AC, and TiO2/V2O5/AC, whereas, the
optimum degradation for lignin was achieved when
the solution was pH<5.0 and pH>9.0 for the same
nanocomposite materials. The optimum time and
temperature were found 24 h at 308K. The pseudofirst order model was applied and R2 values were
from 0.90 to 0.99.

Olive mill wastewater (OMW) generated by
the olive oil extracting industry is a major pollutant
due to its phytotoxic high organic load and antibacterial phenolic compounds which are not biodegradable in the environment. Mediterranean countries are
mostly affected by this serious environmental problem, since they are responsible for 95% of the worldwide olive-oil production [1-4].
There are many methods used for OMW treatment, as proposed by Kestioglu et al. [5]. The advanced oxidation processes are physico-chemical
treatment methods which commonly use either
ozone or )HQWRQ¶V UHDJHQW LQ WKH SUHVHQFH DQG DEsence of UV radiation. In this study, advanced oxidation processes were used under different conditions
to remove both COD and phenol. The data obtained
show that above 99% removal for both COD and total phenol was achieved with both H2O2/UV and
O3/UV combinations. Another treatment of OMW
consisting the application of an integrated centrifugation-ultra filtration system allows an efficient
reduction of pollution and a selective separation of
some useful product [6]. Traditional physical and
chemical techniques, such as flocculation, coagulation, filtration, evaporation, the electrochemical
treatment of OMW and burning systems also partially solve the problem [7-10]. In addition, Oukili et
al.[11] have investigated activated clay as adsorbents
for removal of organic compounds from OMW, the
removal of phenolic compounds have also effectively been investigated using lime.
OMW been tested with a mixture of aluminium
sulfate and ferric chloride, calcium hydroxide solution and also acidifying of the waste with hydrochloric acid solution [10]. They have determined the clarifying percent of the wastewater. Calcium hydroxide and aluminum sulphate have also been used
besides magnesium sulphate COD value dropped to
20±30% with calcium hydroxide, when added until
the pH of the waste reached [10-14]. The organic
content of OMW was oxidized using monopersulfuric acid in several biological studies to
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eliminate the pollution effect of OMW [15,16]. The
biodegradation of phenolic compounds have been
investigated by using aerobic microbial cultures too
[5, 17]. Kai and co-workers [18] have studied for the
degradation of Dimethyl Phthalate using photofenton process. Aref and co-workers [19] have performed the degradation of 2-Nitrophenol from Petrochemical Wastewater. As a result, there is no such
economical and easy solution for the removal of
organic compounds from OMW.
A commonly applied method for removal of
COD, colour, phenol and organic compounds from
industrial effluents is Advanced Oxidation Processes
(AOPs). AOPs are related to the formation of OH radicals, accelerating oxidative degradation of numerous organic compounds dissolved in wastewater.
AOPs include several processes such as ultraviolet/
ozone (UV/O3), ultraviolet/hydrogen peroxide (UV/
H2O2), and ozone/hydrogen peroxide [20, 21]. In the
present study, decolourization and removal of some
organic compounds from OMW were aimed by
using TiO2/V2O5/AC and TiO2/WO3/AC nanoparticles. In addition, there is no study reported in the
literature related to use of O3, UV, TiO2, WO3, V2O5
and AC together in the OMW treatment.
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Prepared particles were filtered and dried at 100°C
for 3 hours. Dried samples were thermally activated
at 300, 400 and 500°C each for one hour. Same
procedure was repeated to prepare TiO2/ V2O5/AC
particles but NH4VO3 solution was used instead of
(NH4)10H2(W3O7)6. Both type of particles were
characterized. The crystalline phase structure of the
sample was examined by XRD (Rigaku-Smart Lab)
XVLQJ FRSSHU . UDGLDWLRQ Ȝ   QP  7KH
FT-IR spectra these particles were recorded on
Thermo-Scientific, (Nicolet IS10-ATR) spectrophotometers. The size and shape of the particles were
investigated by SEM (JEOL JSM-7600F) and TEM
(JEOL JEM 2100F HRTEM). Ele-mental analysis
was carried out using (JEOL JSM-7600F) EDAX
analyzer with SEM.

MATERIALS AND METHODS
Characterization of OMW. OMW samples
were collected from an olive-oil producing plant
(Mugla) using a modern production process. No chemical additives have been used during the olive oil
production.
FIGURE 1
Appearance schematic of UV reactor used at
the experimental study

The pre-treatment experiments. Pre-refining
process was carried out to obtain the more removal
from OMW. In this process, the chemical coagulation technique and the mixture of lime and alum
(Aluminum sulfate) in certain proportions were
used. In this step, 1g of lime and 4g of alum were
added in 1L of crude OMW and stirred for 15
minutes at 100 rpm/min then for 30 minutes at 30
rpm/min slowly. The mixture was set aside for 24
hours to have formation of flocks and precipitation
[22]. Then, filtrated wastewater was maintained in
appropriate medium for photocatalytic experiments.

Photolytic experiments. In photolytic experiments, the effects of reaction temperature, catalysis
amount, OMW concentration, solution pH and addition of H2O2 were investigated. In all the experiments, color, phenol and lignin concentration
changes taking place in OMW were analysed
through spectroscopic methods. OMW samples
carried out the pre-treatment were directly treated
using the specially designed UV reactor (Hight:
60cm, volume: 1.0 L). This reactor consists of a
closed sys-tem having an UV lamp (GPH846TL,
17W, 254 nm), properties of fixed mixing and
cooling and oxygen entry (Fig 1). The pH of (the)
solution was adjusted using diluted HCI and NaOH
solutions. All experiments were run at least twice.

TiO2/V2O5/AC and TiO2/WO3/AC nanoparticles preparation. In this study, 120 mL ethanol
and 20 mL tetra-n-butyl titanate were mixed, then 10
mL acetic acid, 2 mL distilled water few drops of
acetone were added and stirred for 3 hours (solution
A). After that, 8-20 mesh AC was activated with
nitric acid, washed with distilled water and left for
drying. Acid activated was stirred for three hours
with the previously prepared solution (solution A).
After completion of the reaction, (NH4)10H2 (W3O7)6
solution was added drop-wise and kept under
constant temperature to get TiO2/W2O5/AC particles.

Determination of color changes. Maximum
wavelength in the visible region and absorbance intensity were 420 nm and 4.0, respectively on OMW
using Dr. Lange spectro-photometer. Color changes
were investigated at this wavelength and the color
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structure that obtained with at the higher magnification. The SEM images of TiO2/V2O5 and TiO2/ W2O5
doped AC samples were given in Figure 2c and 2d.
As seen in the Figure 2c and 2d, TiO2/V2O5 and
TiO2/W2O5 were attached to the AC surface. The
proof of this adhesion was demonstrated by EDS and
Compositional element rates obtained (Energy
Dispersive X-ray Spectroscopy (EDS) were given in
Table 1.

removal (%) was calculated using the following expression.
Color removal (%): AOo (crudeOMW )  AO (treated ) x100
AOo (crudeOMW )

Lignin and phenol measurement. APHA
Standard Methods were used for the measurements
of lignin and phenol in OMW (APHA 2005). The
concentration of lignin and lignin degradation compounds were calculated of developing color resulting
from the reaction of phenol with 4-aminoantipyrine
and reaction of lignin with folin phenol reagent
(tungstophosphoric and molybdophosphoric acid) at
Ȝmax 700 nm, respectively. The concentrations of
phenol were determined analyzing the developed
colour resulting from the reaction of phenol with 4DPLQRDQWLS\ULQHDWȜmax 500 nm [22].

TEM images of the nanocomposites. The
samples were also put under TEM investigation for
the determination of structure. Figure 3 (a, b, c)
shows the images with increasing magnifications
from the samples. Figure 3a shows the typical TEM
micrograph of the amorphous AC. The TEM images
of TiO2/V2O5 and TiO2/W2O5 doped AC samples
were given in Figure 3b and 3c. As seen in the Figure
3b and 3c, TiO2/V2O5 and TiO2/W2O5 were at-tached
to the AC as with SEM results.
Figure 4 shows the XRD patterns of AC (a),
TiO2/V2O5/AC (b) and TiO2/WO3/AC (c) amorphous and crystal structures. According to Figure 4,
the X-ray patterns confirm that activated carbon
samples were amorphous and TiO2/V2O5 and
TiO2/W2O5 doped samples have crystal diffractions
peaks.

RESULTS AND DISCUSSION
SEM analyses. The surface morphologh of all
samples was investigated using a SEM and images
are given in Figure 2(a, b, c and d). Figure 2a shows
the typical SEM micrograph at the lower magnification of the AC. As seen in the Figure 2a, AC structure has porous morphology. Figure b shows also AC

(a)

(b)

(c)
(d)
FIGURE 2
SEM images belonging to Activated carbone (a) (b), TiO2/V2O5/AC (c) and TiO2/WO3/AC(d).
TABLE 1
EDS results belonging to all samples
Element (Weight %)
AC
TiO2/V2O5/AC
TiO2/WO3/AC

C
86.71
65.47
71.66

O
11.00
21.37
20.75

Ti
12.10
6.39

V
1.07
-
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W
1.21

Mg
0.84
-

Ca
0.82
-

Si
0.46
-

P
0.32
-

Totals
100.00
100.00
100.00
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(a)

(b)
(c)
FIGURE 3
TEM images belonging to AC(a), TiO2/ V2O5/AC (b) and TiO2/WO3/AC(c) XRD analysis

AC
TiO2/V2O5/AC
TiO2/WO3/AC

FIGURE 4
XRD spectra belonging to TiO2/AC, TiO2/V2O5/AC and TiO2/WO3/AC

FIGURE 5
FTIR spectra belonging to TiO2/AC (a), TiO2/V2O5/AC (b) and TiO2/WO3/AC (c)
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FTIR analysis. When compared, both AC and
TiO2/AC spectra showed stretching vibration at 3440
cm-1 related to - OH. C-H stretching were also observed at 2923 cm-1 related to -CH2. Band height and
broadness reflects that these groups did not change
after the application of TiO2. The band at 1575 cm-1
disappeared that was related to aromatic C=C and a
new band appeared at 1638 cm-1 related to titanium
carboxylate. Disappearance of C=C related band and
appearance of TiO2 bands proves the impregnation
of TiO2 particles on the surface of AC (Figure 5a).
Hydroxyl band on the surface of TiO2/V2O5/AC decreased and shifted to 3431 cm-1 was also observed.
It was different from WO3 as -CH2 bands did not
disappear that means they were unaffected, only -OH
groups did reaction. Similar to WO3 connectivity,
bands at 1638 cm-1 related to titanium carboxylate
disappeared. Similarly, the C=C band at 1575 cm-1
shifted to 1569 cm-1 after reaction with V2O5. The CO band at 1156 cm-1 in pure AC also shifted to 1143
cm-1 after the removal of titanium carboxylate and
reaction with V2O5 (Figure 5b). After comparing the
spectrum of TiO2/WO3/AC, the band of -OH shifted
from 3440 cm-1 to 3441 cm-1 and area under the peak
is also decreased in addition to the disappearance of
-CH2 band at 2924 cm-1 after the addition of WO3
(Figure 5c). Therefore, it can be believed that WO3
affected these groups. Separately, the band related to
titanium carboxylate after the addition of TiO2 disappeared after heating and a small peak was observed
at 1578 cm-1. Another band appeared at 1231 cm-1
that is related to W=O. It proved the addition of
WO3.
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Effect of oxidant concentration, time and
catalyst type. The photocatalytic degradation of
OMW was significantly improved and O3, H2O2,
O3/H2O2, TiO2/WO3/AC and TiO2/V2O5/AC
materials were used together and separately. Then
the obtained results for color, phenol and lignin were
plotted in Figure 6a, 6b and 6c, respectively. The
data in Figure 6 (a) showed that almost 80% of
colour was removed from the OMW effluent streams
with both catalysts at the end of 24 hours. Especially
proportion of discoloration was significant when O3
and H2O2 were used. Under the same experimental
conditions, the removal of phenol was above 90%
using the combined O3/H2O2 system. However, the
same removal percentage was almost obtained
TiO2/V2O5 /AC and TiO2/WO3/AC for phenol (100,
95 %). However, the percentage removal was very
low when ozone or H2O2 was used alone. Under the
same experimental conditions, the lignin removal
rate was overall 50% usually for both catalysers at
the end of 48 hours (Figure 6c). The coloured
components of OMW are normally related to lignin,
tannin and the other high amount of organic
compounds. All commercial OMW streams contain
non-biodegradable products and are dark red to black
in colour [2]. The effluent colour is primarily due to
lignin and its degraded products, which are
chemically stable, resistant to biological degradation
and are intractable to separation by conventional
treatment methods [23, 24]. However, the treatment
systems that we have used in this study can be used
successfully to remove not only the colored
components but other hazardous organic compounds
as well.

(a)

(b)

FIGURE 6a
7KHFKDQJHVRIFRORUUHPRYDOGXHWRWLPHVDQGGLIIHUHQWSDUDPHWHUVIRUERWKFDWDO\VLV¶ TiO2/V2O5/AC
(a) and TiO2/WO3/AC(b)(pH:5.0, 298K, Solid/ liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2 :15 mlL-1 and UV:17
Watt)
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FIGURE 6b
The changes of phenol removal due to times and different parameters for both catalysis TiO2/V2O5/AC
(a), TiO2/WO3/AC (b) (pH:5.0, 298K, Solid/liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2:15 mlL-1 and UV: 17
Watt)

(a)

(b)
FIGURE 6c
The changes of lignin removal due to times and different parameters for both catalysis TiO2/V2O5/AC
(a), TiO2/WO3/AC (b) (pH:5.0, 298K, Solid/liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2:15 mlL-1 and UV:17
Watt)

percentage removal of color at higher temperature
may be associated with the solubility of colored
components present in the effluent streams or the effect of quantum yield for the photochemical yield
[25]. The higher dissolution of the particulate coloured matter and other polyphenolic compounds in
OMW such as tannins colored components at high
temperatures may be responsible for the decrease in
the overall color removal at higher temperature.
OMW was strongly colored related to lignin, tannin
and at high amount of organic compounds.
Lignin is a biopolymer synthesized and stored
in plant cell walls together with cellulose and
hemicelluloses serving the function of making the
root and stem mechanically strong and hard. Its main
function is to act as a physical and chemical barrier

The effect of Temperature. The change in
temperature normally affects the rate of reaction in
most chemical reactions, so the photolytic reactions
for both catalysts were carried out at 298K, 308K and
318K in this experimental. The effects of temperature on the removal of colour, phenol and lignin are
presented in Figure 7a, 7b and 7c, respectively.
The changes in color of OMW were also examined related to the changes in temperature and times.
The data obtained show that an increase in the
percentage of removal was achieved when the
temperature was decreased from 308K to 298K for
the two catalysts systems (Figure 7a). The rates of
color removal after 8 hours were 84.18% and
79.76% for the TiO2/WO3/AC and TiO2/V2O5/AC
catalytic systems, respectively. The decrease in the
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concentrations under the same conditions were
analysed to examine this better, and to see the
changes taking place in lignin and phenolic
compounds. The results for phenol and lignin are
plotted in Figs 7b and 7c, respectively.

against biodegrading systems. The high extent of the
change taking place in color indicates that the abovementioned compounds have been considerably degraded and dissolved into different compounds [29].
The changes taking place in phenol and lignin

(a)

(b)
FIGURE 7a
The changes of color removal due to temperature and times for both catalysis. TiO 2/WO3/AC (a)
TiO2/V2O5/AC (b) (pH:5.0. 298K. Solid/Liquid: 0.5g L-1.O3:1.5Lmin-1.H2O2:1515 mlL-1andUV:17 Watt.

(b)

(a)

FIGURE 7b
The changes of phenol removal due to temperature and times for both catalysis TiO 2/WO3/AC(a),
TiO2/WO3/AC (b) (pH:5.0. 298K. Solid/Liquid:0.5g L-1. O3:1.5Lmin-1. H2O2:15 mlL-1and UV:17 Watt.

(a)

(b)
FIGURE 7c
The changes of lignin removal due to temperature and times for both catalysis, TiO 2/V2O5/AC (a),
TiO2/WO3/AC(b) (pH:5.0. 298K. Solid/Liquid: 0.5g L-1. O3:1.5Lmin-1. H2O2:15 mlL-1 and UV:17 Watt)
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(b)

(a)

FIGURE 8a
The changes of color removal due to different pH and times for both catalysis TiO 2/WO3/AC (a) and
TiO2/V2O5/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3:1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 Watt)

(a)

(b)

FIGURE 8b
The changes of phenol removal due to different pH and times for both catalysis TiO2/WO3/AC (a) and
TiO2/V2O5/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15mlL-1 and UV:17 Watt)

FIGURE 8c
The changes of lignin removal due to different pH and times for both catalysis TiO 2/WO3/AC (a),
TiO2/V2O5/WO3/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 Watt)

The effects of temperature and time on the
percentage degradation of phenol were investigated
for TiO2/WO3/AC and TiO2/V2O5/AC systems. The
data obtained show that the percentage degradation
values were 95.17% and 94.88% at the 318K,

respectively. The rate constants for the two catalysts
were 25,62x10-2 h-1 and 16.14x10-2 h-1, respectively
at the same temperature (Table 1). Lignin is a three
dimensional, optically active phenylpropanoid polymer and it does not dissolve in water as a high-
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colour removal was at pH 3.0 using TiO2/WO3/AC
catalyst (70%). Except for this pH values there was
a significant colour removal depending at all other
pH values studies in this work. Particularly colour
removal up to 100% occurred at pH 11:0 for both
catalyses.
The effect of pH on the percentage removal of
phenolic compounds using different photolytic processes was also investigated. The data in Figure 8b
shows that the percentage removal of phenol was
highest (95-96%) after pH 9.00 for both catalysts.
This case can be explained due to the availability of
abundant OH- ions at high pH values. Formation of
radicals during photolytic reactions and existence of
multiway interactions such as substrate, solvent
molecules and other electrostatic interactions can be
related to the changes in pH values. When changes
in removals of lignin depending on pH and time of
photolytic reactions was observed at the end of reaction. The highest removal was at 8 h. and showed
constant stability after this period approximately
(60-70 %) (Fig 8c).

weighted hydrophobic polymer. It is more resistant
to biodegradation than other polymers because of its
heterogeneous character and its inconvenience for
hydrolytic degradation [10, 27-29]. The lignin removal percentages for both catalysts are shown in
Figure 7c. As seen from these Figures while temperature increases, removal of lignin was observed
increasing about 8 hours; fixation was observed at
the rate of removal. Maximum percentage removal
of lignin was 65.34 % at 308K.
The effect of pH. The pH of solution in the
photocatalytic reactions taking place on the particulate surface is an important parameter [29]. Depending on the initial pH for both catalyses, removal of
colour, phenol and lignin are presented in Figure. 8a,
8b and 8c, respectively. As seen from these Figures
maximum colour and phenol removals were obtained at between pH 7.00 and 11.0 (100.0 and 80%)
respectively. Lignin removal was obtained 70 and 50
% at the same pH values.
The data in Figure 8a show that colour removal
is associated with the pH of the solution. The lowest

FIGURE 9a
The changes of color removal due to amount of different H2O2 and times for both catalysis, TiO2/WO3/AC
(a) and TiO2/V2O5/AC (b), (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and UV: 17 Watt)

FIGURE 9b
The changes of phenol removal due to amount of different H 2O2 and times for both catalysis
TiO2/WO3/AC (a) TiO2/V2O5/AC (b) (298K, Solid/Liquid: 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and
UV:17 Watt)
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FIGURE 9c
The changes of lignin removal due to amount of different H 2O2 and times for both catalysis,
TiO2/WO3/AC (a) TiO2/V2O5/AC (b) (298K, 0.5g L-1, O3: 1.5Lmin-1, H2O2:15 mlL-1 and UV:17Watt)
TABLE 2
Effect of pH, catalyst and temperature on the kinetics of color, phenol and lignin removal
TiO2/V2O5/AC
Parameter

Color

TiO2/WO3/AC

Phenol
-2

-2

2

k×10 (h ) r

-2

-1

Lignin
2

-2

Color

-1

k×10 (h ) r

k×10 (h ) r

2

-2

Phenol

-1

2

-2

-1

Lignin
2

k×10 (h ) r

k×10 (h ) r

k×10-2 (h-1) r2

The Effect of Temperature (K)
298

14.25

0.88

12.14

0.89

4.12

0.95

27.31

0.93

18.11

0.94

4.15

0.91

308
318

18.54
20.15

0.97
0.91

15.11
16.14

0.93
0.88

11.98
7.14

0.84
0.91

22.91
14.15

0.98
0.90

24.62
25.62

0.97
0.93

13.08
6.14

0.97
0.89

20.02
18.54
26.31
28.02
30.12

0.97
0.97
0.96
0.98
0.90

19.36
15.11
25.63
30.69
16.14

0.97
0.93
0.97
0.98
0.91

8.82
11.98
12.51
14.03
15.12

0.94
0.84
0.87
0.96
0.92

21.26
22.91
40.19
33.74
30.14

0.93
0.98
0.96
0.97
0.92

18.81
24.62
29.16
24.87
18.41

0.99
0.97
0.94
0.96
0.87

10.61
13.08
15.52
13.54
8.21

0.97
0.97
0.92
0.97
0.90

0.00

4.11

0.91

10.12

0.83

2.10

0.90

4.12

0.86

5.02

0.86

2.14

0.87

15.00
30.00

18.54
17.31

0.97
0.96

15.11
29.21

0.93
0.98

11.98
10.31

0.84
0.97

22.91
24.21

0.98
0.98

24.62
36.41

0.97
0.99

13.08
19.61

0.97
0.92

The Effect of pH
3.00
5.00
7.00
9.00
11.0
The Effect of H2O2

The Effect of UV. O3. H2O2. O3/H2O2
UV

1.12

0.95

3.15

0.82

0.14

0.91

1.10

0.70

0.01

0.87

0.14

0.92

O3
H2O2
O3/H2O2

4.11
17.10
20.54

0.91
0.87
0.97

10.12
26.14
36.11

0.83
0.84
0.93

2.10
5.12
11.98

0.90
0.87
0.84

4.12
8.11
22.91

0.86
0.90
0.98

5.02
12.6
24.62

0.86
0.94
0.97

2.14
5.14
13.08

0.87
0.93
0.97

decrease the concentration of organic compounds in
the photocatalytic process. This can be explained as
follows; the recombination of valenceband holes
(hVB+) and conduction-band electrons (eCB) have been
regarded as an unfavourable or limiting process in
photocatalysis. The electron will combine with oxygen molecule to produce superoxide radical anions
(O2), meanwhile the hole in the valence band may
react with water (H2O) or hydroxyl ions (OH-) to
generate the hydroxyl radicals (OH). The OH and
O2 are the primary oxidizing species in the
photocatalytic processes [23,29].

The Effect of H2O2. The rate of photocatalytic
degradation of the organic compounds was significantly improved by the addition of H2O2 as an additional oxidant. Figure 9a, 9b and 9c show the
percentage degradation when H2O2 was added as an
oxidant in the concentration range of 0.00±30 mlL-1.
The percentage removals of colour, phenol and lignin after 24 hours were 100 %, 95 % and 75 % using
the TiO2/WO3/AC catalytic system respectively. As
a result, higher percentage removal is obtained with
increasing the concentration of oxidizing matter.
The presence of UV, H2O2, and TiO2/WO3/AC can

3538

Volume 26 ± No. 5/2017 pages 3529-3541

© by PSP

Fresenius Environmental Bulletin

der different condition. The nanocomposite materials were prepared and their efficiencies were examined using various photolytic and photocatalytic systems. As a result of this study, all pollutants could be
removed (80-100%) from solution after 2 hour
containing 30 ml L-1 H2O2 at higher pH (9.00-11.00)
values. The results indicated that TiO2/WO3/AC is
significantly more active than TiO2/V2O5/AC. H2O2
plays a crucial role in catalytic activity in the
reaction. Moreover, the necessity to analyse the
products with further techniques while the reactions
in black water purification continue emerges. It is
concluded that it is important to investigate the structure analyses of substances formed during the reaction process and reaction mechanisms during
photocatalyst process through HPLC, gas
chromatography, NMR and other techniques in
further studies.

An indirect interaction of organic compounds
with OH radicals and direct with H2O2 in degradation has been suggested [8]. In another study, catalytic reactions using UV and H2O2 have been reported to have significant removal of organic substances on particular pesticides derivations [29, 31].
It has been reported that the combination of O3 and
UV can significantly increase the formation of radicals at high temperatures which ultimately increases
the degradation of carious organic compounds [3234]. The data obtained in this study are in accordance
with the previous studies since the removal of colour, phenol and lignin increases with the combined
us of different oxidants under different conditions. It
is well known that hydroxyl free radicals are highly
reactive, they can abstract hydrogen from hydrocarbons and can perform oxidation (E=2,80 V). These
radicals can easily get into reaction with any organic
compound and are highly reactive under the UV
light.
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Using UV- TiO2 is highly reactive and reported
in advanced oxidation reactions with high yields.
Reactions shown in equation 1 and 4 are very effectively reported [35].
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problem [1].
Heavy metals are one of the serious pollutants
of ecosystems, because of their environmental
toxicity, persistence, and ability to be incorporated
into food chains [2, 3]. Human activities, atmospheric deposition, land application of sewage sludge and industrial effluents are the principal causes
of increased heavy metal concentrations in soils
worldwide [4-8]. Soils polluted with heavy metals
have direct effects of toxicity to biota and indirect
threats to human health from ground water and food
chain contamination [9]. It has been established that
concentrated metals in the environment may cause
adverse health effects to inhabitants, by affecting
the central nervous system, blood-forming, cardiovascular, renal and reproductive systems [10-12].
Due to their adverse effects on humans and ecosystem, heavy metal contamination has attracted
significant attention from governmental and regulatory bodies, who are seeking to prevent further
environmental deterioration. A major pathway of
human exposure to heavy metals is through vegetable consumption. Contamination of vegetables in
suburban soils occurs through plant uptake of
contaminants when grown on contaminated soil
and/or surface contamination through aerial
deposition [13]. Some metals, like Cu, Mn and Zn,
are essential to plant metabolism in trace amounts,
but soils can act as sinks for these pollutants leading
to phytotoxicity at high concentrations [14-16]. In
the long term, the accumulation of heavy metals in
soil could affect the quality of agricultural soils and
cause the transfer of toxic elements to the human
diet as a result of increased crop uptake or soil
ingestion by grazing livestock [17-21].
In recent years, the heavy metal element
pollution in city soil has become a public concern.
Efforts have been mainly devoted to the studies of
the distribution differences of heavy metal element
pollution in the soil of different functional areas in
cities [22-25]. However, few data were found on
the soil in city outskirts. City outskirts are not only

ABSTRACT
Due to rapid industrialization and urbanization,
lands under suburban agriculture are the worst
affected by the contamination of heavy metals. The
objective of this study was to assess the extent and
severity of metal contamination in suburban
vegetable fields under different planting time.
Forty-four top soil samples were collected from
suburban vegetable plots under five levels of
planting time in Songyuan, China. The study results
showed that heavy metal concentrations of Pb, Cr,
Cu, Ni, Zn and Cd in soils varied from 13.5 to 40.9,
26.8 to 47.9, 7.7 to 40.2, 13.0 to 27.7, 63.8 to 189.6,
and 0.06 to 0.32 mg kgí1, respectively. The contents
of Pb, Cu and Zn in suburban vegetable soils had
obvious trend of escalation with the increase of
planting time. The assessment results of PI
indicated that there was obvious pollution of Zn and
Cd in some fields, which were classified as High PI.
Besides that, the comprehensive assessment results
of IPI further showed that the IPI values in study
area were greater than 1 in the long-term cultivation
fields (above 20 years), indicating the soil quality
has clearly been impacted, particularly those areas
cultivated for several decades.

KEYWORDS:
Suburban Vegetable fields; Heavy metals; Planting time;
Assessment

INTRODUCTION
Soil is an important compartment receiving a
significant amount of pollutants from different
sources every year. Due to rapid industrialization
and urbanization during the last two decades,
contamination of soils by industrial/agricultural
emissions is on an increase globally. Lands under
peri-urban agriculture are worst affected by this

3542

© by PSP

Volume 26 ± No. 5/2017 pages 3542-3549

Fresenius Environmental Bulletin

FIGURE 1
Location map of the study area and sampling sites of suburban vegetable fields in Songyuan City, China.
MATERIALS AND METHODS

the homes of the most complex human activities
and land use change, but also the important
agricultural production region. The use of open
inner-city and peripheral spaces for suburban
agriculture has become increasingly important in
China to enhance the food supply to the population
of the rapidly growing cities during the last two
decades. Thus study on pollution of heavy metal
elements in suburban agricultural fields under
different planting time is of great significance to
understand the effect of accelerating process of
urbanization in China on soil environmental quality,
and to reveal the generating process of soil
pollution.
The objectives of this study were: (1) to
determine the concentrations of Pb, Cr, Cu, Ni, Zn
and Cd in suburban vegetable fields under different
planting time in Songyuan, a rapidly developing
city in China; (2) to assess the heavy metal contamination and characterize the sources of the pollution
in suburban soils.

Study Site. Songyuan city is situated on the
DUHD EHWZHHQ WKH HDVW ORQJLWXGHV RI ƍ a
ƍ WKH QRUWK ODWLWXGHV RI ƍa ƍ RQ
the mid-west part of Jilin Province, Northeast China
(Fig. 1). The city also adjoins Heilongjiang
Province with Songhua River, Nen River and Lalin
River. It is located in the continental monsoon
climate zone of the medium temperate zone. The
annual average air temperature is 5.1Ԩ; the annual
average sunlight time is 2,879 hours; the annual
frost-free period is about 140 days; the annual
precipitation is between 400 mm and 500 mm. As
the first agricultural development zone in Jilin
Province, the vegetable planting area and yield in
Songyuan were about 32.7 thousand ha and 1.5
million tones, respectively [26]. Besides that,
Songyuan is abundant in mineral resources, the
storage of petroleum, natural gas, oil shale, silicon
sand, kaolin alkali, agate, fireclay, etc. has been
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Statistical analysis. In order to assess the soil
contamination degrees and to estimate their
possible impact to the human health, the pollution
index (PI) and integrated pollution index (IPI)
[29-31] were calculated for each studied station.
PI is defined as the ratio of the metal
concentration to the geometric means of
background concentration of the corresponding
metal:

proved up. The complete industrial system of
Songyuan City has been formed, which consists of
oil exploitation, oil refinery, the deep processing of
corn, medicine, textile, machinery, electricity,
building materials, food.
Sampling. A total of 44 topsoil soil samples
(depths 0-10 cm) were collected from vegetable
fields with different planting time around Songyuan
city (Fig. 1). According to the planting time, the
samples were assigned to five groups: 9 samples in
Group 1(1-10 years), 11 samples in Group 2(11-20
years), 8 samples in Group 3(21-30 years), 8
samples in Group 4(31-40 years) and 8 samples in
Group 5(above 40 years). The randomly collected
samples from the surroundings of each site were
mixed thoroughly to obtain a bulk sample. Stones
and foreign objects were removed by hand. About
1.0 kg of each soil sample was collected using a
stainless steel spade and stored in polyethylene film
bag after mixing for lab analysis. All of the sample
sites were recorded using a hand-held global
positioning system (GPS). The soils were air dried
at ambient temperature and crushed to pass a 2 mm
stainless steel sieve. Portions of soil samples (about
50g) were ground to pass a 0.149-mm sieve, then
stored in plastic bags prior to chemical analysis.

PI

C S
i

i

where PI is the evaluation score corresponding
to each sample, Ci is the measured concentration of
the examined metals in the soils, and Si is the
geochemical background concentration of the
metals. The PI of each metal was calculated and
FODVVLILHGDVHLWKHUORZ 3, PLGGOH 3, 
or high (PI > 3) [29-31].
IPI is defined as the mean values for all the
pollution indexes (PI) of all considered metals:

IPI

1 n
¦
n i 1 PI i

where n is the number of metals considered in
the study. The IPI of the six metals for each
sampling site was defined as the mean value of the
PHWDO¶V3,[29], and was then classified as low (IPI
 PLGGOH ,3, RUKLJK ,3,! 

Chemical analysis. The soil samples were
digested in triplicate with the mixture of HNO3,
HCl and H2O2 using Method 3050B [27, 28]. In
brief, 1g of sample was accurately weighed into
250ml flask for digestion on hot plate with 10ml of
1:1 HNO3 without boiling (at 95 Ԩ). It was then
refluxed with repeated additions of conc. HNO3
until no brown fumes were given off by the sample.
After cooling, 2ml of deionized water and 3ml of
30 percent H2O2 (maximum 10ml) was added
slowly without allowing any losses. The mixture
was refluxed with 10ml of conc. HCl at 95 Ԩ for 15
min. After cooling, digestate was filtered, transferred into a 100 ml volumetric flask, and diluted to the
mark with deionized water. Solutions were stored in
high density polyethylene vials at 4 Ԩ until instrumental analysis. The concentrations of Pb, Cr, Cu,
Ni and Zn were analyzed with a flame atomic
absorption spectrometer and those of Cd with a
graphite furnace atomic absorption spectrometer.
The standard reference material (GBW 07405
(GSS-5)) obtained from the Center of National
Standard Reference Material of China was used in
the digestion and determination as part of the
quality assurance (QA) protocol. Reagent blanks
and analytical duplicates were included to ensure
the accuracy and precision of analysis. The
recoveries for the 6 observed metals were between
90% and 110%.

RESULTS
Heavy metal concentration in vegetable soils.

The descriptive statistics for concentrations of Pb,
Cr, Cu, Ni, Zn and Cd in the suburban vegetable
soils of Songyuan, and soil background values, are
presented in Table 1. The concentrations of Pb, Cr,
Cu, Ni, Zn and Cd in all samples varied from 13.5
to 40.9, 26.8 to 47.9, 7.7 to 40.2, 13.0 to 27.7, 63.8
to 189.6, and 0.06 to 0.32 mg kgí1, respectively.
The highest concentrations of Pb, Cu, Ni, Zn and
Cd were 0.84-, 1.66-, 0.38-, 2.07- and 2.38-fold
higher than the BC, respectively, and the concentrations of Cr in all samples were lower than BC.
Based on the mean concentration, the components
in vegetable soils among different groups were
arranged in the following decreasing order: Group
5 > Group 4 > Group 3 > Group 2 > Group 1 for Pb,
Group 3 > Group 2 > Group 1 > Group 5 > Group 4
for Cr, Group 5 > Group 4 > Group 3 > Group 2 >
Group 1 for Cu, Group 3 > Group 1 > Group 5 >
Group 4 > Group 2 for Ni, Group 5 > Group 4 >
Group 3 > Group 2 > Group 1 for Zn, and Group
1 > Group 3 > Group 5 > Group 4 > Group 2 for Cd.
The mean contents of studied elements in suburban
vegetable fields around Songyuan city were lower
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TABLE 1
Heavy metal concentration in the agricultural soils.
Metals

Pb

Cr

Cu

Ni

Zn

Cd

Item

Group 1

Group 2

Group 3

Group 4

Group 5

All samples

Range (mg/kg)

14.3~26.5

13.5~31.0

20.1~31.6

20.4~33.6

21.9~40.9

13.5~40.9

Mean (mg/kg)

20.0

21.6

25.6

27.0

29.1

24.1

C.V. (%)

23.9

14.4

19.9

23.0

24.4

BC (mg/kg)

17.8
22.16

Range (mg/kg)

27.6 ~43.2

26.8~46.3

29.9~44.9

31.9~42.4

32.2~47.9

26.8~47.9

Mean (mg/kg)

38.1

38.2

38.7

37.6

37.7

38.1

C.V. (%)

13.2

11.4

10.3

15.0

12.1

BC (mg/kg)

12.5
48.29

Range (mg/kg)

9.8~17.9

8.0~18.9

11.1~21.7

11.9~28.1

7.7~40.2

7.7~40.2

Mean (mg/kg)

14.4

15.2

16.2

18.0

19.0

15.1

C.V. (%)

22.4

25.6

29.3

55.0

37.4

BC (mg/kg)

17.7
15.10

Range (mg/kg)

18.6~26.5

14.7~26.4

18.8~26.4

16.5~24.3

13.0~27.7

13.0~27.7

Mean (mg/kg)

22.0

19.8

22.6

20.1

20.5

20.9

C.V. (%)

12.1
20.07

16.2

12.4

14.9

20.5

15.5

BC (mg/kg)
Range (mg/kg)

71.7~80.2

63.8~97.6

79.1~89.8

71.3~116.1

81.2~189.6

63.8~189.6

Mean (mg/kg)

74.5

82.4

85.5

97.4

122.5

91.4

C.V. (%)

3.6
61.79

13.2

5.1

16.8

27.6

25.3

BC (mg/kg)
Range (mg/kg)

0.08~0.26

0.06~0.27

0.10~0.32

0.10~0.26

0.11~0.28

0.06~0.32

Mean (mg/kg)

0.188

0.171

0.175

0.172

0.174

0.176

C.V. (%)

30.4
0.0951

32.7

46.7

29.6

36.3

33.8

BC (mg/kg)

BC Background concentrations [32]
DISCUSSION

than the concentration limit affecting the safety of
vegetables and human health according to the soil
environmental quality standard of China
(GB15618-1995).

Agricultural soil contamination by heavy
metals is an undesirable effect of chemical use in
human activities. Soil is exposed to heavy metals
through various pathways, such as wastewater
irrigation, solid waste disposal, sludge applications,
vehicular exhaust, agricultural production and
industrial activities [33]. Due to its persistence and
refractory degradation, heavy metal from different
sources could be accumulated in the soil with the
increase of time [34, 35].
In this study, the mean concentration of heavy
metals in suburban vegetable fields varied greatly
among different planting time (Fig 2), the contents
of Pb, Cu and Zn in soils had the obvious trend of
escalation with the increase of time. Mobile sources
(i.e. vehicles running on leaded petrol) continue to
a major contributor of Pb to atmosphere in some
countries, and this gives rise to elevated Pb levels in
soils, dusts and surface waters. Historically, lead
compounds (lead tetraethyl (C2H5)4Pb) were added
as antiknock agents in petrol [36]. As seen from the
Table 1, the mean concentrations of Pb in Group 1

Pollution index (PI) and integrated
pollution index (IPI). The ranges of the PI values
in suburban vegetable fields around Songyuan city
were observed to be 0.61-1.84 for Pb, 0.56-0.99 for
Cr, 0.51-2.66 for Cu, 0.65-1.38 for Ni, 1.03-3.07 for
Zn and 0.66-3.38 for Cd. Besides that, the mean IP
values of Pb, Cr, Cu, Ni, Zn and Cd were 0.90, 0.79,
0.95, 1.10, 1.20 and 1.98 in Group 1, 0.97, 0.79,
1.01, 0.99, 1.33 and 1.79 in Group 2, 1.15, 0.80,
1.08, 1.12, 1.38 and 1.84 in Group 3, 1.22, 0.78,
1.19, 1.00, 1.58 and 1.81 in Group 4, and 1.31, 0.78,
1.26, 1.02, 1.98 and 1.83 in Group 5, respectively.
The IPI values of six heavy metals in study area
varied from 0.86 to 1.74, with mean value of 1.23.
The mean values of IPI in different groups divided
by the planting time decreased in the order of
Group 5(1.36) > Group 4(1.26) > Group 3(1.23) >
Group 2(1.15) = Group 1(1.15).

3545

© by PSP

Volume 26 ± No. 5/2017 pages 3542-3549

Fresenius Environmental Bulletin

So appropriate measures should be taken to strictly
deal with and control the pollution of agricultural
soils and thus protect human health.
The PI, calculated according to the natural
background values of heavy metals in soils of Jilin,
varied considerably across the different metals. For
Pb, Cr, Cu and Ni, the mean PI values were 1.11,
0.79, 1.10 and 1.05, respectively, and all of the
samples had low or mid-level PI values, indicating
that the concentrations of Pb, Cr, Cu and Ni in the
soil samples were comparable with the natural
background values and there was no obvious
pollution of Pb, Cr, Cu and Ni in the suburban
vegetable soils around Songyuan city. The PIs of
Zn and Cd were much higher since all of the
samples contained high PI values, ranging from
1.03 to 3.07 for Zn and from 0.66 to 3.38 for Cd,
respectively. The results demonstrated that the Zn
and Cd pollution was widespread in the vegetable
fields of Songyuan. The maximal PI value for Zn
was 3.07 in one sample was classified as High PI,
and the PI values of two samples for Cd were also
classified as High. Thus, the contamination of Zn
and Cd in the study area was much heavier than the
other metals. According to the assessment results of
IPI in suburban vegetable soils of Songyuan, the
vegetable plots in different groups exhibited low to
moderate level (Fig 3), and 93% of soils
investigated had middle pollution levels. In
particular, the IPI values of vegetable plots in
Group 3, Group 4 and Group 5 were greater than 1,
indicating the presence of serious heavy metal
DFFXPXODWLRQ 7KXV WKH VRLO TXDOLW\ RI 6RQJ\XDQ¶V
suburban vegetable fields had clearly been
impacted, particularly those areas cultivated for
several decades.

and Group 2 were close to the background value,
indicating that there was no obvious pollution for
Pb in the soil, because that sale of motor vehicle
gasoline containing lead or lead additives had been
prohibited in China beginning January 1, 2000.
Although the use of leaded petrol had been banned,
the content of Pb in suburban vegetable soil still
reflected the significant degree of historical Pb
contamination and the long half-life of Pb in soil
[37], so the average concentrations Pb in Group 3,
Group 4 and Group 5 were still higher than its BC.

FIGURE 2
Mean concentration of heavy metals in suburban
vegetable fields under different planting time
Soil concentration of Cu and Zn were found to
be correlated with the level of human activities [38,
39]. Cu and Zn are present in almost all agricultural
inputs, especially in animal manure because of their
use as feed additives to promote animal growth and
to control diseases [40]. In this study, the mean
concentrations of Cu and Zn in different groups
increased from 14.4 to 19.0 mg kg-1, and from 74.5
to 122.5 mg kg-1 with planting time, respectively,
indicating that the pollutants with Cu and Zn had a
continuous accumulation during the last several
decades. Cu and Zn were also essential to plant
metabolism in trace amounts, but soils could act as
sinks for these pollutants leading to phytotoxicity at
high concentrations, and even posed a threat to
human health through food chain [14, 15]
Although planting time had no significant
impact on the accumulation of Cr, Ni and Cd in
suburban vegetable soils, the mean concentrations
of Cd in all the groups were higher than the
background value. Moreover, the highest
concentration of Cd in study area was 2.38-fold
higher than the BC, which had exceeded the second
criterion of Environmental Quality Standard for
Soils of China, indicating an obvious Cd pollution
in this sampling site. Environmental pollution by
Cd has been rapidly increasing in recent decades as
a result of the rising consumption of cadmium in
industrial production and traffic activities [41, 42].

FIGURE 3
Mean values of IPI in the suburban vegetable
soils under different planting time.

CONCLUSIONS
This study of soil samples from the suburban
vegetable fields revealed a distinct accumulation of
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scientific perspectives of heavy metal loading
limits in Europe and the United States.
Environmental Reviews, 2(1): 108-118.
[5] Alloway B.J. (1995) The origins of heavy
metals in soils. Heavy Metals in Soils.
[6] Elzbieta Malinowska K.J., (2017) Iron, manganese and chrome concentration in herbs growing in different moisture sections around field
ponds. Fresen. Environ. Bull., 26(2): 13651372.
[7] Faridullah, Haroon, B., Ahmed T., Naz A.,
Alam S., (2017) Characterization of heavy
metals from polluted soils after amendment
with lake sediments. Fresen. Environ. Bull.,
26(2A): 1698-1705.
[8] Huai Li Z.C., Baixing Yan, Vladimir V Chakov,
Victoria A Kuptsov, Hui Zhu, Lixia Wang,
Yang Ou, (2017) Natural sphagnum transplantation for heavy metals removal from
degraded riverine wetland water in northeast
China. Fresen. Environ. Bull., 25(12): 60786086.
[9] Kabata-Pendias A., Pendias H., (2001) Trace
elements in soils and plants. Boca Raton (FL):
CRC Press.
[10] Faiz Y., Tufail M., Javed M.T., Chaudhry M.M.,
Naila S., (2009) Road dust pollution of Cd, Cu,
Ni, Pb and Zn along Islamabad Expressway,
Pakistan. Microchemical Journal, 92(2): 186192.
[11] Han Y.M., Du P.X., Cao J.J., Posmentier E.S.,
(2006) Multivariate analysis of heavy metal
contamination in urban dusts of Xi'an, Central
China. Science of the Total Environment,
355(1-3): 176-186.
[12] Knasmuller S., Gottmann E., Steinkellner H.,
Fomin A., Pickl C., Paschke A., et al., (1998)
Detection of genotoxic effects of heavy metal
contaminated soils with plant bioassays.
Mutation Research-Genetic Toxicology and
Environmental Mutagenesis, 420(1-3): 37-48.
[13] De Temmerman L., Hoenig M., (2004)
Vegetable crops for biomonitoring lead and
cadmium deposition. Journal of Atmospheric
Chemistry, 49(1-3): 121-135.
[14] Brunetti G., Senesi N., (2009) Tolerance and
accumulation of heavy metals by wild plant
species grown in contaminated soils in Apulia
region, Southern Italy. Plant & Soil, 318(1-2):
285-298.
[15] Nagajyoti P.C., Lee K.D., Sreekanth T.V.M.,
(2010) Heavy metals, occurrence and toxicity
for plants: a review. Environmental Chemistry
Letters, 8(3): 199-216.
[16] Shan W., Xia X., Lin C., Xi C., Zhou C., (2010)
Levels of arsenic and heavy metals in the rural
soils of Beijing and their changes over the last
two decades (1985±2008). Journal of Hazar-

metal pollutants, especially for Pb, Cu and Zn, the
contents of Pb, Cu and Zn in soils had obvious
trend of escalation with the increase of planting
time. Although the use of leaded petrol had been
banned in China for nearly two decades, the content
of Pb in soils with long-term cultivation (above 20
years) still reflected the significant degree of
historical Pb contamination in soil. The accumulation of Cu and Zn tended to be from the
continuous agricultural inputs. Besides that, Cd also
showed an obvious accumulation in the soils, and
the highest concentration of Cd in study area had
even exceeded the second criterion of Environmental Quality Standard for Soils of China. The
assessment results of PI indicated that there was no
obvious pollution of Pb, Cr, Cu and Ni in the
suburban vegetable soils around Songyuan city, but
some samples were classified as High PI for Zn and
Cd. The comprehensive assessment results of IPI
further showed that the vegetable plots in study area
exhibited low to moderate level. But the IPI values
were greater than 1 in the long-term cultivation
ILHOGV LQGLFDWLQJ WKH VRLO TXDOLW\ RI 6RQJ\XDQ¶V
suburban vegetable fields had clearly been
impacted, particularly those areas cultivated for
several decades. Furthermore, although human activities can influence the suburban agricultural environment, the vegetables planted in fastemerging cities are still safe for consumption
through rational planning of growing areas.
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and TP of effluence were relatively at a high level
and the removal rates of TN and TP were at a low
level. In order to ensure that the original contaminants removal rate will not reduce, while improving the removal efficiency of TN and TP, intensive
improvement of the experiment has been con-ducted
in the original process on the basis of land rapid
infiltration [4-5]. Firstly, the micro-aerobic
hydrolysis aerator was added to reduce the concentrations of SS as well as organic contaminants in
pretreatment. Secondly, the sewage was directly
distributed into CRI ponds through pipes, following
an intermittent feeding schedule. While the ponds
surface was filled with sand without any plants, the
way of distribution of sewage made a conflict between the system working environments and the
surrounding environment. The improved system
used distributor tank to deli-very sewage into the
ponds with perennial greenery planted in tanks, so
part of contaminants could be intercepted and adsorbed by plant roots and part of could be degraded
by plants. At the same time, the concentration of
dissolved oxygen increased with oxygen was released by plants¶ roots to improve the activity of
aerobic microbial and reduce the contaminants concentration. The plants made the sewage treatment
environment elegant appearance, also improved the
ecological and entertaining at the same time and
reduced concentration of SS, as well as reduced the
probability of obstruction of a subsequent rapid
infiltration [6]. The constructions of filler layers and
filler ratio were improved to enhance the removal
rates of TN and TP. The improved CRI system is
called strengthened constructed rapid infiltration
system (SCRI). The concentrations of effluence
contaminants could reach the effluent discharge
standards and did not clog during the operation
period with a significant high loading resistance and
the electrical power consumption of per m3
wastewater was less than 0.2 kWh. The technology
can be popularized in economically underdeveloped
areas in China, especially in economically backward rural area [7]. SCRI system is suitable for
sewage treatment in small towns to promote the
rapid developmenW RI &KLQD¶V VPDOO WRZQ VHZDJH
treatment [8].

ABSTRACT
In this research, the strengthened constructed
rapid infiltration (CRI) system engineering was built
in water source region to deal with the rural domestic
sewage. The strengthened CRI system showed
significant processing capacity of common
contaminants, like chemical oxygen demand (COD),
ammonia nitrogen (NH4-N), total nitrogen (TN) and
total phosphorus (TP) of rural domestic sewage
through research on the complex effect of different
parameters, including wet/dry ratio, hydraulic
loading and hydraulic loading cycle respectively,
especially with the wet/dry ratio, hydraulic loading
and hydraulic loading cycle for 1:3, 1.5 md-1 and 3.0
h. The analysis of effluence showed significant
reduction of COD, NH4-N, TN and TP, as compared
with the initial loading.

KEYWORDS:
SCRI system, domestic sewage, wet/dry ratio, hydraulic
loading, hydraulic loading cycle.

INTRODUCTION
Rapid infiltration system, referred to as RI
system, is developed on the basis of a new method
of wastewater biological treatment. The constructed
rapid infiltration wastewater treating system (CRI) is
developed from the rapid infiltration system (RI), in
which the working methodology of flooding and
drying is also adopted. CRI system is commonly
used for treatment on rural domestic wastewater
sewage with good effluent effect and has eliminated
the disadvantage of traditional sewage land
treatment technology of low hydraulic loading and
large space occupation [1].
CRI system was used widely in domestic and
overseas [2-3]. Instead of the original natural soil,
the CRI system used good penetration properties
with natural river sand and strengthened efforts to
control the system to remove contaminants.
Removal efficiency of contaminants have been
greatly improved with COD, NH4-N, suspended
solid (SS) and other contaminants have been
effectively removed, while the concentrations of TN
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oxygen aerator, which was installed in the bottom of
the micro-aerobic tank, to accelerate the diffusion of
gases into the sewage to increase the concentration
of dissolved oxygen in water, resulting in a suitable
living environment for aerobic microorganisms. The
hydraulic retention time was 3.5 hours and the
sewage flowed into SCRI ponds from the top of the
tank with a distribution notch, following an
intermittent feeding schedule.
There were six ponds in the infiltration system
and the area of each pond was about 4.0 m2 with
packing layer height was 1,900 mm. Structure of
ponds of SCRI system was shown in Table 2.

MATERIALS AND METHODS
Characterization of the Wastewater. The
system was situated in a small town called Dachuan
in Hubei Province, loaded with real rural domestic
sewage from septic tank, mainly complex with toilet
drainage, laundry daily wastewater and some others.
After a simple treatment with grille, rural domestic
sewage flowed into the sump through drains from
septic tanks. The experimental site was located in
tourist attractions area and the annual rainfall in this
region was relatively large and the number of tourist
was fluctuated largely, resulting in a slightly variety
in contaminant concentrations of influent sewage.
The introduction of debugging in SCRI system was
implemented with sewage from septic tank after the
system was completed. Biofilm system could be
considered successful, since the concentrations of
NH4-N and COD were stable after the completion of
regular monitoring on influent and effluence.
Continuous monitoring results showed that the
influent pH was float between 7.3 to 8.1with an
average of 7.8 as reflected in Table 1.

TABLE 2
Structure of Ponds of Strengthened CRI System
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Packing SCRI-1 was mixed fillers formed with
natural sand, limestone and zeolite with the volume
ratio was 15:1:4. Packing SCRI-2 was mixed fillers
formed with natural sand, woodchips and iron filings
with a different ratio and a different gradation and
the structure of packing SCRI-2 was shown in Table
3. The structure of SCRI with coarse sand on the top
of the fines increased the porosity of the packing to
effectively extend the useful process period without
stoppage. Increasing the porosity of fillers was
beneficial to the re-oxygenation of the system and it
played a significant role in promoting the
decomposition of organic matter and nitrification of
ammonia.
The outflow was diverted into the SCRI ponds
through pipelines and the total area of manganese
ponds was 3 m2 with depth of manganese sand was
1.5 m, the particle size of manganese was 1.2-2.0
mm and the density was 2.73g/cm3. The
concentration of iron ion decreases significantly
according to the comprehensive reactions of
adsorption, filtration and catalytic-oxidation [9]. The
concentration of TP conformed to the standards and
the removal effect was much better for the system
using iron filings instead of fluorite sand and
vermiculite [10-11].
The removal of TP was meanly depended on
the adsorption and interception of packing, microbial
decomposition and the chemical reaction of iron

Table 1 indicated that the indicators of influent
were at a high level, especially concentration of
NH4-N and TN. The concentrations of organic
matter and SS in sewage were also at a high level,
which increased the difficulty of sewage treatment.
The domestic sewage was a complement with
lots of impurities and a high concentration of SS and
its biodegradability was very good due to the
relatively high BOD/COD ratio, so it could be reused
as reclaimed water after being disposed. Meanwhile,
the amount of domestic wastewater was overall
stability, only a few times in one day coming with a
peak and troughs.
The Process Flows and Devices. Experiments
were performed on a full-scale experimental plant
QHDUWKHULYHUFDOOHG%DL¶HU5LYHU, which was lied in
Hubei Province of China. About 20 m3 of sewage
was discharged per day and influent characteristics
were reflected in table 1. Two sumps were installed
in the system with a total volume of 24 m3 and the
hydraulic retention time was 24 hours. The sumps
were followed by a micro-aerobic tank and the tank
was a steel cylinder with a total volume of 3 m3. The
sewage flowed into the micro-aerobic tank from its¶
bottom and flowed out from the top and the sewage
could be blended with gas produced by the micro
3551
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wastewater soil treatment system is a comprehensive effect, including filtration, adsorption of the
filings and microbial decomposition. The suspended particulate in wastewater and shedding biofilm
will increase the chance of clogging in the system.
To ensure that the system is under a long-term stable
state of operation, a kind of intermittent schedule of
wastewater distribution is summarized and applied
[14]. The ratio of distribution time and nondistribution time is called wet/dry ratio and an
appropriate wet/dry ratio is a precondition that the
system maintain excellent permeability to ensure the
system is efficient and stable with a good reoxygenation [15-16].
China has a vast land area with a large latitude
span from north to south and the climate is also
different obviously from south and north, so the
wet/dry ratio is varied in different places. For
example, the wet/dry ratio of rapid infiltration
system in Changping District of Beijing was 4:5 in
cold seasons and 1:2 in warm seasons, but it was 5:7
in cold seasons in Laiyang, Shandong Province and
in a moist soil environment, like 3 gorges reservoir
area, it was 1:3 for goodness [17].
According to the parameters from the existing
rapid infiltration process and the literature noted, this
system initially used three numbers as the wet/dry
ratio to monitoring the performance of system with
hydraulic was 1.0 m/d, wastewater temperature was
23-32ć following an average of 25.47ć.

filings and phosphate, especially the chemical
reaction. The reaction equations could be expressed
as follows:
Main reaction:
 ݁ܨଷା  ܱܲସଷି ՜ ܱܲ݁ܨସ ՝(1)
 ݁ܨଶା  ܱܲସଷି ՜ ݁ܨଷ ሺܱܲସ ሻଶ ՝
(2)

Secondary reaction:
 ݁ܨଷା  ܱܥܪଷି ՜ ݁ܨሺܱܪሻଷ ՝ ܱܥଶ ՛

(3)
The reaction between ferric ion and phosphate
leaded to generation of sedimentation and hydrolysis
reaction was occurred by dissolution and water
absorption with various polymerization reactions
happening. In polymerization, polynuclear hydroxy
complexes generated, which could reduce or remove
the colloid electric potential in the water and by
electricity neutralization and adsorption bridging
and sweep volume effect, the colloid cohesion was
occurred and then with the happening of
precipitation separation, the TP was removed and the
appropriate pH was 8[20]. The adding of microaerobic improved the utilization of energy and
reduced the energy consumption of system and the
production of sludge reduced with a reasonable
application [12] [13].
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Parameter. Hydraulic loading, hydraulic
loading cycle and wet/dry ratio were the major
parameters in SCRI system. By measuring the
concentrations of COD, TN, TP and NH4-N of
effluence with different wet/dry ratio while other
parameters remain unchanged, a more appropriate
wet/dry ratio was determined. Similarly, hydraulic
loading and hydraulic loading cycle were
determined. The design parameters of SCRI were
shown in Table 4.
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Sampling and Analytical Methods. There
were four sampling points in SCRI system,
respectively were sump tank, outlet of microaeration tank, outlet of rapid infiltration ponds and
outlet of manganese sand pools, while each point
taking an average of three samplings in order to
reduce the calculation errors. Water samples from
the SCRI were taken to analysis the concentration of
COD, NH4-N, TN and TP, according to the Chinese
National Standard Methods.

































Removal Effects of COD with Different
Wet/Dry Ratio. The Range and average
concentrations of influent and effluence COD and
average removal rate of COD were shown in Table
5. It was obviously to find that the concentrations of
influent COD were similar with little difference
between three conditions. The average concentrations of influent COD were respectively 275.6
mg/L, 283.7 mg/L and 285.6 mg/L. These three
effluence concentrations of COD were different to a

RESULTS AND DISCUSSION
Wet/Dry Ratio. On the regular, the principle of
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tration ponds and the concentrations of dissolved
oxygen in micro-aerobic tank were between 0.3-1.0
mg/L, which provided a suitable environment to
make
the
simultaneous
nitrification
and
denitrification happened to reduce the influent
ammonia concentration significantly [18-19].

certain extent, for the wet/dry ratio of 1:3, the
concentrations of effluence COD were between
35.6-47.6 mg/L with an average concentration and
removal rate were 43.8 mg/L and 84.5%. Removal
rate of COD with wet/dry ratio of 1:3 was better than
the removal rate with wet/dry ratio of 1:1 and 1:5.
With the condition of wet/dry ratio of 1:1, as well as
the time of distribution and non-distribution was the
same, the non-distribution time was relativity short,
which leaded to a poor re-oxygenation situation of
the system. In this case, aerobic micro-RUJDQLVPV¶
ability of decomposition of organic matters was
restrained, so the COD removal rate was relatively at
a low level.
With the wet/dry ratio was 1:5, as well as the
non-distribution time was five times as distribution
time, the non-distribution time was relativity longer,
so the vitality of microorganism in the system was
relativity weak for lacking of sufficient organic
matter in non-distribution time, therefore the
removal rate of COD was relatively at a low level.
The average removal rate was better with the
wet/dry ratio was 1:3 than 1:1 and 1:5, which
suggested that in the condition of wet/dry ratio was
1:3, the system could provide sufficient nutrients and
air to keep the microorganisms active to make a best
effect of decomposition of organic contaminants.
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Removal Effects of NH4-N with Different
Wet/Dry Ratio. The Range and average
concentrations of influent and effluence NH4-N and
average removal rate of NH4-N were shown in Table
6. In different condition of wet/dry ratios, these three
concentrations of ammonia in influent were similar
and the average concentrations of influent NH4-N
were 30.5 mg/L, 28.7 mg/L and 38.6mg/L
respectively. The average concentration of influent
ammonia in wet/dry ratio of 1:3 was 28.7 mg/L,
which was low respectively and the concentration of
effluence was 4.8 mg/L with a better removal rate for
83.8%, which suggested that the average removal
rate was higher with the wet/dry ratio was 1:3.
The concentrations of influent ammonia of
rapid infiltration ponds were between 11.3-46.7
mg/L, which was decreased significantly comparing
with the concentrations of influent NH4-N of the
system. The sewage was under pretreated in microaerobic tank before flowing into the rapid infil-
























Removal Effects of TP with Different
Wet/Dry Ratio. The Range and average
concentrations of influent and effluence TP and
average removal rate of TP were shown in Table 8.
The concentrations of influent TP were similar and
3553








Removal Effects of TN with Different
Wet/Dry Ratio. The Range and average
concentrations of influent and effluence TN and
average removal rate of TN were shown in Table7.
The concentrations of influent TN were similar as
well as the average concentrations and the concentrations of effluence TN were also the same with a
rage from 10 mg/L to 16 mg/L. The average TN
concentration of wet/dry ratio of 1:1 was the highest
especially, which was 15.7 mg/L. The average TN
concentration of wet/dry ratio of 1:5 was the lowest,
which was 10.5 mg/L. According to the three
average removal rates of TN, it could be inferred that
the removal rate of effluence TN was increasing with
wet/dry ratio is decreasing, which indicated the
presence of a negative correlation between wet/dry
ratio and the removal rate of TN. In order to increase
the TN removal rate, the wet/dry ratio should be
reduced appropriately. Part of the TN could be
effectively removed under the simultaneous
nitrification and de-nitrification in micro-oxygen
environment, which was happened in micro-aerobic
tank with micro oxygen aerator.
In the same hydraulic cycle conditions, the
ability of re-oxygenation was enhanced with wet/
dry ratio decreasing and the time of non-distri-bution
becoming longer. The nitrogen organic compounds
intercepted and adsorbed in distribution time was
transformed into NH4-N and then utilized by
nitrifying bacteria and nitrite bacteria, which could
transform NH4-N into nitrate nitrogen. In anaerobic
environment, the nitrate nitrogen was used as
electron acceptor by denitrifying bacteria and
transformed into nitrogen and nitrous oxide and then
dissipating into the air ultimately.
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loading cycle. Therefore, the HLC is an essential
component in the constructed rapid infiltration
system that needed to be researched.
According to the existing projects and
references, the hydraulic loading cycle of the system was designed to 1.8 h, 3.0 h and 3.6h with wet/
dry ratio and hydraulic loading was unchanging.

the removal rates did not change obviously with
wet/dry ratio changing. The removal rates of TP in
three different wet/dry ratios were 85.3%, 87.3% and
83.2% separately. It could be inferred that the
removal rate of influent TP was not associated with
wet/dry ratio directly.
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Items
Influent concentration
range (mg/L)
Average influent
concentration (mg/L)
Effluence concentration
range (mg/L)
Average effluence
concentration (mg/L)
Average removal rate
(%)

Currently, TP treatment of wastewater was
multiple, including biological method, chemical
precipitation, physical adsorption and land treatment
[20].The concentrations of influent TP were similar
with the TP concentrations of the system, which
means the vitality of phosphorus accumulating
organisms (PAOs) was suppressed to a certain
extent. The PAOs was able to release phosphorus in
anoxic environment and adsorb substantial
phosphorus in aerobic environment.
In micro-aerobic tank, there was a complicated
environment including aerobic environment,
anaerobic environment and anoxic environment and
the PAOs was failed to give full play to adsorb
substantial phosphorus in aerobic environment, so
the micro-aerobic tank had no contribution in
removing phosphorus in the system.
In anoxic environment, the PAOs decomposed
poly phosphate and produced adenosine triphosphate at the same time and used adenosine triphosphate accumulating in the form of active transport to
extracellular organic matter intake of the body. In
aerobic environment, the absorbed organic phosphorus was oxidized to provide energy and adsorbed the phosphorus more than its growth from the
wastewater with a form of polyphosphate reserved.
Because the system discharged sludge frequently,
excessive intake of phosphorus by bacteria was
emission with a good removal effect [21].

3.0h
101.68285.26

3.6h
138.79293.94
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2445.8

38.7658.14

36.3668.74

36.89

45.2

58.6

81.87

81.59

75.3

Removal Effects of COD with Different
HLC. The Range and average concentrations of
influent and effluence COD and average removal
rate of COD with different HLC were shown in
Table 9. It could be observed that the concentrations
of influent COD were increasing slightly with HLC
becoming longer and the average concentrations of
influent COD were 203.53 mg/L, 245.6 mg/L and
237.25 mg/L separately. The concentration of
effluence COD was increasing with HLC increasing.
The average concentrations of effluence COD were
36.89 mg/L, 45.2 mg/L and 58.6 mg/L separately
and the average removal rated were 81.87%, 81.59%
and 75.3%. It could be inferred that the removal rate
of COD in this system was much better with HLC is
1.8 h.
The removal of COD in CRI system meanly
depends on interception and adsorption by fillers and
degradation by microorganisms, especially the
biodegradable effect. Aerobic microorganisms are
distributed on the surface of filler layer and below at
20-30 cm, so the way and effectiveness of reoxygenation is essential to the vitality of aerobic
microorganisms of degrading contaminants. It is
appropriate to shorten the HLC to accelerate the
speed of air input in convection and improve the
activity of aerobic microorganisms to accelerate the
degradation rate of contaminants and increase the
removal efficiency of contaminants. Different ways
of re-oxygenation lead to different results of
removing contaminants [23].

Hydraulic Loading Cycle. In constructed
rapid infiltration system, hydraulic loading cycle
(HLC) is a composition of time of water distribution
and non-distribution, which is namely a time period
in wastewater treatment [22]. HLC is an essential
operating parameter in CRI system and it has a
significant impact on the removal rate of
contaminants and hydraulic capacity of the system.
With the same wet/dry rate, the removal rate of
contaminants is different with different hydraulic

Removal Effects of NH4-N with Different
HLC. The range and average concentrations of
influent and effluence NH4-N and average removal
rates of NH4-N with different HLC were showed in
Table 10.
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cycle, the re-oxygenation of constructed rapid
infiltration system is better as well as the removal of
NH4-N. But a higher concentration of dissolved
oxygen in wastewater may cause a side effect that
the system in saturated water layer can only form
anoxic environment in the local scope which could
inhibit the activity of denitrifying bacteria and
resulting in less effective denitrification and it may
lead to a lower removal rate of TN. Therefore, a
reasonable hydraulic loading cycle is necessary to
the constructed rapid infiltration system to make sure
that the removal rate of NH4-N is at a higher level as
well as the removal rate of TN. It could be observed
from Table 10 and 11 that with a hydraulic loading
cycle of 3.0h, the average removal rates of influent
NH4-N and TN were at a higher level and the average
concentration of the effluence quality met the
standard of water environmental quality.

It could be seen from Table 10 that the
concentrations of influent ammonia in constructed
rapid infiltration ponds were similar about 50mg/L
under different hydraulic loading cycles. The
average concentrations of effluence NH4-N were
4.1mg/L, 4.8 mg/L and 5.8 mg/L separately and the
corresponding average removal rates of ammonia
were 91.7%, 91.0% and 87.9%. It was obviously that
the removal rate of ammonia with a hydraulic
loading cycle of 1.8h was much higher than that of
3.0h and 3.6h. The results showed that with the
hydraulic loading cycle becoming smaller, the
removal of NH4-N was gradually getting better and
the removal capacity of NH4-N was enhanced.
The remove of NH4-N mainly rely on natural
evaporation, adsorption of filler matrix and
microbial degradation and the microbial degradation is the main way to remove the NH4-N. With a
relatively small hydraulic loading cycle, the more air
constructed rapid infiltration system gets for the
nitrobacteria, the more conducive to the promotion
of the conversion of NH4-N to nitrate and nitrite
nitrogen and thereby improving the removal rate of
NH4-N. [6] SCRI system ponds with small hydraulic
loading cycle can effectively improve the residence
time of wastewater to prevent the occurrence of
penetrating of ammonia. [22]
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Removal Effects of TN with Different HLC.
The range and average concentrations of influent and
effluence TN and average removal rates of TN with
different HLC were shown in table 11. It could be
obviously observed from table 11 that the concentrations of influent TN were similar and the average concentrations of effluence TN were 17.8 mg/L,
14.2 mg/L and 18.1 mg/L separately with
corresponding average removal rates were 74.2%,
80.3% and 76.6%. Average removal rate with
hydraulic loading cycle of 3.0h was higher than that
with 1.8h and 3.6h. The removal effect of TN is enhanced firstly and then becoming decline with a
highest rate when hydraulic loading cycle was 3.0 h.
The remove of TN meanly rely on ammonia
volatilization, adsorption of filler matrix and microbial nitrification-denitrification and the microbial
nitrification-denitrification is the main way of
removing TN [24]. With a small hydraulic loading

K


K






K






















Removal Effects of TP with Different HLC.
The range and average concentrations of influent and
effluence TP and average removal rates of TP with
different HLC were shown in Table 12. It could be
seen from Table 12 that the concentrations of
influent TP were similar and the average
concentrations were separately 4.3 mg/L, 4.0 mg/L
and 3.6 mg/L. These three average concentrations of
effluence TP were separately 0.42 mg/L, 0.43 mg/L
and 0.40 mg/L with a good removal effect and the
average removal rates were 90.2%, 89.3% and
88.9%, with the average concentrations of the
effluence quality met the standard of water
environmental quality.
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constructed rapid infiltration ponds were 158.92
mg/L, 187.2 mg/L, 156.94 mg/L and 176.94 mg/L.
The average concentrations of effluence COD were
some certain differences and separately were 22.73
mg/L, 40.56 mg/L, 38.13mg/Land 48.81mg/L,
which met water quality standards and among them,
the hydraulic loading of 0.5mg/L had the highest
average removal rate of COD, which was 85.7%.
With hydraulic loading increasing, the average
removal rate of COD decreased. It could be affirmed
that the smaller hydraulic loading was, the higher
removal rate of COD was. In fact, it was not only the
removal rate of COD to be considered, but also the
system operation load in actual sewage treatment
engineering. It could be seen from the Table 13 that
when the hydraulic loading was 2.0m/d, the
concentration of effluence of the system was 32.565.0 mg/L, which showed that the system had certain
ability to resist impact load. On the premise of
meeting the water standards, it was appropriate to
raise the hydraulic loading which not only to meet
the effluence COD standard but also meet the
requirement of sewage treatment. When the
hydraulic loading was 1.5m/d, the average
concentration of effluence COD was 24.67-54.60
mg/L and the average concentration of effluence
COD was 38.13 mg/L, which indicated that with
hydraulic loading of 1.5m/d, the constructed rapid
infiltration system could satisfy the requirement of
water quality and also guaranteed a higher volume of
sewage treatment.

The remove of TP meanly rely on filler matrix.
The smaller hydraulic loading cycle is, the longer
hydraulic retention time is. Under the same
conditions of wet/dry ratio, the SCRI system leaves
a longer time for the reaction between filler matrix
and phosphate. Theoretically, the smaller hydraulic
cycle is, the higher removal rate of TP is and it can
be observed from Table 12. But it is redox reaction
between the filter and phosphorus and the
phosphorus removal process can be completed in a
very short time, so it can be considered that hydraulic
loading cycle has little influence on the removal of
TP in constructed rapid infiltration system and it can
be neglected.
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Hydraulic Loading. Removal Effects of
COD with Different Hydraulic Loading.
Hydraulic loading in sewage treatment system refers
to the per unit filter material or per unit area can deal
with the volume of water in one day and it means the
intensity of sewage treatment which is one of the
very important operation parameters in rapid
infiltration system. Hydraulic loading has great
relevance to the size of the filter as well as the grain
size distribution and the porosity of the filter. The
total SS also has a direct influence on the hydraulic
loading of the rapid infiltration system [25].
The influence on contaminants removal is
different with different hydraulic loadings in
constructed rapid infiltration system. According to
the actual engineering examples and combining with
literature of experiments, hydraulic loading was
preliminary selected of 0.5 mg/L, 1.0 mg/L, 1.5
mg/L and 2.0 mg/L in this experiment.
The Range and average concentrations of COD
in influent and effluence and average removal rates
of COD with different HL were shown in table 13. It
could be seen from the Table 13 that the COD
concentrations of the feed water in this system were
basically similar and there was little difference. The
average concentrations of COD in influent of
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Removal Effects of NH4-N with Different
Hydraulic Loading. The range and average
concentrations of NH4-N in influent and effluence
and average removal rates of NH4-N with different
HL were shown in table 14. It could be seen from
Table 14 that the concentrations of NH4-N in influent
in this system were similar and the average
concentrations were separately 53.82 mg/L,
58.45mg/L, 46.04 mg/L and 50.22 mg/L. The
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average removal rates of TP with different HL were
showed in table 16. It could be seen from Table 16
that the concentrations of influent TP in this system
were similar and the average concentrations were
separately 3.5 mg/L, 3.6 mg/L, 4.3 mg/L and 3.75
mg/L. The average concentrations of effluence TP
were different, which were separately 0.41mg/L,
0.44 mg/L, 0.42 mg/L and 0.48 mg/L and all met the
water quality standard and the average removal rates
were 88.3%, 87.8%, 90.2% and 87.2%. It could be
verified that hydraulic loading was not the main
factor that remove the TP. The removal effects of TP
were similar with a suitable hydraulic loading.

concentrations of effluence NH4-N were different,
which were separately 2.04 mg/L, 4.79 mg/L, 4.54
mg/L and 5.06 mg/L. In addition to the hydraulic
loading of 2.0m/d, all the others were all met the
water quality standard which was 5 mg/L. The
average removal rates of NH4-N were different
according to different hydraulic loadings in system.
The removal rate of NH4-N of hydraulic loading of
0.5 m/d was the best, which was 96.2% and the
average removal rate was decreasing with hydraulic
increasing as well as the COD removal tendency. In
order to meet the requirements of meeting water
quality and ensuring adequate hydraulic loading at
the same time as well as preventing penetrate
phenomenon of NH4-N, the hydraulic loading of this
system was preliminary set to 1.5 m/d.
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CONCLUSION AND ADVICE

Removal Effects of TN with Different
Hydraulic Loading. The range and average
concentrations of TN in influent and effluence and
average removal rates of TN with different HL were
shown in table 15. It could be seen from Table 15
that the concentrations of influent TN were similar
and the average concentrations were separately
63.28 mg/L, 66.47 mg/L, 70.34 mg/L and 74.12
mg/L. The concentrations of effluence TN were
different, which were separately 8.4 mg/L, 11.9
mg/L, 14.4 mg/L and 15.86 mg/L.
In addition to the hydraulic loading of 2.0m/d,
all the others all met the water quality standard which
was 15 mg/L. The average removal rate of TN was
different according to different hydraulic loading in
system. The removal rate of NH4-N of hydraulic
loading of 0.5 m/d was the best, which was 86.7%.
In order to meet the requirements of meeting water
quality and ensuring adequate hydraulic loading at
the same time, the hydraulic loading of this system
is preliminary set to 1.5 m/d.

The best wet/dry ratio. It could be seen from
the comparison of removal effect of the contaminants through the strengthened constructed rapid
infiltration system that the average removal rate of
COD was 84.5% and average concentration of
effluence COD was 43.8 mg/L when wet/dry ratio
was 1:3 as well as the concentration of effluence
COD met the standards. The average removal rate of
NH4-N was 83.3% and the average concentration of
effluence NH4-N was 4.8 mg/L, which met the
standards. As could be seen from table 7, the removal rate of effluence TN of strengthened constructed
rapid infiltration system increased gradually with
wet/dry ratio got smaller and there was a negative
correlation relationship between TN removal rate
and wet/dry ratio of the system, so it was effective to
reduce the wet/dry ratio appropriately. As could be
seen from table 8, there was no direct relationship
between strengthened constructed rapid infiltration
system in TP removal and the wet/dry ratio.
Therefore, wet/dry ratio of 1:3 was much more
suitable than 1:1and 1:5.

Removal Effects of TP with Different
Hydraulic Loading. The range and average
concentrations of TP in influent and effluence and

7KHEHVWK\GUDXOLFORDGLQJF\FOH,WFRXOGEH
VHHQIURPWKHFRPSDULVRQRIGLIIHUHQWFRQWDPLQDQWV
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UHPRYDOHIILFLHQF\WKDWZKHQWKHK\GUDXOLFORDGLQJ
F\FOHV ZHUH  K DQG  K WKH DYHUDJH UHPRYDO
UDWHVRI&2'ZHUHVLPLODUDQGWKHDYHUDJHFRQFHQ
WUDWLRQV RI HIIOXHQFH &2' ERWK PHW WKH ZDWHU
VWDQGDUGV 7KH UHPRYDO SHUIRUPDQFH RI 71 ZDV
VLPLODUZLWKWKHUHPRYDOUXOHRI&2'%XWLWFRXOG
EHREVHUYHGIURP7DEOHDQGWDEOHWKDWZKHQWKH
K\GUDXOLF ORDGLQJ F\FOH ZDV  K WKH DYHUDJH
UHPRYDO UDWH RI 71 ZDV DW D KLJK OHYHO DQG WKH
DYHUDJH FRQFHQWUDWLRQ RI HIIOXHQFH 71 PHW WKH
VWDQGDUGV 73 UHPRYDO PHDQO\ GHSHQGHG RQ UHGR[
UHDFWLRQ LQ D YHU\ VKRUW SHULRG DQG WKH K\GUDXOLF
ORDGLQJF\FOHKDGOLWWOHLQIOXHQFHRQWKHUHPRYDORI
73,QFRQFOXVLRQK\GUDXOLFORDGLQJF\FOHRIK
ZDVPRUHVXLWDEOHIRUWKHUDSLGLQILOWUDWLRQSRQGV
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The removal efficiency of NH4-N of rapid
infiltration became gradually weakened along with
the augment of hydraulic loading and the efficiency
was at a best level when the hydraulic loading was
0.5 m/d while the capacity was at a least level. When
the hydraulic loading was 2.0 m/d, the concentration
of effluence NH4-N did not met the standards and it
met the standards when the hydraulic loading was
1.5 m/d and at a best level of capacity of sewage. In
this case, the rapid infiltration system could not only
meet the requirement of water quality, but also
guarantee the high capacity of sewage treatment. The
removal rate of TN decreased with hydraulic loading
increasing, which was similar with the removal
efficiency of NH4-N and the removal rate of TN was
79.5% with the average concentration of effluence
TN was 14.4 mg/L that met sewage discharge
standards. TP removal rate decreased slightly with
hydraulic loading increasing and it could be thought
that the hydraulic loading change had little influence
on the removal of TP. In conclusion, hydraulic
loading of 1.5 m/d was more suitable for the
strengthened constructed rapid infiltration ponds.
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Turkey

one of a PRGHUQVRFLHW\¶V major problems [5]. The
main bulk of solid waste is from demolition and
construction. The term given to waste caused by
construction, demolition, renovation, and the repairment of a structure or infrastructure, including the
cleaning, and/or preparation of an area or property,
is construction/demolition waste [6]. The components of construction and demolition waste vary
according to the construction technique and the products used but typically include materials like concrete, plaster, brick, briquette, ceramics, wood, glass,
metal (steel, aluminum, copper, brass), plas-ter
board, tiles, plastic, electrical materials, pipes and
asphalt [7]. The most important factors affect-ing the
evaluation of construction/demolition waste are
transportation, equipment, fuel, and labor. Additionally, typical negative impacts of construction
activities include atmospheric emissions, water
emissions, resource consumption, and effects on
biodiversity [2,4,5,8±12].
With increasing urbanization and industrialization, there has been a rapid development in
the construction sector. It is noteworthy that the most
utilized material in the world, after water, is
concrete. The use of concrete, which was nearly 2.5
billion tons had increased to 25 billion tons by 2006.
A remarkable amount of construction and demolition
wastes and excavation soil occur during the initial
construction, demolition and renovation of structures
like buildings, bridges, roads, infra-structure
systems, tunnels and airports and also during
damaging conditions like natural disasters.
Furthermore, a significant amount of vegetation and
soil amasses during such construction activities. In
terms of volume and mass, construction and demolition waste comprises 13-29% of the solid waste in
cities and this ratio increases to 50% following a
natural disaster. Construction and demolition waste
occurs during construction, renovation, repairment,
and demolition of residential or commercial buildings, roads, and bridges [13].
In the countries of the European Union (EU),
75% of construction waste is collected of which 25%
is recycled. Nearly 30% of construction waste is
recycled or re-used in Australia. There are 1,800
construction/demolition storage plants and 3,500
recycling plants in the USA. In this regard, a number

ABSTRACT
Global increases in urbanization and
industrialization have brought about a rapid
development in the construction sector, worldwide.
Solid waste accumulates during the construction,
demolition, restoration, and the repairment phases of
buildings. The control and management of solid
waste is one of the PRGHUQ ZRUOG¶V leading problems. Construction and demolition is responsible for
the majority of solid waste. This study details the
quantities of waste realized and the associated
reasons during the construction and demolition
phases for the buildings of fourteen different projects of different sizes, serving different purposes.
Some of the buildings are newly constructed, while
and the rest were constructed following with firstly
the demolition of an old building. To access the real
sector data, a data pool has been provided by establishing contacts with sector companies of different
sizes. In this regard, it enables a closer determination of the real field data of construction and
demolition waste amounts.

KEYWORDS:
Construction Waste; Demolition Waste; Field Study;
Questionnaire; Istanbul

INTRODUCTION
In addition to the recent increase in social
awareness of environmental issues, the environmental dimension of all decisions taken within building a project¶V application processes and development has also gained more importance. In parallel
with increasing environmental awareness, and as a
result of the improvements made in technology and
living standards, other issues are now being taken
into account more frequently. Apart from the
conventional parameters typical of every kind of
project, like social cost and performance, attention is
now given to aspects, such as the use of natural
resources and the possibility of causing global
environmental problems [1±4].
The management and control of solid waste is
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(2) providing the fundamental criteria for the origins
and management of the waste; (3) providing the
relevant questionnaire requesting this information;
(4) completing the questionnaire prepared for real
field data through personal meet-ings with the
companies staff; and (5) an evaluation and
discussion of the obtained results.

of researchers were aware of this situation and
focused on quantifying the construction/ demolition
wastes in various countries [14±22].
The populations of Istanbul, 7XUNH\¶V OHDGLQJ
city in terms of population and the focus of this
study, were 12,782,960, 13,120,596, and 13,483, 052
for the years of 2009, 2010, and 2011, respect-ively.
The corresponding total amounts of excava-tion
construction and demolition wastes are 20,389, 000,
29,582,000, and 47,942,300 tons, respectively.
Based on these existing values, the amount of construction and demolition waste per person is estimated to be 1.63, 2.26, and 3.56 tons/per person/per
year [23].
The reason for being unable to provide the
excavation soil and construction and demolition
waste values separately is that these materials are
generally stored together in infill and rehabilitation
areas and therefore there is a common inventory for
these materials. However, it can be stated that over
90% of excavation construction and demolition
waste values is excavation soil, and the rest is construction and demolition waste. Another important
issue that can be drawn from the above data is the
remarkable annual increase in the total amount of
waste. Some reasons for this include, increasing
investment during recent years in the construction/
residential sector and transportation field and the
more effective implementation of regulations related to waste control after the regulations were
assigned to the Istanbul Environmental Management in Industry and Trade Inc. (ISTAC), which is
part of the Istanbul Metropolitan Municipality
(IMM) [23]. Furthermore, the urban transformation
activities that will be realized, as a result of the
Urban Transformation of Areas at Risk of Disaster
legislation, which was passed on May 16, 2012,
under the Law Number 6306, will also significantly
increase the amount of construction and demolition
[24]. Therefore, in order to provide an effective
waste collection, storage and recycling strategy, it is
very important to anticipate the possible construction and destruction waste in real values.
In this context, the overall aim of this study was
to examine the quantities of waste and the reasons
why the waste that occurs during the construction
and demolition phases of numerous buildings. This
included buildings in different parts of Istanbul
including some that are constructed from scratch or
following the demolition of an old building and to
serve different purposes. To obtain the necessary real
sector data, personal contacts were made with
companies of varying scales within the sector, and as
a result a remarkable data pool was gathered in the
context of field studies. Thus, it has been possible to
determine the closest real values possible in terms of
the amount of construct-ion and demolition.
The specific objectives of this study were as
follows: (1) determining the types of waste that can
occur during the demolition and construction phases;

MATERIALS AND METHODS
Types of Demolition and Construction
Waste, Reasons, and Properties. The types of
construction/demolition waste can be categorized as:
(a) excavation materials, (b) road construction and
maintenance materials, (c) demolition waste, and (d)
working area waste materials. The soil, sand, pebble,
rocks, clay, and other materials that accumulate
during excavation are categorized as excavation
materials. Such waste also occurs during natural
disasters, such as floods and landslides. The
chemical structure of these materials is also related
to the natural structure of the excavation area. The
road construction and maintenance materials can be
asphalt, or sand, pebbles, metal, and excavation
material resulting from road excavations. In cities,
these materials can also result from during the
installation of underground water and wastewater
channels and electrician installations. Demolition
waste is composed of soil, pebbles, concrete pieces,
briquette, flagstones, gypsum, sand, dressed stone
and porcelain. Demolition waste is not homogenous; it arises during the demolition of buildings and
other structures.
The composition of the waste depends on the
type, material, age, model, and size of the building/
structure. Moreover, it also depends on the builGLQJV¶KLVWRULFDO, cultural, and economic value. The
working area¶V waste materials are wood, plastic,
glass, metal, rubber, paint, enamel, coating, epoxy
and other materials caused by repairment, enlargement, expansion, and renovation processes.
The reasons for the construction/demolition
waste can be categorized by four main groups, as (a)
building/infrastructure construction and demo-lition
waste, (b) transportation based construction,
demolition and repairment waste, (c) road cleaning
waste, and (d) natural disaster (storm, flood, earthquake, etc.) waste. Building/infrastructure construction, renovation, the construction and renovation of roads and bridges and other human-made
operations, result in construction and demolition
waste of 180 million tons annually, in the European
Union, 30 million tons in Germany and 136 million
tons in the USA. Forty three percent (58 million tons)
of the construction/demolition waste in the USA
results from buildings and the remaining 57% (78
million tons) are due to other reasons. Eight percent
of this waste is based on new construction, 44% is
based on renovation, and 48% on demo-lition.
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buildings (especially hotels). It has been reported
that demolition waste components are significantly
different [26]. This difference is related to the type
of natural disaster, where it happens, and which type
of construction (buildings, roads, bridges, etc.) it
damages. The components of demolition waste differ
according to the construction type. The densities of
some of the demolition waste occurring in natural
disasters can be found in Erdinc [26].

Construction/demolition waste in the Aus-tralian
city of Sydney amounts to 60% of total solid waste.
The daily amount of construction/demo-lition waste
in Hong Kong is 32,710 tons, according to 1998 data.
In UK, there is 53.5 million tons of
construction/demolition waste, annually. Of this
waste, 27.4 tons (51.5%) are stored, 21.2 million tons
(39.6%) are used in land acquisition during
construction, and five million tons (9.2%) are
recycled [25].
Building construction and demolition waste can
be categorized into two sub-groups: residential and
non-residential commercial buildings. The building
construction and demolition waste occurs during the
construction of a new building or the repairment,
renovation or demolition of a currently existing
building. The components of construction/
demolition vary due to the type of materials used in
the building. For example, some countries construct
buildings from concrete while some others use steel.
Although wooden materials were used in old
buildings, concrete/steel materials are generally used
in new buildings. Again, while insulation materials
were not used in old buildings, they are used in new
buildings. Once, only wood was used as frame
material, nowadays polyvinyl chloride (PVC),
aluminum, and steel joinery are used. Moreover,
quite different materials are used in foundations and
walls (i.e., briquette, brick, etc.). Furthermore,
terrain clearing materials also consti-tute an
important portion of construction/demolition waste.
Land clearing waste includes trees, leaves, noncommercial timber pieces, bushes or tree branches,
small stones, and sand. Much of the land clearing
waste can be collected and re-used.
The composition of the waste components
differ according to the type of construction demolished, or the materials used in construction. Significant amounts of concrete, wall materials, asphalt
and wood and also metal, paper, and mixed waste
can be identified in demolition waste. The sub-group
components of construction/demolition waste can be
found in Erdinc [26]. A significant percen-tage of
these materials can be re-cycled. Additi-onally, the
components of natural disasters based demolitions,
which
are
another
source
for
construction/demolition wastes, differ from the material
types used in buildings, roads, and bridges [26±28].
After the earthquake in Yalova and Duzce, the
amount of demolition waste increased in Istanbul
and associated cities. In these two earthquakes, a
significant amount of demolition waste occurred due
to the collapse of some buildings, damage to others,
and their subsequent collapse. A significant amount
of demolition waste also occurs during the
demolition of unlicensed constructions, and the
retrofitting of buildings damaged in an earthquake.
Another important source of demolition waste is the
construction of residential and commercial buildings, and the reparation and renovation of such

Current Situation regarding the Recycling
of Construction and Demolition Waste for
Istanbul. The amount of construction and
demolition waste collected within the IMM area, and
the amounts and percentages of recycled material has
been provided by ISTAC [23]. It can be understood
from the data [23] that the process of storing and
recycling construction and demolition waste is
monitored by IMM and its relevant sub-authorities.
IMM initiated a Call for Demolition hotline in 2001,
in order to ensure the regulation of construction and
demolition, and this started to operate as a service,
collecting the waste from the waste owners in return
of a pre-determined fee. However, this service is
significantly inadequate when compared with the
amount of waste. On March 2006, The Construction
and Demolition Waste Management Plan, prepared
by ISTAC in cooperation with IMM Environment
Protection and Control Directorate, proposed a new
system for Istanbul. After the plan is completely up
and running, the control of construction and
demolition waste, which was previously tipped onto
roadsides, streambeds, and garbage dumpsters, will
be ensured, as part of an integrated system.
The principles defined in the Excavation,
Construction and Demolition Wastes Control Regulations are considered for the systematic collection,
transportation and recycling of construction and
demolition waste [29]. In order to collect waste and
prevent illegal dumping, to begin with at least one
center will be provided in each district. With the
anticipated increase in demand for the collection of
construction and demolition waste, it is planned to
create such centers in every town. Containers for the
construction and demolition waste will be allo-cated
to such centers, and transported to inter-mediate
stations serving multiple districts, which will have
larger scale containers. The waste coll-ected
temporarily in intermediate stations will be sent to
recycling plants. The recycling of the cons-truction
and demolition waste sent to the plant will eventually
be converted to sand, stone chips, stones, etc. that
can be re-used in the construction sector. It is noted
that details of the existing excavation areas in
Istanbul can be found in Erdinc [26].
Case Study. As existing data in the literature
for Istanbul is notably insufficient, a questionnairebased field test was necessary both to fill the gap in
the literature on the present topic and to achieve real
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objective of the study was to evaluate construction
and demolition waste in Istanbul, the two projects in
Tekirdag and Van were also inclu-ded to show the
differences in construction ope-rations in Istanbul
and similar construction ope-rations in different
regions of Turkey, and to iden-tify which factors
were more effective in Istanbul than in other regions.
Accordingly, a summary of the evaluated projects is
given in Table 1. One of the results of the
construction waste questionnaires is given as an
example in Table 2. Simi-larly, one of the results of
the demolition waste questionnaires, belonging to
the examined cons-truction projects, is also
presented as an example in Table 3.
Due to the results obtained from the A sections
of the questionnaires, the numerical values relating
to both construction and demolition waste are mostly
recorded by the construction companies using
different units. It is sometimes not possible to
unequivocally or even approximately convert these
units to match one another. This is a tangible
example of the significant difficulties faced when
evaluating the data obtained from the construction
sector.

sectorial data. The aim of this study was to determine
the amount of waste using more realistic statistical
values. Using the obtained data, the aim was to
provide benefits, in terms of new methods/
approaches on calculating the amount of waste.
These questionnaires were prepared as two different
files to determine the amount of waste, both for new
constructions and demolitions. This questionnaire
study was conducted using face-to-face meetings
with authorized personnel from the construction
companies.
Scoring for the Questionnaire. A portion of
the questionnaire¶V questions included numerical
data for the amounts of waste. Sections B and C in
the construction waste questionnare and section B in
the demolition waste questionnare were for the
companies to evaluate their internal and external
sectorial procedures, respectively. Specifically related to these sections, section B of the construction
waste questionnaire was discussed by allocating five
different scoring values to each question. For each
question, a negative situation or level of
dissatisfaction is valued at 0 (nonexistence), while a
positive or high expectation situation is valued at 4
(very much) points. Other conditions or levels of
satisfaction are valued as 1 (small), 2 (normal), and
3 (much) points accordingly.
In the evaluations, initially the percentage of
twelve different effects (see section B in the construction waste questionnare) considered within the
total construction waste occurance for each project is
calculated. Subsequently, if there is any company
that has multiple projects, an overall evaluation is
realized for the company, taking into consideration
the average for all its projects. Finally, the reason for
the construction waste is examined in terms of
percentage, within the evaluated portion of the
sector, by considering the average values of all the
evaluated projects, and accordingly the topic can be
discussed with a broader perspective.

TABLE 1
The concept and sizes of examined projects
within the study
Project name

Dormitory ± dormitory
buildings
Dormitory ± laundry
and heating center
Dormitory ± library
building
Residence ± Block A
Residence ± Blocks B,
C, D, E
T-type prison building
Earthquake houses
Local Household 1 +DGÕPN|\
Local Household 2 *D]LRVPDQSDúD
Local Household 3 *D]LRVPDQSDúD
Local Household 4 *D]LRVPDQSDúD
Local Household 5 *D]LRVPDQSDúD
Local Household 6 *D]LRVPDQSDúD
Local Household 7 %DNÕUN|\

RESULTS AND DISCUSSION
Questionnaire Results. In this study, the field
data obtained as a result of meetings with the
responsible staff of a total of fourteen projects is
examined. Twelve of the fourteen projects were
constructions built on empty field sites and therefore only included data for construction waste. As
the remaining two projects required the demolition
of the existing buildings and the construction of new
ones, they included data for both the demo-lition and
construction waste. When choosing the fourteen
projects, it was considered important to include
constructions from different locations within the
sector with different sizes and uses. Twelve of the
fourteen projects were located in Istanbul, one in
Tekirdag and one in Van. Although the main

Total
construction
amount (m2)
110,000

Total project
cost (TL)

Location

74,393,215.25

Istanbul

110,000

74,393,215.25

Istanbul

110,000

74,393,215.25

Istanbul

50,000
172,000

135,000,000
350,000,000

Istanbul
Istanbul

70,000
105,000
1,672

43,000,000
55,000,000
1,650,000

Tekirdag
Van
Istanbul

497

350,000

Istanbul

1,399

1,350,000

Istanbul

555

750,000

Istanbul

642

420,000

Istanbul

850

600,000

Istanbul

1,180

1,500,000

Istanbul

The perspective related to scoring, regarding
the reasons for construction waste and evaluating the
results for newly constructed buildings was given in
the previous section. In this section, first of all, the
various reasons given for the construction waste is
provided, using alternatives numbered from 1 to 12,
and the result of: (1) an incorrect pro-ject design, (2)
erroneous material order, (3) using the wrong
materials, (4) shoddiness/ irregularities in the
materials, (5) employee-appli-cation errors, (6)
damage during transportation, (7) bad weather
conditions, (8) the production of the materials
impractical geometric shapes, (9) remai-ning pieces
after cutting down the materials, (10) packaging
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questions in section B of the questionnaires were
converted to points between 0 and 4 and the
percentage of each criterion within a total of twelve
criteria. Some of the results are given in Figure 1(a±
h). The total evaluation of the two companies that
have more than one evaluated project, by taking the
average of the criteria points in their projects, is
presented in Figure 2(a±c).

material wastes, (11) theft, etc. based losses, and (12)
not properly ensuring material control.
TABLE 2
An example result for the construction waste
questionnare for examined projects
General info
Company name:
How many years has it been active?:
Contacted staff, role in company, e-mail and phone
info:
Place and name of construction:
Building type: Residence - Office ± Public Building
(School, Hospital, etc.)
Construction Type : Concrete - Wood - Steel
Ground type:
Roof type:
Floor ± flat numbers:
Starting and approximate ending date:
Total construction amount (m2):
Total project cost (TL):
The total cost of construction materials used in the
project (TL):

Kept confidental
39 years
Kept confidental

TABLE 3
An example result for the demolition waste
questionnare for examined projects

Kept confidental
Dormitory
Ferroconcrete
Radial basis
Terrace roof
5 blocks basement + ground +
7 floors 1200 rooms
12.09.2011-31.11.2014
110,000
74,393,215.25
68,252,352.25

A- The construction waste amounts occuring during Total used
construction of new buildings
amount (unit)
1.Concrete
252,000 m3
935,250 pieces
2.Wall materials (brick, briquette, stone)
3.Plaster
220,000 m3
4.Sand
67250 m3
5.Pebble
1560 m3
6.Wood
3250 m3
7.Plastics
9400 kg
8.Metals
18,256 tons
9.Paper ± Board
10.Ceramics
34,650 m2
11.Excavation soil
12.Roof construction and coverage material (wood,
11,250 m2
tile, isolation material)

General info
Company name:
How many years has it been active?:
Contacted staff, role in company, e-mail and phone info:
Place and name of construction:
Building type: Residence - Office ± Public Building
(School, Hospital, etc.)
Construction Type : Concrete - Wood - Steel
Ground type:
Roof type:
Floor ± flat numbers:

Waste
amount
(unit)
25 m3
10000
pieces
100 tons
50 tons
10 tons
8.2 tons
1.10 tons
1680 tons
4250 kg
312,256 kg
92 m2

Starting and approximate ending date for demolition:
Size of demolition area (m2):
Total demolition cost (TL):
Unit cost (TL/m2):
A-Demolition waste amounts
1.Concrete
2.Wall materials (brick, briquette, stone)
3.Plaster
4.Sand
5.Pebble
6.Wood
7.Plastics
8.Metals
9.Paper ± Board
10.Ceramics
11. Roof construction and coverage material (wood, tile,
isolation material)

B. In your point of view, what are the factors of
construction waste occurance?
1. The effect of erroneous project design?
Much
2. The effect of erroneous material orders?
Normal
3. The effect of using wrong materials?
Small
4. The effect of material shoddiness/irregularities?
Normal
5. The effect of employee-application errors?
Normal
6. The effect of casualties during transportation?
Small
7. The effect of bad weather conditions?
Small
8. The effect of the production of the materials in
Small
uneconomic geometric shapes?
9. The effect of remaining pieces after cutting down the Normal
materials?
10. The effect of packaging material wastes?
Small
11. The effect of theft, etc. based losses?
Small
12. The effect of not properly ensuring material
Normal
control?
C. The service/management of collecting, storing and
recycling of construction wastes
1.Are you aware of/Do you have knowledge for the legal
regulations related to construction wastes?
2.Are the construction wastes regularly collected and stored?
$UH\RXDZDUH'R\RXKDYHNQRZOHGJHIRUVHUYLFHVOLNH³&DOO
IRU'HEULV´SKRQHOLQHSURYLGHGE\,00 ,67$&,QF "
4.Are you satisfied with services of IMM (ISTAC Inc.) like
storing and recycling of construction wastes? Do you think these
services are sufficient?
5.Are you satisfied with the cost paid for collecting, transporting
and storing construction wastes?
6.Would you like to use second hand construction materials in
your new constructions?
7.Do you think it will be beneficial to create a market selling
second hand-used construction materials?
8.Do you think the awareness for recycling construction wastes is
sufficient?
9.Do you calculate the cost of construction wastes to your
company by yourself?
10.What is the percentage of construction waste costs in total cost
in your project?
11.Do you think the technical staff and workers in the sector need
education on recycling of construction wastes?
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B.The service/management of collecting, storing and
recycling of demolition wastes
1.Are you aware of/Do you have knowledge for the legal
regulations related to demolition wastes?
2.Are the demolition wastes regularly collected and stored?
3.Are you aware/Do you have knowledge for services like
³&DOOIRU'HEULV´SKRQHOLQHSURYLGHGE\,00 ,67$&
Inc.)?
4.Are you satisfied with services of IMM (ISTAC Inc.)
like storing and recycling of demolition wastes? Do you
think these services are sufficient?
5.Are you satisfied with the cost paid for collecting,
transporting and storing demolition wastes?
6.Would you like to use second hand demolition materials
in your new constructions?
7.Do you think it will be beneficial to create a market
selling second hand-used demolition materials?
8.Do you think demolition companies have sufficient
capability?
9. Do you think the awareness for recycling demolition
wastes is sufficient?
10. Do you think the technical staff and workers in the
sector need education on recycling of demolition wastes?

Very Much
Very Much
Very Much
Very Much

Very Much
No
Normal (there are
some market in
some areas)
No
Very Much
Normal
Very Much

Evaluation of Scores. The responses that the
construction companies gave to the relevant
3564

Kept confidental
25 years
Kept confidental
Kept confidental
Residential
Ferroconcrete
Radial basis
Steel construction
5 Floors (Basement
+ Ground + 3
Normal) - 12 Flats
28.08.2014 01.09.2014
1050 m2
30,000 TL (Turkish
Lira)
0.350 TL/m2
Waste amount
(unit)
300 m3
200 m3
1500 m2
1.000 kg
1.000 kg
4.000 kg
100 m2
200 m2
15 m3

Very Much
Much
Very Much

Very Much

Normal
No
Very Much
Much
Normal
Normal
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(f)

(b)

(g)

(c)
(h)
FIGURE 1
The percentages for reasons of construction
wastes (a) Dormitory ± dormitory buildings,
laundry and heating center, library, (b)
Residence ± Block A, (c) Residence ± Blocks B,
C, D, E, (d) T-type prison building, (e)
Earthquake houses, (f) Local Household 1, (g)
Local Household 2, 3, 4, 5, 6, and (h) Local
Household 7

(d)

The results presented in Figure 2(a±b) can be
examined in order to make a comparison between a
leading company in the sector and relatively smaller
sized local company. For example, the most imporWDQWUHDVRQVIRUFRQVWUXFWLRQZDVWHZHUH³7KHUHVXOW
RI DQ LQFRUUHFW SURMHFW GHVLJQ´ ³7KH UHVXOW RI
VKRGGLQHVVLUUHJXODULWLHV LQ WKH PDWHULDOV´ DQG ³WKH
result of employee-application erroUV´ ZLWK WKHLU
11% portions for the large scale company, while the
most important construction waste resource for the
VPDOO VFDOH FRPSDQ\ ZDV E\ IDU ³WKH UHVXOW RI
SDFNDJLQJ PDWHULDO ZDVWH´ ZLWK LWV  SRUWLRQ
Similar to this, it is obvious that the construction

(e)
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waste factors that large and small scale companies
consider are significantly different, if the other
effects are also compared with their percentages
between the two sets of figures. In order to discuss
how much each criterion affects amount of the
construction waste within the evaluated portion of
the sector, using the obtained results, the percentages
corresponding to the average values of fourteen
projects are given in Figure 2c.
As can be seen from Figure 2c, the reason with
the biggest percentage on construction waste, if the
sectorial average values are considered as a basis, is
³the result of packaging material waste´with a 13%
portion. The two reasons with the least effect are ³the
result of using the wrong materials´ and ³the result
of employee-application HUURUV¶ ZLWK their portions
of 6%. As a last comparative analysis, the real sector
results related to ³Whe service/ management of
collecting, storing and recycling of construction and
demolition wastes´ taking place in section C of the
construction wastes questionnaires and section B of
the demolition wastes questio-nnaires are given in
Table 4.
As was formerly established, if the results given
in Table 4 are analyzed, the relatively small scale
companies in the sector act more wisely in terms of
waste regulations and more systematically in terms
of the collection and storage of waste. Besides, as
can be seen from Response 9, in the smaller
companies more importance is given to the cost
calculations related to waste. Interest in second hand
materials and the second hand material market
varies. Another significant result is that nearly all the
responsible staff contacted in the study concerning
waste recycling agreed that workers in the sector
require education.
Finally, it is concluded that the present topic is
very important, especially for Turkey, where in
recent years new laws are leading to many new
construction and demolition activities being put into
practice. As an example, due to the Law Number
6306, the Transformation of Areas Under Disaster

(a)

(b)

(c)
FIGURE 2
Total company evaluation according to the
averages of criteria points for the 2 construction
companies that have more than one project
considered (a) For 7 projects (total construction
amount: 50.000 ± 172.000 m2), (b) For 5 projects
(total construction amount: 497 ± 1399 m2), and
(c) The percentages for reasons of construction
wastes for the considered fourteen projects

TABLE 4
7KHTXHVWLRQQDUHUHVXOWVZLWKLQWKHFRQFHSWRI³the service/management of collecting, storing
and recycling of construction and demolition wastes´
Questions/
Project type

Dormitory

Residence ± Blocks
A, B, C, D, E

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11

Very Much
Very Much
Very Much
Very Much
Very Much
No
Normal
No
Very Much
Normal
Very Much

Small
Small
No
No
Small
Very Much
Much
No
Small
Small
Very Much

T-type
prison
building
Much
Normal
Much
Small
Normal
No
Much
Small
No
No
Much

Earthquake
houses

Local
Household 1

Small
Small
No
No
No
Very Much
Very Much
No
Small
No
Very Much

Very Much
Much
Very Much
Much
Small
Normal
Very Much
Small
Very Much
Small
Much
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Local
Household
2,3,4,5,6
Normal
Much
Very Much
Normal
Small
Small
Normal
Small
Very Much
Very Much
Much

Local
Household 7
Very Much
Very Much
Very Much
Very Much
Normal
No
Very Much
Normal
Very Much
No
Normal
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this sector.

Risk, announced by the Ministry of the Environment
and Urbanization of Turkey [24], the buildings that
are defined to be at risk according to the procedure
defined in the law, must be demolished and reconstructed; a project that will be partially financed
with government funding. Therefore, recently, and
most probably in the very near future, all over
Turkey will resemble a construction site and
Istanbul, with its great number of old buildings, will
surely play the leading role. Therefore, such an
analysis is highly significant in making effective
plans to manage the huge amount demolition and
construction waste that is likely to occur in the near
future.
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.H\/DERUDWRU\RI6KDOH*DVDQG*HRHQJLQHHULQJ,QVWLWXWHRI*HRORJ\DQG*HRSK\VLFV&KLQHVH$FDGHP\RI6FLHQFHV%HLMLQJ&KLQD

8QLYHUVLW\RI&KLQHVH$FDGHP\RI6FLHQFHV%HLMLQJ&KLQD

XQVDWXUDWHG]RQH*XRHWDO>@QRWHGWKHGLVVROXWLRQ
DQG SUHFLSLWDWLRQ RI FDOFLXP PLQHUDOV VXFK DV
IOXRULWH DQG FDOFLWH  DQG IOXRULGH DGVRUSWLRQ
GHVRUSWLRQ OLNHO\ FRQWURO WKH FRQFHQWUDWLRQ RI
IOXRULGH LQ JURXQGZDWHU LQ WKH +HWDR EDVLQ ,QQHU
0RQJROLD &KLQD  6XFK EDVLQV KDYH KLJK IOXRULGH
FRQFHQWUDWLRQVLQJURXQGZDWHUDQGDUHWKUHDWHQHGE\
HQGHPLFIOXRURVLV7KLVLVDOVRWKHFDVHLQWKH7DLODQ
5LYHU %DVLQ D W\SLFDO LQODQG DULG EDVLQ LQ WKH
;LQMLDQJ 8\JXU $XWRQRPRXV 5HJLRQ 1: &KLQD
ZKHUH ULYHU DQG JURXQGZDWHUV KDYH KLJK IOXRULGH
FRQWHQW 7KLV SDSHU DWWHPSWV WR VWXG\ WKH
FKDUDFWHULVWLFVRIIOXRULGHDFFXPXODWLRQLQWKH7DLODQ
5LYHU%DVLQXVLQJLVRWRSLFDQGFKHPLFDOWHFKQLTXHV

ABSTRACT
,QWKHQRUWKDULGDQGVHPLDULG&KLQDPDQ\VLWHV
KDYH EHHQ VXIIHULQJ IURP KLJK IOXRULGH LQ GULQNLQJ
ZDWHUVVXFKDVWKHLQODQG7DLODQ5LYHU%DVLQZKHUH
JURXQGZDWHUIOXRULGHFDQUHDFKPJ/FRPSDUHG
WRPJ/RIWKH&KLQHVHVWDQGDUGVIRUGULQNLQJZDWHU TXDOLW\ ,Q WKLV SDSHU ZDWHU FKHPLVWU\ DQG LVRWRSHV + 2 +  ZHUH XVHG WR VWXG\
K\GURJHRFKHPLFDO HYROXWLRQ DQG IOXRULGH
DFFXPXODWLRQ7KHUHVXOWVVKRZWKDWIURPULYHUZDWHU
WR JURXQGZDWHU LQ WKH XSSHU DQG ORZHU SDUW RI WKH
SLHGPRQWDOOXYLDOSUROXYLDOSODLQWKHPDLQLRQVDQG
IOXRULGH VKRZV V\VWHPDWLF LQFUHDVH 7KH VDWXUDWLRQ
LQGH[ RI IOXRULWH VHHPV WR FRQWURO WKH PD[LPXP
IOXRULGH FRQWHQW )OXRULGHPLQHUDOV LQ WKH DTXLIHUV
ZLOO FRQWLQXH WR GLVVROYH ZKHQ IOXRULWH LV XQGHU
VDWXUDWHG 6WDEOH LVRWRSHV VKRZ WKDW HYDSRUDWLRQ LV
QRW REYLRXV GXULQJ JURXQGZDWHU UHFKDUJH DQG
IOXRULGHDFFXPXODWLRQE\HYDSRUDWLRQFRQFHQWUDWLRQ
LV OLPLWHG 7KH KLJK IOXRULGH LQ JURXQGZDWHU LV
SULPDULO\ FDXVHG E\ WKH SURWRJHQLF JHRFKHPLFDO
SURFHVVHVLQWKHEDVLQ

STUDY AREA
7KH 7DLODQ DQG DGMDFHQW .HNH\D 5LYHU %DVLQ
DUHORFDWHGLQWKHZHVWHUQSDUWRIWKH;LQMLDQJ8\JXU
$XWRQRPRXV 5HJLRQ 1: &KLQD 7KH WZR ULYHUV
RULJLQDWH LQVRXWKZHVWSDUWRIWKH7RPXU0RXQWDLQ
SHDNHOHYDWLRQRIP DQGIORZIURPQRUWKWR
VRXWKDQG ILQDOO\WRSLHGPRQW DOOXYLDOSUROXYLDO IDQ
DQGSODLQDVWKHLQGHSHQGHQWULYHUEDVLQVSDUDOOHOWR
WKHODUJH$NVX5LYHU )LJ 
,QWKHSODLQDUHDWKHSUHFLSLWDWLRQLVUDUHZLWK
DQ DYHUDJH YDOXH RI  PP\U +RZHYHU LQ WKH
PRXQWDLQ DUHD SUHFLSLWDWLRQ FDQ UHDFK  PP\U
0RVWSUHFLSLWDWLRQ  RFFXUVLQ-XQHWR$XJXVW
%DVHGRQWKHREVHUYDWLRQLQWKH7DLODQ5LYHUVWDWLRQ
IURPWRWKHDYHUDJHUXQRIILVELOOLRQ
P\UDQGGLVDSSHDUVLQSODLQDUHD$VVLPLODU ZLWK
SUHFLSLWDWLRQ UXQRII IURP -XQH WR$XJXVW DFFRXQWV
IRU  RI WKH DQQXDO WRWDO DPRXQW )ORRGV RI WKH
7DLODQ 5LYHU DUH PDLQO\ FDXVHG E\ VWRUP PHOWLQJ
JODFLHU DQG VHDVRQDO VQRZV DQG RFFXU LQ -XO\ DQG
$XJXVW>@
,QWKHPRXQWDLQRXVDUHDWKHOLWKRORJLHVRIWKH
VXUURXQGLQJ PRXQWDLQRXV DUHD DUH FRPSOH[ DQG
LJQHRXV PHWDPRUSKLF DQG VHGLPHQWDU\ URFNV DUH
ZLGHO\ GLVWULEXWHG IRUPLQJ EHGURFN ILVVXUHG
DTXLIHUVZLWKVSULQJGLVFKDUJHOHVVWKDQPK,Q
WKHSLHGPRQWDOOXYLDOSUROXYLDOIDQ IURPPRXQWDLQ
WRWKHQDWLRQKLJKZD\* WKHDTXLIHULVPDLQO\
FRPSRVHGRIJUDYHOFRDUVHPLGGOHVDQGIRUPLQJD

.(<:25'6
:DWHUFKHPLVWU\)OXRULGH,VRWRSHV$ULGDUHD

INTRODUCTION
)OXRULGH SUREOHPV RFFXU LQ PDQ\ EDVLQV LQ
QRUWKDULGDQGVHPLDULG&KLQD:DWHUVXSSOLHVZLWK
FRQFHQWUDWLRQVRIIOXRULGHH[FHHGLQJPJ/DIIHFW
PLOOLRQLQ&KLQD>@:KLOHDQRSWLPXPFRQWHQW
UDQJLQJ IURP  WR  PJ/ LV VHW IRU GULQNLQJ
ZDWHU ZRUOGZLGH &KLQD RQO\ VHW PD[LPXP
WKUHVKROG RI  PJ/ LQ WKH VWDQGDUGV IRU GULQNLQJ
ZDWHU TXDOLW\ *%  (OHYDWHG IOXRULGH
FRQFHQWUDWLRQ LQ JURXQGZDWHU PD\ EH UHODWHG WR
PDQ\ IDFWRUV VXFK DV OLWKRORJ\ FOLPDWH VXUIDFH
ZDWHUJURXQGZDWHU LQWHUDFWLRQ DQG K\GURJHRORJ\
FRQGLWLRQV/LXHWDO>@LQYHVWLJDWHGWKHGLVWULEXWLRQ
RIZDWHUVROXEOHIOXRULGHLQWKHXQVDWXUDWHG]RQHVLQ
VHPL DULG QRUWKHUQ &KLQD ZKLFK UHSUHVHQWV WKH
SRWHQWLDODPRXQWRIWKHZDWHUVROXEOHIOXRULGHLQWKH
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VLQJOHXQFRQILQHGDTXLIHUZLWKGHSWKUDQJLQJIURP
WRP7KHSHUPHDELOLW\RIWKHDTXLIHUUDQJHV
IURP  WR  PG 7KH PXOWLSO\ DTXLIHUV ZLWK
XQFRQILQHG DQG FRQILQHG DUH PDLQO\ GLVWULEXWHG LQ
WKH VRXWK RI WKH * 7KH GHSWK RI WKH VKDOORZ
XQFRQILQHG DTXLIHU UDQJHV IURP  WR  P
FRQVWLWXWLQJRIWKH8SSHU3OHLVWRFHQHDQG+RORFHQH
VDQG\ ORDP ORDP VLOW ILQH VDQG ZLWK ZDWHU WDEOH
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GHSWKUDQJLQJIURPWRP7KHVSHFLILFGLVFKDUJH
RI ZHOOV LQ WKLV VKDOORZ XQFRQILQHG DTXLIHU UDQJHV
IURPWRPG>@7KHUHDUHPDLQO\WKUHH
FRQILQHGDTXLIHUVZLWKLQP7KHDTXLIHUVOLWKRORJLHVIURPQRUWKWRVRXWKDUHJUDYHOPHGLXPDQGILQH
VDQG UHVSHFWLYHO\ DQG DTXLFOXGHV DUH VLOW DQG FOD\
)LJ 

),*85(
6WXG\DUHDDQGVDPSOLQJVLWHV

),*85(
+\GURJHRORJLFDOSURILOHDFURVVWKHVWXG\DUHDPRGLILHGIURP'HQJ>@
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7$%/(
7KHILOHGSDUDPHWHUVDQGLVRWRSLFFRPSRVLWLRQVIRUULYHUDQGJURXQGZDWHUVDPSOHV
(& HOHFWULFDOFRQGXFWLYLW\7'6 WRWDOGLVVROYHGVROLGV7 WHPSHUDWXUH
Sample
S1
S2
S3
S4
S5
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15

Type
river
river
river
river
river
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater

EC (us/cm)
451
235
270
313
308
983
744
799
373
537
380
443
362
996
3370
1799
1147
6070
387
4510

pH
7.8
8.0
7.8
8.2
8.2
7.5
7.2
8.0
7.2
7.7
8.0
7.6
8.0
7.4
7.1
7.0
7.3
7.1
8.1
7.2

T (°C)
14.3
20.2
12.5
10.5
16.8
15.1
17.8
15.2
17.6
14.0
14.4
15.2
14.3
13.3
15.0
13.4
12.6
12.7
12.9
12.8

TDS (mg/L)
267
138
163
183
187
629
474
505
254
329
231
276
206
679
2630
1296
743
4546
234
3478

į182 Å

į2+ Å

-10.8
-10.8
-10.5
-11.0
-10.8

-77.6
-77.7
-76.7
-79.9
-78.8

20.0
19.4
23.1
42.4
29.1

-11.3
-11.2
-11.3
-11.2
-10.8
-10.3
-10.7
-10.8
-10.7
-11.2
-11.0

-82.2
-81.1
-80.7
-80.0
-77.9
-76.0
-77.1
-77.6
-77.1
-80.2
-78.4

32.9
<0.3
4.5
<0.3
<0.3
19.3
28.3
19.1
8.2
<0.3
5.9

3

H (TU)

7$%/(
:DWHUFKHPLVWU\FRPSRVLWLRQRIULYHUDQGJURXQGZDWHU PJ/ 
6, VDWXUDWLRQLQGH[
Sample
S1
S2
S3
S4
S5
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15

Cl
25
7.9
13
16
16
156
77
78
25
41
37
39
32
106
491
212
124
1242
35
835

SO4
94
32
42
52
54
163
130
125
80
93
73
77
62
235
1116
450
234
1820
70
1504

HCO3
120
93
103
101
103
148
210
235
116
161
88
123
87
249
403
444
292
257
99
254

F
0.2
0.7
0.7
1.0
0.6
1.4
0.9
0.9
1.3
1.9
1.8
1.9
2.0
2.9
2.3
3.0
3.4
2.4
2.7
2.9

NO3
3.1
2.4
1.7
2.3
2.3
25
6.7
18
2.3
2.8
1.2
1.7
1.2
0.1
0.1
6.9
0.2
0.1
0.1
0.1

Na
17
10
11
13
12
67
55
50
22
32
20
27
20
86
379
142
85
759
27
447

K
2.8
3.5
2.4
2.0
2.2
8.1
4.7
4.7
3.7
3.9
3.2
3.6
3.1
6.1
19
11
6.9
21
4.0
18

Ca
44
29
35
39
41
95
71
80
48
54
36
46
30
70
233
172
87
270
32
287

Mg
20
6.8
6.6
7.6
7.8
39
23
30
13
19
14
18
13
48
188
78
56
303
15
258

SICaCO3





















SICaF2





















$QDO\VHV0RVWZDWHUVDPSOHV ZHUHFROOHFWHG
IRULVRWRSLF +2DQG+ DQGFKHPLFDOPHDVXUHPHQWV:DWHUWHPSHUDWXUHS+HOHFWULFDOFRQGXFWLYLW\ (& ZHUHPHDVXUHGRQWKHVLWH6WDEOHLVRWRSHV

+ 2  ZHUH PHDVXUHG RQ LVRWRSH UDWLR PDVV
VSHFWURPHWU\ 0$7  E\ FKURPH UHGXFWLRQ DQG
HTXLOLEULXPZLWK&2UHVSHFWLYHO\LQWKH,QVWLWXWHRI
*HRORJ\DQG*HRSK\VLFV&KLQHVH$FDGHP\RI6FLHQFHV 5HVXOWV DUH UHSRUWHG DV į+ DQG į2
į 5VDPSOH5VWDQGDUG î XVLQJWKH9LHQQD6WDQGDUG0HDQ2FHDQ:DWHU 9602: DVVWDQGDUG7KH
DQDO\WLFDOSUHFLVLRQLVÅIRUį+DQGÅIRU
į2 :DWHU IRU WULWLXP PHDVXUHPHQW LQ WKH VDPH
LQVWLWXWHWKURXJKHOHFWURO\WLFHQULFKPHQWZLWKDWULWLXP HQULFKPHQW IDFWRU RI DERXW  DQG WKH OLTXLG

METHODOLOGY
6DPSOLQJ7KLVVWXG\VDPSOHGULYHUVDPSOHV
LQWKH7DLODQ.HNH\DDQGDGMDFHQW$NVX5LYHU7KH
7DLODQDQG.HNH\D5LYHU%DVLQDUHWZRLQGHSHQGHQW
K\GURJHRORJLFDO EDVLQV DQG WKH SK\VLRJQRP\ IURP
WKH XSSHU VWUHDP WR GRZQVWUHDP LV PRXQWDLQ DUHD
DOOXYLDOSUROXYLDO IDQ DOOXYLDOSUROXYLDO SODLQ
UHVSHFWLYHO\ )LJ   ,Q WKLV VWXG\ WKH SODLQ LV
IXUWKHU GLYLGHG LQWR WKH XSSHU SDUW 83  DQG ORZHU
SDUW /3  *URXQGZDWHU  VDPSOHV  LV PDLQO\
VDPSOHG LQ DOOXYLDOSUROXYLDO SODLQ WKHUH DUH QRW
ZHOOVLQWKH XSSHUDOOXYLDOSUROXYLDOIDQ 7KH ZHOO
GHSWKVLQWKHSODLQDUHFRPPRQO\DURXQGP>@
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VFLQWLOODWLRQFRXQWLQJ 4XDQWXOXV PHWKRGZLWK
D GHWHFWLRQ OLPLW RI  7ULWLXP 8QLW 78  :DWHU
FKHPLVWU\ZDVPHDVXUHGXVLQJLRQFKURPDWRJUDSK\
'LRQH[  DW WKH %HLMLQJ 5HVHDUFK ,QVWLWXWH RI
8UDQLXP *HRORJ\$QDO\WLFDO SUHFLVLRQ ZDV  RI
FRQFHQWUDWLRQ EDVHG RQ UHSURGXFLELOLW\ RI VDPSOHV
DQG VWDQGDUGV DQG GHWHFWLRQ OLPLW ZDV  PJ/
7KHFKDUJHEDODQFHHUURUIRUVDPSOHVUDQJHVIURP
WR5HVXOWVRIILOHGSDUDPHWHUVDQGLVRWRSLFFRPSRVLWLRQFDQEHIRXQGLQ7DEOHDQGZDWHU
FKHPLVWU\LQ7DEOH

Fresenius Environmental Bulletin

IURPWRPJ/ZLWKDQDYHUDJHYDOXHRI
PJ/ DQG LQ ORZHU SDUW LW IURP  WR  PJ/
ZLWKDQDYHUDJHYDOXHRIPJ/7KHGRPLQDQW
LRQVLQJURXQGZDWHUWUHQGWR1DDQG0JDQG&ODQG
62
5LYHUZDWHUDQGPRVWJURXQGZDWHU12FRQWHQW
DUHORZHUWKDQPJ/ZKLFKLVFORVHWRWKHEDVHOLQHOHYHOGHWHUPLQHGXVLQJSDOHRZDWHU>@+RZHYHU
VHYHUDO JURXQGZDWHU VDPSOH 12FRQWHQW * *
*DQG* DUHKLJKHUWKDQPJ/ WR
PJ/ ZKLFKPD\EHUHODWHGWRWKHXVHRIFKHPLFDO
IHUWLOL]HUVLQWKLVDJULFXOWXUDODUHD
)OXRULGH FRQWHQW IRU WKH 7DLODQ 5LYHU 6 DQG
6 .HNH\D5LYHU 6 DQGDQHSKHPHUDOVWUHDP 6 
UDQJHV IURP  WR  PJ/ FRPSDUHG ZLWK 
PJ/ IRU WKH$NVX 5LYHU 6  0RVW JURXQGZDWHUV
IOXRULGHFRQWHQWUDQJHVIURPWRPJ/ RQO\
WZR H[FHSWLRQ * DQG * ZLWK YDOXHV RI ERWK 
PJ/ H[FHHGLQJWKH&KLQHVHVWDQGDUGVRIPJ/
IRUGULQNLQJZDWHUTXDOLW\ *% 
7KH PDLQ LRQV HJ &O  ) DQG 7'6 VKRZ
V\VWHPDWLFDO LQFUHDVH IURP XSSHU ULYHUV WR
JURXQGZDWHULQXSSHUDQGORZHUSDUWRIWKHSODLQ )LJ
 ,QWKHORZHUSDUWJURXQGZDWHU7'6HYHQUHDFK
PJ/DQG)UHDFKPJ/DQGJURXQGZDWHU
TXDOLW\EHFRPHGHWHULRUDWH

RESULTS AND DISCUSSION
%DVLF K\GURJHRFKHPLVWU\ FKDUDFWHULVWLFV
7KHWRWDOGLVVROYHGVROLGV 7'6 YDOXHVIRUWKH7DLODQ5LYHUDQG.HNH\D5LYHUUDQJHGIURPWR
PJ/ZLWKDQDYHUDJHYDOXHRIPJ/ 7DEOH 
7KH3LSHUSORWIRUULYHUVDPSOHV )LJ VKRZVWKDW
&DLVWKHGRPLQDQWFDWLRQ !LQPHT/ DQGWKH
GRPLQDQWDQLRQLV+&2 !LQPHT/ +RZHYHU
WKHDGMDFHQW$NVX5LYHU 6 VKRZVUHODWLYHO\KLJKHU
VDOLQLW\ZLWK7'6RIPJ/DQGQRLRQDFFRXQWV
PRUHWKDQ )LJ 
7'6IRUJURXQGZDWHUVLQWKHXSSHUSDUWUDQJHG

),*85(
7KH3LSHUSORWIRUVXUIDFHZDWHUDQGJURXQGZDWHULQWKH7DLODQ5LYHU%DVLQ
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),*85(
7'6&ODQG)FRQWHQWIRUULYHUZDWHUDQGFKDQJHVDORQJJURXQGZDWHUIORZ

),*85(
7ULWLXPFRQWHQWIRUULYHUDQGJURXQGZDWHUV
  %HFDXVH WKH ZHOO GHSWK RI WKRVH ZHOO DUH DOO
DURXQGPJURXQGZDWHUZLWKGHWHFWHGWULWLXPKDV
EHHQUHFKDUJHGE\ULYHUZDWHULQILOWUDWLRQDQGLUULJDWLRQ UHWXUQ ZDWHU +RZHYHU ROG ZDWHUV DJH PRUH
WKDQ\HDUV DQGPRGHUQZDWHUV DJHOHVVWKDQ
\HDUV VKRZVLPLODUZDWHUFKHPLVWU\FKDUDFWHULVWLFV
7DEOHDQG7DEOH 
7KHVWDEOHLVRWRSLFFRPSRVLWLRQIRUWKH7DLODQ
5LYHULVÅIRUį2DQG-77.6ÅIRUį+ 7DEOH
 *URXQGZDWHUVWDEOHLVRWRSLFFRPSRVLWLRQVVKRZV
QDUURZFKDQJHVUDQJLQJIURPÅWRÅIRU
į2DQGÅWRÅIRUį+$OOVDPSOHVOLHV
DURXQG WKH JOREDO PHWHRULF ZDWHU OLQH *0:/
į+ į2  )LJ +RZHYHUWZRJURXQGZDWHU
VDPSOHV *DQG* GHYLDWHIURPWKH*0:/DQG
VKRZ HYDSRUDWLRQ WUHQG ZLWK VORSH RI  LQGLFDWLQJ
VRPH HYDSRUDWLRQ SURFHVV GXULQJ UHFKDUJH$W WKLV
VLWXDWLRQ WKH VDOLQLW\ ZRXOG LQFUHDVH +RZHYHU

*URXQGZDWHU DJH DQG VWDEOH LVRWRSLF FKD
UDFWHULVWLFV7KH FRQWHQWRI +RIVKDOORZJURXQG
ZDWHUFDQEHGLYLGHGLQWRWZRJURXSV  ORZHUWKDQ
WKHGHWHFWLRQOLPLW 78 RU  GHWHFWHG WR
78  5LYHU ZDWHU 6 DQG 6  VKRZV KLJK +
FRQWHQW RI  78 $FFRUGLQJ WR WKH
UHFRQVWUXFWLRQRIUHJLRQDOWULWLXPLQSXW KLVWRU\WKH
QRQGHWHFWHGWULWLXPFDQEHUHJDUGHGDVSUHPRGHUQ
ZDWHULHDJHPRUHWKDQ\UVRUUHFKDUJHGEHIRUH
WKH V >@ 0HDQZKLOH JURXQGZDWHU ZLWK GHWHFWHGWULWLXPZDVUHFKDUJHGGXULQJWKHSDVW\UV
%DVHG RQ JURXQGZDWHU WULWLXP GLVWULEXWLRQ
JURXQGZDWHU DWWKH PDUJLQRIWKH DOOXYLDOSUROXYLDO
IDQ KDV EHHQ GHWHFWHG RI WULWLXP  78 
+RZHYHU DORQJ WKH JURXQGZDWHU IORZ WR ORZHU
UHDFKHV VRPH JURXQGZDWHU KDV EHHQ GHWHFWHG ZLWK
WULWLXP  78  DQG VRPH QRW  78 
VXJJHVWLQJODUJHYDULDWLRQRIJURXQGZDWHUDJH )LJ
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VRXUFHRIWKHZDWHUUHVRXUFHVLQWKLVLQODQGDULGEDVLQ
ZKHUHSUHFLSLWDWLRQLVYHU\OLPLWHGLQSLHGPRQWIDQ
DQG SODLQ ,Q PRXQWDLQ DUHD WKHUH LV ZLGHO\
GLVWULEXWHGYHLQRUHGHSRVLWRILJQHRXVPHWDPRUSKLF
DQGVHGLPHQWDU\URFNDQGOD\HUHGPHWDVRPDWLF GHSRVLWRIFDUERQDWHURFNLQKLJKPLGGOHHOHYDWLRQDUHD
7KH ) FRQWHQW LQ WKH PHWDVRPDWLF GHSRVLWV RI
FDUERQDWH URFNV DQG DFLGLF LJQHRXV URFNV LV UHODWLYHO\KLJK>@,QPDVVLIDUHDWKH-XUDVVLFFRDODOVR
KDV UHODWLYHO\ KLJK ) HVSHFLDOO\ LQ VWRQH FRDO DQG
DQWKUDFLWHFRDO7KHUHIRUHLQSLHGPRQWIDQDQGSODLQ
WKH VWUDWD FRQWDLQ )PLQHUDOV 7KH )PLQHUDOV DUH
PDLQO\FU\ROLWHIOXRULWHDSDWLWHDQGPLFD>@)OXRULQH ZLOO EH GLVVROYHG LQWR ULYHU DQG JURXQGZDWHU
GXULQJLQILOWUDWLRQDQGUHFKDUJHFDXVLQJKLJK)FRQWHQW LQ WKH 7DLODQ DQG .HNH\D 5LYHU :KHQ
JURXQGZDWHULVXQGHUVDWXUDWHGZLWKUHVSHFWWR&D)
)PLQHUDOVZLOOFRQWLQXHGLVVROYHZKHQIORZLQJXQWLO&D)LVRYHUVDWXUDWHG

VRPHJURXQGZDWHUVZLWKRXWHYDSRUDWLRQ HJVDPSOHV*DQG* DOVRVKRZODUJHVDOLQLW\7KLVVXJJHVWVWKDWWKHHYDSRUDWLRQGXULQJUHFKDUJHLVQRWWKH
PDLQIDFWRULQJFRQWUROOLQJJURXQGZDWHUVDOLQLW\DQG
IOXRULGH
:DWHUFKHPLVWU\DQGIOXRULGHDFFXPXODWLRQ
,QLQODQGDULGDUHDJURXQGZDWHULVPDLQO\UHFKDUJHG
E\ ULYHU LQILOWUDWLRQ LQ DOOXYLDOSUROXYLDO IDQ DQG
SODLQ>@7KHUHIRUHWKHLRQUDWLRFDQEHXVHGWR
VWXG\ZDWHUFKHPLVWU\HYROXWLRQ7KHP 1D. P&O
P DV PLOOLHTXLYDOHQWV SHU OLWHU LH PHT/  IRU DOO
VDPSOHVDUHDURXQG )LJD VXJJHVWLQJGLVVROXWLRQRI1D&ODQG.&OFRQWULEXWLRQWKHVRXUFHVRI1D
.DQG&OLQJURXQGZDWHUV,I62LVPDLQO\IURPWKH
GLVVROXWLRQ RI VXOSKDWH &D;0J;62ĺ;&D 
; 0J62 LQHYDSRULWHGHSRVLWV P62VKRXOG
EHHTXDOZLWKP &D0J +RZHYHUPRVWJURXQGZDWHUV KDYH P &D0J  ODUJHU WKDQ P62 )LJ E 
7KXVWKHUHGXQGDQW&DDQG0JDUHPDLQO\IURPWKH
GLVVROXWLRQRIFDUERQDWHDQGZHDWKHULQJRIIHOGVSDU
)RUJURXQGZDWHUZLWKKLJKVDOLQLW\WKHUHLVQR
IXUWKHU V\VWHPDWLF LQFUHDVH LQ +&2 DQG &D
FRQFHQWUDWLRQZKLFKLVFRQWUROOHGE\FDOFLWH &D&2 
VDWXUDWLRQ LQGH[ 6, ORJ ,$3.  ZHUH ,$3 LV LRQ
DFWLYLW\ SURGXFW DQG . LV WKH VROXELOLW\ FRQVWDQW 
0RVW ULYHU DQG JURXQGZDWHU VDPSOHV DUH DURXQG
GLVVROXWLRQHTXLOLEULXPZLWKUHVSHFWWR&D&27KH
6, RI &D&2 FDOFXODWHG XVLQJ WKH 3+5((4& >@
UDQJHIURPWR 7DEOH )RUJURXQGZDWHU
ZLWK KLJKVDOLQLW\ &O 62 1D DQG0JDUH DOZD\V
WKH PDLQ LRQV 7KH VWXG\ DUHD KDV EHHQ VXIIHULQJ
IURPKLJK)LQGULQNLQJZDWHU*URXQGZDWHUZLWK)
FRQWHQW OHVV WKDQ  PJ/ KDV QRW VDWXUDWHG ZLWK
UHVSHFWWRIOXRULWH &D) LH6,RI&D)OHVVWKDQ
)LJ   ZKLOH ) FRQWHQW PRUH WKDQ  PJ/ 6, RI
&D) LV ODUJHU WKDQ  7KLV VXJJHVWV WKDW WKH 6,
FRQWUROVWKHPD[LPXP)YDOXHDQGJURXQGZDWHUZLWK
6,RI&D)OHVVWKDQZLOOGLVVROYH)PLQHUDOV HJ
DSDWLWHIOXRULWH LILWLVVXIILFLHQW
3UHFLSLWDWLRQGHULYHG DQG JODFLHU PHOWLQJGHULYHG ULYHUV IURP WKH PRXQWDLQ DUHD DUH WKH PDLQ

),*85(
7KHį18O-į2+ plot for river and groundwater
*0:/ JOREDOPHWHRULFZDWHUOLQH
į+ į2

),*85(
7KHPLOOLHTXLYDOHQWVSHUOLWHU PHT/ UDWLREHWZHHQ&ODQG 1D. DQGEHWZHHQ62DQG &D0J
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),*85(
)FRQWHQWYHUVXVVDWXUDWLRQLQGH[ 6, RI&D)

CONCLUSIONS
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ISOLATION, CHARACTERIZATION AND IDENTIFICATION
OF PYRASULFOTOLE DEGRADING SOIL BACTERIA
Nelofar1, Shaukat Ali1,*, Salma Durrani1, Ghulam Raza1, Iqtidar Hussain1, Azhar Hussain2
2

1
Department of Environmental Sciences, Karakoram International University, Gilgit-Baltistan 15100, Pakistan
Department of Agriculture and Food Technology, Karakoram International University Gilgit-Baltistan 15100, Pakistan

in Pakistan due to weed ranges from 17-25% in
wheat, 20-63% in rice, 10-35% in sugarcane, and
13-31% in cotton crops [3]. Integrated Weed
Management used several management approaches
and techniques including physical, cultural,
chemical, biological, and certain preventive
measures to control weeds [4]. The recent technique
to kill weed plant species across the world is the
usage of herbicides [5]. Pyrasulfotole is used in
cereals for post-emergence control of broadleaved
weeds [6]. It consists of a substituted pyrazole ring
and a phenyl ring which is joined by ketone linkage
[7]. It is used on all types of barley, wheat and
triticale, which controls broad leaved weeds such as
ODPE¶VTXDUWHUV Chen-opodium album), chickweed
(Stellaria media), pigweeds (Amaranthus spp.)
nightshades (Solanum spp.), and velvetleaf
(Abutilon theophrasti). This compound is having a
new mode of action because it is inhibitor of
enzyme 4-hydroxy - phenylpyruvate dioxygenase,
which controls broad leaved weeds in wheat and
barley. This product has been available to farmers
since spring 2008 and commercially this is
available under the trade names Infinity® in
Canada, Huskie® in USA, and Precept® in
Australia [8].
Pyrasulfotole found to be degraded in aerobic
conditions by soil bacteria and transformed into 2methylsulfonyl-4-trifluoromethylbenzoic acid AE
B197555, CO2, and non-extractable residues and it
also degrades in anaerobic conditions in the same
way as in aerobic condition but the level of Pyrasulfotole and its residues remains constant in
anaerobic condition. Lenz (2006) studied that
Pyrasulfotole can be degraded in aerobic soil, and
the major dissipation pathway of Pyrasulfotole is its
degradation to AE B197555 and to non-extractable
residues and mineralization to CO2 [9].
As the trend of using herbicides is increasing
day by day so its continuous use is endangering the
ecosystem [10] and also contaminating ground
water and polluting the environment [11]. The
effect of herbicides on growth of microorganisms
depends upon microbial species, chemicals and
environmental conditions [12]. So there is a need to
develop safe and convenient methods for pesticide
degradation.
The present study was conducted with an aim
to isolate the bacteria which has the capability to

ABSTRACT
The objective of this study was to isolate
bacterial species capable of degrading Pyrasulfotole
herbicide from the environment. A soil bacterium
capable of degradation of herbicide was isolated
from enrichment technique method. The soil samples were collected from agricultural fields of Sindh
(Pir Jo Goth, Khairpur Mirus) and Punjab (Chak
Waris Abad). The specific compound i.e. Pyrasulfotole belongs to a chemical class of pyrazoles was
first introduced in North American and Australian
markets. In enrichment technique method the soil
samples were treated with dose of Pyrasulfotole (6
times at interval of 10 days). During the whole process the flask was placed in the shaking incubator.
The treatment was given to enrich the soil with
herbicide degrading bacteria. These isolates were
cultured on MSM (mineral salt media) plates and
after growth further purified on nutrient agar plates.
The identification after morphological characterization and biochemical test shows two types of bacterial species which have capability to degrade
Pyrasulfotole. The bacterial species comprise
Micrococcus arborescens and Brachybacterium sp.
found to be responsible for degradation of Pyrasulfotole.

KEYWORDS:
Herbicide, isolation, characterization,
Pyrasulfotole, soil bacteria

Identification,

INTRODUCTION
Herbicides are chemicals that are used to
control weeds [1]. Pyrasulfotole is an herbicide belongs to a class of pyrazoles or pyrazolones and
was first introduced in North American and
Australian markets. It was used in cereals for postemergence control of broadleaved weeds [2].
According to the economic survey of Pakistan
(2011), the country largely depends upon
agriculture which contributes about 21% share in
GDP and which employs 43% labors. The major
crops sown in Pakistan include wheat, sugarcane,
rice, and cotton but comparing to other countries it
is having a low yield of these crops. The crop loss
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MgSO4.7H2O 0.03g and FeSO4 0.0075g) were
added in 300ml distilled water in 500ml conical
flask. The pH was adjusted to 7.5 by using pH
meter. After adjustment of pH 4.5g of agar was
added and kept it in a water bath for dissolution at
100oC. Then poured the MSM (mineral salt media)
into autoclave plates. After solidification 100μl of
supernatant from the enrichment medium was
placed at the center of MSM plates then spread it
with the spreader and incubated at 37oC [16].

degrade Pyrasulfotole herbicide and characterize it
for the purpose of bioremediation and
biodegradation techniques. The specific aim of this
study was to provide a baseline data and useful
information for using enzymes of these isolated
bacteria for the degradation of Pyrasulfotole
herbicide in an appropriate time to protect the
environment from the toxic effects. This study
develops awareness among people that long term
persistence of herbicides and pesticides may
produce toxicity to the environment, consequently
can also help the agriculturist to incorporate such
findings in their future research and projects to
overcome the problem in the region.

Purification of isolated strain. After growth
of microorganisms on MSM plates a single isolated
colony of Pyrasulfotole degrading bacteria was
picked up with sterilized wire loop and then
streaked on nutrient agar plates. Each isolated strain
was streaked further for purification [16].

MATERIAL AND METHODS

Biochemical tests of isolates (Bellinaso et
al., 2003). Biochemical tests of isolates were
performed in DHQ Hospital Lab Gilgit. The
biochemical tests performed to identify the isolates
includes oxidase test, catalase test, coagulase test,
urease test, Citrate utilization test, Indole test,
Motility test, Nitrate Reduction test, Voges
Proskauer (V.P) test, H2S production test,
Fermentation of sugars, Methyl Red test, Starch
Hydrolysis test, Triple sugar Iron test, Lipid
Hydrolysis,
Casein
Hydrolysis,
Gelatin
Liquefaction.

Sampling. The soil samples were collected
from the agricultural fields of Sindh and Punjab. In
case of Sindh soil samples were taken from Pir Jo
Goth, Khairpur Mirus and in case of Punjab the soil
samples were collected from Chak Waris Abad,
because in the cotton fields of Sindh [13] and
Punjab [14] the use of pesticides and herbicides are
very extensive in these areas. Three replicates were
collected in the quantity of 50 g from each field.
Surface soil as well as soil from a depth of 6 inches
was collected using hand auger and spade. Soil
samples were kept at room temperature in
Karakorum International University Lab.

Morphological characterization (Ismail,
2008). The colour of the colonies, size and shape of
isolates were observed under electron microscope.
Gram staining technique was used to differentiate
between gram positive and gram negative bacterial
strain.

Sterilization of media and apparatus. The
media and solutions used throughout the study were
sterilized by autoclaving at 121oC for 20 minutes.
All the apparatus were also sterilized in the oven at
180oC for 20-30 minutes.
Isolation of Pyrasulfotole degrading
bacteria. To isolate the bacteria which have the
capability to degrade Pyrasulfotole herbicide,
enrichment culture technique was used [15]. This
enrichment technique was performed in Biological
Lab Karakorum International University Gilgit.

RESULTS
The samples showed bacterial growth on
MSM media. About three bacterial species resistant
to Pyrasulfotole herbicide were isolated. Two
bacterial strains were isolated from Sindh and one
from Punjab.
Table 1 show growth occurs in both Sindh
(SAPF1 & SAPF2) and Punjab (PAPF) soil sample
plates. Growth occurred at different concentrations
of Pyrasulfotole herbicide including 5ppm and
10ppm. From enrichment media the inoculums was
inoculated on 5ppm Pyrasulfotole MSM plate, after
growth these strains were further cultured on MSM
with 10ppm. But control plates showed negative
growth means no bacterial strains were identified.
Table 2 shows morphological characteristics
of isolates of Sindh and Punjab samples. The
isolates were tested against Gram staining, colony
morpho-logy on nutrient agar spore stain test,
capsule stain test and motility test. All the tests

Enrichment Culture technique. The soil
samples of Sindh and Punjab separately with distilled water (5gm/100ml water) was placed in shaking incubator at 32oC at 200 rev/min for 50 days.
This sample was then treated with 5ml
Pyrasulfotole of 1000 ppm. About 6 treatments
were given to the soil samples at intervals of 10
days to enrich with Pyrasulfotole degrading
microorganisms. To isolate the microorganisms
from this enrichment culture, mineral salt media
was used as described by [15].
Mineral Salt Media. For preparation of
mineral salt media following chemicals (NH4NO3
0.3g, NaCl 0.3g, K2HPO4 0.75g, KH2PO4 0.15g,
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of selected bacterial isolates were performed. The
results are presented in Table 3-4. The strains
SAPF1 and PAPF appeared as colour less colonies,
cocci, non-motile and formed no endospore. They
showed gelatine liquefaction, starch hydrolysis,
lipid hydro-lysis, and casein hydrolysis. Urease test,
indole test and citrate test were found negative. All
TSI was also observed negative either in slants and

showed that the isolates SAPF1, SAPF2, and PAPF
were non-motile and formed on endospore. Gram
staining results showed that all belongs to gram
negative bacterial species. The only shape of
SAPF1 and PAPF differs from other isolate i.e.
SAPF2. The results are presented in Figure 3-4.
Biochemical characteristics of isolates. Biochemical tests for characteristics and identification

TABLE 1
Growth on MSM Plates of Sindh and Punjab Soil Samples
Isolates of MSM Plates
PAPF (Punjab Sample)
SAPF1 (Sindh Sample 1)
SAPF2 (Sindh Sample 2)
Control

5ppm
+
+
+
-

10ppm
+
+
+
-

TABLE 2
Morphological characteristics of bacterial isolates
Strain
SAPF1
SAPF2
PAPF

Gram Stain
-

Shape
Cocci
Rod
Cocci

Spore
-

FIGURE 3
Round milky white SAPF1 & moon shaped
colonies SAPF2 on Msm plate of Sindh Soil
sample

Capsule Stain
-

Motility Stain
-

FIGURE 4
Round shaped colonies PAPF on Msm plate of
Punjab soil sample

TABLE 3
Biochemical characteristics of bacteria isolates
Biochemical Tests
Gelatin Liquefaction
Starch Hydrolysis
Lipid Hydrolysis
Casein Hydrolysis
H2S Production
TSI (Triple Sugar Iron) Test Slant
- Butt
- Growth
Nitrate Reduction
Catalase Test
Urease Test
Oxidase Test
Indole Test

Strains
SAPF1
±
±
±
±
+
±
±
±
+
+
±
+
±
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SAPF2
NT
NT
±
±
±
±
±
±
+
NT
NT
+
+

PAPF
±
±
±
±
+
±
±
±
+
+
±
+
±
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TABLE 4
Biochemical tests and identification of bacteria
Biochemical Tests
MR Test
VP Test
Citrate Test
Fermentation
L
D
S
M
Identification

SAPF1
+
±
±

Strains
SAPF2
+
±
NT

PAPF
+
±
±

±
±
±
±
M.arborescens

±
+
±
±
Brachybacterium sp.

±
±
±
±
M.arborescens

H2S-Hydrogen peroxide, TSI-Triple sugar iron agar, MR-Methyl Red, VP-Voges Proskauer, w-Weak, dDifferential AND Fermentation, L-Lactose, D-Dextrose, S-Sucrose, M-Maltose, +, Positive test, ±, Negative test.
NT: Not Tested
bacteria in soil sample shows that these utilize
Pyrasulfotole as a source of nutrient. This
phenomenon was also studied by Crook and Hutter
[18] that microbes may get nutrition from
herbicides.
It was also observed that the growth ratio is
high in 5ppm as compare to 10ppm. The growth
ratio was found very limited in 10ppm
concentration plate. This observation proves that
high concentration of herbicide may affect the
growth of bacteria, and limit its growth. Zain et al.
[12] found that the growth of microorganisms
depends upon the con-centration of chemical and
environmental conditions. It is reported that high
level of herbicide application produces toxicity to
microbial populations in soil, and decrease the
microbial counts or their performance [19].
These bacterial strains were isolated by using
enrichment technique from soil samples of agricultural fields of Sindh and Punjab. Similar technique
was also used by Yang et al. [20] for isolation of
bacteria which degrades the pesticide. Udikovic et
al. [21] also introduces the enrichment technique
for isolation of Atrazine degrading bacteria because
this technique is mostly used for isolation of
bacteria from soil.
Morphological characterization and biochemical tests were performed for identification of the
bacterial isolates. Such tests were also performed
by Naqvi et al. [16] for identification of bacteria.
The morphological characterization of bacterial
isolates which shows that the isolates were gram
negative bacteria some strains were rod shaped and
the others were cocci shaped. This demonstrates
that different types of bacteria are responsible for
degradation of Pyrasulfotole herbicides. Growth
and survivability of bacteria depends upon the
specific concentUDWLRQRI KHUELFLGHVRLW¶VSRVVLEOH
that such type of bacteria can grow in 5ppm or
10ppm concentration and other bacterial species
FDQ¶W tolerate such con-centration.
After the motility test it was observed that all
bacterial strains were non-motile this shows that
they have no flagellum for movement.

butt. These strains showed positive results for H2S
production, reduced nitrogen, and utilized methyl
red (MR). Sugar fermentation of these isolates
showed lactose, dextrose, sucrose, maltose negative
results. On the basis of these results these were
identified as Micrococcus arborescens. One strain
(SAPF2) showed lipid hydrolysis and casein
hydrolysis. All TSI was also observed as negative
in both slant and butts. This strain showed negative
results for H2S production and VP test. Sugar
fermentation of this isolate showed lactose, sucrose
and maltose negative results but positive result for
dextrose. On the basis of these results the strain
showed resemblance to Brachybacterium sp.

DISCUSSION
The present study describes the isolation, characterization, and identification of Pyrasulfotole
degrading soil bacteria. It is used on all types of
barley, wheat, and triticale, which controls broad
OHDYHG ZHHGV VXFK DV ODPE¶V TXDUWHUV FKLFNZHHG
pigweeds, nightshades, and velvetleaf [6]. Many researchers studied about its toxic effects and its
degradation. Although Shepherd and Arthur [17]
found that USA and Canada investigated the
degradation of Pyrasulfotole in soil but no bacteria
were recognized. According to the Pest
Management Regulatory Agency Health Canada
Evaluation Report (2007), Pyrasulfotole found to be
degraded in aerobic conditions by soil bacteria and
transformed
into
2-methyl-sulfonyl-4trifluoromethyl benzoic acid AE B197555, CO2,
and non-extractable residues. But after review no
specific known bacteria found to be responsible for
its degradation. These reviews revealed that
Pyrasulfotole can be degraded by soil microbes.
In the present study, different bacterial strains
were isolated which has been responsible for degradation of the herbicide. Growth occurs at different
Pyrasulfotole concentrations (5ppm and 10ppm) but
in control plates there was no growth because no
soil sample was inoculated. The presence of
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common in both the regions but M. arborescens sp.
was only isolated from Sindh sample, so the
FRQGLWLRQVLQ3XQMDEUHJLRQGRHVQ¶WVXLWWhis specie
for survival.
As microorganisms are thought to be one of
the efficient factors for degradation of such toxic
compounds from the environment so by these
bacterial species such toxic compound i.e
Pyrasulfotole may be degraded from the
environment which protects from such silent killers.

According to the biochemical tests and morphological characterization it was observed that the
bacterial strains i.e. SAPF1 and PAPF shows identical test results and found similarity in structure
and shape. It means that these strains belong to one
colony. The other bacterial strain i.e. SAPF2 was
very different from the others. So, by comparing the
characteristics of these bacterial strains, these were
identified.
After morphological characterization and biochemical tests, the bacterial isolates were found to
be gram negative bacteria, further these were
identified as Micrococcus A and Brachybacterium
sp. Such species were also identified by Naqvi et al.
[16] which was responsible for degradation of
carbamate pesticide. This shows that such bacterial
species have capability to degrade pesticides or
herbicides. It is revealed that Micrococcus sp. is
responsible of degradation of carbaryl pesticides.
Santhini et al. [22] also reported that Micrococcus
sp. are respon-sible for degradation of herbicides
and oil, but no other report shows the degradation
ability of Brachybacterium sp.
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treatment with cytotoxic drugs is one of the most
effective treatment modalities [2]. The vast majority
of chemical compounds used for cancer treatment
are cytotoxic and toxic to normal cells at the same
time [3]. In addition, the response of tumors to
chemotherapeutic regimens may change and drug
resistance arises, so treatment can fail [2].
In recent years, traditional herbal medicines,
complementary and alternative medicine have
become increasingly popular among cancer patients
in developed countries [1,2]. Herbal medicines are
also used as alternative therapeutic or preventive
regimens for individuals with cancer [4]. The plants
have been used for medical purposes since the
beginning of human history. Many chemotherapeutic drugs for cancer treatment are molecules that are identified and isolated from plants or
synthetic derivatives [5]. Approximately 60% of the
drugs used in cancer treatment are derived from
natural products [6]. Turkey is one of the richest
countries in the world in terms of plant diversity. Up
to now, approximately 10,500 plant species have
been identified in Turkey, of which 30% are endemic
[7] . Thymus L. (thyme) belongs the mint family,
Lamiaceae and is an important genus due to their
essential oils and phenolics. 41 species of Thymus
are represented by 66 taxa in Turkey and 14 of which
are endemic [8,9]. Thyme essential oil and its
principle compound thymol have antioxidant [10]
anti-cancer activities [11,12] , antibacterial, and
antiviral [13] effects. The dried herbal parts of
Thymus species are used as spice and herbal tea in
Turkey [14]. Phenol-rich Thymus species are used in
diabetes, stomach and intestinal diseases, for cough
[15] , as herbal tea and also as condiment, whereas,
phenol-poor or phenol-less Thymus species are used,
due to their pleasant aroma, as herbal tea, where they
grow [16]. To the best of our knowledge, there are
no scientific reports supporting the cytotoxic effect
of thymus on cervical (HeLa) and and ovarian cancer
(Skov-3) cell lines.
The aim of this study was to determine the
antioxidant activities and phenolic profile of the two
species of Thymus which are Thymus sipyleus Boiss.

ABSTRACT
The aim of this study was to determine of
cytotoxic, antioxidant activity and phenolic profile
of the two species of Thymus which are Thymus
sipyleus Boiss. and Thymus leucostomus Hausskn. et
Velen. (endemic). For this purpose dried herbal plant
materials macerated with 70% MeOH. After
evaporation and lyofilization steps the extract was
analyzed with ABsciex 3200 Q trap LC-MS/MS
system. Rosmarinic acid and luteolin were found as
major for two species where as naringenin and
apigenin glucuronide were also found as the other
major compounds. The cytotoxic effects of
methanolic extract of Thymus which are Thymus
sipyleus Boiss. and Thymus leucostomus Hausskn. et
Velen. species on the cervical (HeLa) and ovarian
cancer (Skov-3) cells were investigated using
colorimetric assay. The results indicated that
methanolic-extract of Thymus sipyleus Boiss showed
moderately active against Skov-3 cell line (IC50: 60
ȝJPO to compared the thymus leucostomus (IC50:
ȝJPO . Thymus sipyleus showed no effect (IC50:
 ȝJPO  DJDLQVW +H/D FHOO OLQH DIWHU  KRXUV
According to antioxidant activity Thymus sipyleus
and Thymus leucostomus showed weak antioxidant
activity with the score of DPPH IC50=0.20mg/ml and
DPPH IC50= 0.13 mg/ml respectively. All the
extracts showed the similar Trolox Equvalent
Antioxidant activity (TEAC) with the score of 1mM
TEAC. Total phenolic content of the extracts were
also found as same 11mgGAE and 13 mgGAE
respectively.

KEYWORDS:
Thymus, Lamiaceae,
activity.

Phenolic

profile,

Antioxidant

INTRODUCTION
Cancer cells are continuously dividing and
avoiding any control on their cell cycle [1]. Cancer
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and Thymus leucostomus Hausskn. et Velen.
(endemic) and also examine the cytotoxic effects on
HeLa and Skov-3 cell lines.

°C for a further 10 min and then the absorbance was
read on a Bio-Tek (ELX 808 IU) ELISA reader at a
wavelength of 540 nm. The signal generated is
directly proportional to the number of viable
(metabolically active) cells in the well. Viability (%)
is calculated using the following formula;

EXPERIMENTAL

Viability (%) = (Absorbance of the treated
cells) / (Absorbance of the control wells) × 100.

Authentication of plant material. Thymus
sipyleus Boiss. (ESSE-14872) and Thymus
leucostomus Hausskn. et Velen. (ESSE-14871) were
FROOHFWHGIURP(VNLúHKLU-TURKEY on August 2013.
Voucher specimens were made and deposited in the
herbarium of the Faculty of Pharmacy and
Pharmaceutical Sciences, Anadolu University,
(VNLúHKLU Turkey

Each concentrations was tested in two different
experiments run in triplicate. The IC50 values
of thymus leucostomus and thymus sipyleus species
for each cell lines were obtained from the dosedependent log-curve.
Antioxidant Activity. Determination of total
phenolics. Total phenols were estimated as Gallic
acid equivalents (GAE), expressed as mg Gallic
acid/g extract. Total phenolic constituents of the
extracts were determined with Folin-Ciocalteu
reagent by employing the method of Singleton.
Briefly, 50 μL of the sample solvent (in methanol),
3.9 ml pure water and 250 μL Folin-Coiocalteu
reagent were mixed and incubated in dark (8 min).
After that 750 μL sodium carbonate (20 %, aqueous)
was added and the mixture was incubated in dark (2
hours). The absorbance was recorded at 760 nm [18].

Preparation of extracts. The samples were cut
into small pieces and air-dried, then stored in glass
containers until extraction. About 100 g of the dried
plant material was extracted throughout 24 hours for
3 days with 70% methanol. The extracts were filtered
and evaporated under reduced pressure and then
lyophilised extract were stored in a vial. The
lyophilised extracts were used for LC-MS/MS
analysis and biological activities.
Cell Culture and reagents. The human
cervical adenocarcinoma (HeLa) and human ovarian adenocarcinoma (Skov-3) cells were obtained
from American Type Culture Collection (ATCC).
HeLa cells were maintained in Eagle's Minimum
Essential Medium (EMEM) (Sigma-Aldrich, UK)
supplemented with 20% Fetal Bovine Serum (FBS)
(Gibco, UK), 1% penicillin-streptomycin and 4%
sodium bicarbonate as adherent monolayers. Skov-3
FHOOV ZHUH FXOWXUHG LQ 'XOEHFFR¶V 0RGLILHG (DJOH
Medium (DMEM) (Sigma-Aldrich, UK) supplemented with 10% FBS and 1% penicillin-streptomycin. The cell lines were routinely subcultured
using 0,25 % tripsin-EDTA solution (SigmaAldrich, UK). Exponentially growing cultures were
maintained in an incubator with a humidified
atmosphere with 5% CO2/95 % air at 37°C.

1,1-Diphenyl-2-picrylhydrazyl
(DPPH)
radical scavenging activity. The free radical
scavenging activity was measured using 1,1Diphenyl-2-picrylhydrazyl (DPPH) assay. Serial
dilutions were prepared with the stock solutions (4
mg/ml) of the extract to get the half concentrations
of previous one. Diluted solutions were added with
DPPH (equal amounts). After 30 min UV absorbance was recorded at 517 nm. The experiment
was performed in triplicate for extract and positive
standard control, BHT (Butylated hydroxytoluene).
The average of the absorptions was noted for each
concentration. The percentage inhibition was
calculated using Equation 1. The IC50 value, which
is the concentration of the test material that inhibits
50% of the free radical concentration, was calculated
as mg/mL using Sigma Plot statistical program [19].
Equation 1
Percentage Inhibition = ª Abs control - Abs sample º

Cytotoxicity assay. The cytotoxic effects of
extracts in HeLa and Skov-3 cells were investigated
by using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide) method [17]. MTT
assay depends on the mitochondrial enzyme reduction of tetrazolium dye to detect and determine
cell proliferation. Briefly, the cells were plated at a
density of 2 × 104 cells/well into 96-well plates. After
the both cell lines were incubated with thymus
leucostomus (5 μg-1 mg/mL) and thymus sipyleus (5
μg-1 mg/mL) for 48 and 72 hours, ȝ/RID077
stock solution (5 mg/mL, Sigma) was added to each
well. After 2 h further incubation at 37 °C, the
PHGLXP ZDV UHPRYHG DQG  ȝ/ RI '062 ZDV
added to each well. The cells were incubated at 25

«
¬

» x100
¼

TEAC assay (Trolox Equivalent Antioxidant
Capacity).This test measures the ability of a
FRPSRXQGWRVFDYHQJHWKH$%76 ƍ-azinobis-(3ethyl-benzothiazoline-6-sulphonate) radical in
comparison to the antioxidant activity of Trolox
which is a water-soluble form of vitamin E, used as
a standard. The blue±green ABTS radical was
formed through the reaction of 7 mM ABTS with 2.5
mM sodium persulfate (Na2S2O8) in the dark at room
temperature for 12±16 hours before
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TABLE 1
MS table of Thymus extracts
Rt
12.1
15.9
16.0
16.0
18.1
18.4
19.0
19.8
22.1
19.7
23.3
24.6
25.6
25.9
27.1
28.1
29.4
30.6
31.3
31.3
32.6

MS2
191, 179
191, 173
193, 134
191,
135
473, 455, 383, 353, 297
287, 151, 135
249, 113
300, 271, 137
193, 173
285, 151, 133
285, 151, 133
357, 327, 285
197, 161, 135
417, 285
269, 117
300, 271, 137
285, 151
359, 331, 197, 161
151, 119
151, 133

M-H
353
353
367
353
179
593
449
351
463
367
447
447
461
359
579
445
315
461
493
271
285

Identification
3-Caffeoylquinic acid
4-Caffeoylquinic acid
3-Feruloylquinic acid
5-Caffeoylquinic acid
Cafeic acid
Apigenin 6,8-di-C-glucoside
Dihydrokaempferol 3-O-glucoside
Unknown
Quercetin glucoside
4-Feruloilquinic acid
Luteolin7-O-glucoside
Kaempferol glucoside
Luteolin glucuronide
Rosmarinic acid
Luteolin 7-O-apiosyl-glucoside
Apigenin glucuronide
Rhamnetin
Kaemferol glucuronide
Rosmarinic acid derivative
Naringenin
Luteolin

XWC of DAD Spectral Data: 330.0 nm from Sample 1 (FG135L (SA1010) Thymus leucostomus) of FG135L (SA1010) Thymus leucostomus uzun k...

Max. 420.4 mAU.

Reported in Thymus
[23]
[23]
[23]
[22]
[22]
[22]
[22]
[22]
[22]
[22]
[22
[24
[23]

[22]

XWC of DAD Spectral Data: 330.0 nm from Sample 1 (FG135M (SA1011) Thymus sipyleus) of FG135M (SA1011) Thymus sipyleus uzun kolon dr ...
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FIGURE 1
LC chromatogram of Thymus leucostomus and Thymus sypleus (respectively) at 330 nm
nol:Water:Formic acid (10:89:1, v/v/v) (solvent A)
and Methanol:Water:Formic acid (89:10:1, v/v/v)
(solvent B). The composition of B was increased
from 10% to 100% in 40 min. For data acquisition
and analysis, Analyst 1.6 software was used. For
enhanced mass scan (EMS), the MS was operated at
mass range of 100-1000 amu. Enhanced product ion
spectra was measured from m/z 100 up to m/z1000.
Nitrogen used as the collision gas, and the collision
energy was set at 30. The parameters were as
follows: Collusion Energy Spread (CES)-0,
Declustiring Potential (DP)-20, Enterance Potential
(EP)-10, Curtain gas (CUR)-20, Gas Source 1
(GS1)-50, Gas Source 2 (GS2)-50, CAD- medium,
Ihe- on and Temperature (TEM)-600. For the IDA
experiment, the criteria were arranged for ions
greater than 100.000 m/z and smaller than 1000 m/z,
and excluded former target ions after 3.0
occurrence(s) for 3.000 seconds.

use. ABTS solution was diluted with ethanol to a
final absorbance of 0.7±0.8 at 734 nm. 10 μL portion
of sample was added to 990 μl of ABTS solution,
and the reduction in absorbance was measured 1 min
after addition of Trolox up to 40 min after addition
of the extract. The stock solution of Trolox (2.5 mM)
was prepared in ethanol. Absorbance was measured
on a UV/ spectro-photometer [20].
Phenolic compound determination. The
phenolic compounds of 70 % methanol extract of
Thymus sipyleus and Thymus leucostomus were also
determined using LC-MS/MS that analysis were
performed using an Absciex 3200 Q trap MS/MS
dedector. Experiments were performed with a
Shimadzu 20A HPLC system coupled to an Applied
Biosystems 3200 Q-Trap LC- MS/MS instrument
equipped with an ESI ion source was used in the
negative ionization mode. Separations were
performed on a GL Science Intersil ODS 250 x 4,6
mm, i.d., 5 μm particle size, octadecyl silica gel
analytical column operating at 40º C at a flow rate of
0.7 mL/min. Detection was carried out with PDA
detector. Elution was carried out using a binary
gradient of the solvent mixture Methanol-

Statistical analysis. The results were obtained
from MTT assay were expressed as mean ± SD. The
significant differences were indicate as p<0.05 using
one-way anova. GraphPad Prism 6 software was
used in formation of graphics.
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FIGURE 2
4-Caffeoylquinic acid mass spectrum

FIGURE 3
Caffeic acid mass spectrum
acid than 5-Caffeoylquinic acid. Feruloylquinic
acids was determined for their characteristic
molecular ion peak at m/z 367 [M-H]- and
characteristic base peak ion at m/z 193 for 3Feruloylquinic acid and m/z 173 for 4Feruloylquinic acid which was only determined in T.
leucostomus. Rosmarinic acid was determined as
major compound for two species. Rosmarinic acid
was characterised with the molecular ion peak at
m/z/ 359 [M-H]- and other fragment ions at m/z 197
due to the loss of caffeic acid (Fig. 4). Other fragmets
were obtained at rosmarinic acid due to the loss of
3,4-Dihydroxyphenyllactic acid (180 amu) and
caffeoyl unit (162 amu). Standart rosmarinic acid
was used for the confirmation also. Luteolin,
kaempferol glucoside and their glucuronides were
also determined. Apigenin glucuronide was only loss
of 176 amu from molecular ion peaks indicate for
glucuronide while 162 amu indicate for glucosides.
Discrimination of this compounds were done using
the literature data previously published [22].

RESULTS AND DISCUSSION
Phytochemical screening. According to the
LC-MS/MS analysis 22 compound were determined
(Table 1.). Three of these compounds determined as
caffeoyl quinic acid derivatives and two of these
compounds determined as feruloyl quinic acid derivative. Caffeic acid was only determined in T.
leucostomus. Identification of quinic acid derivatives were made according to the characteristic
molecular ion peak as well as base peak and its ratio.
Caffeoyl quinic acid derivatives showed
characteristic molecular ion peak m/z 353 [M-H]and characteristic base peak ion at m/z 191 for 3Caffeoylquinic acid and 5-Caffeoylquinic acid the
base peak ion presented at m/z 173 for 4-Caffeoylquinic acid (Fig. 2) . The discrimination of 3Caffeoylquinic acid and 5-Caffeoylquinic acid was
done according to the MS [21] fragmentation where
the m/z 179 ion is more intense at 3-Caffeoylquinic
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FIGURE 4
Rosmarinic acid mass spectrum
Luteolin 7 glucoside was also confirmed according
to the standart. Rhamnetin, Naringenin and Luteolin
were determined for their molecular ion peak and
fragmentation behaviour. Standart luteolin was also
used for the identification. Most of the compounds
we identified were previously determined in Thymus
but as well as we know it is the first report for
feruloylquinic acids derivatives and Luteolin 7-Oapiosyl-glucoside in genus Thymus.
Cytotoxicity results. The cytotoxic effects of
both extracts were also examined on HeLa and Skov3 cancer cell lines. The results obtained are shown in
Fig.5 and Fig 6. Both Thymus leucostomus and
Thymus sipyleus extract show a higher cytotoxic
effect on Skov-3 cells compared to HeLa cells.
Whereas Thymus leucostomus extract at a
concentration of 500- ȝJ  ml showed a cell
viability of 25 % and 20 % at the same time interval
(72 hours), Thymus sipyleus extract caused cell
viability of approximately 30 % at a concentration of
DQGȝJP/. The results were found to be
statistically significant compared to control
S . The IC50 of Thymus leucostomus extract
was found to be 465 μg / ml for HeLa cells and 360
μg / mL for Skov-3 cells after 72 hours of dosing.
The IC50 of Thymus sipyleus extract was found to be
907 μg / mL for HeLa cells and 60 μg / mL for Skov3 cells after 72 hours.
The criteria used to categorize the activity of
extracts against HeLa, Skov-3 cell lines based on
IC50 values were modified from those of U.S.
National Cancer Institute and Geran et al. [25] as
follows: IC50 ȝJPO KLJKO\DFWLYH,&50 21±200
ȝJPO  PRGHUDWHO\ DFWLYH ,&50 201± ȝJPO 
weakly active, and IC50 !ȝJPO LQDFWLYH7KH
cytotoxicity data for the extracts against HeLa and
Skov-3 cells are displayed in Table 2.

FIGURE 5
Cytotoxic activity of Thymus leucostomus var
Argillaceus and Thymus sipyleus in HeLa cell
lines. Each data point is the average of three
independent wells. Bars indicate mean ±
standart deviation. All comparsions were made
relative to untreated control cells (100% cell
viability). The significant differences were
indicate as p< 0.05 using one-way anova.
GraphPad Prism 6 software was used in
formation of graphics. [*p<0.05; **p<0.01;
***p<0.001; ****p<0.0001]
Thymus leucostomus showed weak active (IC50:
ȝJP/) against Skov-3 cell line and HeLa cell
line (IC50: ȝJP/) and thymus sipyleus showed
no effect (IC50:  ȝJP/) against HeLa cell line
after 72 hours (Table 2). No effect was observed for
48 hours in both cell types (Table data not shown).
Our results indicated that the extracts of
Thymus sipyleus showed moderately active against
Skov-3 cell line (ȝJP/ to compared the Thymus
3587



© by PSP

Volume 26 ± No. 5/2017 pages 3583-3590

Fresenius Environmental Bulletin


leucostomus ( ȝJP/ . Regarding cytotoxic
activity, both species showed better results against
Skov-3 cell lines as compared to HeLa cell lines, but
especially Thymus sipyleus extract shows a higher
cytotoxic effect on Skov-3 cells compared to HeLa
cells (IC50:  ȝJP/  According to a study, the
aromatic compouds and oil components of thyme
have shown cytotoxic activity against ovarian
adenocarcinoma cells (IGR-OV1) [2]. This may be
due to lipophilic compounds that results in leakage
of the enzymes and metabolites that accumulate and
increase the permeability of the cytotoxicity in
cancer cell membranes [26]. In a different study of
Thymus lanceolatus in HL-60 cells, IC50 was found
to be 60 μg/mL [15].

score of DPPH IC50=0.20mg/mL and DPPH IC50=
0.13 mg/mL respectively but not as good as positive
control gallic acid (IC50 = 0.002mg/mL). Another
study
with
Thymus
pectinatus
and
T.
quinquecostatus methanol extract showed strong
antioxidant activity as good as positive control
[14,27]. Because of missing phenolic compound
determination of it is not posible to make a decision
why this species was more active than T leucostamus
and T sypleus. All the extracts showed the similar
ABTS radical scavenging activities with the score of
1mM TEAC. ABTS radical scavenging activity was
found smilar with previously reported from
T.lotocephalus and T. Quinquecostatus [27,28].
Total phenolic content of the extracts were also
found as same 11 mgGAE and 13 mgGAE
respectively. According to previous study Thymus
vulgaris presented ten times more phenolic content
the results that we obtained [22]. As far as we know
the most penolic content was obtained from T
serpyllum authors reported 2008.33 mg/GAE
phenolic content. It is understood that our extracts
contains not more phenolic content. Antioxidant
activity of flavonoids and caffeic acid derivatives are
well known. All activity results given in this study
are related with 22 phenolic compounds in the
Thymus extracts.

TABLE 2
Cytotoxic activity (IC50) of thymus leucostomus
and thymus sipyleus
IC50 (μg/mL)
Sample

72 hours
HeLa

Thymus leucostomus
Thymus sipyleus

4ȝJP/
ȝJP/

Skov-3
360 ȝJmL
ȝJP/

CONCLUSION
The present research study investigated the
antioxidant activity and phenolic profile of the two
species of Thymus and examine the cytotoxic effect
on HeLa and Skov-3 cell lines. According to
cytotoxicity activity, both species showed better
results against Skov-3 cell line as compared to HeLa
cell lines, but especially Thymus sipyleus extract
shows a higher cytotoxic effect on Skov-3 cells.
Furthermore, Thymus sipyleus and Thymus
leucostomus showed antioxidant activity with the
score of DPPH. As a result, we can suggest that
these extracts may be a starting point for further
study and the synthesis of new cytotoxic drugs so
that they might be used as potential therapeutic
agents.

FIGURE 6
Cytotoxic activity of Thymus leucostomus var
Argillaceus and Thymus sipyleus in Skov-3 cell
lines. Each data point is the average of three
independent wells. Bars indicate mean ±
standart deviation. All comparsions were made
relative to untreated control cells (100% cell
viability). The significant differences were
indicate as p< 0.05 using one-way anova.
GraphPad Prism 6 software was used in
formation of graphics. [*p<0.05; **p<0.01;
***p<0.001; ****p<0.0001]
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REACTION OF HYBRID ORNAMENTAL KALES TO
IN VITRO SALT STRESS DURING THE GERMINATION AND
EMERGENCE PERIODS
Burcu Tuncer*
Department of Horticulture, Faculty of Agriculture, Yuzuncu Yil University, Van, Turkey

germination period [9, 10, 11]. Brassica species,
which include ornamental kale, have moderate salt
stress resistance, but their tolerance to salt varies by
species.
Previously, eight different NaCl doses (0, 25,
50, 75, 100, 125, 150, and 200 mM) were studied in
winter canola cultivars, and the results showed that
the germination rate varied between 65.3% and
100%, the germination time varied between 3.75
days and 8.71 days, the radicle length varied
between 0.50 cm and 12.81 cm, and the shoot
length varied between 0.59 cm and 8.79 cm.
Moreover, the cultivars were resistant to salt stress
up to a 125 mM NaCl dose, and the germination
rate decreased significantly thereafter [4]. In their
study of five ornamental kales (Nagoya, Tokyo,
Osaka, Pigeon, and Seagull), Chen et al. [5]
determined that, although varying by cultivars, 150
mmol/L of NaCl inhibited germination. The
Nagoya cultivar was most resistant to salt stress,
while the Pigeon cultivar was most affected by salt.
For the Nagoya cultivar, 213.65 mmol/L was
determined to be the lethal dose, whereas 87.32
mmol/L was determined to be the lethal dose for
the Pigeon cultivar.
Ornamental kales are commonly used as
outdoor plants by municipalities for flower planting
applications in green fields under winter conditions.
In Turkey, curled leaves (Kamome and Chidori series) are more common in regions with a
continental climate, and smooth leaves (Pigeon
series) are common in the temperate climate
regions. Due to the use of hybrid cultivars in
production, their seeds are sold at higher prices.
In this study, the effects of in vitro salt stress
applications on seed germination and the
emergence parameters of five hybrid ornamental
kale cultivars, which have high adaptability and are
widely grown in Turkey, were investigated.

ABSTRACT
This study aimed to determine the reactions of
five F1 hybrid ornamental kale cultivars (Red
Pigeon, Victoria Pigeon, Red Chidori, White
Kamome, and Pink Kamome) to in vitro salt stress
during germination and emergence. Sterilized seeds
were cultured on Murashige and Skoog (MS) media
containing four different NaCl doses (0, 3, 7, and
12 dS/m). According to the obtained results, the
germination rate, speed of germination, average
germination time, germination index, and
sensitivity index values were 42.72-97.09%, 0.763.43, 3.08-6.80 days, 6.60-41.28, and 0.81-1.51,
respectively. Emergence rate, speed of emergence,
the average emergence time, emergence index,
hypocotyl length and radicle length values were
detected as 11.99-93.78%, 0.16-1.63, 4.97-8.69
days, 1.45-18.75, 0.39-3.27 cm and 0.68-3.43 cm,
respectively. The F1 Red Pigeon and F1 Victoria
Pigeon were the most salt stress resistant cultivars,
while the F1 White Kamome cultivars were the
most susceptible to salt stress. Increasing the NaCl
dose had a statistically significant negative effect
on both the germination and emergence properties
of the cultivars.

KEYWORDS:
Brassica; In vitro; NaCl dose; Germination; Emergence

INTRODUCTION
Seed germination and emergence are successive events that follow expansion, enzyme activation, the start of embryo growth, and the cracking
of the seed coat [1]. Many stress factors such as salt
stress [2, 3, 4, 5], heavy metals [6; 7] and drought
stress [8]. have also been reported to have an effect
on germination, seedling growth and productivity
components. As an abiotic danger, salinity can
cause various adverse effects by inhibiting seed
germination at its higher levels, and encouraging
dormancy at its lower levels. Salt stress affects all
of the developmental stages of plants, most plant
species are more susceptible to salt stress during the

MATERIALS AND METHODS
Plant materials. The seeds of five different F1
hybrid ornamental kale cultivars (Red Pigeon,
Victoria Pigeon, Red Chidori, White Kamome, and
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germination time (AGT), germination index, and
sensitivity index were calculated. The emergence
criterion was based on the period in which the
cotyledon leaves were completely parallel to the
ground. In the emergence trials, the emergence rate
and speed, average emergence time, emergence index, and lengths of the hypocotyl and radicle were
evaluated. The hypocotyl and radicle lengths were
determined by calculating the average values of 10
plantlets. The following formulas were used in the
calculations for the germination and emergence
parameters [13, 14]:
Germination/Emergence Rate (%) = (G/T) x 100
Germination/Emergence Speed = n1/t1 + n2/t2 + ...
+ nn/tn [15]
Average Germination/Emergence Time (day) = [(1.
day G x 1. day) + (2. day G x 2. day) + « + (n. day
G x n. day)] / Total G
Germination Index/Emergence Index = (1. day
GR/Dt1) + (2. day GR/Dt2) + « + (n. day GR/Dtn)
Sensitivity Index = AGT in the salt application /
AGT in the control application [16]
In the equations: G represents the Germinated/
Emerged seed number, T represents the total
number of seeds, AGT represents the average
germination time, Dt represents the day of
counting, and n represents the last day of counting,
GR represents the germination rate/emergence rate.

Sterilization of seeds. The seeds were rinsed
with tap water to remove any abiotic materials, put
in a sterile cabinet, and kept in a 20% hypochlorite
solution containing a few drops of Tween-20 for 15
minutes; then, they were rinsed three times for 6
minutes each with bidistilled water.
In vitro seed germination and emergence,
salt (NaCl) applications. The sterilized seeds were
cultured on MS media [12] containing four
different salt concentrations (0, 3, 7, and 12 dS/m).
The pH value of the MS media with 30 g sucrose/L
and 7 g agar/L added was adjusted to 5.8. The seeds
were planted on glass petri dishes 6 cm in diameter,
each containing 7 mL of the medium (10 seeds/petri
dish), and the petri dishes were covered with plastic
wrap to avoid infection/contamination. The seeds
were germinated in climate-controlled chambers at
25ºC, with 16/8 hours light/darkness.
Evaluation of germination and emergence
parameters. The germination trials were finalized
on the 10th day by counting the radicle that reached
2 mm in length. In the germination trials, the values
for the germination rate (GR) and speed, average

TABLE 1
The effects of in vitro salt stress on the germination parameters of the hybrid ornamental kale cultivars.
Accessions
F1 Red
Pigeon

NaCl (dS/m)

Germination rate

Germination speed

0
3
7
12

96.64ab
95.88ab
94.09ab
90.33a-c
94.241
95.49ab
97.09a
94.54ab
82.11c-e
92.311
91.69a-c
86.58a-e
76.59d-f
53.61g
77.122
87.49a-d
75.27ef
66.59f
42.72h
68.024
85.03b-e
85.45a-e
68.98f
52.27gh
72.933
91.27A
88.05A
80.16B
64.21C

3.43
3.67
2.92
2.06
3.021
3.19
2.74
2.54
1.69
2.542
2.74
2.24
1.76
0.95
1.923
2.05
1.66
1.28
0.76
1.444
2.41
2.26
2.40
1.06
2.033
2.76A
2.51B
2.18C
1.30D

Average
F1 Victoria
Pigeon

0
3
7
12

Average
F1 Red
Chidori

0
3
7
12

Average
F1 White
Kamome

0
3
7
12

Average
F1 Pink
Kamome

0
3
7
12

Average
NaCl
Average

0
3
7
12

Average Germination
Time
3.08h
3.28gh
3.69gh
4.85de
3.725
3.93fg
3.95fg
4.59ef
5.43cd
4.474
4.77de
5.15c-e
5.36cd
6.59a
5.472
5.40cd
5.71bc
6.17ab
6.80a
6.021
4.75de
4.79de
3.95fg
5.70bc
4.803
4.39C
4.58BC
4.75B
5.87A

Germination
index
41.28
38.46
28.80
20.56
32.281
30.33
28.01
23.08
15.50
24.232
23.87
20.32
16.70
10.59
17.883
19.06
15.31
12.16
6.60
13.284
23.54
21.12
21.05
10.22
18.983
27.62A
24.65B
20.36C
12.69D

Sensitivity
index
1.08
1.21
1.51
0.951
1.04
1.21
1.48
0.931
1.08
1.16
1.45
0.931
1.07
1.22
1.33
0.941
1.02
0.81
1.22
0.762
1.05B
1.12B
1.39A

Different capital letters in a same column show significant differences among the salt doses (p<0.05)
Different small letters in a same column show significant differences among the species x salt doses (p<0.05)
Different figures in a same column show significant differences among the species (p<0.05)
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TABLE 2
The effects of salt stress on the emergence parameters of the hybrid ornamental kale cultivars.
Accessions
F1 Red
Pigeon

NaCl
(dS/m)
0
3
7
12

Average
F1 Victoria
Pigeon

0
3
7
12

Average
F1 Red
Chidori

0
3
7
12

Average
F1 White
Kamome

0
3
7
12

Average
F1 Pink
Kamome

0
3
7
12

Average
NaCl
Average

0
3
7
12

Emergence Rate

Emergence Rate

89.65a
93.78a
87.10ab
62.38d-f
83.231
81.66a-c
87.81ab
65.98d-f
23.41jk
64.722
74.45b-d
55.45e-h
45.91g-i
18.18k
48.503
58.55e-g
43.18hi
33.18ij
11.99k
36.734
67.99c-e
60.90d-f
52.67f-h
21.74jk
50.833
74.46A
68.22B
56.96C
27.54D

1.62a
1.63a
1.41ab
0.79ef
1.361
1.43ab
1.21bc
0.78ef
0.30hi
0.932
1.17cd
0.79ef
0.59fg
0.21i
0.693
0.86e
0.52gh
0.46gh
0.16i
0.504
1.16cd
1.02c-e
0.96de
0.29hi
0.862
1.25A
1.03B
0.84C
0.35D

Average
Emergence Time
4.97f
5.72ef
6.23def
8.32ab
6.313
6.61c-e
7.77a-d
8.69a
7.93a-c
7.751
7.19a-e
7.52a-d
7.92a-c
7.70a-d
7.581,2
6.81b-e
7.59a-d
8.30ab
8.32ab
6.912,3
7.18a-e
6.76b-e
6.63c-e
8.45a
7.261,2
6.55B
7.07AB
7.55A
7.47A

Emergence
index
18.75a
17.09a
13.04b
7.78ef
14.181
13.24b
11.16bc
8.65de
2.69hi
8.932
10.74cd
7.75ef
5.79fg
1.87hi
6.543
8.74de
5.52fg
4.23gh
1.45i
4.984
10.18c-e
9.18c-e
8.27e
2.65hi
7.573
12.35A
10.14B
7.99C
3.28D

Hypocotyl
length
2.17c
1.98cd
1.18gh
0.49j
1.462
1.33f-h
1.21f-h
0.72ij
0.47j
0.934
3.27a
2.72b
1.63d-f
1.14gh
2.191
1.76de
1.48e-g
0.99hi
0.39j
1.163
3.27a
2.72b
1.35e-h
0.67ij
2.001
2.36A
2.02B
1.17C
0.63D

Radicle
lenght
2.05c-e
1.73e-g
1.36gh
1.57f-h
1.683
1.96c-f
1.92d-f
1.40gh
0.68i
1.493
2.39c
2.24cd
1.94d-f
1.37gh
1.992
1.46gh
1.48gh
1.14h
0.71i
1.204
3.42a
3.43a
2.99b
1.17h
2.751
2.26A
2.16A
1.77B
1.10C

Different capital letters in a same column show significant differences among the salt doses (p<0.05)
Different small letters in a same column show significant differences among the species x salt doses (p<0.05)
Different figures in a same column show significant differences among the species (p<0.05)

Statistical analysis. The germination and
emergence trials were carried out in 3 repetitions,
each involving 40 seeds. The data were evaluated
by analyses of variance, and the means were
FRPSDUHGE\'XQFDQ¶VPXOWLSOHUDQJHWHVW 3 
using the SPSS statistical package program.

(95.88%). The lowest germination rates were observed for the F1 White Kamome (42.72%) and F1
Pink Kamome (52.27%) cultivars at the 12 dS/m
dose and the F1 Red Chidori cultivar (53.61%),
respectively. The germination rate decreased with
the increasing salt concentrations in all of the cultivars except for the F1 Victoria Pigeon cultivar at the
3 dS/m dose and the F1 Pink Kamome cultivar,
when compared with the control group (Table 1).
The F1 Red Pigeon (94.24%) and F1 Victoria Pigeon
(92.31%) cultivars were the most salt stress
resistant cultivars, whereas the F1 White Kamome
(68.2%) and F1 Pink Kamome (72.93%) cultivars
were the most sensitive to in vitro salt stress.
Regarding the difference between the salt averages,
the germination rates of all of the cultivars were
significantly decreased in the salt levels above 3
dS/m (Table 1). Jamil et al. [2] studied three
different Brassica species (head cabbage,
cauliflower, and rapeseed) at four different NaCl
doses (0, 4.7, 9.4, and 24.2 dS/m) and reported that
the germination rate significantly decreased with
the increasing salt concentrations. The decrease in
germination was most significant in the cauliflower,
while the root and shoot lengths of all three species
decreased significantly at the 14.1 dS/m salt level.

RESULTS AND DISCUSSION
Findings of germination parameters. The
variance analysis results of the germination parameters of the in vitro salt stress applications on the hybrid ornamental kale cultivars are shown in Table 1.
The cultivar x salt interactions of the germination
rates and average germination times were statistically significant S  ޒIn addition, the germination rates of the ornamental kale cultivars were
significantly affected by the increasing NaCl doses,
and varied between 42.72% and 97.09% for all of
the cultivars.
The highest germination rate (97.09%) was
observed for the F1 Victoria Pigeon cultivar at the 3
dS/m NaCl dose, followed by the control group
(96.64%) of the F1 Red Pigeon cultivar and the F1
Red Pigeon cultivar at the 3 dS/m NaCl dose
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Ayaz et al. [17] reported that metabolic disorders
and the inhibition of the germination regulatory
protein synthesis in plants under salt stress can
cause a decrease in the germination rate.
When considering the average germination
time, the cultivars were significantly affected by the
NaCl doses (Table 1), and varied between 3.08 days
and 6.80 days at the different doses. The fastest
germination was observed in the F1 Red Pigeon
cultivar control group (3.08 days), followed by the
same cultivar at the 3 dS/m (3.28 days) and 7 dS/m
(3.69 days) doses (Table 1). The slowest germinations were observed in the F1 White Kamome (6.80
days) and F1 Red Chidori (6.59 days) cultivars at
the 12 dS/m dose. With the exception of the F1 Pink
Kamome cultivar at the 7 dS/m dose (3.95 days),
the average germination time was prolonged for the
cultivars at all of the doses above 3 dS/m (Table 1).
Regarding the average germination time, the differences in all of the cultivar averages were statistically significant (pޒ0.05); the F1 Red Pigeon
cultivar (3.72 days) had the fastest germination,
while the F1 White Kamome (6.02 days) had the
slowest germination. The results from our findings
are similar to the data from Jamil et al. [2], Kaya et
al. [3], Al-Thabet et al. [18], and Bybordi and
Tabatabaei [19].
In consideration of the germination speed,
except for the F1 Red Chidori and F1 Pink Kamome
cultivars, the differences in all of the cultivar averages were statistically VLJQLILFDQW S  ޒ7KH
germination index shows the pattern of the seed
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germination, and a decrease in the index value
indicates a loss in the germination abilities of the
seeds. The highest index values were observed for
the control groups of all of the cultivars (Table 1).
Findings of emergence parameters. The cultivar x salt interaction was statistically significant
for all of the emergence properties (Table 2). When
considering the emergence rate, the differences in
the cultivar averages were statistically significant
for all of the cultivars, except the F1 Red Chidori
(48.50%) and F1 3LQN.DPRPH   S ޒ
The F1 Red Pigeon cultivar (83.23%) had the
highest emergence rate, whereas the F1 White
Kamome cultivar (36.73%) had the lowest
emergence rate. The emergence speed was
statistically significant for all but two of the
cultivars (F1 Pink Kamome and F1 Victoria Pigeon),
while the emergence rate, emergence speed, and
emergence index decreased significantly with the
increasing salt concentrations (Table 2).
The hypocotyl length of all of the cultivars
significantly decreased with the increasing salt
FRQFHQWUDWLRQV S ޒZKLFKFDQEHH[SODLQHGE\
the ion toxicity-inhibited water uptake and osmotic
pressure resulting from the salt stress. These results
are similar to the results obtained by, Zamani [11]
and Saied et al. [20], who studied rapeseed and
other cultivars.
The differences in the emergence rates of the
cultivars at the end of the 10th day at the different
salt concentrations are shown in Figure 1.

FIGURE 1
Differences in the emergence rates of the cultivars at the end of the 10 th day at the different salt
concentrations: (a) F1 Red Pigeon, (b) F1 Victoria Pigeon, (c) F1 Red Chidori, (d) F1 White Kamome,
(e) F1 Pink Kamome, and (f) germinated seeds.
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The examination of the averages of the
cultivars revealed that the F1 Red Chidori (2.19 cm)
and F1 Pink Kamome (2.00 cm) cultivars had the
highest hypocotyl lengths. In addition, the radicle
lengths of the cultivars differed with the salt
concentrations; however, the lengths did not
decrease significantly until reaching the 3 dS/m
dose. A significant decrease in the radicle length
was observed in those doses above 3 dS/m
S  ޒ:LWK UHJDUG WR WKH UDGLFOH OHQJWK WKH )1
Pink Kamome cultivar (2.75 cm) was the least
affected by the salt concentrations (Table 2). Kaya
et al. [3] studied the effects of different salt
concentrations (0, 5, 10, and 20 dS/m) on the
germination and early seedling growth of rapeseed
(Brassica napus ssp. oleifera L.), turnip rape (Brassica campestris L.), and cabbage (Brassica
oleracea L.). They determined that the turnip rape
was least affected by the NaCl doses, the salt levels
did not cause a significant decrease in the
germination and seedling growth up to 10 dS/m,
and the salt levels inhibited seedling growth rather
than germination.
Jamil et al. [2] emphasized that the radicle
length was one of the parameters that were significantly affected by salinity. This may be the result of
NaCl toxicity and irregularities in the nutrient
uptake of the roots due to salinity. Accordingly,
Khan and Gulzar [21] reported that salinity
adversely affected the root development by
reducing the nutrient uptake. Our study findings are
also supported by those of Saied et al. [20] and
Mahmoodzadeh [22], who reported that the
rapeseed root length decreased with increasing salt
levels.
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[2] Jamil, M., Lee, C.C., Rehman, S.U., Lee, D.B.,
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and emergence of some Brassica species.
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preparation applications on yield components
and antioxidant properties of common bean
(Phaseolus vulgaris L.). Fresen. Environ. Bull.,
24(11b), 4034-4041.
[7] Guleryuz, G., Kirmizi, S., Arslan, H. and
Derya, S. (2016) The effects of heavy metals
on the seed germination and seedling growth of
two endemic Verbascum species. Fresen.
Environ. Bull., 25(4), 1134-1142.
[8] Ates, E. (2016) Determining drought tolerance
of new fodder pea and Persian clover
genotypes at the germination and early seedling
stages. Fresen. Environ. Bull., 25(12a), 60206029.
[9] Khan, M.A., Ungar, I.A. and Showalter, A M.
(2000) Effect of sodium chloride treatments on
growth and ion accumulation of the halophyte
Haloxylon recurvum. Communications in Soil
Science and Plant Analysis, 31(17-18), 27632774.
[10] Kusvuran, S., Ellialtioglu, S., Abak, K. and
Yasar, F. (2007) Responses of some melon
(Cucumis sp.) genotypes to salt stress. Tarim
Bilimleri Dergisi- Journal of Agricultural
Sciences, 13(4), 395-404.
[11] Zamani, S., Nezami, M.T., Habibi, D. and
Khorshidi, M.B. (2010) Effect of quantitive
and qualitative performence of four canola
cultivars (Brassica napus L.) to salinity
conditions. Advances in Environmental
Biology, 4(3), 422-427.
[12] Murashige, T and Skoog, F. (1962) A revised
medium for rapid growth and bioassays with
tobacco tissue cultures. Physiol Plant., 15,
473±497.
[13] Li, C., Feng, S., Shao, Y., Jiang, L., Lu, X. and
Hou, X. (2007) Effects of arsenic on seed
germination and physiological activities of

CONCLUSION
This study investigated the reactions of five
hybrid ornamental kales to salt stress during the
germination and emergence periods. It was determined that the adverse effects of the increasing
NaCl doses on all of the growth parameters were
statistically significant. A general examination of
both the germination and emergence parameters
revealed that the ornamental kales of the Pigeon
cultivar (F1 Red Pigeon and F1 Victoria Pigeon)
were the most salt stress resistant, whereas the F1
White Kamome cultivar was the most affected by
the salt.
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1

The quality of water plays a prominent role in
affecting both agricultural production and human
health. The hydro geochemical study of groundwater
helps to identify the processes controlling the geochemical evolution of such water [5]. The chemical
composition of groundwater reveals the different
natural processes that provide chemical elements to
the dissolved load, the major part of such input
coming from the weathering of rocks and soils and a
minor part from atmospheric precipitation [6,7], [1113]. Increasingly, anthropogenic disturbances have
also begun to play a crucial role in the change of
groundwater quality. The over exploitation of
aquifers for agricultural, industrial and urban uses
along with structural and climatic conditions increases the possibility of deterioration of groundwater. The discharge of untreated or inadequately
treated wastewater, contaminated agricultural runoff
from farms and discharge of untreated sewage can
all lead to the contamination of groundwater in
aquifers [14].Groundwater is almost globally important for human consumption as well as for the
support of habitat and for maintaining the quality of
base flow to rivers [15].
In Gudur area,a detailed geochemical study
was carried out in order to identify groundwater
quality. Hence, it is vital to study and understand the
different hydrogeochemical characteristics of
aquifers in geological terrains. The aims of this study
were to understand the groundwater hydrochemistry,
detect its control mechanisms, and evaluate the
groundwater comprehensively.

ABSTRACT
Hydrogeochemical investigation was attempted to find the dominant processes in influencing the
groundwater quality. This was evaluated for its
suitability for drinking and irrigation purposes by
estimating pH, EC, TDS, hardness and alkalinity
besides major cations Na+, K+, Ca2+, Mg2+ and anions HCO3í, CO32-, Clí, SO4í and Fí. Based on the
analytical results, chemical indices like, SAR, cation
ratio of structural stability (CROSS), percent Na,
Permeability index, residual sodium carbonate
(RSC), .HOO\¶V UDWLR Pagnesium adsorption ratio
and non carbonate hardness (NCH) were calculated.
Permeability indices suggest suitability of groundwater for irrigation. This study indicates that the
groundwater in Gudur area is fairly suitable for irrigation and drinking purposes.

KEYWORDS:
Groundwater quality evaluation, hydrogeochemistry, water-rock interaction, Gudur.

INTRODUCTION
Water is an essential commodity with an unparalleled value after air and plays significant role in
the biosphere (in animals and plants kingdoms),
atmosphere (air) and lithosphere (rock units) [1, 2].
It represents a unique feature in every settlement for
drinking, sanitation, washing, fishing, recreation and
industrial uses. Water can occur as surface water in
lakes, rain and stream as well as groundwater in
wells, boreholes and springs. Groundwater resources
are dynamic in nature and are affected by such
factors as the expansion of irrigation activities,
industrialization and urbanization; hence monitoring
and conserving this important resource is essential.
The quality of water is defined in terms of it
ascertaining the quality is crucial before its use of
various purposes such as drinking, agricultural, recreational and industrial uses [3-7].Hydrochemical
evaluation of groundwater systems is usually based
on the availability of a large amount of information
concerning groundwater chemistry [8-10].

STUDY SITE
The present study area is included in the toposheet No.57 N/11 and covers an area of area of
247.29 km². It is located between longitudes 79°42'
30''E ± 79° 54'30''E and latitudes 14°13'00''N 14°16'30'' N (Fig.1). The study area has a sub
tropical climate with a mean annual temperature of
24.3ºCto32.9ºC. The humidity is usually in the range
of6±84 %. The annual normal rainfall of the study
area is about 1084 mm. The mean daily maximum
temperature in the district is about 42°C in May and
the mean daily minimum temperature is about 20°C
in December/ January.
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FIGURE 1
Map of the study area with water sample locations
TABLE 1
Minimum, maximum, standard deviation and average values of different constituents of water samples
S. 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

Constituents
Calcium (Ca) (mg/l)
Magnesium (Mg) (mg/l)
Sodium (Na) (mg/l)
Potassium (K) (mg/l)
Bicarbonate (HCO3) (mg/l)
Carbonate (CO3) (mg/l)
Sulphate (SO4) (mg/l)
Chloride (Cl) (mg/l)
Fluoride (F) mg/l
Total dissolved solids (mg/l)
Hardness as CaCO3 (mg/l)
Alkalinity as CaCO3 (mg/l)
pH
Specific conductance (μmhos/cm)
Non-carbonate hardness (NCH)
Sodium adsorption ratio (SAR)
Cations ratio of structural stability (CROSS)
Adjusted sodium adsorption ratio (Adj SAR)
Sodium percentage (%Na)
Potential salinity(PS)
Residual sodium carbonate (RSC)
Permeability Index (PI)
Kelley's ratio (KR)
Magnesium adsorption ratio(MAR)

Min
113
24
60
1
144
4
80
166
0.80
406
120
160
6.40
625
213.32
0.94
1.17
2.64
13.13
5.94
-24.98
20.49
0.13
11.47

Max
359
250
310
40
598
72
200
726
2.00
910
915
321
9.0
1400
1248.88
4.75
5.32
14.24
46.87
21.62
-4.27
55.73
0.84
73.16

Average
172.65
131.89
154.33
8.83
407.23
26.20
138.70
475.13
1.30
113
553.18
251.40
7.25
851.05
597.31
2.17
2.50
6.48
25.96
14.84
-11.95
35.42
0.35
54.72

S.D
48.26
46.36
60.07
8.67
129.13
17.57
33.25
129.96
0.23
112.89
112.89
43.19
0.57
173.67
259.57
0.85
0.97
2.65
7.58
3.65
5.19
8.16
0.15
13.11

SE
7.63
7.33
9.50
1.37
20.42
2.78
5.26
20.55
0.04
17.85
28.43
6.83
0.09
27.46
41.04
0.13
0.15
0.42
1.20
0.58
0.82
1.29
0.02
2.07

well dried plastic bottles during the period of January
2016. Water samples were analysed for temperature,
pH, Electrical conductivity(EC), total dissolved
solids (TDS), carbonate bicarbonate, total hardness,
calcium, magnesium, chloride, sulphate, sodium,
potassium, and flouride. Electrical conduc-tivity and
pH of the water samples were measured in the field
immediately using portable pH and EC meters. The
collection, preservation and the analy-sis of various
physico-chemical parameters were analysed
according to APHA [17] guidelines. Certain
parameters viz., Sodium adsorption ratio (SAR), Adj
sodium adsorption ratio, Residual sodi-um
carbonate, Non carbonate hardness, Permeabili-ty
index,.HOO\¶V Uatio, Magnesium adsorption ratio,
Percent sodium, and Potential salinity were also
calculated (Table 1).

GEOLOGY
The pegmatite belt in Gudur Taluk of the
Nellore district in Andhra Pradesh is famous for
green and ruby mica associated with various industrial minerals such as feldspar, beryl, and tourmaline,
including other atomic minerals. It is covered by
igneous and metamorphic complex consisting
primarily of hornblende schist, amphibolite, muscovite ± biotite schist, quartzite, and pegmatite [16].

MATERIALS AND METHODS
Forty water samples obtained from tube wells
and hand pumps in the study area from different
sites. The water samples were collected in clean,
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FIGURE 2
Plot of TDS versus TH expressed in mg/L CaCO3

belongs to the zones of Z3 (12 samples) and Z4 (12
samples) which are are hard in nature.

RESULTS AND DISCUSSION
In the present study, the pH is in range of 6.40
to 9.0 and the EC is ranging from 625 to 1400
ȝPKRVFP&DOFLXPLVYDU\LQJIURPWRPJO
and magnesium is ranging from 24 to 250 mg/l;
sodim is between 60 to 310 mg/l and potassium is
varying from 1 to 40 mg/l. The fluo-ride
concentration is ranging from 0.80 mg/l to 2.0 mg/l.
The total dissolved solids lie between 406 to 910
mg/l. The concentration of sulphate varies between
80 mg/l to 200 mg/l. The bicarbonate and carbonate
concentrations in ground water ranges from 144 to
598 mg/l and 4 to 72 mg/l respectively. The chloride
content varies from 166 to 726 mg/l/. The alkalinity
varies from 160 to 321 mg/l and the hardness varies
from 120 to 915 mg/l. The abundance of the major
ions in groundwater is in following order:

Irrigation water quality. The most widely
used water quality indices to evaluate potential salinity risk of soils are Residual Sodium Carbonate
(RSC) and Sodium Adsorption Ratio (SAR) [23]. In
view of the limited number and uncertainty of using
only two indices, in the present work a novel water
quality assessment was applied for the first time by
statistically combining eight individual quality
indices for irrigation water in zones susceptible to
soil salinization. These are: RSC [24], SAR [25],
percentage of sodium (%Na) [26], Kelley index (KI)
[27], permeability index (PI) [28], sodium
percentage (% Na), magnesium adsorption ratio
(MAR) [29] and recently, cation ratio of structural
stability (CROSS) [23].

Ca2+> Na+>Mg2+> K+ and Clí>HCO3- >SO42-> CO32-

Sodium percentage (%Na). In natural waters,
%Na is a common parameter that indicates whether
the water is suitable for use in agriculture or not. It
is an important parameter to classify the
groundwater samples for irrigation purpose. It is
calculated by the formula proposed by Doneen [30].
The sodium along with carbonate forms alkaline
soil; while sodium with chloride forms saline soil;
both of these are not suitable for the growth of plants
[31]. The sodium percentage values in the study area
ranges from 13.13 to 46.84 %. The quality
classification of irrigation water based on the values
of sodium percentage as proposed by Wilcox [26]
suggests that the groundwater of study area is good
to permissible category (Table 1).

Drinking water quality. The analytical results have been evaluated to ascertain the suitabi-lity
of groundwater of the study area for drinking and
agricultural uses. The drinking water quality is
evaluated by comparing with the specifications of
TH and TDS set by the World Health Organization
[18, 19]. Total dissolved solids represent the total
weight of dissolved solids in a solution and express
the degree of salinity of a medium [20]. The
concentration level of total dissolved solids (TDS) in
groundwater can be classified as fresh ground-water
(TDS<1000 mg/L), brackish water (TDS be-tween
1000 to 10000 mg/L) and saline water (TDS>10000
mg/L) [21]. Total hardness (TH) and total dissolved
solids (TDS) and are two important parameters in
assessing drinking water quality [22]. The plot of
TDS versus TH suggests that the groundwater
samples lie in the zones Z1, Z2, Z3 and Z4 indicating
different quality levels among these samples (Fig. 2).
In the present study Samples those belonging to
zones of Z1 (2 samples) and Z2 (14 samples) are
suitable for human consumption (40 % samples).
These samples are fresh water with acceptable
degrees of hardness. The remaining 60 % samples

Sodium Adsorption Ratio (SAR). In 1954,
Richards [25] proposed this ratio as an indicator of
adsorption of sodium by soil and soil structure
damage. A higher proportion of Na+ related to Ca2+
and Mg2+affects the suitability of water for crops.
This ratio is used to calculate the degree to which
cations dissolved in irrigation water tend to enter into
cation exchange sites in soil. The main problem with
high sodium concentrations, as mentioned before, is
its effect on soil permeability. Sodium also
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salt-affected soils and groundwater. Sodium
adsorption ratio (SAR) is used to parameterise soil
sodicity and the effects of sodium on soil structure.
However, some natural soils irrigated with recycled
water, have elevated concentrations of potassium
and magnesium. There-fore, there is a need to derive
and define a new ratio including these cations in
place of SAR, which will indicate the dispersive
effects of Na and K on clay dispersion, and Ca and
Mg on flocculation. Based on the differential
dispersive effects Na and K and the differential
flocculation powers of Ca and Mg, we propose the
FRQFHSW RI µFDWLon ratio of soil strucWXUDO VWDELOLW\¶
(CROSS), analogous to SAR.
In irrigation water quality parameters, CROSS
is the only tested that accounts for the effects of all
four major cations on soil physical properties. It is
based on the premise that the effects of K and Mg on
the permeability of soils, at threshold levels of EC,
are due to the dispersion of soil aggregates and
consequent blockage of soil pores. The same relationships hold for the effects of Na and Ca. Consequently, incorporating K and Mg does not pose new
deleterious mechanisms for consideration, and the
use of CROSS as a diagnostic tool should be similar
to the use of SAR. This index takes into account not
only Na+, Ca2+ and Mg2+, but also K+ [23], [34].
Authors suggest using CROSS as water quality index instead of SAR, on the basis that hydraulic
conductivity of K+ modified soils is overestimated by
SAR and that problems with soil physical properties
caused by waters with high concentrations of K +
have been reported since more than 50 years [35].

contributes directly to total salinity of water and may
be toxic to sensitive crops.
The degree to which the irrigation water tends
to enter into cation exchange reaction in soil can be
indicated by the sodium adsorption ratio [32]. Since
sodium replaces adsorbed calcium and magnesium
in soil, hence it is expressed as; Excess sodium in
groundwater gets adsorbed on soil particles, thus
change soil properties and also reduce soil permeability [33]. There is a significant relationship between SAR values of irrigation water and the extent
to which sodium is adsorbed by the soils. If water
used for irrigation is high in sodium and low in calcium, the cation-exchange complex may become
saturated with sodium. This can destroy the soil
structure due to dispersion of clay particles. The
calculated value of SAR in the study area ranges
from 0.94 to 4.75.
U.S. Salinity Laboratory [32] proposed to plot
SAR against EC for rating irrigation water (Fig. 3).
The plotting of SAR values in USSL diagram indicates that all the samples have low SAR value. Out
of 40 samples, 13 samples (32.50%) lies in C2-S1
field, 27 samples (67.50%) lie in C3-S1field in
USSL diagram (Fig. 3).The C3-S1 field is considered as good water category for irrigation use. This
implies that no alkali hazard is anticipated to the
crops. In the present study the C3S1 category water
samples could be used for all types of crops.
Cation ratio of structural stability (CROSS).
Water quality used for irrigation is of great
importance in order to determine the convenience of
its use in agriculture. Sodium salts tend to dominate

FIGURE 3
The quality of groundwater samples in relation to salinity and sodium hazard
(after U.S. Salinity Laboratory, 1954)
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FIGURE 4
The quality of water in relation to electrical conductivity and percent sodium (Wilcox diagram)

SAR values of irrigation waters are about 10 to 15
percent greater than the unadjusted SAR.
Additionally, irrigation water with a low salt
concentration and a high SAR will contribute to
reduced permeability of dispersive soils eventually.
This parameter is basically used for assessment
of alkalinity hazard in irrigation water and it is
ranging from 2.64 to 14.24 (Table 1). The result
showed that the concern due to sodium hazard of the
water became more emphatic because in all water
samples Adj.SAR is higher than SAR. This can be
calculated with the following formula:
Adjusted sodium adsorption ratio (adj.SAR) = SAR
[1 + (8.4 - pHc)]; Ayers and Westcot [37]
pHc= (pK2 - pKc) + p(Ca + Mg) + p(Alk)
where;
pK2 Negative logarithm of the second disassociation
constant for carbonic acid
pKc Solubility constant for calcite
p Negative logarithm of ion concentration
All ionic concentration is in meql-1
The Adj. SAR values are ranging from 2.64 to
14.24with a mean value of 6.48. In the present study
majority of the samples are showing <3.Based on
Ayers and Tanji [38]classification, samples having
<3 Adj.SAR values are safe for irrigation.

Rengasamy and Marchuk [36] then proposed
the following generalization of SAR
CROSS= (Na + 0.56 K) / [(Ca + 0.60 Mg)/2]1/2
For this index, no criteria is proposed, however,
it is mentioned that CROSS could replace calculations of SAR, the same criteria was used: <10
excellent (S1), 10±18 good (S2), 18-26 doubtful
(S3), >26 unsuitable (S4). The substitution of
CROSS for SAR in irrigation water quality guidelines as a generalization of sodicity hazard to include
the relative deleterious impact on soil hydraulic
properties of the four common cations. From the
Table 1, it can be noted that the Cation ratio of
structural stability (CROSS) varies from 1.17 to 5.32
with an average of 2.50. In the present study, all
samples are showing excellent for irrigation.
Adjusted SAR. If irrigation water contains
relatively high amounts of bicarbonate ion, the bicarbonate can the calcium and magnesium concentrations in a soil to which the water is applied. For
this, some laboratories compute and report an "adjusted SAR" that takes into account the water's bicarbonate and total salinity as well as its calcium,
sodium, and magnesium content. The presence of or
introduction of bicarbonate and carbonate ions in the
irrigation water increases the permeability hazard as
quantified by SAR. Irrigation of calcium-rich or
magnesium rich soil with water containing carbonate
or bicarbonate ions will form insoluble calcium and
magnesium carbonate (limestone, dolomite), thereby
reducing the concentration of calcium and
magnesium applied to the SAR calculation. This
consideration in the calculation of SAR results in the
adjusted SAR (Adj. SAR) being greater than the
SAR, thereby providing a truer index of the sodicity
of the water and the risk of dispersion. Most Adj.

:LOFR[¶V 'LDJUDP. The suitability for agricultural use in groundwater is by calculating Na+
percentage [26], because Na+ concentration reacts
with soil to reduce its permeability [39]. Percentage
of sodium plotted on Wilcox diagram indicates that
out of 40 samples, 26 samples (65%) belongs to good
to permissible category; 14 samples (35 %) belongs
to excellent to good category (Fig. 4).
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irrigation purpose. In most of the analysed water
samples, RSC values are varying from -24.98 to 4.27. This indicates that water is suitable for
irrigation uses.

Kelley's Ratio (KR).This ratio is based on the
premise that as the concentration of Na increases,
Na+ tends to replace Ca2+. Continued irrigation and
rain leach out the replaced Ca2+ with the resulting
dispersion of the soil, where Ca2+ plays a significant
role in the mineral nutrition of plants. Likewise, the
uptake of K+ is stimulated, while the absorption of
Na+ is repressed, by Ca2+, even when the
concentration of Ca2+ is very low [27].It is the ratio
of sodium ion to calcium and magnesium ion in epm
as .HOOH\¶V 5DWLR .5  >@. They have been
computed for all groundwater samples of the study
area and presented in Table 1.In the study area KR
ranges from 0.13 to 0.84 indicating that water is
suitable for irrigation purpose as the value is less
than 1.

Non carbonate hardness (NCH). Hardness of
water relates to the reaction with soap, since Ca2+
and Mg2+ ions precipitate soap. Hardness is expressed as mg/l of CaCO3. If the hardness as CaCO3
exceeds the difference between the alkalinity as
CaCO3 and hardness as CaCO3, it is termed as Non
Carbonate Hardness.NCH is also called permanent
hardness.
NCH = (Sum of epm of Ca2+ + Mg2+± Sum of epm
of CO32- + HCO3-) x 50
When the difference is negative NCH = 0
From the Table 1, it can be delineated that the
NCH values ranged from 213.32 to 1248.88 with an
average of 597.31.

Magnesium adsorption ratio (MAR). The
magnesium content is considered one of the most
important indicators to assess water quality for irrigation. At high concentrations of magnesium, crops
are harmfully affected as soil becomes more saline
[41]. Excess of magnesium in the soil easily affects
the crop yield. In both the seasons, magnesium value
is greater than the permissible limit except few
stations and ranges from 11.47 to 73.16 meq/L.
Harmful effects on soils are expected when water
MAR values are larger than 50 [37]. The magnesium
ratio >50 is considered harmful and unsuitable for
irrigation purposes. High magnesium ratio may be
due to the passage of surface water and subsurface
water through limestone, kankar and granite rock
formation in the study [4].

Potential salinity(PS). This is defined as the
chloride concentration plus half of the sulphate
concentration. Doneen [42] pointed out that the
suitability of water for irrigation is not dependent on
the concentration of soluble salts. Doneen [30] is of
the opinion that the low solubility salts precipitate in
the soil and accumulate with each successive
irrigation, whereas the concentration of highly soluble salts increases the salinity of the soil. The potential salinity of the water samples in the study area
varies from 5.94 to 21.62.
Permeability Index (PI). The permeability
index proposed by Doneen [28] indicates susceptibility of soil to permeability loss with respect to
water quality, taking into account dissolved ions that
can easily precipitate (expressed in percentage). Soil
permeability is affected by a long-term use of
irrigation water, depending on soil type and quality
of the water used for irrigation. This index is
calculated based on Na+, Ca2+, Mg2+ and bicarbonate
content of water.
The classification of irrigation waters has been
attempted on the basis of permeability Index, as
suggested by Doneen [30]. He has evolved a criterion for assessing the suitability of water for irrigation based on PI, and PI has been calculated by using
the formula[28].
Permeability Index (PI) =100× (Na+  ¥+&23-) /
(Ca2+ + Mg2+ + Na+)
In the present study the PI values are ranging
from 20.49 to 55.73 with an average value of 35.42
indicating that the groundwater of the study area is
moderately suitable for agricultural purposes. Analytical data of PI values plotted on Doneen diagram
revealed that 100% of the groundwater samples fall
in Class I (Fig. 5). The water sample fall under,
Classes I in the Doneen diagram are generally good
for irrigation purposes.

Residual sodium carbonate (RSC). Residual
sodium carbonate is defined as the residue of carbonate that is combined with sodium, when Ca2+ and
Mg2+ precipitated, caused by evaporation and plant
uptake. This may happen when water has more
carbonate and bicarbonate than Ca2+ and Mg2+.The
presence of carbonate and bicarbonate in irrigation
water represents a loss of fertility risk, owing to
deposition of sodium carbonate.
The quantity of bicarbonate and carbonate in
excess of alkaline earths (Ca2+ + Mg2+) also influence the suitability of water for irrigation purposes.
When the sum of carbonates and bicarbonates is in
excess of calcium and magnesium, there may be
possibility of complete precipitation Ca2+ and
Mg2+[29]. To quantify the effects of carbonate and
bicarbonate, residual sodium carbonate (RSC) has
been computed by the equation:
RSC= (CO32-+HCO3-)-(Ca2++Mg2+) in meq/l
Water with high RSC has high pH and higher
potential of sodium hazard. A high value of RSC in
water leads to an increase in the adsorption of
sodium in soil [10], [24]. Waters having RSC values
greater than 5 meq l/l are considered harmful to the
growth of plants, while waters with RSC values
above 2.5 meq/l are not considered suitable for
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nitrate) is plotted on the y-axis. The milliequivalent
percentage difference between alkaline earth and
alkalies and between weak acidic anions and strong
acidic anions is plotted on one of the four possible
sub fields of the diagram. In the present study 9
samples (22.50%) fall in subfield 5 of Ca-Mg-HCO3
type of water; 31 samples (77.50%) fall in the
subfield 6 of Ca-Mg-Cl type (Fig. 6). Chadha plots
further revealed cations exchange process and
dilution/Mixing processes as responsible for
groundwater evolution in the stuG\ DUHD &KDGKD¶V
diagram has all the advantages of the diamondshaped field of the Piper trilinear diagram [45] and
can be conveniently used to study various
hydrochemical processes.

Hydrochemical facies.The general purpose of
a hydrogeochemical facies study is to relate the
chemical character of ground water to the geologic
and hydrologic environment [43]. The more specific
objectives of this study area are to find out the
distribution of chemical constituents in a groundwater of the study area. Groundwater samples of the
study area have been plotted on Chadha's diagram
[44]. In this diagram, the difference in
milliequivalent (epm) percent between alkaline earth
(calcium + magnesium) expressed as percentage
reacting value is plotted on the x-axis and the
difference in milliequivalent (epm) percentage
between weak acid anions (carbonate +bicarbonate)
and strong acid anions (chloride, sulphate and

FIGURE 5
'RQHHQ¶V diagram for classification of groundwater quality

FIGURE 6
&KDGKD¶VGLDJUDP PRGLILHG3LSHUGLDJUDP
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FIGURE 7
Scatter plots of correlation between different ions

Bivariate plots among different constituent
ions. Bivariate diagrams are helpful in understanding the processes of groundwater chemical evolution
[46]. In this study, bivariate diagrams were
generated among different ions to get a better understanding of the groundwater chemical evolution
processes. The correlation and trend line analyses
between the groundwater constituents were shown in
Figure 7. The plots include Cl- versus Na+; HCO3versus Ca2+; HCO3- versus Ca2+ + Mg2+; (Ca2+
+Mg2+) - (HCO3- ±SO42-) versus (Na+ + K+ + Cl-);
(HCO3- ± SO42-) versus (Ca2+ + Mg2+). There exist
strong correlation between (Ca2+ and Mg2+) - (HCO3± SO42-) versus (Na+ + K+ + Cl-) (r = 0.40); There is
a moderate correlation between (HCO 3- ± SO42-)
versus (Ca2+ + Mg2+) (0.327); and HCO3- versus Ca2+
+ Mg2+ (r=0.37). A common rock-water interaction
can be the origin for these ions. It can also be inferred
that the origin of HCO3- is different from that of
SO42-. This observation showed the involvement of
silicate weathering in the geochemical processes,
which contribute mainly sodium, calcium and
potassium ions to the groundwater [7], [47, 48,49].

CONCLUSIONS
Interpretation of hydrochemical analysis reveals that the groundwater in the study area is fresh,
hard to very hard. The sequence of the abundance of
the major ions is in the following order: Ca >Na >Mg
> K and Cl>HCO3> SO4>CO3. Alkali earths slightly
exceed alkalis and weak acids exceed strong acids.
In consideration with the mineral compositions of
the aquifer, such results indicate that silicate
minerals, such as feldspar (plagioclase and Kfeldspar), pyroxene, hornblende and/or mica are the
predominant main minerals responsible for the
evolution of chemical compositions of the
groundwater in this study. The main processes controlling the groundwater chemistry in this study,
only Na+, K+, Ca2+, Mg2+ and HCO3- have been
chosen for quantifying the contributions of the
sources. Distribution of the groundwater samples in
rectangular diagram (Chadas diagram) has revealed
that the dominant hydrochemical facieses of
groundwater is Ca-Mg-Cl (77.5 % samples) and the
remaining 22.5 % samples are falling in the category
of Ca-Mg-HCO3. The analytical data plotted on the
US salinity diagram illustrates that 77% of the
groundwater samples fall in the field of C2S1,
indicating medium salinity and low sodium water.
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The evaluation of the water quality using two or
three quality indices is not enough and to elucidate
the processes leading to soil salinization and propose
strategies for mitigation a more detailed assessment
is required, including soil analyses.
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THE COMPARE OF OLIVE MILL AND TOBACCO WASTES
EFFECTS ON RUNOFF, SOIL LOSS, DRAINAGE, SOIL
REACTION (pH) AND SOIL ELECTRICAL CONDUCTIVITY
(EC) VALUES
Gokcen Yonter*, Huriye Uysal
Ege University Faculty of Agriculture Department of Soil Science and Plant Nutrition 35100, Izmir-Turkey

fertility [6]. [7] stated that mulching protects soil
from rainfall by reducing the raindrop impact.
Several authors reported that mulching materials can
be applied to soil with unmixed or mixed methods in
some erosion studies [8, 9]. Moreover, various kinds
of materials can be used in erosion studies for
mulching [10, 11, 12]. According to the kinds of
materials, mulching reduces runoff and soil loss and
increases infiltration on soils, significantly. [13]
found that mulching were effective on reducing
runoff by 28-58%, and soil loss by 11-87%,
respectively. In other study, it was found that there
were significant correlation between mulching rates
and soil loss, but there were not significant
correlations between runoff, soil loss and infiltration
[14]. In contrary, some authors reported that
materials and application rates of mulching
decreased runoff and soil loss, and increased
infiltration, significantly [15, 16]. [17] found that
alperujo and olive mill wastes were effective on
decreasing runoff and soil loss, and increasing
infiltration, significantly. In other study, it was found
that mulching reduced runoff by 31-73% and soil
loss by 31-82%, respectively [18]. [19] found that
mulching reduced runoff by 21-51%. Some authors
have also studied on mulching experiments at
different rainfall intensities under natural rain and
laboratory conditions [20, 21]. Application of
organic materials to soil may change the chemical
properties of soils, depending on their own chemical
properties. In several studies, organic wastes were
effective on reducing pH and increasing EC [22, 23].
The objectives of this research were to compare
the effects organic wastes (olive mill and tobacco)
applied with unmixed at different rates on runoff,
soil loss, drainage, and pH and EC measured from
soil and drainage water samples, respectively.

ABSTRACT
In this study, three samples of Typical
Xerofluvent soil were used. Soil samples were
passed through from an 8 mm sieve, were placed into
erosion plots which have a drain pipe and sized as
30x45x15 cm. Different doses (0, 10, 20 and 40 t/ha)
of organic wastes (olive mill and tobacco) were
applied as uniformly by hand on soil surface into the
erosion plot unmixed with soil. After one hour
application of rainstorms on plots by different
rainfall intensities (30, 60 and 90 mm/h), pH and EC
values of experimental soils were measured. As a
result of research, runoff and soil loss from the plots
were decreased and drainage was increased
significantly by application of olive mill and tobacco
wastes. In addition, these wastes were affected on pH
and EC significantly. It was found that minimized
organic wastes were effective on decreasing erosion.

KEYWORDS:
EC, olive mill waste, pH, runoff, soil loss, tobacco waste.

INTRODUCTION
In ecological systems of arid and semiarid
regions as Mediterranean countries, soil erosion is a
major problem [1]. Raindrops which have irregular
regimes in Mediterranean region, detach the soil
particles from lands based on land slope [2]. Thus,
soil erosion has posed a serious threat to the national
food production, the security of ecology and
environment, and socio-economic sustainable
development in the future [3]. In addition, soil
IHUWLOLW\GHSHQGVRQWKH FRQWLQXLW\RIVRLO¶VRUJDQLF
matter, but o huge amount of soil organic matter is
lost by soil erosion [4]. Turkey lost 420 Mg/km2 of
soil per year based on desertification and using
agricultural techniques [5]. In order to minimize soil
erosion, some techniques have been developed in
recent years. One of these techniques is to mulch the
soil with various organic wastes. Organic materials
as plant residues protect the soil from erosion by
improving soil structure as well as increase the soil

MATERIALS AND METHODS
A total of 3 experimental sample of Typical
Xerofluvent soil [24, 25] were taken from the
$JULFXOWXUH )DFXOW\¶V 5HVHDUFK 3UDFWLFHV DQG
Production Farm of Ege University in MenemenIzmir in the Western Anatolia region of Turkey.
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were recorded and tabulated [46, 48, 2]. This study
was carried out in total of 216 treated plots (108 plots
in olive mill + 108 plots in tobacco wastes). Data
were analyzed by using an SPSS statistical package
program [49] in this study. Differences means
groups were determined by Duncan tests (p<0.05).

Typical Xerofluvent soils which are consisting of
Alluvial have brought the Gediz River, are very
common on Menemen Plain and this farm, therefore
these soils were selected for using in this experiment.
In this study area Mediterranean climate prevailed
with a long term mean annual temperature of 17.9 0C
and annual precipitation of 685 mm [26].
In this study, 3 soil samples (0 to 30 cm) were
taken and dried at normal atmospheric conditions. A
part of soils that were air dried passed through from
2 mm sieve [27] in order to determine some chemical
and physical properties, while another part of soils
was passed through from 8 mm sieve for erosion
research [28, 29]. In this experiment, skeleton (%)
[29], bulk density [30], soil moisture [31], texture
[32], clay rate and silt rate (%) [33], dispersion rate
(%) [34], percolation rate (%) [35], erosion rate (%)
[36], pH [37], soluble total salt (%) [29], lime (%)
[38] and organic content (%) [39] of the soil samples
were analyzed. In addition, aggregate stabilities of
WKHVRLOVDPSOHVZHUHDQDO\]HGE\<RGHU¶V:HWWLQJ
Sieved Methods and were calculated using
.HPSOHU¶V IRUPXOD [40]. Olive mill and tobacco
wastes were also used as experimental materials in
this study. In recent years, after the production of
olive and its oil, the olive mill waste and its waters,
which are produced in very large quantities, have
been constituted a major problem for the
environment. However, after applying some
treatment processes [41, 42, 43], these wastes and its
water can also be used in agriculture [17].
The erosion plot, which is sized 30x45x15 cm
and has a drain pipe at 9% sloping, was filled by 7
cm in height and 1 to 16 mm in diameter of coarse
gravel [44]. After a permeable cloth was laid on the
gravel layer into the erosion plot, it was filled by soil
samples which passed through an 8 mm sieve. In the
following step, different rates of olive mill and
tobacco wastes (0, 10, 20, 40 t/ha) were applied on
the erosion plot unmixed with soils for each
treatments at 3 replicated.
In this study, after preparation and application
of treatments, rainfalls (30, 60, and 90 mm/h) were
applied on erosion plots for 1 hour from height of
2.50 m by using a laboratory type of rain simulator
[45]. Then, runoff and drainage starting times were
measured by using a stopwatch and were recorded
[46, 47]. Runoff, soil loss and drainage water
samples were taken each 10 minutes during the
simulated rainfall experiments. After simulated
rainfalls, pH and EC values of soil and drainage
samples were measured by [37] and [29] in each of
treatments. However, top water (EC: 875 μS/cm;
SAR: 2.50%) was used in this study.
At the end of simulated rainfall experiments,
the runoff containers were left for 24 hour in order
for the sediment to settle down in the containers.
Then, the sediment samples were dried on an oven at
1050C, after which the runoff and sediment amounts

RESULTS AND DISCUSSION
Runoff, soil loss and drainage under olive
mill and tobacco wastes: Some physical and
chemical properties of soil samples and organic
wastes (olive mill and tobacco) which were used in
the study are given Table 1 and 2. Runoff, soil loss,
drainage, soil reaction (pH) and soil electrical
conductivity (EC) values of treatments, are given
Table 3 and 4, respectively.
TABLE 1
Some physical and chemical properties of soil
samples in used experiment.
Parameters
Skeleton (%)
Bulk density (g/cm3)
Soil moisture (%)
Sand (%)
Silt (%)
Clay (%)
Texture
Aggregate stabilities (%)
pH
Soluble salt (%)
Lime (%)
Organic matter content
(%)

3
9.88
1.60
1.21
82.40
12.00
5.60
LS
18.06
7.55
0.017
3.5
1.7

TABLE 2
Some physical and chemical properties of olive
mill and tobacco wastes in used experiment.
Parameters
pH
Soluble salt (%)
Organic content (%)
N (%)
P (ppm)
K (ppm)
Na (ppm)
Ca (ppm)
Mg (ppm)
Cu (ppm)
Mn (ppm)
Zn (ppm)
Fe (ppm)
Bulk density (g/cm3)
Moisture (%)
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Soil sample no
1
2
0.78
0.05
1.32
1.35
6.11
4.41
50.40 66.40
38.00 26.00
11.60 7.60
L
SL
26.30 23.88
7.70
7.64
0.028 0.018
5.5
4.1
2.4
2.3

Waste Type
Olive mill
7.79
0.036
57.0
1.512
0.11
0.64
672
4.21
0.28
18.15
169
82.27
1430
0.17
6.66

Tobacco
6.00
0.305
59.0
1.736
0.19
3.43
768
2.38
0.48
6.55
205
51.24
726
0.23
11.89
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TABLE 3
Runoff, soil loss and drainage taken from olive mill and tobacco wastes applied
with unmixed on treatments.
Soil
no

I
(mm/h)

AR
(t/ha)

1

30

0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40

60

90

2

30

60

90

3

30

60

90

Olive mill waste
RST
R
(min.,sec.)
(mm/h)
¶¶¶
17.30 c
¶¶¶
11.53 b
¶¶¶
2.25 a
¶¶¶
0.65 a
¶¶¶
45.09 d
¶¶¶
27.61 c
¶¶¶
20.92 b
¶¶¶
7.74 a
¶¶¶
74.94 c
¶¶¶
73.02 c
¶¶¶
60.84 b
¶¶¶
44.64 a
¶¶¶
9.50 a
¶¶¶
5.02 b
¶¶¶
3.15 ab
¶¶¶
0.75 a
¶¶¶
40.59 d
¶¶¶
32.54 c
¶¶¶
23.37 b
¶¶¶
10.40 a
¶¶¶
63.89 c
¶¶¶
59.88 c
¶¶¶
50.03 b
¶¶¶
19.81 a
¶¶¶
9.62 c
¶¶¶
5.09 b
¶¶¶
1.91 a
¶¶¶
1.80 a
¶¶¶
15.74 b
¶¶¶
1.44 a
¶¶¶
1.14 a
¶¶¶
1.08 a
¶¶¶
43.04 c
¶¶¶
28.91 b
¶¶¶
2.40 a
¶¶¶
2.30 a

SL
(g/m2)
126.36 c
45.93 b
4.98 a
0.71 a
1361.69 c
253.57 b
73.86 ab
8.79 a
2578.38 a
686.29 b
222.12 ab
118.82 a
89.04 c
17.16 b
8.32 ab
1.28 a
903.44 c
170.66 b
103.72 ab
16.21 a
1786.45 c
437.11 b
351.91 b
93.26 a
146.06 c
33.62 b
9.97 a
8.41 a
357.13 b
1036.76 c
257.25 b
-

Drn.
(mm/h)
3.69 a
5.31 a
8.97 a
9.03 a
4.13 a
13.46 b
26.85 c
35.71 c
6.85 a
11.80 b
21.94 c
33.61 d
6.34 a
14.92 b
20.52 c
21.78 c
10.41 a
19.22 b
28.50 c
41.56 d
8.13 a
17.36 b
19.36 b
45.71 c
8.70 a
20.52 b
26.32 b
26.46 b
31.28 a
47.49 bc
49.00 c
44.52 b
29.97 a
45.45 b
75.37 c
75.13 c

Tobacco waste
RST
R(mm/h)
(min.,sec.)
¶¶¶
17.30 b
¶¶¶
2.19 a
¶¶¶
1.00 a
¶¶¶
2.28 a
¶¶¶
45.09 c
¶¶¶
10.87 b
¶¶¶
5.74 a
¶¶¶
9.47 b
¶¶¶
74.94 d
¶¶¶
45.51 c
¶¶¶
37.56 b
¶¶¶
27.22 a
¶¶¶
9.50 c
¶¶¶
0.20 a
¶¶¶
2.30 b
¶¶¶
40.59 c
¶¶¶
13.61 b
¶¶¶
9.02 a
¶¶¶
15.48 b
¶¶¶
63.89 c
¶¶¶
19.90 b
¶¶¶
18.79 b
¶¶¶
11.17 a
¶¶¶
9.62 c
¶¶¶
0.80 a
¶¶¶
4.76 b
¶¶¶
15.74 d
¶¶¶
0.85 a
¶¶¶
2.31 b
¶¶¶
14.15 c
¶¶¶
43.04 d
¶¶¶
1.21 a
¶¶¶
5.89 b
¶¶¶
15.12 c

SL(g/m2)

Drn.(mm/h)

126.36 b
4.81 a
1361.69 b
14.83 a
2578.38 b
52.42 a
14.47 a
89.04 b
0.03 a
903.44 b
10.96 a
1786.45 b
5.09 a
146.06 b
357.13 b
1036.76 b
-

3.69 a
9.70 c
6.52 b
3.90 a
4.13 a
38.44 c
44.89 d
30.55 b
6.85 a
26.42 b
33.36 c
35.66 c
6.34 a
10.70 b
9.12 ab
6.01 a
10.41 a
38.86 b
43.14 d
39.19 c
8.13 a
50.32 b
49.80 b
52.05 b
8.70 a
13.49 ab
15.78 b
9.45 a
31.28 a
42.79 b
42.89 b
27.34 a
29.97 a
79.47 d
72.46 c
61.72 b

(I: Rainfall intensity; AR: application rate; R: runoff; SL: soil loss; Drn.: drainage)
Based on the texture classes of experimental
soils which range from loamy to loamy sand,
skeleton percent of soil samples were found very
low, soil moisture values was also found very low.
Aggregate stabilities and organic contents of soil
samples were found very low (Table 1). Olive mill
and tobacco waste has higher soluble salt, organic
content and moisture than soil samples, but these
wastes have lower bulk density than soils which were
used in this experiment (Table 2).
In this study, olive mill and tobacco wastes on
unmixed treatments were found effective on runoff,
soil loss and drainage compared with the controls
treatments. Similar findings were found by several
authors [8, 50, 9]. In several erosion studies, different
kinds of materials were effective on reducing erosion
[51, 52, 11]. Olive mill waste reduced runoff by 4096%, soil loss by 94-100% and it increased drainage
by 42-765%, also, tobacco waste reduced runoff by
10-86 %, reduced soil loss by 100% and increased
drainage by 6-640 % for each soil samples and
rainfall intensities compared with controls,
respectively. According to these results, tobacco
waste was found more effective than olive mill waste
to minimize soil losses in this experiment. Similar
findings were found by several authors [13, 18, 19].

Olive mill and tobacco wastes effects on pH
and EC measured values from soils and drainage
waters: In this study, pH was not affected by
application rates of olive mill waste, but tobacco
waste was found effect on pH. Similar findings
reported by [53]. But EC measured from soils were
significantly influenced from both of treatments.
7KHVH ILQGLQJV DUH VLPLODU WR VHYHUDO DXWKRUV¶
findings [22, 54, 23]. Some materials added to soils
could be changed soil pH and EC as well as soil
organic matter [55].
Also, correlations taken from organic wastes
applied with unmixed on treatments are given Table
5. Table 5 showed that runoff, soil loss, drainage, pH
and EC were affected by increasing rainfall
intensities in treatments, significantly. However, by
increasing application rates of olive mill wastes,
runoff and soil loss were decreasing significantly
while drainage and EC measured from soil were
increasing, significantly. Also, by increasing
application rates of tobacco wastes, runoff, soil loss,
and pH measured from soil and drained water were
decreasing significantly while drainage and EC
measured from soil and drained water were
increasing, significantly.
According to statistical analyses, olive mill and
tobacco wastes were found effective on
3609
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TABLE 4
pH and EC values of treatments.
Soil No

I (mm/h)

AR (t/ha)

1

30

0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40
0
10
20
40

60

90

2

30

60

90

3

30

60

90

Olive mill waste
pHsoil
pHdrn
7.65
8.09
7.68
7.87
7.54
7.62
7.39
7.56
7.89
7.92
7.80
7.89
7.84
7.87
7.81
7.86
7.77
7.64
7.75
7.76
7.80
7.77
7.86
7.83
7.73
7.96
7.78
7.75
7.85
7.97
7.97
7.91
7.84
7.82
7.88
7.90
7.88
7.89
7.85
7.91
7.66
7.60
7.93
7.94
7.85
7.81
7.81
7.68
7.55
8.00
7.86
8.05
7.88
8.09
7.79
7.85
7.98
7.81
7.96
8.01
7.77
7.83
7.85
7.79
7.69
7.69
7.87
7.87
8.00
8.02
7.68
8.02

ECsoil
425
540
593
505
367
383
404
484
390
379
358
405
310
339
406
477
327
329
335
407
330
334
336
387
265
300
333
413
226
243
222
357
219
272
238
346

ECdrn
1416
2387
1757
1872
2158
1317
1389
1633
1802
1792
1562
1170
1683
1658
1731
1874
1546
1178
1116
1107
1443
1230
1382
928
1438
1297
1257
1521
855
761
795
892
841
784
755
777

Tobacco waste
pHsoil
pHdrn
7.65
8.09
7.16
7.55
6.57
7.44
6.95
6.73
7.89
7.92
7.21
7.53
6.16
7.34
6.69
7.25
7.77
7.64
7.43
7.52
6.92
7.24
6.62
7.12
7.73
7.96
7.33
7.43
7.07
7.50
6.50
7.37
7.84
7.82
7.38
7.60
6.95
7.44
6.31
7.26
7.66
7.60
7.24
7.41
6.83
7.15
6.32
7.16
7.55
8.00
7.17
7.36
6.43
7.32
6.25
7.18
7.98
7.81
7.48
7.60
6.55
7.34
5.86
6.58
7.69
7.69
7.27
7.65
7.24
7.38
6.25
7.27

ECsoil
425
826
1134
2061
367
538
587
1577
390
426
888
1353
310
623
1163
2198
327
392
687
2111
330
419
615
2204
265
521
1873
2100
226
287
1298
2042
219
324
294
2330

ECdrn
1416
2417
2395
3417
2158
2078
2573
3227
1802
2523
2990
3970
1683
2492
2897
3267
1546
2083
2523
3183
1443
1603
2328
2280
1438
2940
2943
3330
855
1739
2320
2637
841
1111
1658
2320

(I: Rainfall intensity; AR: application rate; pHsoil: measured pH from soil; pHdrn: measured pH from drained water;
ECsoil: measured EC from soil; ECdrn: measured EC from drained water)

TABLE 5
Correlations taken from olive mill and tobacco wastes applied on treatments.
Olive mill waste
I

AR

Tobacco waste
I

R
p
N
R
p
N
R
p
N
R

R

SL

Drn.

pHsoil

pHdrn

0.68**

0.43**

0.41**

0.22*

-0.20*

0.0001
108
-0.41**
0.0001
108
R

0.0001
108
-0.51**
0.0001
108
SL

0.0001
108
0.50**
0.0001
108
Drn.

0.020
108

0.034
108

pHsoil

pHdrn

0.57**

0.30**

0.67**

0.0001
108

0.002
108

0.0001
108

-0.76**
0.86**
p 0.0001
0.0001
0.019
0.0001 0.0001
N 108
108
108
108
108
(I: Rainfall intensity; AR: application rate; R: runoff; SL: soil loss; Drn.: drainage)
AR

-0.38**

-0.48**

0.23*

decreasing runoff, soil loss and increasing drainage,
significantly. Similar findings were supported by
several authors [56, 57, 58, 59]. Some authors
stressed that mulching materials and its application
rates reduced runoff and soil loss, however,
increased infiltration, significantly [7, 16, 17]. In
summary, mulching materials were effective on
decreasing soil erosion and increasing drainage [60,
61, 62]. In this study, it was found that linear
relationships between applicate rates and runoff, soil
loss, drainage, and EC measured from drained water

ECdrn
0.39**
0.0001
108

0.88**

0.73**

0.0001
108

0.0001
108

ECdrn
0.25**
0.009
108

and soil in treatments, respectively. Similar findings
were supported by [21]. In agricultural soils, it is
desirable that pH approximately neutral levels (pH:
6.00-7.00), while the EC OHVV WKDQ  ȝ6FP LQ
soils [63].

CONCLUSIONS
This experiment demonstrated that the
application of olive mill and tobacco wastes to soil
3610



ECsoil
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0.001
108
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tillage. Bulletin of Environmental Contamination and Toxicology, 57 (4): 536-543.
[9] Lacey, S.T. (2000) Runoff and sediment atenuation by undisturbed and lightly disturbed
forest buffers. Water, Air and Soil Pollution,
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Poesen, J., Booth, C.A. (2010) Effectiveness of
geotextiles in reducing runoff and soil loss: A
Synthesis. Catena, 81 (3): 184-195.
[13] Omoro, L.M.A., and Nair, P.R.K. (1993) Effects
of mulching with multipurpose tree prunings on
soil and water runoff under semi-arid conditions
in Kenya. Agroforestry Systems, 22 (3): 225239.
[14] Zuzel, J.F, and Pikul, J.L. (1993) Effects of
straw mulch on runoff and erosion from small
agricultural plots in Northestern Oregon. Soil
Science, 156 (2): 111-117.
[15] Faucette, L.B., Risse, M.L., Nearing, M.A.,
Gaskin, J.W, and West, L.T. (2004) Runoff,
erosion and nutrient losses from compost and
mulch mankents under simulated rainfall.
Journal of Soil and Water Conservation, 59 (4):
154-160.
[16] Ekwue, E.L, Bharat, C., and Samoroo, K. (2009)
Effect of soil type, peat and farmyard manure
addition slope and their interactions on wash
erosion by overland flow of some Trini-dadian
soils. Biosystem Engineering, 102(2): 236-243.
[17] Garcia-Lozano, B., Alcantara-Parras, L., de
Albarnoz-Carrillo, M.T. (2011) Effects of oil
mill wastes on surface soil properties, runoff and
soil losses in tradional olive groves in southern
Spain. Catena, 85: 187-193.
[18] Donjadee, S., and Chinnarasri, C. (2013) Vetifer grass mulch for prevention of runoff and soil
loss. Proceedings of the Institution of Civil
Engineers Water Management, 166 (3): 144151.
[19] Montenegro, A.A.A., Abrantes, J.R.C.B., de
Lima, J.L.M.P., Sing, V.P., and Santos, T.E.M.
(2013) Impact of mulching on soil and water
Dynamics under intermittent simulated rainfall.
Catena, 109: 139-149.
[20] Jin, K., Cornelis, W.M., Gabriels, D.,
Schiettcatte, W., De Neve, S., Lu, J.J., Buysse,
T., Wu, H.J., Cai, D.X., Jin, J.Y., and Harmann,

with unmixed methods under different rainfall
intensities decreased runoff and soil loss and
increased drainage, significantly. In addition,
organic wastes changed pH and EC parameters from
soil and drainage. So it is possible to use some
organic wastes as olive mill waste and tobacco waste
to minimize erosion. Olive mill and tobacco waste is
recommended by 20-40 t/ha, because it reduces
runoff and soil loss and increases drainage while
improving the chemical properties of soils, but
should be planned drainage systems before
application of organic materials on soils.

ACKNOWLEDGEMENTS
This study was supported by Ege University
Scientific Research Project Fund (Project No: 2012ZRF-017).

REFERENCES
[1] Anonymous. (1987) Turkey General Soil Forest
Management Planning. Ministry of Agriculture,
Forestry and Rural Affairs, General Directorate
of Rural Services. Ankara. (published by
Turkish).
[2] Yönter, G. (2010) Effects of polyvinylalcohol
(PVA) and polyacrylamide (PAM) as soil
conditioners on erosion by runoff and by splash
under laboratory conditions. Ekoloji, 19(77):
35-41.
[3] Bian, H.F, Sheng, L.X., Yang, G., and Jiang, J.
(2009) The Degradation, Prevention and
Treatment of Black Soil in Jilin Province. In:
Lifeng, X. (eds.): Proceedings of the 5th WSEAS
I International Conference on Mathe-matical
Biology and Ecology, 10-12 January 2009,
Ningbo, 33-38.
[4] Cheng, S.L., Fang, H.J., Zhu, T.H., Zheng, J.J.,
Yang, X.M., Zhang, X.P., and Yu, G.R. (2010)
Effects of soil erosion and deposition on soil
organic carbon Dynamics at a sloping field in
Black soil region, Northest China. Soil Science
and Plant Nutrition, 56(4): 521-529.
[5] Anonymous. (1993) The Observations and
Transport Quantity of Sediment in Turkey
Streams. Electrical Power Resources Survey
and Development Administration, Publish No:
93-59. (published by Turkish).
[6] Mulumba, L.N., and Lal, R. (2008) Mulching
effects on selected soil physical properties. Soil
& Tillage Research, 98: 106-111.
[7] Rees, H.W., Chow, T.L., Loro, R.J., Lavore, J.,
Monteith, J.O., and Blaaum, A. (2002) Hay
mulching to reduce runoff and soil loss under
intensive potato pruduction in nortwestern New
Brunswick, Canada. Canadian Journal of Soil
Science, 82 (2): 249-258.
3611



© by PSP

Volume 26 ± No. 5/2017 pages 3607-3613

Fresenius Environmental Bulletin


Strategies Research. Bultenin., No: 280.
[34] Middleton, H.E. (1930) Properties of Soil
Which Influence Soil Erosion. USDA Tech.
Bul. No: 178.
[35] Lal, R. (1988) Soil Erosion Research Methods.
Soil and Water Conservation Society, Iowa.
[36] $NDODQ ø   6RLO 3KVLFDO 3URSHUWLHV DQG
Erosion. Ankara University, Agricultural
Faculty, (3-4): 490-503.(published by Turkish).
[37] Pansu, M. and Gautheyroux, J. (2006)
Handbook of Soil Analysis: Mineralogical,
Organic and Inorganic Methods. Springer
Verlag, Berlin.
[38] Nelson, R.E. (1982) Carbonate and Gypsum.
Methods of Soil Analysis, Part 2, 2nd Edition,
No:9, 181-197, Madison, Wisconsin, USA.
[39] Nelson, D.W., and Sommers, L.E. (1982) Total
Carbon, Organic Carbon and Organic Matter,
Methods of Soil Analysis. Part 2, Chemical and
Microbiological Properties, 2nd Edition, No:9,
539-579, Madison, Wisconsin, USA.
[40] Kempler, W.D., and. Rosenau, R.C. (1986)
Aggregate Stability and Size Distribution. In A.
Klute et al., Methods of Soil Analysis, Part 1.
Physical and Minerological Methods, 425-442,
2nd Edition, Agronomy Monograph, Soil
Science of America, Madison, USA.
[41] Demicheli, M.C., and Bontoux, L. (1997) Novel
Technologies for Olive Oil Manu-facturing and
Their Incidence on The Environ-ment. Fresen.
Environ. Bull. 6(5-6): 240-247.
[42] Kistner, T., Nitz, G., and Schnitzler, W.H.
(2004) Phytotoxic Effects of Some Compounds
of Olive Mill Waste Water. Fresen. Environ.
Bull. 13: 1360-1361.
[43] Sergio, L., De Paola, A., Linsalata, V.,Cardinali,
A., Vanadia, S., and Di Venere, D. (2010) The
Use of Artichole Peroxidase to Remove Phenols
from Olive Mill Waste Water. Fresen. Environ.
Bull. 19: 3028-3036.
[44] Yönter, G., and Uysal, H. (2014) The Effects of
The Natural Additives Applied to Typic
Xerofluvent Soils with Different Physical and
Chemical Properties on Runoff, Soil Loss and
Infiltration under Laboratory Conditions. Ege
University Scientific Research Project Report
(Projet No: 2012-ZRF-017). (published by
Turkish).
[45] Bubenzer, G.D., and Meyer, L.D. (1965)
Simulation of rainfall and soils for laboratory
research. Transaction of American Society of
Agricultural Engineers, 8: 73-75.
[46] Taysun, A. (1986) Investigations on the effects
of stone cover, plant residue and polyvinylalcohol (PVA) together with soil properties of
cultivated rendzina soils of Gediz basin by using
a rain simulator, The Journal of Agri-cultural
Faculty Ege University, Press No: 474.
(published by Turkish).
[47] Warrington, D., Shainberg, I., and Levy, G.J.

R. (2008) Soil management effects on runoff
and soil loss from field rainfall simulation.
Catena, 75 (2): 191-199.
[21] Robichaud, P.R., Lewis, S.A., Wagenbrenner,
J.W., Ashmun, L.E., and Brown, R.E. (2012)
Post-fire mulching for runoff and erosion
mitigation. Part-I: Effectiveness at reducing
hillslope erosion rates. Catena, 105: 93-111.
[22] Kavvadias, V., Doula, M.K., Komnitsas, K., and
Liakopoulou, N. (2010) Disposal of olive oil
mill wastes in evaporation ponds: Effects on soil
properties. Journal of Hazardous Materials, 182
(1-3): 144-155.
[23] Ntoulas, N., Nektarios, P.A., and Gogoula, G.
(2011) Evaluation of olive mill waste compost
as a soil amendment for Cynodon dactlyon turf
establishment, growth an anchorage. Hortscience, 46 (6): 937-945.
[24] $OWÕQEDú h +DNHUOHUOHU + <RNDú ø DQG
Uysal, H. (1990) Investigations on the Soil
Fertility and Land Use Capability Classes of the
Soils of the Agricultural Faculty Farm in
Menemen. Ege University Research Fund Project No: 88-ZRF-05,(in Turkish with German
abstract).
[25] Anonymous (1998) Keys to Soil Taxonomy.
USDA Natural Resources Conservation Service, Washington.
[26] Anonymous (2013) Turkish State Meteorological Service. http://www.meteoroloji.gov.tr/
veridegerlendirme/il-ve-ilçeleristatistik.aspx.
(accessed July 23,2014).
[27] Richard, L.A. (1954) Diagnosis and Improvement of Saline and Alkali Soils. U.S. Dept.
Agr. Handbook 60. U.S. Government Print
Office, Washington.
[28] Mollenhauer, W.C., and Long, D.C. (1964)
Influence of rainfall energy on soil loss and
infiltration rates: I. Effects over a range of
texture. Soil Science of Society of American
Proceedings, 28: 813-817.
[29] Anonymous. (1993) Soil Survey Manual.
United States of Department of Agricultural
Handbook No: 18, United States Government
Print Office, Washington.
[30] Hunt, N., and Gilkes, R. (1992) Farm
Monitoring Handbook. The University of
Western Australia: Netherlands, WA.
[31] Gardner, W.H. (1986) Methods of Soil
Analysis. Part 1. Physical and Mineralogical
Methods, 2nd Edition, No: 9, 493-544, Madison, Wisconsin, USA.
[32] Gee, G.W., and Bauder, J.V. (1986) Particle
Size Analysis. Methods of Soil Analysis, Part 1.
Physical and Mineralogical Methods, 2nd
Edition. No: 9, 383-411, Madison, Wisconsin,
USA
[33] Neal, J.H. (1938) The Effect of The Degree of
Slope and Rainfall Characteristics on Runoff
and Soil Erosion. Agricultural of Experiment
3612



© by PSP

Volume 26 ± No. 5/2017 pages 3607-3613

Fresenius Environmental Bulletin


226-230.
[59] Jordan, A., Zavala, L.M., and Gil, J. (2010)
Effects of mulching on soil phsical properties
and runoff under semi-arid conditions in
southern Spain. Catena, 81 (1): 77-85.
[60] Smets, T., Poesen, J., Fullen, M.A., and Booth,
C.A. (2007) Effectiveness of palm and simulated geotextiles in reducing runoff and interrill
erosion on medium and steep slopes. Soil Use
and Management, 23 (3): 306-316.
[61] Liu, Y., Tao, Y., Wan, K.Y., Zhang, G.S., Liu,
D.B., Xiong, G.Y., and Chen, F. (2012) Runoff
and nutrient losses in citrus orchards on sloping
land subjected to different surface mulching
practices in the Danjiangkou Reservoir area of
China. Agricultural Water Management, 110:
34-40.
[62] Okeyo, A.L., Mucheru-Muna, M., Mugwe, J.,
Ngetich, K.F., Mugendi, D.N., Diels, J., and
Shisanya, C.A. (2014) Effects of selected soil
and water conservation Technologies on
nutrient losses and maize yields in the central
highlands of Kenya. Agricultural Water
Management, 137: 52-58.
[63] $OWÕQEDú h dHQJHO M., Uysal, H., Okur, B.,
Okur, N., Kurucu, Y., and Delibacak, S. (2006)
Soil Science. Ege University Faculty of
Agriculture, No: 557. (published by Turkish).

(1991) Polysaccharide and salt effect on infiltration and erosion. A rainfall simulation study.
Tech-A Cooperating Journal, Catena, 4:1.
[48] Yönter, G., and Uysal, H. (2007) The Effect of
Polyvinyalcohol (PVA) and Polyacrylamide
(PAM) Applied on Water Erosion and Crust
Strengths under Laboratory Condition at The
Menemen Practice Farm Soils. Ege University
Scientific Research Project Report (Projet No:
2005-ZRF-056). (published by Turkish).
[49] $QRQ\PRXV  6366IRU:LQGRZV8VHU¶V
Guide. Copyright 1999 by SPSS Inc., SPSS,
Chicago, IL.
[50] Agassi, M., Hadas, A., Benyamini, Y., Levy,
G.J., Kautsky, L., Avrahamov, I., Zhelev, H.
(1998) Mulching effects of composed MSW on
water percolation and compost degradation rate.
Compost Science and Utilization, 6(3): 34-41.
[51] 0RVWDJKÕPÕ 6 *LGOH\ 70 'ÕOODKD 7$
Cooke, R.A. (1994) Effectiveness of different
approaches for controlling sediment and
nutrient losses from eroded land. Journal of Soil
and Water Conservation, 49 (6): 615-620.
[52] Edwards, L., Burney, J., and Dehaan, R. (1995)
Researching the effects of mulching on cool
period soil erosion control in Prince Edward
Island, Canada. Journal of Soil and Water
Conservation, 50 (2): 184-187.
[53] Chartzoulakis, K., Psarnas, G., Moutsopoulou,
M., and Stefanoudaki, E. (2010) Application of
olive mill wastewater to a Creatan olive orchard:
Effects on soil properties, plant perfor-mance
and the environment. Agriculture Eco-systems
& Environment, 138 (3-4): 293-298.
[54] Nektarios, P.A., Ntoulas, N., Mc Elroy, S.,
Volterrani, M., and Arbis, G. (2011) Effect of
olive mill compost on native soil characteristics
and tall festuca turf grass development.
Agronomy Journal, 103 (5): 1524-1531.
[55] Rigane, M.K., and Medhioub, K. (2011)
Assessment of properties of Tunusian agricultural waste composts: Application as
components in recostituted anthropie soils and
their effects on tomato yield and quality.
Resources Conservation and Recycling, 55 (8):
785-792.
[56] Grismer, M.E., and Hogan, M.P. (2005a)
Simulated rainfall evaluation of revegetation/mulch erosion control in the Lake
Tahoe Basin: 2. Bare soil assessment. Land
Degradation & Development, 16 (4): 397-404.
[57] Grismer, M.E., and Hogan, M.P. (2005b)
Simulated rainfall evaluation of revegetation/mulch erosion control in the Lake
Tahoe Basin: 3. Soil treatment effects. Land
Degradation & Development, 16 (5): 489-501.
[58] Adekalu, K.O., Okunade, D.A., and Osunbitan,
J.A. (2006) Compaction and mulching effects
on soil loss and runoff from two southwestern
Nigeria agricultural soils. Geoderma, 137 (1-2):

Received:
Accepted:

CORRESPONDING AUTHOR
Gokcen Yonter
Ege University, Agricultural Faculty, Soil Sciences
and Plant Nutrition Dept. 35100-ø]PLU-Turkey
e-mail: gokcen.yonter@ege.edu.tr

3613



12.02.2017
04.04.2017

© by PSP

Volume 26 ± No. 5/2017 pages 3614-3622

Fresenius Environmental Bulletin



237,0,=$7,212)&,75,&$&,'352'8&7,21%<86,1*
$63(5*,//861,*(521&,7586:$67(+<'52/<6$7(
,1&2/801%,25($&725
Ece Ummu Deveci1,*, Mustafa Ozyurt2
1

Ömer Halisdemir University, Faculty Of Engineering, Environmental Engineering Department, Central Campus, Nigde Turkey
2
Mersin University, Faculty Of Engineering, Environmental Engineering Department Ciftlikkoy Campus, Mersin Turkey

ABSTRACT

INTRODUCTION

Agro-industrial wastes such as fruit and
vegetable peel constitute a major percentage in the
content of wastewater and landfill. For this reason,
investigating the conversion of value added products is very crucial. Citrus peel, which is an agroindustrial waste from citrus-processing industry
(fruit slice and citrus juice), has a high potential in
Turkey. The aim of this study is to demonstrate an
alternative substrate combination for the fermentative production of citric acid and decrease the
waste generation. In this study, the citrus peel used
is obtained from citrus wastes cultivated at the
Mediterranean Area of Turkey. Orange peel was
derived from Washington navel orange (Citrus
sinensis) type. Aspergillus niger was used as a
microorganism, and the hydrolysate obtained from
orange residue and molasses were processed with
pretreatment as substrates. Optimization was carried
out in an aerobic column bio-reactor work-ing in a
batch system. After citrus waste was hydrolysed
with diluted acid and auto-clave obtain-ed, the
hydrolysate had 85 g/L of total sugar concentration.
The effects of process parameters such as aeration
rate (vvm), initial pH, initial subs-trate
concentrations (g/L), methanol ratio (w/v) and
inoculum size (w/v) were analyzed and optimized.
Within the optimum condition for the maximum
production of citric acid, the amounts of the contents
were: aeration rate-1 vvm, pH±6.0, substrate-140
g/L, methanol ± 4%, inoculum ± 3%. The production
efficiency of citric acid was calcu-lated as 41.86%.
These results, which demons-trate the viability of the
citric acid production by column bioreactor from
orange peel, could be of interest to possible future
industrial applications.

In the Mediterranean area, citrus production is
intensified in four countries: Spain (27.2%), Italy
(16.2%), Egypt (14.6%) and Turkey (10.3%) [1].
Evaluations of citrus have been carried out at fruit
juice and fruit slice sectors. During fruit juice
production, 45-65% of the citrus remain as waste.
Citrus wastes are proper for feeding animals because
of low protein content and high carbo-hydrate
content [2, 3].
Citrus pulp is a residue of fruit juice production; containing peel, pulp and seeds. The chemical content changes with citrus type, cultivation
conditions, climate and harvest date [4]. Orange peel
contains soluble sugars and pectin as the main
components. According to Rivas et al. [4], the
orange peel is, in fact, constituted by soluble sugars,
16.9% wt; starch, 3.75% wt; fiber (cellu-lose,
hemicellulose, 10.5% wt; lignin 0.84% wt; and
pectins, 42.5 % wt), ashes, 3.50 % wt; fats, 1.95 %
wt; and proteins, 6.50 % wt. Citrus peels had widely
been used as animal feed, but later on, it has started
to be used for single-cell protein [5] and pectin
production [6]. Dhillon et al. [7] reported that
various agro-industrial biomasses (apple pomace
solid waste, citrus waste, brewery spent grain,
sphagnum peat moss) have been used as solid
substrates to produce citric acid. According to these
studies, the highest amounts of citric acid (61 ± 1.9
g/kg) and dry substrate (63.6 ± 2.9 g/kg) were
obtained from apple pomace and citrus waste as
solid substrate by A. niger NRRL 2001 after 72 h of
incubation.
Citric acid has been used broadly in industrial
areas such as food, pharmaceutical, and chemical
industries, and as a cleaning agent. Citrus, pineDSSOH SHDU SHDFK ILJ DQG RWKHU IUXLWV¶ OHDYHV
contain citric acid. Lemon and pineapple are the
main sources of citric acid [8]. The concentration of
citric acid in fruits and fruit juice are approximately
5% and 9%, respectively. This concentration rate can
be increased with the process of fermentation.
Angumeenal and Venkappayya [9] have reported
that molasses, which has been considered as a waste

KEYWORDS:
Orange peel hydrolysate, citric acid production, column
bioreactor, value added waste.
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adjusted before the sterilization. The following
culture media (g/L) were utilized throughout the
study. After sterilization, it was checked with control
medium for pH change.
Pre-incubation fermentation was composed of
the materials as follows (g/L): sugar (molasses and
citrus hydrolysate medium), 2; NH4Cl, 4; KH2PO4,
1; peptone, 0.1; yeast extract, 0.2; MgSO4 7H2O,
0.25 and as (mg/L): FeSO4 7H2O, 0.3; ZnSO4 7H2O,
0.4; CuSO4 5H2O, 0.4; MnSO4 2H2O, 0.15. Preincubation fermentation has continued for two days.
The fermentation medium for citric acid
production had the following composition (g/L):
NH4NO3, 5; KH2PO4, 1; peptone, 1; yeast extract, 2;
MgSO4 7H2O, 0.25 and (mg/L): FeSO4 7H2O, 0.3;
ZnSO4 7H2O, 0.4; CuSO4 5H2O, 0.4; MnSO4 2H2O,
0.15. The media were then autoclaved at 121 oC for
15 min. Sugar content of fermentation media was
adjusted to pH 6.0 with 1N HCl or 1N NaOH
Cultural conditions such as time, inoculum
size, air supply, sugar concentration, and initial pH
were optimized for production of citric acid by using
A. niger 200910, orange peel and molasses in a
laboratory scale column bioreactor.

product of the sugar industry for long, is now termed
as a by-product due to its low price compa-red to
other sugar sources and the presence of minerals, and
organic and inorganic compounds inside it.
Molasses is a substance that is used in the production
of alcohol, organic acid and single cell proteins.
Torrado et al. [10] have derived 193 mg CA/g dry
orange peel by solid-state fermentation (SSF) of
Aspergillus niger CECT-2090 (ATCC 9142,
NRRL599) in Erlenmeyer flasks.
Differing from the past studies, we used the
column bioreactor and orange peel hydrolysate
supported with molasses. This approach demonstrates that citrus pulp can be used in industrial scale.

MATERIALS AND METHODS
In this study, hydrolysate obtained from orange
peel residue and pretreated molasses were used as
substrates. The reason for using molasses is to
support the media in total sugar demand. Molasses
are produced as the by-products in the sugar industry
and are the residual part of sugar beet after removing
crystal sugar, and it contains approximately 50%
non-crystallized sugar.

Fermentation Technique. A laboratory-scale
column bioreactor of 1L capacity with working
volume of 750 mL was used for citric acid
fermentation (Figure 1). The temperature control
(30oC) in the fermenter was provided by an electric
heat jacket. The fermentation medium was consisted
of hydrolyzed orange peel solution and clarified
molasses, and 200 ppm K4Fe(CN)6 at an appropriate
initial pH. The pre-incubation culture was
transferred to the production medium at a varied rate
(vvm) based on the total working volume of
fermentation medium. Supply of air was maintained
at different levels from aeration pumps. Sterilized
maize oil was used to control the foaming, which
occurred during the fermentation. Samples were
taken at the end of every 24 h periods. All the
experiments were carried out in triplicates.

Microorganism . Aspergillus niger 20910 was
provided from TUBITAK MAM (Turkish Scientific
and Technical Research Council, Marmara Research
Centre) fungi culture collection. The fungus was
grown on potato dextrose agar (Merck) at 30°C for
5 days. A spore suspension was prepared by adding
10 mL 0.9% sterilized NaCl solution. The spore
suspension contained 8.8*106 spores/mL.
Substrates. Hydrolysate obtained from orange
peel residue and pretreated molasses were used as
substrates.
Orange pulp. Orange peel waste, which was
obtained from sliced fruit production factory, was
dried at 60oC and then dried peels were grounded
and sieved. Peels that were above 70 meshes were
used in the study. 100 ml H2SO4 acid solution (5%)
was added to 10 g sample of orange peel waste and
it was autoclaved for 1 hour. Obtained Orange waste
hydrolysate after hydrolysis consisted averagely 85
g/L of total sugar.

Assay methods. pH was measured at
supernatant using Hanna 8521 pH-meter. The
growth of the fungus was measured as mycelial dry
weight. The biomass was determined following the
filtration: mycelium was washed thoroughly with tap
water; the cell mass was dried at 60oC overnight, and
the harvest dry cell biomass is weighed. The
supernatant was used for the deter-mination of total
sugar and citric acid concen-trations. Citric acid was
measured with a spectro-photometric method by
using pyridine and acetic anhydride reagent [12].
Total sugar was determined by using the
phenol/H2SO4 method [13].

Molasses. Molasses was clarified according to
the method of Panda et al [11]. After clarification,
molasses was neutralized with calcium hydroxide
solution. The medium sugar concentration (100 g/L,
140 g/L or 180 g/L) was adjusted by mixing orange
peel hydrolisate and molasses.
Fermentation. Sterilization was made by
autoclaving at 121°C for 15 min and the pH was
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niger NRRL 2001 incubation period of 72 h.
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FIGURE 2
Time profile of citric acid fermentation by A
niger 200910 from citrus waste in Column
bioreactor (Initial sugar concentration, 140 g/L;
supply of air, 1 vvm; Initial pH, 6.0; incubation
temperature, 30oC; methanol, 4%; and
inoculum size, 3%)
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The maximum amount of citric acid obtained
was detected at 144th hour after mycelia inoculation
was observed at 52.39 g/L. The decrease in citric
acid production after 144th hour might be due to the
consumption of nutrients in fermentation medium
and abrasion of the microorganisms resulting from
the decreased metabolic rates. Citric acid secretion
usually decreases at the onset of stationary phase
[16]. Mycelia dry weight and residual sugar were
34.2 g/L and 24.1 g/L, respectively at 144 h. From
the experiments, optimum fermentation period was
determined as 6 days. After 6 days, it was observed
that pH value has turned to a constant rate, sugar
consumption rate has become less and citric acid
production rate has become constant (Figure 2).
Because of this, the accumulated citric acid in the
cell inhibited citrate synthesis [17].

FIGURE 1
Citric acid production by A niger 200910 from
citrus waste in Column Bioreactor

RESULTS AND DISCUSSION
Time profile of citric acid fermentation.
Figure 2 displays the time profile of citric acid
fermentation by A. niger 200910. The fermentation
was carried out for 192 h. The highest citric acid
production was formed at the 144th hour of
incubation. In the further stages of incubation, the
citric acid production was decreased (Fig. 3). Maximum biomass production was observed at the 144th
hour, after that the observed increase was at insignificant levels. Optimum incubation time for A. niger
has been reported as 72 h for citric acid production
using koji fermentation, when the banana peel was
used as a substrate [14]; 4 days in jack with A. niger;
120 h for citric acid production when cassava
bagasse was used as a substrate [15] and 4 days in
jackfruit carpel fiber [11].
In this study, submerged fermentation was
used. Dhillion et al. [7] studied solid state
fermentation for citric acid production. Dhillon et
al.[7] have reported that different agro-industrial
biomasses (apple pomace solid waste, citrus waste,
brewery spent grain, sphagnum peat moss) were
used as solid substrates for the production of citric
acid. According to that report, the highest citric acid
production of 61 ± 1.9 g/kg and 63.6 ± 2.9 g/kg dry
substrate were observed respectively with apple
pomace and citrus waste as solid substrate by A.

Effect of aeration rate. The effects of differrent aeration rates (0.5 vvm, 1.0 vvm, 1.5 vvm) on
citric acid production by A. niger were identified
(Figure 3). The citric acid was produced at the
maximum amount when the aeration rate was kept at
1.0 vvm. Similar results were obtained by Ikram ul
et al [18], Gupta and Sharma [19]. The optimum
degree of aeration depends on the organism, the
medium composition and the size of the fermenter.
From these findings, it is clear that the aeration rate
highly affects the citric acid production. Although
higher aeration rates or pure oxygen should have
enhanced the yield of citric acid, they had a negative
effect on citric acid production [20]. Using pure
oxygen for fermentation is an expensive choice. But
the gas, which was used by the process,
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FIGURE 3
Effect of aeration rate on citric acid production by A niger 200910 from citrus waste in column bioreactor
(Initial sugar concentration 140 g/L; Initial pH 6.0; Incubation temperature 30 oC, methanol 4%; and
inoculum size 3%)
can be resupplied after removing the CO2 [21]. It was
observed that the pellets¶ sizes were changed by
aeration rate. At low aeration rates, pellets were
small and loose. Optimum aeration was determined
to be 1.0 vvm. Not only the pellet size but also total
sugar consumption, citric acid production and
microorganism growth were affected by the aeration
rate. Wang et al. [22] studied pellet-dispersion
strategy to simplify the seed cultivation of A.niger
and optimize citric acid production by using 2 vvm
aeration rate.
High and different aeration rates have a
hazardous effect on the products of the industrial
citric acid production. If the aeration rate is high,
soluble CO2 at medium can be very low. Carbon
dioxide is an important substrate for pyruvate
carboxylate. Usable carbon dioxide is produced at
the result of pyruvate decarboxylase after pyruvate
carboxylase reaction. If the aeration rate is high,
enzymatic reaction production will be low.
McIntyre&McNeil [23] discovered that dry mycelia
weight and citric acid production would also be low.
Various studies were carried out for managing the
saturation of the oxygen at medium. Effects of
various oils on citric acid production were studied by
Adham [16]. It was ascertained that citric acid
production yields were high at maize oil, olive oil
and VXQIORZHU RLO ,Q .ÕOÕo HW al.¶V [24] studies,

molasses was used as a substrate and it was
determined that 2% of maize oil increased the citric
acid production. In this study, maize oil was used for
two reasons: saturation of oxygen and anti-foaming
for media.
The pH of the media at the 6th day with 0.5, 1.0
and 1.5 vvm aeration rates were determined as 2.78,
2.01, and 3.02, respectively (Figure 3). Saturated
oxygen in the media induces the citric acid
production [23]. In this study, maximum citric acid
production was found at 1 vvm aeration rate
conditions. Sugar base maximum citric acid production was also determined at the same conditions.
The lowest citric acid production and substrate
consumption were determined at 1.5 vvm aeration
rate conditions. At higher aeration rates, citric acid
production was decreased because of inhibition of
enzymatic reactions. During the processes with low
aeration rates, citric acid production was decreased
because of slower growth rates. Similar results were
obtained by Shojaosadati and Babaeipour [25] and
maximum citric acid production was found at 0.8
vvm for apple pulp with increasing aeration rate (1.4
vvm), and it was observed that citric acid production
was decreased by 50%. On the other hand, Rasoulnia
and Mousavi [26] studied maximization of organic
acids production by Aspergillus niger in a bubble
column bioreactor;
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FIGURE 4
Effects of various inoculum sizes on production of citric acid by A niger 200910 from citrus waste in
column bioreactor (Initial sugar concentration 140 g/L; supply of air, 1 vvm; Initial pH, 6.0; incubation
temperature 30oC, and methanol 4%)
and under optimum conditions, which is: aeration
rate of 762.5 (ml/min) (1.67 vvm), sucrose concentration of 101.9 (g/L) and inoculum size of 40 (ml/l); respectively 17, 185, 4539, 1042 and 502 (ppm)
of oxalic, gluconic, citric and malic acids were
produced. Barrington et al. [27] studied citric acid
production using Aspergillus niger NRRL 567
grown on peat moss. The optimum fermentation
condition for citric acid production in a column bioreactor consisted of aeration rate of 0.84 vvm and
fermentation temperature of 32°C. Under the given
conditions, a maximum citric acid production of
120.6 g/L was predicted. These references indicated
that optimum aeration can be different due to the
substrate and reactor type, even while using the same
microorganism for citric acid production.

with substrate consumption and microorganism
growth. At the maximum citric acid production, the
medium was inoculated with 3% microorganism;
and dry mycelium weight and also total sugar
consumption were determined as the highest. The
reason of decreasing citric acid concentration at
medium at 144 h is the fact that microorganisms
were starting to use citric acid as a substrate.
In citric acid production studies, high inoculum
sizes cause low soluble oxygen ratios at the first
phase of fermentation and this is related to slow
intake of ammonium ions. While mycelium grows at
loosened
morphology,
significant
amount
glucosamine occurs at the medium and this obstructs
citric acid production [30]. While the citric acid
production yields at 2%, 3%, and 4%; the inoculum
sizes were obtained as 41.17%, 41.86%, 40.42%,
respectively (Figure 4). Maximum citric acid
production yield was obtained at various inoculum
sizes such as 1%, and 4% in other studies [18, 31,
26]. In this study, maximum citric acid production
was obtained at 3% inoculum size.

(IIHFW RI PLFURRUJDQLVP LQRFXOXPV¶ VL]H
The working volume of column bioreactor was 750
mL after pre-incubated microorganism; the column
bioreactor was inoculated 2% (15 mL), 3% (22.5
mL) and 4% (30 mL), respectively at sterile
conditions. Although the inoculum size was
increased, the citric acid production and extensive
inoculum size were not ideal [28, 29]. The excessLYH LQRFXOXP VL]H DIIHFWV WKH PLFURRUJDQLVP¶V
growth rate. With increasing inoculum size, pellets
became smaller and looser in the media. The media
pH was also affected by inoculum size. The maximum pH decrease was obtained at 3% inoculation
medium (Figure 4). Citric acid production changes

Effect of initial pH on citric acid production.
Media, in which the initial pHs were adjusted to 5.5,
6.0, and 6.5, respectively, were incubated at batch
column bioreactor. During the incubation period,
other factors were constant; the temperature was
30oC, aeration rate was 1 vvm, initial substrate ratio
was 140 g/L, methanol ratio was 4%, and inoculation
was 3%. A. niger has the
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FIGURE 5
Effects of various initial pHs on citric acid fermentation by A niger 200910 from citrus waste in column
bioreactor (initial sugar concentration, 140 g/L; supply of air, 1 vvm; incubation temperature, 30oC;
methanol, 4%; and inoculum size, 3%)
medium was increased with sugar concentration, and
this might have affected the increase in mycelium.
At low sugar concentration media, because of oxalic
acid accumulation, the citric acid yield was
decreased. It was ascertained that A.niger pellets
were getting smaller with increasing substrate
concentration. Maximum pellet structure was
observed at 100 g/L substrate concentration. In
3DSDJLDQQL DQG 0DWWH\¶V [32] study, 50, 100, and
150 g/L glucose concentrations were used and the
measured pellet widths were 3.4, 3 and 2.2 mm,
respectively. It is clear from the Figure 6 that, the
decrease in pH at 100 g/L condition was lesser than
the other conditions. The reason for this can be the
accumulation of oxalic acid at low substrate
concentrations [33, 32]. Parallel with the increasing
substrate concentration, dry mycelia weight was
raised. Less mycelia growth was observed at low
substrate concentrations. Steady decreases of total
sugar were observed at 100 g/L and 140 g/L. After
144 h, total sugar came to the steady state (Figure 6).
In batch-wise fermentation of citric acid, the
production started after a lag phase of one day and
reached the maximum at the onset of the stationary
phase or in latter stages [18]. Similar result was
REVHUYHG DW 5RXNDV DQG .\ULDNLGHV¶V VWXG\[34].
Wang et al. [22] used liquefied corn medium for
producing citric acid and they applied 184 g/L initial
sugar for the study. For highest citric acid
production, initial sugar concentration has to be
defined by considering substrate types and strains

capability of producing lactic acid, oxalic acid,
glycolic acid and other acids besides citric acid.
Productions of these acids are related to initial pH
[18]. Oxalic acid occurs at initial pH 6 fermentation
conditions. And after producing by-products, H+ ion
concentrations increase at medium and this change
starts citric acid production. The highest citric acid
production was obtained at the condition that the
initial pH is 6.0. And the lowest was obtained when
the pH is 6.5 (Figure 5). The reason for low citric
acid production at high pH can be the natural
structure of either microorganisms or by-products.
The highest dry mycelium weight was determined at
pH 6.0. At this condition, sugar consumption was
also at the highest level (Figure 5). Citric acid yields
per total sugar concentration were obtained as
31.43%, 41.86%, and 26.41% at pH 5.5, 6.0, and 6.5,
respectively.
Effects
of
initial
reducing
sugar
concentration on citric acid production. Preincubated microorganisms were transferred to
column bioreactor; and total sugar concentrations
were adjusted to 100g/L, 140 g/L, and 180 g/L,
respectively. In this study, maximum citric acid
production was obtained at 140 g/L sugar concentration. With increasing substrate concentration, the
yield of substrate utilization was increased until
200g/L concentration. The reason for the decrease in
yield at high substrate concentrations is the
inhibition effect of high substrates. The viscosity of
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FIGURE 6
Effect of various initial sugar concentrations on citric acid fermentation by A.niger 200910 from citrus
waste in column bioreactor (supply of air, 1 vvm; initial pH, 6.0; incubation temperature, 30 oC; methanol,
4%; and inoculum size, 3%)

FIGURE 7
Effect of methanol ratio on citric acid fermentation by A.niger 200910 from citrus waste in column
bioreactor (initial sugar concentration, 140 g/L; supply of air, 1 vvm; initial pH, 6.0; incubation
temperature 30oC; and inoculum size 3%)
and other media conditions. For this purpose, we
worked in different concentrations to find the
optimum value, which is 140g/L.

methanol were added to media. Citric acid
production was increased at 144 h, and at 4%
methanol condition. It was also observed that usage
of the substrate was better when compared with the
other conditions. It is clear from the Figure 7 that the
media was affected from methanol. The highest
values of citric acid concentration, citric acid yield

Effect of methanol ratio on citric acid
production. For determining the effect of methanol
on citric acid fermentation, at 24 h, 3%, 4%, and 5%
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[5] Ozyurt, M.andDeveci, U. D. (2004) Conversion of agricultural and industrial wastes for
single cell protein production and pollution
potential reduction: A review, Fresen. Environ.
Bull. 13, 693-699.
[6] Biz, A., Finkler, A. T. J., Pitol, L. O., Medina,
B. S., Krieger, N. andMitchell, D. A. (2016)
Production of pectinases by solid-state fermentation of a mixture of citrus waste and sugarcane bagasse in a pilot-scale packed-bed bioreactor, Biochem Eng J. 111, 54-62.
[7] Dhillon, G. S., Brar, S. K., Verma, M. andTyagi,
R. D. (2011) Utilization of different agroindustrial wastes for sustainable bio-production
of citric acid by Aspergillus niger, Biochem Eng
J. 54, 83-92.
[8] C., S.andG., C. (1959) Industrial Microbiology,
McGraw Hill Book Company London, pages.
[9] Angumeenal,A. R.andVenkappayya, D. (2013)
An overview of citric acid production, LwtFood Sci Technol. 50, 367-370.
[10] Torrado, A. M., Cortes, S., Salgado, J. M., Max,
B., Rodriguez, N., Bibbins, B. P., Converti, A.
andDominguez, J. M. (2011) Citric Acid
Production from Orange Peel Wastes by SolidState Fermentation, Braz J Microbiol. 42, 394409.
[11] Panda, T., Kundu, S. andMajumdar, S. K.
(1984) Studies on Citric-Acid Production by
Aspergillus-Niger Using Treated Indian Cane
Molasses, Process Biochem. 19, 183-187.
[12] Marier, J. R. (1983) Citation Classic - Direct
Determination of Citric-Acid in Milk with an
Improved Pyridine-Acetic Anhydride Method,
Cc/Agr Biol Environ, 22-22.
[13] DAT, S. (1976) Determination of food carbohydrates, 1st Edition, Applied Science Publishers Ltd, England, pages(sayfalar).
[14] Karthikeyan, A.and Sivakumar, N. (2010) Citric
acid production by Koji fermentation using
banana peel as a novel substrate, Bioresource
Technol. 101, 5552-5556.
[15] Vandenberghe, L. P. S., Soccol, C. R., Pandey,
A. and Lebeault, J. M. (2000) Solid-state
fermentation for the synthesis of citric acid by
Aspergillus niger, Bioresource Technol. 74,
175-178.
[16] Adham, N. Z. (2002) Attempts at improving
citric acid fermentation by Aspergillus niger in
beet molasses medium, Bioresource Technol.
84, 97-100.
[17] Kubicek, C. P.and Rohr, M. (1986) Citric-Acid
Fermentation, Crit Rev Biotechnol. 3, 331-373.
[18] Haq, I. U., Ali, S., Qadeer, M. A. andIqbal, J.
(2002) Effect of copper ions on mould
morphology and citric acid productivity by
Aspergillus niger using molasses based media,
Process Biochem. 37, 1085-1090.
[19] Gupta, S.andSharma, C. B. (1994) Continuous

and sugar utilization were obtained in the presence
of methanol at a concentration of 4%. The mechanism, by which the methanol stimulated citric acid
production from sugar, was not clear. The high
stimulation effect of methanol can be attributed to
the inhibition of spore formation and the increase of
microorganism tolerance to high levels of minerals
contained in orange peel hydrolysate and molasses.
Maddox et al.[35] reported that the effect of
methanol is at the cell permeability level, it allows
citrate to be excreted from the cell. According to the
calculations; 34.21%, 41.86%, and 26.44% citric
acid yield was observed at 3%, 4%, and 5%
methanol concentrations, respectively. Depending
on microorganisms and the substrate, methanol ratio
changed between 1%-6% in the previous studies [36,
37, 34]. Almost double concentration of citric acid
was produced by using methanol in Prabha and
Rangaiah¶V [37] and <DGHJDU\HWDO¶s studies [38].

CONCLUSIONS
Cultural conditions for citric acid production
by fungi vary from according to the strain,
depending on the type of process and substrate. In
this study, orange peel hydrolysate was considered
to be a substrate in citric acid fermentation.
Moreover, citric acid production while using column
bioreactor was tried and optimum condi-tions such
as aeration rate, inoculation ratio, initial pH, initial
sugar concentration and methanol ratio, were
determined for citric acid production. Consequently, orange peel hydrolysate and molasses in
column bioreactor were an appealing media for
production of citric acid by A. niger.

REFERENCES
[1] Schimmenti, E., Borsellino, V. andGalati, A.
(2013) Growth of citrus production among the
Euro-Mediterranean countries: political implications and empirical findings, Span J Agric
Res. 11, 561-577.
[2] )LO\D ø .DUDEXOXW $ 'H÷LUPHQFLR÷OX 7
Canbolat, Ö. and Kalkan, H. (2001) Turunçgil
3RVDODUÕQÕQ 0XKDID]D YH <HP 'H÷HUL |]HOOLNOHULQLQ 'H÷LúWLULOPHVL 9HW $QLP 6FL  945.
[3] Pomeraz, Y.andMeloan, C. E. (1994) Food
Analysis Theory and Practice Third Edition edn,
Champman&Hall ITP An International
Thompson Publishing Company, New York,
pages.
[4] Rivas, B., Toizrado, A., Torre, P., Converti, A.
and Dominguez, J. M. (2008) Submerged citric
acid fermentation on orange peel auto-hydrolysate, J Agr Food Chem. 56, 2380-2387.
3621


© by PSP

Volume 26 ± No. 5/2017 pages 3614-3622

Fresenius Environmental Bulletin


mutants of Aspergillus niger from cane
molasses, Bioresource Technol. 93, 125-130.
[32] Papagianni, M.andMattey, M. (2004) Physiological aspects of free and immobilized
Aspergillus niger cultures producing citric acid
under various glucose concentrations, Process
Biochem. 39, 1963-1970.
[33] Ali, S., Ikram-ul-Haq andIqbal, J. (2002) The
role of Mn++ ions for high and consistent yield
of citric acid in recycling fed-batch bioreactor
system and its novelty on kinetic basis, Electron
J Biotechno. 5, 110-117.
[34] Roukas, T.andLiakopoulou-Kyriakides, M.
(2002) Optimization study for the production of
citric and gluconic acid from fig water extract
by Aspergillus niger in surface fermentation,
Food Biotechnol. 16, 17-28.
[35] Maddox, I. S., Hossain, M. andBrooks, J. D.
(1986) The Effect of Methanol on Citric-Acid
Production from Galactose by AspergillusNiger, Appl Microbiol Biot. 23, 203-205.
[36] Pazouki, M.andPanda, T. (2000) Understanding the morphology of fungi, Bioprocess Eng.
22, 127-143.
[37] Prabha, M. S.andRangaiah, G. S. (2014) Effect
of Different Alcohols at Various Concentrations on Citric Acid Fermentation Using
Manilkara zapota and its Peels as a Carbohydrate Source Int J Pure and App Biosci. 2,
112-119.
[38] Yadegary, M., Hamidi, A., Alavi, S. A.,
Khodaverdi, E., Yahaghi, H., Sattari, S.,
Bagherpour, G. andYahaghi, E. (2013) Citric
Acid Production From Bagasse through Solid
State Fermentation Method Using Aspergillus
niger Mold and Optimization of Citric Acid
Production by Taguchi Method, Jundishapur J
Microb. 6.

Production of Citric-Acid from Sugarcane
Molasses Using a Combination of Submerged
Immobilized and Surface-Stabilized Cultures of
Aspergillus- Niger- Kcu- 520, Biotechnol Lett.
16, 599-604.
[20] Wang, J. L. (2000) Production of citric acid by
immobilized Aspergillus niger using a rotating
biological contactor (RBC), Bioresource
Technol. 75, 245-247.
[21] Ates, S., Dingil, N., Bayraktar, E. and
Mehmetoglu, U. (2002) Enhancement of citric
acid production by immobilized and freely
suspended Aspergillus niger using silicone oil,
Process Biochem. 38, 433-436.
[22] Wang, B. S., Chen, J., Li, H., Sun, F. X., Li, Y.
R. andShi, G. Y. (2017) Pellet-dispersion
strategy to simplify the seed cultivation of
Aspergillus niger and optimize citric acid
production, Bioproc Biosyst Eng. 40, 45-53.
[23] McIntyre, M.andMcNeil, B. (1997) Dissolved
carbon dioxide effects on morphology, growth,
and citrate production in Aspergillus niger A60,
Enzyme Microb Tech. 20, 135-142.
[24] Kilic, M., Bayraktar, E., Ates, S. and
Mehmetoglu, U. (2002) Investigation of
extractive citric acid fermentation using response-surface methodology, Process Biochem.
37, 759-767.
[25] Shojaosadati, S. A. and Babaeipour, V. (2002)
Citric acid production from apple pomace in
multi-layer packed bed solid-state bioreactor,
Process Biochem. 37, 909-914.
[26] Rasoulnia, P.andMousavi, S. M. (2016) Maximization of organic acids production by
Aspergillus niger in a bubble column bioreactor for V and Ni recovery enhancement
from power plant residual ash in spent-medium
bioleaching experiments, Bioresource Technol.
216, 729-736.
[27] Barrington, S., Kim, J. S., Wang, L. andKim, J.
W. (2009) Optimization of citric acid
production by Aspergillus niger NRRL 567
grown in a column bioreactor, Korean J Chem
Eng. 26, 422-427.
[28] Fatemi, S. S.andA, S. S. (1999) Citric acid
production from apple pomace by using solidstate fermentation, Iran J Chem Chem Eng. 18,
44-47.
[29] Khosravi-Darani, K., Z. A., S.A., A. andS.S., F.
(2008) Application of Plackket-Burman Design
for Citric Acid Production from pre-treated and
untreated wheat straw, Iran J Chem Eng. 2, 115.
[30] Papagianni, M. (2007) Advances in citric acid
fermentation by Aspergillus niger: Biochemical aspects, membrane transport and modelling, Biotechnol Adv. 25, 244-263.
[31] Ikram-ul, H., Ali, S., Qadeer, M. A. andIqbal, J.
(2004) Citric acid production by selected



Received:
Accepted:

CORRESPONDING AUTHOR


Dr. Ece Ummu Deveci
Omer Halisdemir University, Environmental
Engineering Department, 51240 Nigde/TURKEY,
e-mail: ecedeveci@gmail.com

3622


19.02.2016
03.04.2017

© by PSP

Volume 26 ± No. 5/2017 pages 3623-3630

Fresenius Environmental Bulletin



DETERMINATION OF THE EFFECTS OF TEMPERATURE
AND COLOR PARAMETERS ON GROWING
CHLORELLA PROTOTHECOIDES MICROALGAE SPECIES
Ahmet Konuralp Elicin*
Agricultural Machinery and Technology Engineering Department, Faculty of Agriculture, University of Dicle, Diyarbakir, Turkey

ABSTRACT

INTRODUCTION

Algal production is the most effective and
economical option for eutrophication control, waste
water treatment and the conversion of solar energy
into biomass. In Turkey, annual solar radiation averages approximately 1200-2000 kWh/m2 and producing green energy through biomass with microalgal photosynthesis, by using solar energy, will help
reduce damage to the environment. This study was
conducted under laboratory conditions established in
Dicle University, Faculty of Agriculture, Agricultural Machinery and Technology Engineering
Department. The Chlorella protothecoides species
belonging to Chlorophyceae class was investigated
by taking some factors, such as suitability for biofuel
production, a large amount of oil and different
temperature requirements into account. The effects
of different growing parameters, such as light
sources with different wavelengths (blue, yellow,
red and white), at different temperatures (20 °C, 25
°C and 30 °C), on cell numbers, pH and conductivity
values, were investigated. In experiments evaluating
the different colors of light, the highest pH value was
found with white light, as 8.326 and the lowest pH
value was found with yellow light, as 6.890,
respectively. The highest salinity value was found at
white light, as 369.8 mg/L and the lowest salinity
value was found at yellow light, as 305.3 mg/L,
respectively. The highest conductivity was found
with white light, as 692.4 μS/cm and the lowest
conductivity was found with yellow light, as 572.5
μS/cm, respectively. The largest cell numbers were
obtained were 1204000 pcs/mm3 with white light,
whereas the lowest cell numbers obtained were
530300 pcs/mm3 with yellow light. Under these
conditions, decreases were observed with increasing
temperature. An increase in the number of days
resulted in an increase in overall properties
examined with the exception of experiments at 30oC.

Nowadays, global and local actors (national
governments, industrial associations and organizations, agricultural associations etc.), who are caught
between the escalating global demand for energy and
global climate change with ever increasing effects,
have begun to give more priority to the use of
renewable sources of energy with heightened environmental awareness [1]. In a report by the International Energy Agency (IEA) published in 2009, renewable energy sources were expected to increase
their 18% share in global electricity production from
2007 to 2030 by 22% and with their properties
protecting the environment and local and global
carbon balance, these sources are considered to be an
alternative to traditional energy sources and
therefore their use is being promoted [2].
Although algae are considered to be an ecofriendly and renewable energy source, they were
used as an additive nutrient in animal breeding rather
than an alternative energy source for many years [3].
As a result of biomass energy researches, which in
recent years were accelerated due to the effect of
rising oil prices, algae are seen to be a promising
source of energy. Although there have been
successful studies, laboratory research, pilot and
small-scale experiments, which are also called third
generation biofuels technology, aimed at using many
algal species in nature as an energy source, the
desired output cannot be obtained in the event of a
large-scale production if ideal processes in their
local production are not established [4].
Algae are considered to be an alternative to
other raw materials in the production of biofuels,
such as biodiesel and ethanol. Current biofuel
production methods require an increasing amount of
land compared with other fuel products. In this
respect, algae are a unique alternative [5]. Algae
production facilities can be established on land that
is not used for agricultural purposes. Microalgae can
produce more oil than 80% of their total dry weight
of the biomass [6].
Microalgae are microorganisms containing
carbohydrate, protein, lipid and vitamins. Generally,
although they vary according to the species,
microalgae may contain approximately 15-77% of

KEYWORDS:
Renewable energy, microalgae, biodiesel, color sources,
Chlorella protothecoides
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oil [7]. Microalgae appear to be more suitable for the
production of biodiesel and biogas compared with
other oil crops with a higher oil content and growth
rate. Using microalgae to produce biodiesel and
biogas will help to meet the increasing global energy
demand and through photosynthesis contri-bute to
the prevention of global warming by con-verting
excessive carbon dioxide in the atmosphere into
efficient products [8]. This potential can be clearly
seen in Table 1 when compared with other oil crops
[9].
The main areas of use for microalgae are given
in Table 2. It is possible to produce various products
through the application of different processes.

TABLE 3
Oil contents of some microalgae species
Microalgae
Schizochytrium sp.
Botryococcus braunii
Chlorella sp.
Crypthecodinium cohnii
Dunaliella primolecta
Isochrysis sp.
Nannochloris sp.
Nannochloropsis sp.
Neochloris oleoabundans
Nitzschia sp.
Tetraselmis sueica

As studies conducted on microalgae are a good
option for biodiesel production and it is easy to use
microalgae in the laboratory, they are focused on
freshwater algae (Chlorella) [13]. In order to
increase the oil content in microalgae, the temperature and nitrogen content were increased [11].
To grow, one ton of algae requires 1.8 tons of CO2.
If we consider that algae can be easily grown everywhere, there is a very remarkable opportunity [14].

TABLE 1
Comparison of biofuel sources by their annual
production
Oil Source
Soya Beans
Canola
Palm Oil
Microalgae (30% Oil
Content)
Microalgae (70% Oil
Content)

Oil Production from Crops (l/ha)
446
1190
5950
58700
136900

MATERIALS AND METHODS

TABLE 2
Processes using microalgae
Finished
Product
Biodiesel
Ethanol
Methane
(biogas)
Heat and
Electricity

Oil Content (% Dry Weight)
50±77
25±75
28±32
20
23
25±33
20±35
31±68
35±54
45±47
15±23

In the research, Chlorella protothecoides
species belonging to Chlorophyceae class was
selected due to its life factors, such as higher oil
content, easy availability and resistance to contamination [15, 7].
Chlorella protothecoides was grown in Dicle
University, Faculty of Agriculture, Agricultural
Machinery Technologies and Engineering Department and its growth parameters were investigated
(Figure 1).
Tests were planned in two stages after the algae
was grown. As the effect of temperature on the
growth of algae was examined, each volumetric flask
was covered with an opaque Styrofoam box, (Figure
2).
At the beginning of the test, the algal species
were exposed to 24 hours of illumination by using
light sources with different colors and wavelengths
and its cell numbers, pH and conductivity values
were measured under a constant light intensity.
White light source was selected among four different
light sources (blue, yellow, red and white) used in
the first test because the color white has the highest
light intensity and has positive effects on the
growing parameters. A white light source was used
in the temperature tests. In the second stage, the
changes in the number of cells at 20 oC, 25 oC and
30 oC, as well as pH and conductivity values of
algae, were investigated under white color light and
constant light intensity.

Production Process
A production method with transesterification
and oil extraction from algae
Fermentation method
Anaerobic fermentation of algae pulp
Gasification of biomass or direct combustion of
algae pulp

Microalgae use sunlight and CO2 more
effectively compared with other oil crops, while
producing oil in their structures, and their division
potential and growth rates are very high. During the
rapid growth of microalgae, it takes 3.5 hours to
double the biomass. Therefore, compared with other
oil crops, microalgae can be produced in small areas
in larger amounts and at a lower cost [10].
Microalgae can produce many different types
of lipids, hydrocarbon and other complex oils. Most
algal oils can be used to produce biodiesel [9]. Microalgae contain high energy with fatty acids, such
as oleic acid (C18:1) and palmitoleic acid (C16:1)
more than 80% of their biomass [11]. Therefore,
converting microalgae into fuel is very convenient
[12]. The oil contents of some microalgae species are
shown in Table 3.
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FIGURE 1
Chlorella protothecoides growing mediums

FIGURE 2
Protective Boxes

TABLE 4
Composition of Bold Basal Medium (BBM)
Component
Macronutrients
NaNO3
CaCl2 . 2H2O
MgSO4 . 7H2O
K2HPO4
KH2PO4
NaCL
Alkaline EDTA Solution
EDTA
KOH
Acidified Iron Solution
FeSO4 7H2O
H2SO4
Boron Solution
H3BO3
Trace Metals Solution
ZnSO4 . 7H2O
MnCl2 . 4H2O
MoO3
CuSO4 . 5H2O
Co(NO3)2 . 6H2O

Stock Solution (g.L-1.dH2O)

Quantity Used

Concentration in Final Medium (M)

25.00
2.50
7.50
7.50
17.50
2.50

10 ml
10 ml
10 ml
10 ml
10 ml
10 ml
1 ml

2.94 x 10-3
1.70 x 10-4
3.04 x 10-4
4.31 x 10-4
1.29 x 10-3
4.28 x 10-4
1.71 x 10-4
5.53 x 10-4

50.00
31.00
1 ml

1.79 x 10-5

4.98
1 ml
1 ml

1.85 x 10-4

11.42
1 ml

3.07 x 10-5
7.28 x 10-6
4.93 x 10-6
6.29 x 10-6
1.68 x 10-6

8.82
1.44
0.71
1.57
0.49

TABLE 5
Variance analysis results for pH, salinity, conductivity and cell numbers by different color sources
pH
Mean
Square

Salinity

Replication

2

0.125

Color type
Error

3
6

15.550
0.068

p<0.01

36331.689
51.594

p<0.01

122228.711
237.983

p<0.01

3.409E12
5.857E9

p<0.01

Day
Color type
x day
Error

14

1.945

p<0.01

450.672

p<0.01

5384.577

p<0.01

4.277E11

p<0.01

42

0.526

p<0.01

1423.383

p<0.01

4138.707

p<0.01

1.898E11

p<0.01

112

0.063

Cv (%)

3.30

Probability

30.106

Mean
Square

Cell number

df

Probability

Mean
Square

Conductivity

Variance
source

Probability

416.872

Mean
Square
7.559E9

0.365

56.259

6.093E8

0.170

1.160

2.87

As shown in Table 4, Bold-Basal Medium
content was used as the nutrient for the microalgae
species grown. Test results were analyzed using
variance analysis within the split plot design in randomized blocks and averages were grouped according to the Duncan test (P<0.01).

Probability

RESULTS AND DISCUSSIONS
Statistical Results by Different Color
Sources. The variance analysis results of the values
obtained for the effect of different color light sources
and number of days on the pH, salinity, conductivity
and cell numbers of Chlorella protothecoides algae
species are given in Table 5. Considering the results
of analysis of variance, color source, day and color
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numbers until the end of the 7th day; however, reduction was observed in the following days. Accordingly, the lowest cell numbers were found to be
484000 pcs/mm3 on the 15th day and the highest cell
numbers were found to be 1085000 pcs/mm3 on the
7th day, respectively.
Under the red light source, the lowest value was
determined as 7.074 on the 15th day, while the
highest value was determined as 8.21 on the 1 st day,
respectively. The salinity was found to be increased
from 320.3 mg/L to 378.3 mg/L from the 1st day until
the 15th day of the tests. Conductivity was observed
to increase each day. The conductivity values varied
between 606.3 μS/cm ± 731.3 μS/cm. There was an
increase in the cell numbers until the 6th day. The
number of cells started to decrease on the 7th day and
the lowest number of cells was found to be 170700
pcs/mm3 on the 15th day.

source x day interaction was found to be significant
at 0.01 for pH, salinity, conductivity and cell
numbers. Similar results were reported by Atta et al.
[16], Sforza et al. [17] and Insel et al. [18].
The variance analysis results of the values
obtained for the effect of different color light sources
and number of days on the pH, salinity, conductivity
and cell numbers of Chlorella protothecoides algae
species are given in Tables 6, 7, 8 and 9.
Under the blue light source, the pH value was
determined to be decreasing and the lowest value
was determined as 6.16 on the 15th day, while the
highest value was determined as 8.23 on the 1st day.
The salinity values varied between 337.3 mg/L and
376.7 mg/L and increased from 1st day to 15th day.
The lowest conductivity value was determined as
618.3 μS/cm on the 1st day and the highest value was
determined as 723.7 μS/cm on the 15th day,
respectively. There was an increase in the cell

TABLE 6
The values determined under blue light color source
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.235
8.174
8.130
8.047
7.962
7.886
7.814
7.728
7.654
7.547
7.437
7.345
7.214
7.088
6.163
7.628b

Salinity mg/l
337.3
341.3
342.0
345.7
349.3
353.7
356.7
359.0
362.7
364.0
365.7
370.3
374.3
376.7
376.7
358.4b

Conductivity μS/cm
618.3
624.7
629.7
634.3
640.3
646.3
653.0
658.0
663.3
670.7
678.3
685.3
694.7
705.7
723.7
661.8b

Cell number pcs/mm3
968000
1011000
1045000
1045000
1005000
1043000
1085000
1024000
872300
794000
721300
641300
602700
553300
484000
859700b

TABLE 7
The values determined under red light color source
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

ph
8.214
8.177
8.131
8.067
7.997
7.935
7.840
7.742
7.651
7.548
7.434
7.333
7.251
7.170
7.074
7.704b

Salinity mg/l
320.3
326.7
334.7
340.7
346.0
350.3
354.0
355.0
358.3
360.3
363.7
367.7
369.0
372.3
378.3
353.2b

3626

Conductivity μS/cm
606.3
613.3
621.7
631.7
639.3
651.7
659.3
665.7
674.3
648.0
688.3
705.0
714.0
724.3
731.3
665.0b

Cell number pcs/mm3
970700
1064000
1153000
1184000
1273000
1341000
1185000
960000
864000
737300
601300
474700
397300
280000
170700
847300b
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TABLE 8
The values determined under yellow light color source
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

ph
8.195
8.199
7.885
7.591
7.362
7.178
6.974
6.788
6.586
6.311
6.164
6.056
6.830
5.694
5.539
6.890c

Salinity mg/l
345.7
340.3
335.7
329.7
324.3
315.7
308.7
304.0
299.3
296.3
288.3
280.7
276.7
270.3
264.0
305.3c

Cell number pcs/mm3
1000000
983300
912000
831300
778000
718700
634700
573300
505300
462700
310700
160000
64000
15870
4200
530300c

Conductivity μS/cm
624.3
617.0
608.3
600.7
592.7
586.7
582.3
575.7
567.7
559.3
552.3
544.3
533.7
527.3
515.3
572.5c

TABLE 9
The values determined under white light color source
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

ph
8.151
8.193
8.200
8.235
8.252
8.266
8.292
8.323
8.328
8.365
8.374
8.434
8.466
8.485
8.520
8.326a

Salinity mg/l
336.3
342.3
346.7
351.7
356.3
361.7
364.7
370.3
375.0
378.7
382.3
387.0
392.3
397.3
403.7
369.8a

Conductivity μS/cm
621.7
632.7
641.0
653.3
664.7
674.3
680.3
686.7
693.3
703.0
718.3
737.3
746.3
755.7
777.7
692.4a

Cell number pcs/mm3
969300
1004000
1036000
1064000
1107000
1132000
1171000
1188000
1201000
1224000
1264000
1345000
1389000
1445000
1521000
1204000a

TABLE 10
Variance analysis results for pH, salinity, conductivity and cell numbers by different temperature sources
pH
Variance
source

df

Mean
Square

Replication

2

Salinity (mg/L)

Probability

Mean
Square

0.017
P<0.01

Temperature

2

6.310

Error

4

0.010

14

0.532

P<0.01

Temperature x
day

28

0.378

P<0.01

84

0.000

Error
Cv (%)

0.23

Probability

Mean
Square

4.363

67.696

48579.
163

P<0.01

181689.
341

83.852

Day

Conductivity (μS/cm)

589.71
2
3087.7
58

P<0.01

234.707
P<0.01
P<0.01

2844.93
4
7886.22
2

4.030

4.601

0.59

0.33
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Probability

P<0.01
P<0.01

Cell number
(pcs/mm3)
Mean
Probability
Square
2.565E
8
2.628E
P<0.01
12
8.475E
9
2.167E
P<0.01
10
3.708E
P<0.01
11
5.068E
8
2.16
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was found as 792.7 μS/cm on the 15th day and the
lowest conductivity was found as 617.0 μS/cm on
the 1st day. The number of cells was found as 780000
pcs/mm3 on the 1st day and 1082000 pcs/mm3 on the
15th day, respectively. In the experiments performed
at 20 oC are shown in Table 11.
In the experiments performed at 25 oC (Table
12), the highest pH value was found as 8.256 on the
1st day and the lowest pH value was found as 7.26 on
the 15th day. Unlike the pH values, salinity was
observed to be reduced until the 5th day and increased thereafter and the highest salinity value was
found to be 397.0 mg/L on the 15 th day. This trend
was also identified in conductivity and was observed
to have increased after the 5th day, reaching the
highest value of 727.0 μS/cm on the 15 th day. The
cell numbers varied between 1003000 and 1601000
pcs/mm3 and the highest value was found on the 15th
day. This is in agreement with the reports of Cho et
al. [19]
At 30 oC; pH, salinity and conductivity values
were observed to have decreased over time and the
cell numbers declined until the 6th day and increased
thereafter. The highest pH value was found as 8.317
on the 1st day and the lowest pH value was found as
6.758 on the 15th day. The salinity values were
observed to range between 260.7 mg/L and 348.0
mg/L and the lowest value was found on the 15th day,
while the highest value was found on the 1st day. The
highest conductivity was found as 631.7 μS/cm on
the 1st day and the lowest value was found as 513.0
μS/cm on the 15th day. Although at first cell numbers
had a decreasing trend and then an increasing trend
hereafter, the lowest number of cells was found as
717300 pcs/mm3 on the 6th day and the highest
number of cells was found as 1644000 pcs/mm3 on
the 1st day, respectively. Results can be seen at Table
13. Same trends were also determined by other
researchers [19, 20, 21].

Under yellow light source, pH had showed a
decreasing trend over time. The lowest pH value was
determined as 5.53 on the 15th day, while the highest
value was determined as 8.19 on the 1st day,
respectively. The highest salinity value was found as
345.7 mg/L on the 1st day and the lowest salinity
value was found as 264 mg/L on the 15 th day. The
conductivity values ranged between 515.3 μS/cm ±
624.3 μS/cm from 1st day until the 15th day of the
experiments. With each day, under the yellow light
source, there was a steady decline in the number of
cells. Accordingly, the lowest cell numbers were
found to be 4200 pcs/mm3 on the 15th day and the
highest cell numbers were found to be 100000
pcs/mm3 on the 1st day, respectively.
Under the white light source, pH values varied
between 8.151 ± 8.520. The salinity vales increased
according to the time. The lowest salinity value was
found as 336.3 mg/L on the 1st day and the highest
salinity value was found as 403.7 mg/L on the 15 th
day. Conductivity was found as 621.7 μS/cm on the
1st day and 777.7 μS/cm on the 15th day. The cell
numbers also increased over time and it was found
as 969300 pcs/mm3 on the 1st day and as 1521000
pcs/mm3 on the 15th day.
Statistical results by effect of different
temperatures. The variance analysis results of the
values obtained for the effect of different temperatures and number of days on the pH, salinity, conductivity and cell numbers of Chlorella protothecoides algae species are shown in Table 10.
In different temperature tests applied on the
Chlorella protothecoides microalgae species, the
highest pH value was found as 8.58 at 20 oC on the
15th day, and the lowest pH value was found as 8.08
on the 1st day. There was an increase in pH values
over time. The highest salinity value was found as
403.0 mg/L on the 15th day. The highest conductivity

TABLE 11
The values determined under 20oC
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.085
8.105
8.148
8.179
8.243
8.287
8.315
8.366
8.398
8.421
8.455
8.476
8.499
8.540
8.584
8.340a

Salinity mg/l
331.3
340.0
345.7
351.7
356.3
362.3
369.3
375.7
381.3
385.0
388.7
391.3
395.0
398.0
403.0
371.6a

Conductivity μS/cm
617.0
633.3
644.0
653.3
665.0
673.7
683.7
700.3
714.3
722.7
738.0
756.3
768.7
779.3
792.7
702.8a
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Cell number pcs/mm3
780800
836000
1038000
1007000
969800
950700
972000
1020000
1049000
1058000
1058000
1083000
1103000
1114000
1082000
1258000a
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TABLE 12
The values determined under 25oC
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.256
8.331
8.407
8.274
8.180
8.047
7.965
7.847
7.712
7.628
7.567
7.502
7.420
7.341
7.263
7.849b

Salinity mg/l
331.0
321.3
311.7
305.0
312.0
321.3
327.0
334.3
342.7
349.7
365.7
374.3
383.0
391.3
397.0
344.5b

Conductivity μS/cm
624.7
619.0
613.7
607.7
612.0
623.7
630.0
638.3
648.0
659.0
671.7
682.0
693.0
712.7
727.0
650.8b

Cell number pcs/mm3
1070000
1035000
1003000
1014000
1033000
1056000
1088000
1153000
1209000
1280000
1349000
1424000
1498000
1560000
1601000
1085000b

TABLE 13
The values determined under 30oC
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.317
8.236
8.163
8.092
8.007
7.869
7.741
7.608
7.492
7.356
7.259
7.157
7.070
6.941
6.758
7.604c

Salinity mg/l
348.0
343.3
338.7
333.7
325.0
318.0
312.3
307.0
301.3
294.7
288.3
282.0
273.7
267.0
260.7
306.2c

Conductivity μS/cm
631.7
626.7
622.0
615.7
606.7
597.0
589.0
579.0
570.3
558.3
546.3
538.7
530.3
521.3
513.0
576.4c

Cell number pcs/mm3
1644000
981300
949300
864000
744000
717300
832000
962700
1056000
1112000
1171000
1239000
1309000
1377000
1445000
780800c

CONCLUSION
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DETERMINATION OF THE EFFECTS OF COMMERCIAL
ORGANIC FERTILIZERS AND PLANT ACTIVATORS ON
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products have received the attention of people that
are concious about agricultural chemical residues,
food quality and food safety [6].Consumers have
started to increasingly consume organic products due
to their production with environmentally safe
procedures and their benefits to human health [7,8].
The first reason that consumers prefer to consume
organic products is the importance that they give to
their childrens health [9].
Organic farming is one of the farming methods
trying to balance the food production demands of
agricultural consumers with environ-mental
sustainability. The basis of organic farming is to
prohibit the use of synthetic pesticides and fertilizers
but at the same time to protect the soil fertility. It
proposes a closed farming system for an effective
recycling of nutritional products contai-ning plants
and animals [10].Conventional farming changes soil
quality via negatively affecting soil microorganisms
due to industrial applications. On the other hand,
organic farming enhances soil quality and
sustainable farming by providing better conditions
for soil organisms [11].The use of orga-nic fertilizers
is permitted in organic farming for plant nutrition.
The principle of plant nutrition is based on the
enhancement of soil organic matter and
microbiological activity [12].The application of
organic fertilizers enhances soil physical characteristics and thus increases the germination, root
development and water holding capacity, and by
modifiying the chemical characteristics of the soil,it
increases the levels of plant nutrients and their
uptake. Moreover, it provides the sustainability of
soil fertility by positively affecting soil flora and
fauna [13].
Recently, consumers have started to prefer
organic foods since they believe that they are more
beneficial both in terms of environment and their
health. This situation has resulted in an increase in
the interest of producers to organic farming leading
to the production of organic inputs required for
organic farming.The inadequate inputs that are used
in plant nutrition is the most important problem
among the growers in organic farming. In

ABSTRACT
In the study conducted during 2013 and 2014
years, organic tomato production has been
performed using 5 different treatments (control,
Crop-Set, Soil-Set, Manda 31 and conventional)
including three doses (0, 125, 250 kg/da) of solid
organic fertilizer produced via fermentation of plant
protein sources and cattle manure in an experimental set up of split plot design. At the end of the
study, the N, P, K, Ca, Mg, Mn, Fe, Zn and Cu
elemental analyses were performed using tomato
leaves in order to determine the nutritional position
of the tomato plants. The results showed that the N,
P, K Ca, Mg and Fe contents of tomato leaves
increased in all doses as compared to the 0 kg/da
Biofarm Humus dose and in all treatments as
compared to the control treatment.

KEYWORDS:
Conventional farming;leaf; nutrient element; organic
farming; tomato

INTRODUCTION
µ*UHHQ 5HYROXWLRQ¶ Dn important issue in the
world since 1960-1970is a percipience to increase
the yield per unit area by the use of fertilizers and
pesticides in order to compensate the food demand
of increasing world population [1].Therefore, the
increased use of fertilizers, hormones and agricultural pesticides caused many environmental and
human health problems [2]. These problems faced
have brought on the agendathe sustainable systems
which guarantee the high yield and reduce the
environmental problems [3]. Thus, significant
increases in organic agricultural practices have been
observed in many countries in the world [2]. It is
thought that organic agricultural practices reduce the
environmental problems associated with the
conventional agricultural practices and protect the
naturality of products [4,5]. Recently, organic
3631
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mg phenylalanine and 37 mgtyrosine per 100 grams.
Crop-Set and Soil-Set were organically certified by
OMRI, and Manda 31 by JACT.
In the study the three different doses (0-125250 kg/da) of Biofarm Humus organic fertilizer
which formed the main plots were applied before
planting. Five different treatments (Control
(received no treatment), Crop-Set, Soil-Set, Manda
31, conventional) were applied to each main plot to
form sub-plots. The seedlings were planted to the
experimental area with 140x40 cm row spacing on
25 May in 2013 and on 21 May in 2014. The
experiment was designed based on a split plot
experimental design with three replications and 20
plants per replication in each year. The drop irigation
system was used to irrigate the experi-mental area.
In both years of the study, the plant activators
were applied three times during the vegetation
period. 60 cc/da Crop-Set and30 cc/da Manda 31
were applied to both plant and soil surface and 100
cc/da Soil-Set was applied to the soil surface by
spraying.
In the study, 50 kg/da 15.15.15 (N, P 2O5, K2O)
fertilizer was applied as a base fertilizer in
conventional farming. Moreover, 35 kg/da potassium nitrate (13% N, 46% K2O), 5 kg/da ammonium
nitrate (%33 N), 5 kg/da calcium nitrate (15.5% N,
26% CaO) and 5 kg/da monoamonium phosphate
(12% N, 61% P2O5) were applied to the experimental area during the vegetation period. In order to
compensate the microelemental needs of plants, 500
g/da of a commercial fertilizer containing 3% boron,
0.5 % copper, 5% iron, 5% molibden and 7% zinc
was applied to the experi-mental area three times
using the drop irrigation system.
At the middle of the vegetation period, the leaf
samples taken from tomato plants were brought to
the laboratories at the Horticultural Science and Soil
Science and Plant Nutrition departments, College of
Agriculture, Suleyman Demirel Univer-sity, and
after sequentially washing with top water, diluted
acid solution (0.2 N HCl) and pure water, they were
dried at 65 °C in an oven and then grinded [14]. 0.4
g grinded leaf sample was mixed with 10 ml nitric
acid. The samples were then burned at 180 °C in a
microwave and cooled down for 15 minutes. The
burned samples were trans-ferred to measurement
cylinders with filter papers (50 ml) [14,15]. The
amounts of nutritional ele-ments in the samples (total
nitrogen,
phosphorus,
pottasium,
calcium,
magnesium, copper, mangan, iron, zinc) were
determined using the methods described below.
Total nitrogen content in the samples was
determined with Kjeldahl method and total
phosphorus content was recorded colorimetrically
using vanadomolibdophosphoric yellow pigment
method with a spectrophotometer (Shimatzu UV1208) [14]. The potassium, calcium, magnesium,

comparison with the conventional farming, the
nutrients that can be used in organic farming are very
limited. In this study, the plant activators that can be
used in organic tomato production, cattle manure and
solid organic fertilizers produced via fermentation of
plant protein resources were used in organic farming.
Moreover, in the study, all doses of solid organic
fertilizers were used in conven-tional farming and
compared to the organic far-ming. The contents of N,
P, K, Ca, Mg, Mn, Fe, Zn and Cu elements, the best
criteria for the deter-mination of plant nutritional
status were analysed in the plants leaves, and
organically produced samples were compared to the
conven-tionally produced samples.

MATERIALS AND METHODS
The study was conducted in an area suitable for
organic farming in Yalvaç, Isparta, Turkey during
2013 and 2014 years. The soil in the experi-mental
area was clayed with a pH of8.07, a lime content of
40.69%, an ECvalue of 148.30 micro-mhos/cm and
an organic matter content of 2.49%. The soil
contained 1330 ppm nitrogen, 5.20 ppm phosphorus,
590.29 ppm potassium, 4894.90 ppm calcium, 568
ppm magnesium, 1.29 ppm iron, 0.80 ppm copper,
1.74 ppm mangan and 0.63 ppm zinc.
Joker F1 a seat type tomato cultivar with large
fruits and commonly found in high altitudes was
obtained from a commercial firm (Vilmorin) and
used as the plant material.
The commercial organic fertilizer (Biofarm
Humus) used in the study was a fertilizer produced
by the fermentation of cattle manure and plant protein resources and was certified by ECOCERT.
Biofarm Humus is a fertilizer containing 50% organic matter, 2%nitrogen, 2%phosphorus, 2% potassium, 10%total acid (humic+fulvic), 5.35%calcium, 1.30% magnesium, 0.33%iron, 62 ppm
mangan, 76 ppm zincand 15 ppm copper.The pH
value and C/N ratio of Biofarm Humus is 7.8 and 12
respectively.
Crop-Set, one of the plant activators used in the
study containes Lactobacillus acidophilus (893.80
g/l), plant extract (147.15 g/l), manganese sulphate
(27.25 g/l), ferrous sulphate (16.35 g/l) and copper
sulphate (5.45 g/l). The other plant activator Soil-Set
has Lactobacillus acidophilus (781.18 g/l), plant
extract (37.06 g/l), zinc chlorides (92.77 g/l), copper
chlorides (74.86 g/l), ferrous chlorides (77.86 g/l),
manganese chlorides (26.27 g/l). Manda 31 is a
product containing 18 aminoacids including 66 mg
proline, 69 mg alanine, 56 mg serine, 64 mg valine,
44 mg threonine, 49 mg isoleucine, 48 mg glycine,
86 mg leucine, 207 mg glutamic acid, 17 mg
methionine, 27 mg histidine, 53 mg arginine, 10 mg
tryptophan, 260 mg aspartic acid, 17 mg cysteine, 53
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TABLE 1
The effects of treatments on N contents of tomato leaves (%)
Biofarm Humus doses (kg/da)
0
125
250
3.63±0.176
3.83±0.145
3.87±0.067
3.90±0.058
4.17±0.233
4.30±0.153
3.80±0.000
4.10±0.153
4.40±0.100
3.70±0.145
3.90±0.153
4.30±0.200
4.00±0.208
4.10±0.173
4.63±0.219
3.81±0.063
4.02±0.075
4.30±0.089
Biofarm Humus doses (kg/da)
Treatments
0
125
250
3.73±0.033
3.77±0.133
3.83±0.167
Control
4.13±0.067
4.10±0.100
4.17±0.120
Crop-Set
4.40±0.173
4.57±0.120
4.70±0.173
Soil-Set
3.70±0.153
3.90±0.00
4.07±0.088
Manda 31
4.40±0.100
4.67±0.033
4.78±0.240
Conventional
4.07±0.093
4.20±0.102
4.31±0.116
Mean
*Differences among means were significantly different at the 5% level of significance.

Mean
3.78±0.078 b*
4.13±0.101 a
4.10±0.101 ab
3.97±0.119 ab
4.23±0.141 a
Mean
3.78±0.064 d*
4.13±0.05 b
4.56±0.090 a
3.89±0.074 c
4.61±0.094 a

2.

Year

1.

Year

Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

2.

Year

1.

Year

TABLE 2
The effects of treatments on the P contents of tomato leaves (%)
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

Biofarm Humus doses (kg/da)
0
125
0.29±0.020
0.31±0.027
0.43±0.038
0.39±0.046
0.38±0.020
0.39±0.038
0.36±0.021
0.40±0.024
0.45±0.029
0.47±0.035
0.38±0.018
0.39±0.019
Biofarm Humus doses (kg/da)
0
125
0.38±0.007
0.40±0.009
0.45±0.015
0.44±0.019
0.46±0.007
0.49±0.063
0.41±0.068
0.41±0.030
0.44±0.025
0.46±0.026
0.43±0.015
0.44±0.015

Mean
250
0.29±0.012
0.39±0.035
0.47±0.035
0.40±0.027
0.47±0.041
0.40±0.021

0.30±0.011 c*
0.40±0.021 b
0.41±0.021 ab
0.39±0.014 b
0.46±0.018 a
Mean

250
0.44±0.027
0.48±0.041
0.51±0.012
0.45±0.015
0.51±0.036
0.48±0.013

0.41±0.012 b*
0.45±0.015 ab
0.49±0.020 a
0.43±0.023 ab
0.47±0.018 ab

* Differences among means were significantly different at the 5% level of significance.

mangan, iron and zinc contents of the plants were
determined from the burned samples using an atomic absorption spectrophotometer (Varian AA 24
OFS) as described[14,16].The results for nitrogen,
phosphorus, potassium, calcium and magnesium
were expressed as %, and micro-elements as ppm.
The data obtained in each year were analyzed
according to a random split plot experimental design with three replications. There were 5 treatments in the study and each treatment had 3 doses.
The means were separated with Tukey test.

of the study, their effects on the zinc, calcium and
iron contents were significant only in the second year
of the study.
The effects of the treatments on the nitrogen,
phosphorus, potassium, calcium, magnesium and
zinc contents of the tomato leaves were significant
S DWERWK\HDUVRIWKHVWXG\
The nitrogen contents of tomato leaves varied
from 3,63 to 4,63% at the first year and from 3.70 to
4.78% at the second year of the study in Biofarm
Humus doses X treatments. In the treatments the
nitrogen contents showed variations between 3.78
and 4% at the first years of the study and between
3.78 and 4.61% at the second year of the study (Table
1).
The phosphorus contents of tomato leaves in
Biofarm Humus doses X treatments changed from
0.29 to 0.47% at the first year and from 0.38 to
0.51% at the second year of the study. In the treatments, the P contents of tomato leaves varied from
0.30 to 0.46% in the first year and from 0.41 to
0.49% in the second year (Table 2).
While the potassium contents of tomato leaves
in Biofarm Humus doses demonstrated variation
between 3.20-3.26% in the first year and between

RESULTS
The two years results of the study showed that
the effects of Biofarm Humus doses X treatments
interactions on the mangan contents of the leaves
ZHUH VLJQLILFDQW S  LQ ERWK \HDUV EXW WKHLU
effects on the iron and copper contents were only
significant in the first and second years respect-ively.
While the effects of the Biofarm Humus doses
on the magnesium and potassium contents of the
WRPDWROHDYHVZHUHVLJQLILFDQW S DWERWK\HDUV
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TABLE 3
The effects of treatments on K contents of tomato leaves (%)

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
0
125
3.14±0.027
3.16±0.029
3.19±0.066
3.29±0.034
3.26±0.030
3.27±0.043
3.16±0.019
3.19±0.007
3.28±0.035
3.41±0.097
3.20±0.021 B*
3.26±0.031 A
Biofarm Humus doses (kg/da)
Treatments
0
125
3.16±0.037
3.15±0.050
Control
3.21±0.067
3.29±0.110
Crop-Set
3.21±0.055
3.37±0.027
Soil-Set
3.25±0.069
3.23±0.060
Manda 31
3.25±0.045
3.38±0.012
Conventional
3.21±0.023 B*
3.28±0.033 A
Mean
* Differences among means were significantly different at the 5% level of significance.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

Mean
250
3.19±0.032
3.26±0.055
3.22±0.070
3.26±0.048
3.40±0.089
3.26±0.030 A

3.16±0.016 b*
3.25±0.030 ab
3.25±0.026 ab
3.20±0.020 b
3.36±0.045 a
Mean

250
3.21±0.058
3.38±0.049
3.32±0.041
3.40±0.081
3.42±0.081
3.34±0.032 A

3.17±0.026 b*
3.29±0.046 ab
3.30±0.032 ab
3.29±0.045 ab
3.35±0.037 a

TABLE 4
The effects of treatments on Ca contents of tomato leaves (%)
Mean
3.13±0.087 c*
3.58±0.103 b
3.83±0.041 ab
3.86±0.045 ab
3.95±0.060 a
Mean
3.22±0.143 b*
3.78±0.162 a
3.77±0.103 a
3.97±0.177 a
4.13±0.152 a

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
0
125
250
3.06±0.134
2.98±0.159
3.34±0.104
3.50±0.115
3.47±0.280
3.78±0.085
3.78±0.067
3.82±0.110
3.90±0.018
3.78±0.090
3.84±0.041
3.95±0.084
3.84±0.080
3.98±0.144
4.02±0.083
3.59±0.087
3.62±0.115
3.80±0.071
Biofarm Humus doses (kg/da)
Treatments
0
125
250
3.00±0.058
3.17±0.291
3.50±0.306
Control
3.40±0.058
3.74±0.296
4.20±0.252
Crop-Set
3.58±0.044
3.70±0.252
4.03±0.088
Soil-Set
3.80±0.300
3.57±0.176
4.53±0.033
Manda 31
3.72±0.205
4.17±0.240
4.50±0.153
Conventional
3.50±0.099 B*
3.67±0.129 AB
4.15±0.125 A
Mean
* Differences among means were significantly different at the 5% level of significance.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

TABLE 5
The effects of treatments on Mg contents of tomato leaves (%)

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
0
125
0.41±0.003
0.44±0.010
0.42±0.007
0.48±0.034
0.44±
0.49±0.035
0.46±0.013
0.48±0.010
0.42±0.013
0.47±0.009
0.43±0.006 B*
0.47±0.010 AB
Biofarm Humus doses (kg/da)
Treatments
0
125
0.38±0.015
0.39±0.022
Control
0.43±0.012
0.46±0.007
Crop-Set
0.47±0.003
0.49±0.035
Soil-Set
0.44±0.019
0.51±0.007
Manda 31
0.39±0.003
0.41±0.013
Conventional
0.42±0.010 B*
0.45±0.014 AB
Mean
* Differences among means were significantly different at the 5% level of significance.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

3.21-3.34% in the second year of the study, the
contents in the treatments varied between 3.16-3.36
% in the first year and between 3.17-3.35% in the
second year (Table 3).
The calcium contents of the tomato leaves in
the treatments changed between 3.13 and 3.95% in
the first year and between 3.22 and 4.13% in the
second year. The calcium contents of tomato leaves
received Biofarm Humus doses ranged from 3.59 to

0.44±0.010 ab*
0.46±0.014 ab
0.49±0.019 a
0.48±0.007 a
0.46±0.010 ab
Mean

250
0.45±0.024
0.45±0.037
0.47±0.020
0.56±0.040
0.45±0.012
0.48±0.016 A

0.41±0.015 b*
0.45±0.013 ab
0.48±0.013 a
0.50±0.021 a
0.42±0.010 b

3.80% in the first year and from 3,50 to 4,15% in the
second year (Table 4).
While the changes in magnesium contents of
the leaves were between 0.44-0.49% in the first year
and between 0.41-0.50% in the second year in the
treatments, the changes in Biofarm Humus doses
were between 0.43-0.49%in the first year and
between 0.42-0.48% in the second year (Table 5).
In the treatments, the zinc contents of tomato
3634
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250
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0.48±0.007
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TABLE 6
The effects of treatments on Zn contents of tomato leaves (ppm)

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
0
125
46.28±1.29
45.05±1.57
51.55±1.43
54.12±3.60
50.58±2.22
48.45±2.51
46.03±1.65
46.33±3.09
46.93±1.70
47.20±3.38
48.28±0.889
48.23±1.39
Biofarm Humus doses (kg/da)
Treatments
0
125
43.63±1.27
46.79±1.05
Control
45.95±3.12
54.21±1.71
Crop-Set
47.41±0.315
50.18±2.06
Soil-Set
41.53±4.63
43.38±0.365
Manda 31
44.84±1.44
45.02±0.512
Conventional
44.67±1.13 B*
47.92±1.15 B
Mean
* Differences among means were significantly different at the 5% level of significance.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

Mean
250
50.28±3.35
48.26±1.83
55.62±0.486
48.73±2.33
48.80±2.99
50.34±1.17

47.2±1.38 ab*
51.31±1.50 ab
51.55±1.44 a
47.03±1.29 b
47.64±1.42 ab
Mean

250
50.68±0.870
58.57±1.00
50.87±1.60
57.45±1.87
52.70±2.28
54.06±1.08 A

47.04±1.15 b*
52.91±2.14 a
49.49±0.925 ab
47.45±2.90 b
47.52±1.52 b

TABLE 7
The effects of treatments on Fe contents of tomato leaves (ppm)

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
Mean
0
125
250
87.03±0.491 aB*
100.47±4.22 bAB
113.00±7.51 bA
100.17±4.50
84.17±1.070 aB
119.40±6.93 bA
128.23±3.09 bA
110.60±7.08
98.47±9.570 aB
173.27±3.98 aA
169.67±11.7 aA
147.17±13.00
81.83±1.200 aC
102.40±3.35 bB
128.10±4.48 bA
104.11±6.89
83.63±1.250 aB
114.77±6.78 bA
129.23±3.58 bA
109.21±7.09
87.03±2.30
122.06±7.38
133.65±5.70
Biofarm Humus doses (kg/da)
Mean
Treatments
0
125
250
83.03±1.05
97.57±2.51
115.93±5.09
98.84±5.04
Control
89.07±3.32
107.80±0.289
119.37±3.42
105.41±4.62
Crop-Set
89.37±0.63
114.27±11.7
130.27±9.12
111.30±7.34
Soil-Set
81.33±1.62
97.13±3.21
123.23±6.15
100.57±6.44
Manda 31
83.53±2.97
97.73±5.23
122.90±6.75
101.39±6.32
Conventional
85.27±1.21 C*
102.90±2.94 B
122.34±2.73 A
Mean
* Differences among means were significantly different at the 5% level of significance. Capital letters and small letters
demonstrate differences in columns and rows respectively.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

TABLE 8
The effects of treatments on Cu contents of tomato leaves (ppm)

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
Mean
0
125
250
11.23±0.994
9.20±1.08
9.30±1.27
9.91±0.651
10.27±0.865
10.03±0.906
9.93±1.11
10.08±0.486
11.50±0.458
9.77±0.722
9.23±0.953
10.17±0.504
11.27±0.902
9.47±0.913
11.07±1.13
10.60±0.570
10.03±0.669
10.17±1.31
9.57±0.867
9.92±0.502
10.86±0.342
9.73±0.392
9.82±0.445
Biofarm Humus doses (kg/da)
Mean
Treatments
0
125
250
11.10±0.416 aA*
8.10±0.436 bB
8.87±0.821 bAB
9.36±0.538
Control
9.10±0.721 aA
11.24±0.630 aA
9.20±0.608 abA
9.85±0.478
Crop-Set
9.37±0.649 aAB
10.77±0.706 abA
7.83±0.384 bB
9.32±0.518
Soil-Set
10.07±1.39 aA
10.10±0.709 abA
11.80±0.493 aA
10.66±0.553
Manda 31
9.10±0.608 aA
10.07±0.441 abA
8.40±0.643 bA
9.19±0.374
Conventional
9.75±0.373
10.05±0.364
9.22±0.432
Mean
* Differences among means were significantly different at the 5% level of significance. Capital letters and small letters
demonstrate differences in columns and rows respectively.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

leaves varied from 47.03 to 51.55 ppm in the first
year and from 47.04 to 52.91 ppm in the second year.
On the other hand, the zinc contents of the tomato
leaves in Biofarm Humus doses ranged from 48.23
to 50.34 ppm in the first year and from 44.67 to 54.06
ppm in the second year (Table 6).
According to the Biofarm Humus doses X

treatments interactions the iron contents of the leaves
showed variations between 81.83-173.27 ppm in the
first year and between 81.33-130.27 ppm in the
second year. On the other hand, these values in the
Biofarm Humus doses ranged from 87.03 to 133.65
ppm in the first year and from 85.27 to 122.34 ppm
in the second year (Table 7).
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TABLE 9
The effects of treatments on Mn contents of tomato leaves (ppm)
Mean
176.02±4.25
171.97±4.40
187.99±6.06
182.60±5.15
177.26±4.54
Mean
150.92±6.40
171.83±7.55
185.18±9.32
188.54±7.30
169.60±3.72

2.

Year

1.

Year

Biofarm Humus doses (kg/da)
0
125
250
179.07±0.578 aA*
179.83±6.22 aA
169.2±11.9 bcA
172.47±5.300 aA
183.47±2.47 aA
159.97±7.73 cA
184.87±4.740 aAB
171.20±7.72 aB
207.90±3.82 aA
186.33±4.550 aA
168.10±10.5 aA
193.37±4.31 abA
172.50±6.600 aA
183.03±6.74 aA
176.23±11.4 bcA
179.05±2.40
177.13±3.20
181.33±5.62
Biofarm Humus doses (kg/da)
Treatments
0
125
250
170.57±3.67 aA*
145.33±8.98 bA
136.87±9.50 cA
Control
160.80±9.73 aAB
196.57±4.52 aA
158.13±10.4 bcB
Crop-Set
184.23±9.03 aA
176.50±29.5 abA
194.80±2.72 abA
Soil-Set
181.67±16.1 aA
175.40±6.08 abA
208.57±5.78 aA
Manda 31
163.37±2.36 aA
170.97±5.61 abA
174.47±9.84 abcA
Conventional
172.13±4.40
172.95±6.99
174.57±7.49
Mean
* Differences among means were significantly different at the 5% level of significance. Capital letters and small letters
demonstrate differences in columns and rows respectively.
Treatments
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Mean

mentioned above regarding applications to leaves.
The two years study results demonstrated that
the N, P, K, Ca, Mg and Fe contents of tomato leaves
increased as compared to the control treat-ment in
both conventional and organic (plant acita-vor
treatments) treatments, and the highest N, K and Ca
values were obtained in conventional treatment.
These findings could be explained by the supplementation of required plant nutrients to plants with
the use of chemical fertilizers (conventional treatment) and the plant activators, and the degradation
of organic matters or the increased efficiency and
availability of plant nutrients by the microorganisms available in plant activators. Goktekin [18] has
determined that the N, K, Mg, Cu and Zn con-tents
of tomato leaves in organic and conventional
treatments were higher than those in the control, and
the highest N, P, Ca and B values were obtain-ed
from conventional treatment. Moreover, Cetin [25]
reported that as compared to the organic far-ming,
the K, Fe, Zn, Cu and Mn contents of tomato leaves
were higher in conventional farming. In sup-port of
this finding, Al-Wahaibiet al. [21] showed that the
nitrogen content of tomato leaves were higher in
conventional farming as compared to that in organic
farming. Demirtas et al. [20] found that the N, P, K
and Mn contents of tomato leaves were increased in
response to the application of organic and chemical
fertilizers as compared to the control, and the highest
K, Mg and Fe values were obtained from
conventional treatments. Similarly, Ozkan et al.[23]
determined that the application of organic and
chemical fertilizers increased N, P, K, Ca, Mg, Fe
and Mn contents of pepper leaves as compared to the
control. Moreover, Demir et al.[26] indicated that as
compared to the organic treat-ments, the Cu content
of lettuce leaves reached to the highest levels in
conventional treatments.
Upon considering the Biofarm Humus doses
and treatments together, the N, P, K, Ca, Mg, Zn, Fe,
Cu and Mn contents of tomato leaves varied
respectively between 3.63-4.63%, 0.29-0.47%, 3.14-

The copper contents of tomato leaves varied
from 9.20 to 11.50 ppm in the first year and from
7.83 to 11.80 ppm in the second year in Biofarm
Humus doses X treatments interactions (Table 8).
Moreover, the mangan contents of the leaves in
Biofarm Humus doses X treatments interactions
changed between 159.97-207.90 ppm in the first year
and between 136.87-208.57 ppm in the second year
(Table 9).

DISCUSSION
Considering the two years data together, the N,
P, K, Ca, Mg and Fe contents of tomato leaves in
125-250 kg/da Biofarm Humus doses increased
significantly as compared to the 0 kg/da dose in both
years. This increase can be explained with the N, P,
K, Ca, Mg and Fe contents of Biofarm Humus
fertilizer readily offered to the plants. In fact, in
tomato leaves Unlu [17] determined that the use of
goat manure increased the amounts of N, P, Ca, Mg
and B as compared to the control. Moreover,
Goktekin[18] has reported increases in N, P, K, Ca,
Mg, B, Cu, Mn, Zn and Fe values with the use of goat
manure and green fertilizer.Guler [19] reported
increase in N and K contents with the application of
chicken manure (200-800 kg/da).Demirtas et. al.[20]
reported increases in the amounts of N, P, K, Fe, Zn
and Mn with the use of comer-cial organic fertilizer,
and Al-Wahaibiet al. [21] determined the increases
in the amounts of N, P, K, Fe, Zn and Mn with the
increased doses of organic fertilizer. Similarly,
Atasay [22] have repor-ted that the use of cattle
manure increased the amounts of N, P, K, Ca, Mg,
Fe, Mn, Zn and Cu in strawberry leaves, and
Ozkanet. al. [23] determined that the application of
organic matters increased N, P, K, Ca, Mg, Fe, and
Mn amounts in pepper as compared to the
control.Organic matter application to soil generally
increased N and P amounts in soil as compared to the
control [24], which has supported the effects
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3.41%, 2.98-4.02%, 0.41-0.54%, 45.05-55.62 ppm,
81.83-173.27 ppm, 9.20-11.50 ppm, 159.97-207.90
ppm in the first year of the study andbetween 3.704.78%, 0.38-0.51%, 3.15-3.42%, 3.00-4.53%, 0.380.56%, 41.53-58.57 ppm, 81.33-130.27 ppm, 7.8311.80 ppm and 136.87-208.57 ppm in the second
year of the study. KLUDFÕ>7] has reported that the N
content of leaves varied between 2.24 and 4.20%, P
content between 0.24 and 0.35%, K content 1.32 and
3.80% and Mg content between 0.28 and 0.55%.
Moreover, Hernandez et al.[28] indicated that the P
contents of tomato leaves ranged from 0.12 to
0.43%, and iron contents from 54.58 to 88.52 ppm.
On the other hand, Cetin [25] showed that the P
content of tomato leaves pro-duced via organic and
conventional methods chan-ged between %0.27 and
0.61, K content between %3.77 and 5.12, Ca content
between %3.32 and 4.42, zinc content between 56.13
and 66.53 ppm andMn content between 146.73 and
188.73 ppm. Kaya [29] reported in his study aimed
to develop tomato cultivars suitable for organic
farming that the P and K contents of tomato leaves
varied bet-ween 0.27-0.50% and 2.26-2.93%
respectively. Moreover, the adequate level of plant
nutrients in tomato leaves were reported to be 0.40.6% for P, 3-6% for K, 3-4% for Ca, 0.4-0.8% for
Mg, 80-200 ppm for Fe, 20-70 ppm for Zn and 7-15
ppm for Cu[30], while Jones et al. [31] reported that
the same values were 3.20-4.5% for N, 0.32-0.80%
for Mg, 20-250 ppm for Zn, 60-300 ppm for Fe, 550 ppm for Cu and 50-250 ppm for Mn. Similarly,
Omafra [32] suggested that the N, P, K, Ca and Mg
contents of tomato leaves varied between 2-3.5%,
0.2-0.4%,
1.5-4%,
1-2%and
0.25-0.50%,
respectively. All these findings support our data.

matter as compared to the control, and the increase
in the organic matter was enhan-ced with the
application of Biofarm Humus. Moreover, the use
of plant activators had a posi-tive influence on the
nutrient contents of tomato leaves. Therefore, it
can be concluded that in organic farming
increasing the soil organic matter is as important as
the application of micro-organisms to plants and
soil in order to enhance plant nutrition.
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ISOLATION AND CHARACTERIZATION OF A 75,&/23<5
DEGRADING BACTERIUM, %$&,//860<&2,'(675
=KX-LDQJ:HL =KDR<DQ5XDQ+RQJ+XD


&ROODERUDWLYH,QQRYDWLRQ&HQWHURI6XVWDLQDEOH)RUHVWU\LQ6RXWKHUQ&KLQDRI-LDQJVX3URYLQFH 1DQMLQJ)RUHVWU\8QLYHUVLW\ 1DQMLQJ
&KLQD

6KDQJKDL,QVWLWXWHRI4XDOLW\,QVSHFWLRQDQG7HFKQLFDO5HVHDUFK6KDQJKDL&KLQD

ABSTRACT
$ VWUDLQ 75 FDSDEOH RI KLJKO\ GHJUDGLQJ
WULFORS\UZDVLVRODWHGIURPVRLO75ZDVLGHQWLILHG
DV%DFLOOXVP\FRLGHVEDVHGRQ16S rRNADQGDQDO\VLV RI PRUSKRORJ\ SK\VLRORJLFDO DQG ELRFKHPLFDO
FKDUDFWHUV 7KH RSWLPDO S+ YDOXH DQG WHPSHUDWXUH
ZHUHDQGΥ7KHGGHJUDGDWLRQUDWH
RIPJ/WULFORS\UE\VWUDLQ75ZDVDWDERXW
LQ LQRUJDQLF VDOW PHGLXP 7KH VWUDLQ 75 FRXOG
WROHUDWH  PJ/ RI WULFORS\U DQG VKRZHG D KLJK
WROHUDQFH WR WULFORS\U ,Q DGGLWLRQ WKH VWUDLQ 75
FRXOGK\GURO\]HWULFORS\UWRWULFKORURS\ULGLQRO 7&3 EXWFRXOGQRWGHJUDGH7&3DVWKHVROHFDUERQ VRXUFH IRU LWV JURZWK ,W ZDV FRQVLGHUHG WKDW
VWUDLQ75FRXOGEH DSSOLHGIRUELRUHPHGLDWLRQRI
WULFORS\USROOXWLRQEXWWKHGHJUDGDWLRQRI7&3PXVW
DOVREHFRQVLGHUHG,WZDVEHOLHYHGWKDWWKHFRPELQDWLRQRIWKHVWUDLQ75DQGD7&3GHJUDGLQJEDFWHULXPPD\EHDQHIIHFWLYHPHDQV7KLVVWXG\PD\SURYLGHWKHRUHWLFEDVLVDQGUHIHUHQFHIRUSUHYHQWLRQDQG
FRQWURORISHVWLFLGHVSROOXWLRQ
.(<:25'6˖
˖
7ULFORS\UELRGHJUDGDWLRQ%DFLOOXVP\FRLGHV

INTRODUCTION
7ULFORS\U WULFKORURS\ULG\OR[\DFHWLF
DFLG ZDVDUHJLVWHUHGKHUELFLGHXVHGH[WHQVLYHO\LQ
WKHFRQWURORIZRRG\SODQWVDQGEURDGOHDIZHHGVRQ
IRUHVWV UDLOZD\V UDQJHODQG DQG SODQWDWLRQ FURSV
VXFKDVRLOSDOP>@7KHJHQHUDOWR[LFLW\RIWULFORS\U
KDG EHHQ ZHOO FKDUDFWHUL]HG 7KH DFXWH WR[LFLW\ RI
WULFORS\UZDVPRGHUDWHE\WKHRUDOURXWH /'±
 PJNJ EZ  DQG YHU\ ORZ E\ WKH GHUPDO URXWH
/'!PJNJEZ >@%XWWKHWULFORS\UUHVLGXH LQ VRLO PLJKW EULQJ VRPH WURXEOH WR VHQVLWLYH
FURSVVRLOPLFUREHVDQGQHDUE\DTXDWLFV\VWHPV>
@ 7KHUHIRUH WULFORS\U GHJUDGDWLRQ DQG HQYLURQ
PHQWDOIDWHLQVRLOZHUHSDLGFORVHDWWHQWLRQ3KRWR
O\VLVDQGPLFURELDOGHJUDGDWLRQZHUHFRQVLGHUHGWKH
PRVWLPSRUWDQWSDWKZD\VRIWULFORS\UGHJUDGDWLRQLQ
VRLO HVSHFLDOO\ PLFURELDO GHJUDGDWLRQ >@ 7KH
PRVWFRPPRQGHJUDGDWLRQSDWKZD\RIWULFORS\ULQ
YROYHV IRUPDWLRQ RI WULFKORURS\ULGLQRO

7&3  E\ PLFURRUJDQLVPV >@ 3DUWLFXODUO\ 7&3
ZDV D FKDUJHG PROHFXOH DW QHXWUDO S+ DQG PRUH
OHDFKDEOH LQWR JURXQGZDWHU DQG VXUIDFH ZDWHU WKDQ
WKHSDUHQWFRPSRXQG >@. ,WZDVPRGHUDWHO\PRELOH
GXHWRLWVJUHDWHUZDWHUVROXELOLW\ZKLFKFRXOGFDXVH
WKH ZLGHVSUHDG FRQWDPLQDWLRQ LQ VRLO DQG DTXDWLF
HQYLURQPHQW>@. 7KHUHIRUHLQWKHSURFHVVRIPLF
URELDO GHJUDGDWLRQ RI RUJDQLF SROOXWDQWV QRW RQO\
QHHGWRIRFXVRQWKHQXPEHURISDUHQWSROOXWDQWVEXW
DOVRPXVWSD\DWWHQWLRQWRLQWHUPHGLDWHSURGXFWV
$WSUHVHQWDORWRIDWWHQWLRQKDVEHHQJLYHQWR
WKHUHVLGXHDQGSROOXWLRQRIWULFORS\U+RZHYHUWKHUH
DUH RQO\ D YHU\ IHZ VWXGLHV RQ WKH GHJUDGDWLRQ RI
WULFORS\UE\PLFURRUJDQLVP1RUHSRUWVRQLVRODWLRQ
RIWKHWULFORS\UGHJUDGLQJEDFWHULXPKDYHEHHQSXEOLVKHG>@,QWKLVVWXG\%DFLOOXVP\FRLGHV 75D
VWUDLQ WKDW FRXOG HIIHFWLYHO\ GHJUDGH WULFORS\U ZDV
LVRODWHGLWVGHJUDGDWLRQSRWHQWLDODQGWKHDSSOLFDWLRQ
IRUHQYLURQPHQWSURWHFWLRQZHUHVWXGLHG7KHVWUDLQ
75FRXOGK\GURO\]HWULFORS\UWR7&3EXWFRXOGQRW
GHJUDGH7&3DVWKHVROHFDUERQVRXUFHIRULWVJURZWK
6RPH 7&3 GHJUDGLQJ EDFWHULD KDG EHHQ LVRODWHG
SUHYLRXVO\ <DQJ HW DO LVRODWHG D KLJKO\ HIILFLHQW
FKORUS\ULIRV GHJUDGLQJ EDFWHULXP $OFDOLJHQHV IDHFDOLV '63 ZKLFK FRXOG DOVR GHJUDGH 7&3 >@
$EUDKDPHWDOLVRODWHG6SKLQJREDFWHULXPVS-$6
ZKLFKFRXOGK\GURO\]H7&3XWWHUO\>@7KHUHIRUH
DOWKRXJKWKHVWUDLQ75FRXOGQRWGHJUDGH7&3LW
PLJKW VWLOO EH XVHG IRU WKH WUHDWPHQW RI WULFORS\U
SROOXWLRQ,WZDVH[SHFWHGWKDWWKHVWUDLQ75FRXOG
EHXVHGLQFRPELQDWLRQZLWK7&3GHJUDGLQJEDFWHULD
IRUFRQWUROOLQJWULFORS\USROOXWLRQLQWKHODWHUVWDJHRI
WKHVWXG\

MATERIALS AND METHODS
&KHPLFDOV DQG 0HGLD &KHPLFDOV WULFORS\U
 ZDVSXUFKDVHGIURP'RZ&KHPLFDO&RPSDQ\ $OO RWKHU FKHPLFDOV XVHG ZHUH RI DQDO\WLFDO
JUDGHDQGFRPPHUFLDOO\DYDLODEOH
&XOWXUH PHGLD   ,QRUJDQLF VDOW PHGLXP
0J62ā+2J.+32J 1+ 62J
&D62J)H62ā+2 J ZDWHU /S+
   ,VRODWLRQ PHGLXP LQRUJDQLF VDOW PHGLXP
FRQWDLQLQJ WULFORS\U PJ/  ZDV XVHG WR LVRODWH
WULFORS\U GHJUDGLQJ EDFWHULD   (QULFKPHQW PHGLXP SHSWRQH J \HDVW H[WUDFW SRZGHU  J EHHI
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H[WUDFWSRZGHUJVRGLXPFKORULGHJZDWHU/
S+

RESULTS AND DISCUSSION
,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI
WULFORS\UGHJUDGLQJEDFWHULD$EDFWHULXPFDSDEOH
RIXWLOL]LQJWULFORS\UDVWKHVROHFDUERQVRXUFHVDQG
HQHUJ\VRXUFHZDVLVRODWHGIURPWKHZRRGODQGVRLO
QDPHG 75 7KLV EDFWHULXP ZDV JUDPSRVLWLYH
DHURELRWLF VWUDLJKW EDFLOOXV î XP LQ
VL]H7KHUHZDVRYDOVSRUHVLQWKHPLGGOHRIWKDOOXV
,WIRUPVVKDJJ\RSDOHVFHQWDQGRSDTXHFRORQLHVRQ
WKHQXWULHQWDJDUSODWH7KHWKDOOXVFRXOGQRWPRYH
,WZDVSRVLWLYHLQWHVWVIRUFDWDODVHDP\ORO\VLVJHODWLQOLTXHIDFWLRQJOXFRVHIHUPHQWDWLRQDQGLQGROHWHVW
%XWODFWRVHFRXOGQRWEHXVHGIRUIHUPHQWDWLRQ>
@ 7KH VWUDLQ 75 ZDV LGHQWLILHG DV %DFLOOXV
P\FRLGHV DFFRUGLQJ WR 6 DQDO\WLFDO PHWKRG7KH
LGHQWLILFDWLRQUHVXOW ZDVFRQVLVWHQW ZLWKWKDWRI%LRORJ70 PLFURRUJDQLVPV LGHQWLILFDWLRQ V\VWHP 7KH
6 DQDO\VLV RI VWUDLQ 75 ZDV FRPPLVVLRQHG WR
6KDQJKDL 6$1*21 FRPSDQ\ *HQ%DQN DFFHVVLRQ
QXPEHU.< 

,VRODWLRQ DQG LGHQWLILFDWLRQ RI WULFORS\U GH
JUDGLQJ EDFWHULD 7KH VRLO VDPSOH ZDV FROOHFWHG
IURPWKHZRRGODQGLQ1DQMLQJ&LW\&KLQDLQZKLFK
WULFORS\U DQG WULFORS\UEXWR[\HWK\O HVWHU KDYH EHHQ
XVHGIRUPRUHWKDQWKUHH\HDUVJVRLOVDPSOHZDV
SODFHGLQPOLQRUJDQLFVDOWFXOWXUHPHGLXP FRQWDLQHGPJ/WULFORS\U IRUVKDNLQJFXOWXUHDWΥ
 USP  7KH FRQFHQWUDWLRQ RI WKH UHVLGXDO
WULFORS\UZDVGHWHUPLQHGHYHU\K>@POFXOWXUH VROXWLRQ ZLWK G GHJUDGDWLRQ UDWH ! ZDV
VZLWFKHG WR HQULFKPHQW PHGLXP FRQWDLQLQJ VDPH
FRQFHQWUDWLRQ WULFORS\U DQG FRQWLQXRXVO\ VZLWFKHG
IRU PRUH WKDQWLPHV$IWHUWKH GHJUDGDWLRQHIIHFW
ZDV YHULILHG DJDLQ WKH DERYH HQULFKPHQW PHGLXP
ZDVFRDWHGRQLQRUJDQLFVDOWFXOWXUHSODWHFRQWDLQLQJ
WULFORS\U IRU LQYHUWHG FXOWXUH DW Υ7KH HXJRQLF
EDFWHULDO FRORQLHV ZHUH VHOHFWHG DQG UHSHDWHGO\
VWUHDNHGRQWKHFXOWXUHSODWHWRREWDLQWKHSXUHFXOWXUH 7KH QHZ LVRODWHV ZHUH LGHQWLILHG E\ XVLQJ
6U51$VHTXHQFHDQDO\VLV

(IIHFWVRIWHPSHUDWXUHDQGS+RQWKHVWUDLQ
75JURZWK7KHVWUDLQ75FRXOGPDLQWDLQKLJK
OHYHOJURZWKDWΥEXWWKHJURZWKRIWKHVWUDLQ
75FRXOGEHLQKLELWHGVKDUSO\DWΥUHVXOWLQJLQ
SRRUJURZWK )LJ 7KHH[SHULPHQWDOGDWDVKRZHG
WKDWWKHVWUDLQ75FRXOGJURZDWDZLGHUWHPSHUDWXUHUDQJHDQGKDGDVWURQJWULFORS\UGHJUDGLQJDELOLW\ 7KH GHJUDGDWLRQ UDWH RI WULFORS\U LQLWLDO FRQ
FHQWUDWLRQ ZDV PJ/  ZDV  RU DERYH DIWHU
FXOWXUHGIRUGDQGFRXOGUHDFKPRUHWKDQDIWHU
GDWΥ )LJ *HQHUDOO\WKHWHPSHUDWXUHFRXOG
DIIHFWWKHJURZWKUDWHDQGGHJUDGDWLRQDELOLW\RIPLF
URRUJDQLVP7KHLQFUHDVHRIWKHWHPSHUDWXUHZRXOG
FDXVH WKH DFFHOHUDWLRQ RI HQ]\PDWLF GHJUDGDWLRQ
UHDFWLRQEXWWKHH[FHVVLYHO\KLJKWHPSHUDWXUHZRXOG
OHDG WR WKH LQDFWLYDWLRQ RI GHJUDGLQJ HQ]\PHV DQG
RWKHUHQ]\PHV>@%DVHGRQWKHDERYHIDFWRUV
ΥZDVFRQVLGHUHGDVWKHRSWLPXPWHPSHUDWXUH
RI WKH VWUDLQV 75 IRU JURZWK DQG GHJUDGLQJ
WULFORS\U
7KH JURZWK VWDWXV DQG GHJUDGDWLRQ DELOLW\ RI
PLFURRUJDQLVP ZHUH XVXDOO\ DIIHFWHG E\ S+ 7KH
H[SHULPHQWDOUHVXOWVVKRZHGWKDWWKH JURZWKRIWKH
VWUDLQ75DWS+RUZDVPRUHWKDQWKDWRI
RWKHUS+FRQGLWLRQV )LJ DQGWKHRSWLPXPS+RI
WKHVWUDLQ75ZDVS+*HQHUDOO\S+FRXOG
DIIHFW WKH JURZWK UDWH DQG GHJUDGDWLRQ DELOLW\ RI
PLFURRUJDQLVP 7KH S+ FRXOG QRW RQO\ FDXVH WKH
FKDQJHRIWKHGHJUDGLQJDELOLW\WKURXJKLQIOXHQFLQJ
PLFURELDOJURZWKEXWDOVRFRXOGGLUHFWO\LQIOXHQFH
WKH DFWLYLWLHV RI UHOHYDQW GHJUDGLQJ HQ]\PHV 7KH
GHJUDGDWLRQUDWHRIWULFORS\UE\VWUDLQ75ZDV
DIWHUGLQFXEDWLRQDQGFRXOGUHDFKPRUHWKDQ
DIWHUGDWS+ )LJ LWPLJKWLQGLFDWHWKDWWKH
VWUDLQ75KDGVWURQJWULFORS\UGHJUDGDWLRQDELOLW\

(IIHFW RI WHPSHUDWXUH RQ GHJUDGDWLRQ RI
WULFORS\UE\VWUDLQ75,QRFXOXPVRIWULFORS\UGH
JUDGLQJEDFWHULDZHUHSUHSDUHGLQDGYDQFH>@
VWUDLQ75LQRFXOXPZDVLQFXEDWHGLQLQRUJDQLFVDOW
FXOWXUH PHGLXP FRQWDLQLQJ PJ/ WULFORS\U7KHQ
WKH VKDNLQJ FXOWXUH ZDV SHUIRUPHG XQGHU GLIIHUHQW
WHPSHUDWXUHV2'ZDVGHWHUPLQHGHYHU\K
(IIHFWVRIS+RQGHJUDGDWLRQRIWULFORS\UE\
VWUDLQ 75 S+ RI LQRUJDQLF VDOW FXOWXUH PHGLXP
FRQWDLQLQJ PJ/ WULFORS\U  ZDV DGMXVWHG WR 
DQG7KHQWKH\ZHUHLQRFXODWHGZLWK
LQRFXOXPUHVSHFWLYHO\7KHVKDNLQJFXOWXUHZDV
SHUIRUPHGDWΥ2'ZDVWDNHQUHJXODUO\
7ROHUDQFH RI WKH VWUDLQ 75 RQ WULFORS\U
7KHWULFORS\UZDVDGGHGLQLQRUJDQLFVDOWFXOWXUHPHGLXP VR WKDW WKH FRQFHQWUDWLRQV UHDFKHG PJ/
PJ/ PJ/  PJ/ DQG  PJ/7KH
VWUDLQ75ZDVLQRFXODWHGUHVSHFWLYHO\IRUVKDNLQJ
FXOWLYDWLRQDW30Υ2'ZDVGHWHUPLQHGUHJXODUO\
VR DV WR HYDOXDWH WKH WROHUDQFH RI VWUDLQ 75 RQ
WULFORS\U
'HJUDGDWLRQRIWULFORS\UE\VWUDLQ75
VWUDLQ 75 LQRFXOXP ZDV LQRFXODWHG LQ LQRUJDQLF
VDOW FXOWXUH PHGLXP FRQWDLQLQJ PJ/ WULFORS\U
DQGWKHQSXWLWLQWRWKHVKDNHU USPΥ 7KH
FRQFHQWUDWLRQRIWULFORS\UDQG7&3ZHUHGHWHUPLQHG
HYHU\K>@
'HJUDGDWLRQRI7&3E\VWUDLQ757KHLQ
RUJDQLFVDOWFXOWXUHPHGLXPFRQWDLQLQJPJ/7&3
ZDVLQRFXODWHGZLWKVWUDLQ75LQRFXOXPDQG
WKHQSXWLWLQWRWKHVKDNHU USPΥ 7KHFRQ
FHQWUDWLRQRI7&3ZDVGHWHUPLQHGUHJXODUO\


Volume 26 ± No. 5/2017 pages 3639-3643

© by PSP

Fresenius Environmental Bulletin



2.4

2.4

2.0

2.0
o

25 C

OD600

OD600

o

30 C
o

1.6

35 C

1.6

o

40 C

pH6.0
pH6.5
pH7.0
pH7.5
pH8.0

o

45 C

1.2

1.2

0.8

0.8

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0.5

Time (d)

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Time(d)

FIGURE 1
Effect of temperature on the growth of strain
TR-9

FIGURE 2
Effect of pH on the growth of strain
TR-9
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FIGURE 3
Effect of concentration of triclopyr on the growth of strain TR-9
ODQGVRLO*HQHUDOO\VRLOPLFURRUJDQLVPWKDWFRQWL
QXRXVO\HQFRXQWHUWKHDUWLILFLDOO\V\QWKHVL]HGFRP
SRXQGPLJKWLQGXFHWKHDELOLW\WRGHJUDGHWKHFRP
SRXQG>@

7ROHUDQFH RI WKH VWUDLQ 75 RQ WULFORS\U
:KHQ WKH FRQFHQWUDWLRQ RI WULFORS\U ZDV LQFUHDVHG
IURP PJ/ WR PJ/ 2'600 RI VWUDLQ GLG QRW
FKDQJHVLJQLILFDQWO\ 3! %XW2'ZRXOGGHFUHDVH JUDGXDOO\ ZKHQ WULFORS\U FRQFHQWUDWLRQ ZDV
LQFUHDVHGWRPJ/RUPJ/ )LJ 7KHVHUHVXOWVVKRZHGWKDWWKHJURZWKRIWKHVWUDLQ75KDG
EHHQLQKLELWHGE\PJ/ RUPRUH WULFORS\UEXWLW
ZDV VWLOO JURZLQJ 7KHUHIRUH LW ZDV SUHOLPLQDULO\
FRQVLGHUHGWKDWWKHVWUDLQ75FRXOGWROHUDWHDWOHDVW
PJ/ WULFORS\U XQGHU WKH H[SHULPHQWDO FRQGLWLRQV $OWKRXJK WKH VWUDLQ 75 ZRXOG EH VLJQLILFDQWO\LQKLELWHGE\PJ/WULFORS\ULWVWLOOFRXOG
HIIHFWLYHO\ GHJUDGH WULFORS\U $FFRUGLQJ WR WKH
H[SHULPHQWDO UHVXOWV LW ZDV LQIHUUHG WKDW , 7KH
VWUDLQ75KDGJRRGWROHUDQFHRQWULFORS\U,,+LJK
FRQFHQWUDWLRQRIWULFORS\UFRXOGLQKLELWWKHJURZWKRI
WKHVWUDLQ75,,,7KHVWUDLQ75KDGYHU\VWURQJ
GHJUDGDWLRQDELOLW\WRWULFORS\UZKLFKFRXOGEHXVHG
LQ D ZLGHU UDQJH RI WULFORS\U FRQFHQWUDWLRQV ,9 ,W
ZDV SRVVLEOH WKDW WKH VWUDLQ 75 ZDV XVHG LQ WKH
ELRUHPHGLDWLRQRIWULFORS\USROOXWLRQ7KHGHJUDGD
WLRQ DELOLW\ RI WKH VWUDLQ 75 PLJKW EH FORVHO\
UHODWHGZLWKWKHORQJWHUPXVHRIWULFORS\ULQZRRG

'HJUDGDWLRQ RI WULFORS\U DQG 7&3 E\ WKH
VWUDLQ757KH UHVXOWVLQ)LJVKRZHGWKDWWKH
WULFORS\UFRXOGEHUDSLGO\GHJUDGHGE\WKHVWUDLQ75
7RLQRFXODWHWKHVWUDLQ75LQLQRUJDQLFVDOWFXOWXUHPHGLXPFRQWDLQHGWULFORS\UFRXOGVXEVWDQWLDOO\
LPSURYHWKHGHJUDGDWLRQUDWHRIWULFORS\U7KHGHJUD
GDWLRQUDWHRIWULFORS\U PJ/ E\WKHVWUDLQ75
FRXOGUHDFKDERXWLQG$WWKHVDPHWLPHLW
ZDVIRXQGWKDW7&3FRQFHQWUDWLRQZDVLQFUHDVLQJLQ
WKHGHJUDGDWLRQSURFHVVRIWULFORS\U,QDGGLWLRQ7&3
FRXOG QRW EH GHJUDGHG E\ WKH VWUDLQ75 )LJ  
7KHUHVXOWVVXJJHVWHGWKDWWKHVWUDLQ75FRXOGQRW
FRPSOHWHO\GHJUDGHWULFORS\U LQWR&2DQG+2,I
WKH VWUDLQ 75 ZDV XVHG IRU ELRORJLFDO FRQWURO RI
WULFORS\UFRQWDPLQDWLRQLWZDVQHFHVVDU\WRFRQVLGHU
GHJUDGDWLRQRI7&3,WZDVEHOLHYHGWKDWWKHFRPEL
QDWLRQ RI WKH VWUDLQ 75 DQG D 7&3 GHJUDGLQJ
EDFWHULXPPD\EHDQHIIHFWLYHPHDQV
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FIGURE 4
The curve on triclopyr degradation and
the concentration of TCP

FIGURE 5
The curve on TCP degradation by the strain
TR-9
 7KH HIIHFWV RI WULFORS\U DQG JO\SKRVDWH
RQ OLFKHQV )RUHVW (FRORJ\  0DQDJHPHQW
  
[4] 4DPDU 0 0XQHHU 0 DQG %DKQHPDQQ '
 +HWHURJHQHRXVSKRWRFDWDO\VHGGHJUDGD
WLRQ RI WZR VHOHFWHG SHVWLFLGH GHULYDWLYHV
WULFORS\UDQGGDPLQR]LGLQDTXHRXVVXVSHQVLRQV
RI WLWDQLXP GLR[LGH -RXUQDO RI HQYLURQPHQWDO
PDQDJHPHQW  
[5] 1HZWRQ0&ROH(&DQG7LQVOH\,-  
'LVVLSDWLRQRIIRXUIRUHVWXVHKHUELFLGHVDWKLJK
ODWLWXGHV(QYLURQPHQWDO6FLHQFHDQG3ROOXWLRQ
5HVHDUFK  
[6] 1LWL & 6XQLWD 6 .DPOHVK . HW DO  
%LRUHPHGLDWLRQ $Q HPHUJLQJ WHFKQRORJ\ IRU
UHPHGLDWLRQ RI SHVWLFLGHV>-@ 5HVHDUFK -RXUQDO
RI&KHPLVWU\ (QYLURQPHQW  
[7] 0FFDOO 3- *DYLW 3'   $TXHRXV
SKRWRO\VLVRIWULFORS\UDQGLWVEXWR[\HWK\OHVWHU
DQGFDOFXODWHGHQYLURQPHQWDOSKRWRGHFRPSRVL
WLRQ UDWHV (QYLURQPHQWDO 7R[LFRORJ\  &KH
PLVWU\  
[8] 0DVVLKD$DQG,VVD]DGHK.  0LFURELDO
GHJUDGDWLRQ RI SHVWLFLGHV LQ VXUIDFH VRLO XVLQJ
QDWLYH VWUDLQ LQ ,UDQ ,QWHUQDWLRQDO &RQIHUHQFH
RQ %LRWHFKQRORJ\ DQG (QYLURQPHQW 0DQDJH
PHQW
[9] 9DVVLRV-'1LVVHQ6-.RVFKQLFN7-HWDO
 7ULFORS\U$EVRUSWLRQ DQG7UDQVORFDWLRQ
E\(XUDVLDQ:DWHUPLOIRLO 0\ULRSK\OOXPVSLFD
WXP  )ROORZLQJ /LTXLG DQG *UDQXODU$SSOLFD
WLRQV:HHG6FLHQFH  
[10] )R[$0 +DOOHU :7 *HWVLQJHU .' HW DO
 'LVVLSDWLRQRIWULFORS\UKHUELFLGHDSSOLHG
LQ /DNH 0LQQHWRQND 01 FRQFXUUHQWO\ ZLWK
5KRGDPLQH:7G\H3HVW0DQDJHPHQW6FLHQFH
  
[11] 0DQFOXV--DQG0RQWR\D$  'HYHORS
PHQW RI LPPXQRDVVD\V IRU WKH DQDO\VLV RI
FKORUS\ULIRV DQG LWV PDMRU PHWDEROLWH 
WULFKORURS\ULGLQROLQWKHDTXDWLFHQYLURQPHQW

CONCLUSION
,QWKLVVWXG\%DFLOOXVP\FRLGHV75ZDVLVRODWHG IURP VRLO ZKLFK FRXOG GHJUDGH WULFORS\U ,Q
LQRUJDQLF VDOW FXOWXUH PHGLXP FRQWDLQLQJ PJ/
WULFORS\UWKHGHJUDGDWLRQUDWHRIWULFORS\UE\VWUDLQ
75 FRXOG UHDFK DERYH  LQ G %XW 7&3 DQ
LQWHUPHGLDWH SURGXFW RI GHJUDGDWLRQ RI WULFORS\U 
FRXOG QRW EH GHJUDGHG E\ WKH VWUDLQ75 DQG WKH
VWUDLQ75FRXOGQRWFRPSOHWHO\GHJUDGHWULFORS\U
LQWR&2DQG+27KHDSSURSULDWHS+RIVWUDLQ75
ZDVDQGWKHDSSURSULDWHWHPSHUDWXUHZDV
Υ7KHVWUDLQ75DOVRKDGKLJKWROHUDQFHWR
WULFORS\U,WFRXOGWROHUDWHDWOHDVWPJ/WULFORS\U
,WZDVFRQVLGHUHGWKDWVWUDLQ75FRXOGEHDSSOLHG
IRU ELRUHPHGLDWLRQ RI WULFORS\U SROOXWLRQ LW ZDV
QHFHVVDU\WRFRQVLGHUGHJUDGDWLRQRI7&3
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VRLOV RFFXS\  RI WKH HDUWK V ODQG VXUIDFH >@ ,Q
&KLQD WKHUH LV D ODUJH DUHD RI FRVWDO VDOLQH ODQG
ERUGHULQJWKH3DFLILF2FHDQFRQWDLQLQJNP
DORQJWKHNPRIFRDVWOLQH>@7RLPSURYHWKH
FRDVWDOVDOLQHVRLOVYDULRXVPHWKRGVKDYHEHHQDSSOLHGLQFOXGLQJ VXUIDFH GUDLQDJH >@VXEVXUIDFH
GUDLQDJH>@VRLOUHSODFHPHQWVRLOFRQGLWLRQHUDSS
OLFDWLRQ>@HWF
$PRQJ WKH GLIIHUHQW VDOWUHPRYLQJ PHWKRGV
WKH PRVW HIIHFWLYH SURFHGXUH LV OHDFKLQJ DFFRPSOLVKHGE\SRQGLQJIUHVK ZDWHURQVRLOVXUIDFH DQG
DOORZLWWRLQILOWUDWHDQGFDUU\WKHOHDFKHGVRLOVRXWRI
WKH DUHD >@ 7KLV SURFHGXUH FDQ EH UHDOL]HG E\
VXEVXUIDFHGUDLQDJHWKURXJKHPEHGGLQJGUDLQSLSHV
LQWRWKHVDOLQHVRLO$WSUHVHQWVXEVXUIDFHGUDLQDJH
LVZLGHO\XVHGLQLPSURYLQJVDOLQHVRLOVDQGORZHULQJ
JURXQGZDWHU OHYHO LQ WKH FRDVWDO DUHD >@
5HODWLYHWRWKHRWKHUPHWKRGVVXEVXUIDFHGUDLQDJHLV
SURYHGWREHPXFKPRUHHIIHFWLYHLQFRQWUROOLQJWKH
VRLOUHVDOLQL]DWLRQ>@$OWKRXJKSRVLWLYHHIIHFWVRI
VXEVXUIDFHGUDLQDJHRQVDOWUHPRYLQJZHUHREWDLQHG
ODUJHDPRXQWVRIVRLOQXWULHQWVSDUWLFXODUO\WKRVHLQ
SORXJKOD\HU ZHUH UHSRUWHGWREHORVW ZKHQH[FHV
VLYH GUDLQDJH RFFXUUHG >@7KXVKRZWRGHF
UHDVH VRLO VDOLQLW\ ZKLOH PDLQWDLQLQJ VRLO QXWULHQWV
QHHGHGWREHFRQVLGHUHGIRUEHWWHUDSSO\LQJWKHVXE
VXUIDFHGUDLQDJH
7KH LQRUJDQLF IHUWLOL]HU KDV EHHQ SRSXODU LQ
&KLQD VLQFH V GXH WR LWV FRQYHQLHQFH DQG WKH
LQFUHDVLQJODERUFRVWV>@&KLQDKDVDFFRXQWHGIRU
RIWKHJOREDOLQFUHDVHLQWKHLQRUJDQLFIHUWLOL]HU
XVHVLQFH>@,QWKHUHFHQW\HDUVPDQ\VWXGLHV
KDYH UHSRUWHG WKH QHJDWLYH HIIHFWV RI ORQJWHUP
DSSOLFDWLRQ RI LQRUJDQLF IHUWLOL]HU> @ 7KH
H[FHVVLYHXVHRILQRUJDQLFIHUWLOL]HUKDVFDXVHGORZ
IHUWLOL]HUXVHHIILFLHQF\>@KLJKIHUWLOL]HUUHVLGXDO>@DVZHOODVDVHULHVRIHQYLURQPHQWDOSUREOHPVVXFKDVVXUIDFHDQGJURXQGZDWHUSROOXWLRQE\
QLWUDWH>@,QFRQWUDVWRUJDQLFIHUWLOL]HULVEHQHILFLDOWRWKHFURSVDQGVRLOV2UJDQLFIHUWLOL]HUDSSOLFDWLRQVDUHH[SHFWHGWRHQKDQFHVRLOELRGLYHUVLW\PDNLQJ HFRV\VWHPV PRUH UHVLOLHQW WR VWUHVV >@ )LHOG
H[SHULPHQWKDVVKRZQWKDWWKHDSSOLFDWLRQRIRUJDQLF
IHUWLOL]HU FRXOG HIIHFWLYHO\ LPSURYH WKH V\QFKURQ\

ABSTRACT
6XEVXUIDFHGUDLQDJHLVDQHIIHFWLYHPHDVXUHWR
LPSURYH WKH VRLO DQG SURPRWH WKH DJULFXOWXUDO SUR
GXFWLRQLQFRDVWDODUHDV7RUHYHDOWKHFRPELQHGHIIHFWV RI VXEVXUIDFH GUDLQDJH DQG RUJDQLF IHUWLOL]HU
DSSOLFDWLRQRQWKHQXWULHQWFKDQJHRIWKHFRDVWDOVDOLQHVRLOD\HDU IURPWR ILHOGH[SHULPHQW ZDV FRQGXFWHG LQ HDVWHUQ &KLQD 7KH WUHDWPHQWV LQFOXGHG WKH VXEVXUIDFH GUDLQDJH FRPELQHG
ZLWK RUJDQLF IHUWLOL]DWLRQ 62)  WKH VXEVXUIDFH
GUDLQDJH ZLWK LQRUJDQLF IHUWLOL]DWLRQ 6,)  DQG WKH
FRQWURO ZLWK QR GUDLQDJH EXW LQRUJDQLF IHUWLOL]DWLRQ
&. 5HVXOWVVKRZHGWKDW6,)VLJQLILFDQWO\ S 
GHFUHDVHGWKHFRQWHQWVRIVRLOQXWULHQWV WRWDO13.
DQG DYDLODEOH 1 3 .  LQ FRPSDULVRQ WR &.
+RZHYHU FRPSDUHG ZLWK 6,) 62) VLJQLILFDQWO\ S  LQFUHDVHG WKH WRWDO 1 FRQWHQW DQG
LQVLJQLILFDQWO\ S! LQFUHDVHGWKHFRQWHQWVRIWRWDO3DQG.0RUHRYHU62)ZDVGHWHFWHGWRVKDUSO\
GHFUHDVH WKH ORVV UDWH RI DYDLODEOH 1 3 DQG .
6LJQLILFDQW S LQFUHDVH E\ RIRUJDQLF
PDWWHUFRQWHQWZDVIRXQGIRU62)UHODWLYHWR6,)
LQWKHODVWH[SHULPHQWDO\HDU:HFRQFOXGHGWKDWVXE
VXUIDFHGUDLQDJHFRPELQHGZLWKLQRUJDQLFIHUWLOL]DWLRQUHVXOWHGLQTXDQWLWLHVRIQXWULHQWORVV WRWDO13
.DQGDYDLODEOH13. GXULQJWKH  \HDUV ZKLOH
RUJDQLF LQVWHDG RI LQRUJDQLF IHUWLOL]DWLRQ ZRXOG
FRQWULEXWHWRDGUDPDWLFLQFUHDVHLQWRWDO1FRQWHQW
DQGDGHFUHDVHLQWKHORVVUDWHRIDYDLODEOHQXWULHQWV
13DQG. 
.(<:25'6
VXEVXUIDFHGUDLQDJHRUJDQLFIHUWLOL]HUDSSOLFDWLRQQXWULHQW
FRDVWDOVDOLQHVRLO

INTRODUCTION
7RIHHGWKH ZRUOG VJURZLQJ SRSXODWLRQ ZKLOH
FRPEDWLQJVRLOSROOXWLRQDQGGHJUDGDWLRQLWLVQHFHVVDU\ WR GHYHORS QHZ VRLO UHVRXUFHV VXFK DV WKH
FRDVWDOVDOLQHVRLO>@$FFRUGLQJWRVXUYH\VVDOLQH
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7KHH[SHULPHQWORFDWLRQLVGLVSOD\HGDV)LJ

EHWZHHQIHUWLOL]HUVXSSO\DQGFURSGHPDQGWKHUHIRUH
UHGXFLQJIHUWLOL]HUORVVIURPDJULFXOWXUH>@$V
RUJDQLFIHUWLOL]HUSOD\VDQHIIHFWLYHUROHLQWKHLPPR
ELOL]DWLRQRI QXWULHQWVLWVDSSOLFDWLRQ PLJKWEH RQH
RI WKH DSSURDFKHV LQ FRQWUROOLQJ VRLO QXWULHQW ORVV
XQGHUVXEVXUIDFHGUDLQDJH
$OWKRXJK PDQ\ VWXGLHV KDYH LQYHVWLJDWHG WKH
QXWULHQW G\QDPLFV LQGLYLGXDOO\ XQGHU RUJDQLF IHUWLOL]HU DSSOLFDWLRQ DQG VXEVXUIDFH GUDLQDJH > @
IHZVWXGLHVKDYHORRNHGLQWRWKHLUFRPELQHGHIIHFWV
RQWKHQXWULHQWVLQVRLO,QWKLVVWXG\ZHFRQGXFWHGD
\HDUILHOGH[SHULPHQWLQ+DQJ]KRX%D\=KHMLDQJ
3URYLQFHRI&KLQDZKHUHKDVDEXQGDQWFRVWDOVDOLQH
ODQGV 7KH REMHFWLYH LV WR WHVW WKH K\SRWKHVLV WKDW
VXEVXUIDFHGUDLQDJHFRPELQHGZLWKRUJDQLFIHUWLOL]HU
DSSOLFDWLRQ PD\ UHGXFH WKH QXWULHQW ORVV IURP VRLO
PDLQO\ WKURXJK   GHWHUPLQLQJ WKH G\QDPLF FKDQ
JHVRIRUJDQLFPDWWHU13.DQGDYDLODEOH13.
FRQWHQWVGXULQJWKH\HDUV  FRPSDULQJWKHQXW
ULHQW ORVVHV DPRQJ WKH  WUHDWPHQWV VXEVXUIDFH
GUDLQDJHRUJDQLFIHUWLOL]HUVXEVXUIDFHGUDLQDJHDQG
WKH FRQWURO 7KH VWXG\UHVXOWVDUH H[SHFWHGWRSUR
YLGHXVHIXOLQIRUPDWLRQIRUWKHSURWHFWLRQRIHQYLURQ
PHQWDQGWKHKLJKHIILFLHQWXWLOL]DWLRQRIVDOLQHODQG
UHVRXUFHV

Hangzhou Bay

Zhejiang Province

),*85(
0DSRI&KLQDDQGWKHORFDWLRQRI
H[SHULPHQWDOILHOG
([SHULPHQWDO GHVLJQ 7KH H[SHULPHQW FRQWDLQHG WKUHH WUHDWPHQWV WKH VXEVXUIDFH GUDLQDJH
FRPELQHGZLWKRUJDQLFIHUWLOL]HUDSSOLFDWLRQ 62) 
WKH VXEVXUIDFH GUDLQDJH ZLWKRXW RUJDQLF IHUWLOL]HU
DSSOLFDWLRQ 6,) DQGWKHFRQWUROWUHDWPHQWZLWKQHLWKHUGUDLQDJHQRURUJDQLFIHUWLOL]HUDSSOLFDWLRQ &. 
$OWKRXJK QR RUJDQLF IHUWLOL]HU ZDV DSSOLHG WR 6,)
DQG&.LQRUJDQLFIHUWLOL]HUZHUHXVHGLQVWHDG
(DFK WUHDWPHQW RFFXSLHG DQ DUHD RI DSSUR[LPDWHO\îPFRQWDLQLQJWKUHHUHSOLFDWLRQVDQG
HDFK UHSOLFDWLRQ KDG DQ DUHD RI î P )RU HDFK
GUDLQDJH WUHDWPHQW 62)6,)  IRXU GUDLQ SLSHV
ZHUHXVHG )LJVKRZHGRQHUHSOLFDWLRQRIWKHGUDLQDJHWUHDWPHQW 7KHGUDLQSLSHVZHUHEXULHGLQWRWKH
VRLOV ZLWK GHSWK RI  P 7R PDNH WKH GUDLQDJHV
PRUHHIIHFWLYHO\ZHDGRSWHGDUHODWLYHO\VPDOOGLVWDQFHRIPEHWZHHQWZRGUDLQSLSHV7KHOHQJWKRI
HDFK SLSH ZDV  P 7KH GUDLQ SLSHV ZHUH 39&
PDGHGRXEOHZDOO FRUUXJDWHGSLSHVZLWKGLVWULEXWHG
KROHVRQWKHP7KHGLDPHWHURIWKHSLSHZDVPP
7KHSLSHVZHUHFRYHUHGZLWKQRQZRYHQ'U\FKDII
DQGVWUDZZHUHILOOHGVXUURXQGWKHSLSHVEHIRUHWKH
VRLOEDFNILOO$GUDLQGLWFK ZDVLQVWDOOHGEHVLGH WKH
ILHOGV )LJ 7KH VRLOV ZHUH ULGJHGXSWRFUHDWHD
VXLWDEOH JURZWK FRQGLWLRQ IRU WKH VHHGOLQJV 7KH
KHLJKWRIHDFKVRLOULGJHZDVFPDQGWKHZLGWKZDV
FP$FPGLVWDQFHZDVOHIWEHWZHHQWZRDGMDFHQW ULGJHV 7KH ILHOG DUUDQJHPHQW RI &. ZDV WKH
VDPHDVWKDWRI62)DQG6,)

MATERIALS AND METHODS
([SHULPHQWDOVLWH7KHH[SHULPHQWVZHUHFRQGXFWHG IURP 0DUFK  WR 0DUFK  LQ +DQJ]KRX %D\ 1LQJER ODWLWXGH ƍ1 ORQJLWXGH
ƍ(  &KLQD 7KH H[SHULPHQW VLWH KDV D
VXEWURSLFDO PLOG FOLPDWH ZLWK IRXU GLVWLQFWLYH VHDVRQV7KH PHDQDQQXDOWHPSHUDWXUH RI1LQJERFLW\
IURP ± ZDV & 7KH WHPSHUDWXUH LV
KLJKHVWLQ-XO\ZLWKWKHPHDQDQQXDOYDOXHRI&
DQGORZHVWLQ-DQXDU\ZLWKWKHPHDQDQQXDOYDOXHRI
& 7KH IURVWIHH SHULRG LV  GD\V 7KH
PHDQ DPRXQW RI DQQXDO VXQVKLQH KRXUV LV  K
0RUHRYHUWKHH[SHULPHQWDOVLWHKDVDPHDQDQQXDO
SUHFLSLWDWLRQRIPPPRVWRIWKHSUHFLSLWDWLRQ
 RFFXUVEHWZHHQ0D\DQG6HSWHPEHU7KHVRLO
RI +DQJ]KRX %D\ LV GHHS DQG ZHOOGLVWULEXWHG
DFFRUGLQJWRWKHEXONGHQVLW\ 2YHUDOOWKHDYHUDJH
VDOLQLW\RIWKHFPVRLOLV±ÅDQGLQVRPH
DUHDVLWUHDFKHVDUHODWLYHO\KLJKYDOXHRI±Å

Soil ridge
Sampling location

Drain pipe











Soil
Drain ditch

),*85(
7KHVNHWFKRIWKHH[SHULPHQW
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QRW7KHVRLOZDVVDPSOHGIURPWKHSORXJKOD\HU)RU
HDFKWUHDWPHQWVRLOVDPSOHVZHUHFROOHFWHGIURP
WKHVRLOULGJHVUHVSHFWLYHO\ )LJ 6RLOVDPSOHVLQ
RQH WUHDWPHQW ZHUH WKHQ PL[HG IRU PHDVXULQJ WKH
FRQWHQWVRIRUJDQLFPDWWHUWRWDO1WRWDO3WRWDO.
DYDLODEOH1DYDLODEOH3DQGDYDLODEOH.
7KH FRQWHQW RI RUJDQLF PDWWHU ZDV PHDVXUHG
XVLQJ WKH H[WHUQDO KHDWLQJ SRWDVVLXP GLFKURPDWH
PHWKRG7KHWRWDO1FRQWHQWZDVPHDVXUHGXVLQJWKH
NMHOGDK PHWKRG7KHDYDLODEOH1FRQWHQWZDVPHDVXUHGXVLQJWKHDONDOLQHK\GURO\VLVGLIIXVLRQPHWKRG
7KHWRWDO3FRQWHQWZDVPHDVXUHGXVLQJWKHVXOSKXULF
DFLGSHUFKORULF DFLG PRO\EGHQXP DQWLPRQ\
FRORULPHWULF PHWKRG 7KH DYDLODEOH 3 FRQWHQW ZDV
PHDVXUHG XVLQJ WKH PRO\EGHQXP DQWLPRQ\
FRORULPHWULF PHWKRG PRO / 1D+&2
H[WUDFWLRQ 7KHWRWDO.FRQWHQWZDVPHDVXUHGXVLQJ
WKH )ODPHSKRWRPHWHUPHWKRG 1D2+ IXVLRQ  7KH
DYDLODEOH . FRQWHQW ZDV PHDVXUHG XVLQJ WKH
)ODPHSKRWRPHWHUPHWKRG  PRO / 1+2$F
H[WUDFWLRQ >@
7KH GDWD RI UDLQIDOO DPRXQWV GXULQJ WKH WKUHH
H[SHULPHQWDO\HDUVZHUHPHDVXUHGXVLQJWKHUDLQIDOO
UHFRUGHU -4 SURGXFHG E\ +RQJ\XDQ[LQ\L /WG
&KLQD 

7KH JUDSH YDULHW\ 5RQJPLQJ 1R DQG WKH
UDSH YDULHW\ <RX\DQ 1R ZHUH DGRSWHG DV WKH
SODQW PDWHULDOV ZKLFK ZHUH LQWHUSODQWHG )RU RQH
VRLOULGJHRQO\RQHOLQHRIJUDSHZDVSODQWHG(YHU\
WZROLQHVRIJUDSHKDGRQHVRLOULGJHRIUDSHSODQWHG
EHWZHHQWKHP)RURQHUHSOLFDWLRQLQRQHWUHDWPHQW
)LJ WKHUHZHUHIRXUOLQHVRIJUDSHFRPELQHGZLWK
IRXU VRLO ULGJHV RI UDSH 7KH URZWRURZ VSDFH RI
JUDSHZDVFPDQGWKHSODQWWRSODQWVSDFHZDV
 FP7KH JURZWK RI JUDSH DQG UDSH PDLQO\ GHSHQGHGRQWKHQDWXUDOUDLQIDOOV7KHLUULJDWLRQVZLWK
VPDOODPRXQWVZHUHFRQGXFWHGDFFRUGLQJWRWKHORFDO
SUDFWLFHDQGWKHFOLPDWHVLWXDWLRQ7KHGDWHRIERWK
WUDQVSODQWLQJDQGVRZLQJZDV0DUFKDIWHU
DSSO\LQJWKH IHUWLOL]HUV([FHSWIRUWKHIHUWLOL]DWLRQ
RWKHU ILHOGPDQDJHPHQW SURFHGXUHV ZHUH DSSOLHG
HTXDOO\WRDOOWKHWUHDWPHQWV1RDGGLWLRQDOOLJKWKHDW
RU&2ZHUHSURYLGHG
7KH RUJDQLF IHUWLOL]HU XVHG LQ WKLV H[SHULPHQW
ZDV %,2)(51R WKDWSURGXFHGE\7LDQMLQJ,QV
WLWXWH RI *UDSH 5HVHDUFK &KLQD 7KH QXPEHU RI
YLDEOHRUJDQLVPLQWKHIHUWLOL]HUZDVîJDQG
WKHFRQWHQWVRI132DQG.2ZHUHDQG
UHVSHFWLYHO\7KHRUJDQLFIHUWLOL]HUZDVPL[HG
HYHQO\ ZLWK WKH VRLOV LQ  FP OD\HU GXULQJ WKH
DSSOLFDWLRQ7RNHHSWKHVDPHWRWDO132DQG.2
DSSOLFDWLRQ DPRXQWV DV WKH RUJDQLF IHUWLOL]HU WKH
LQRUJDQLFIHUWLOL]HUZDVDSSOLHGEDVHGRQD13 2
.2PDVVUDWLRRI7KH13 2DQG.2
LQ WKH LQRUJDQLF IHUWLOL]HU ZHUH GHULYHG IURP
1+12 &D 32  DQG .62 UHVSHFWLYHO\ %RWK
WKH RUJDQLF DQG LQRUJDQLF IHUWLOL]HUV ZHUH DSSOLHG
DFFRUGLQJ WR WKH ORFDO SUDFWLFH7KH EDVDO IHUWLOL]HU
ZDVDSSOLHGLQ2FWREHUDQGWKHDGGLWLRQDOIHUWLOL]HU
ZDV DSSOLHG WZLFH LQ $SULO DQG -XQH LQ
FRUUHVSRQGLQJ WR WKH IORZHULQJ VWDJH DQG WKH IUXLW
GHYHORSLQJVWDJH7KHGHWDLOHGIHUWLOL]DWLRQGDWHDQG
DPRXQW GXULQJ WKH WKUHH H[SHULPHQWDO \HDUV ZHUH
VKRZQLQ7DEOH

6WDWLVWLFDO DQDO\VLV 7KH GDWD ZHUH FRPSDUHG
VWDWLVWLFDOO\LQ6366VRIWZDUH9HUVLRQDFFRUGLQJ
WR'XQFDQ VPXOWLSOHUDQJHWHVW>@

RESULTS
5DLQIDOO 7KH DPRXQWV RI UDLQIDOO GXULQJ WKH
WKUHH H[SHULPHQWDO \HDUV ZHUH VKRZQ LQ )LJ 
2YHUDOOWKHUDLQIDOOGLVWULEXWHGXQLIRUPO\WKHUHZHUH
QRORQJGURXJKWVRFFXUULQJLQWKHWKUHH\HDUV6KRUW
WHUPUDLQVWRUP IRUHDFK \HDUJHQHUDOO\DSSHDUHGLQ
WKHSHULRGRI-XQHWR2FWREHU7KHPD[LPXPGDLO\
UDLQIDOOVLQDQGZHUHPP
PPPPDQGPPUHVSHFWLYHO\UHFRUGHG
RQ-XQH-XQH$XJXVWDQG)HEUXDU\

6DPSOHDQG PHDVXUHPHQW 7KH VRLOVDPSOHV
ZHUHFROOHFWHGHYHU\PRQWKVIURP0DUFK
WR0DUFK7KHVDPSOLQJWLPHZDVSP
IRUHDFKVDPSOLQJGD\QRPDWWHUZKHWKHULWUDLQHGRU
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),*85(
&KDQJHRIWKHWRWDO1 D WRWDO3 E DQGWRWDO. F FRQWHQWVGXULQJWKHWKUHHH[SHULPHQWDO\HDUV 6
2)6,)DQG&.UHSUHVHQWWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWFRPELQHGZLWKRUJDQLFIHUWLOL]HU
DSSOLFDWLRQWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWZLWKLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQDQGWKHFRQWURO
WUHDWPHQWZLWKQRGUDLQDJHEXWLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQUHVSHFWLYHO\(DFKYDOXHLVPHDQ6'
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),*85(
&KDQJHRIWKHDYDLODEOH1 D DYDLODEOH3 E DQGDYDLODEOH. F FRQWHQWVGXULQJWKHWKUHH
H[SHULPHQWDO\HDUV 62)6,)DQG&.UHSUHVHQWWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWFRPELQHGZLWK
RUJDQLFIHUWLOL]HUDSSOLFDWLRQWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWZLWKLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQ
DQGWKHFRQWUROWUHDWPHQWZLWKQRGUDLQDJHEXWLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQUHVSHFWLYHO\(DFK
YDOXHLVPHDQ6'
&KDQJH RI WRWDO 1 3 DQG . FRQWHQWV 7KH
FKDQJHRIWRWDO13DQG.FRQWHQWVGXULQJWKHWKUHH
\HDUV ZDV VKRZQ LQ )LJ  7KH WRWDO 1 FRQWHQW
VKRZHGDZDYHOLNHLQFUHDVH&RPSDUHGWR0D\
WRWDO1FRQWHQWXQGHU62)6,)DQG&.LQ-DQ
ZDVLQFUHDVHGE\JNJJNJ DQGJ
NJ UHVSHFWLYHO\ 7KH WRWDO 1 FRQWHQW SUHVHQWHG DQ
LQFUHDVH WHQGHQF\ DIWHU WKH IHUWLOL]DWLRQ WKLV ZDV
SDUWLFXODUO\ REYLRXV IURP WKH YDOXHV PHDVXUHG LQ
-XO1RY  DQG 0D\1RY  0D[LPXP
FRQWHQWVRIWRWDO1DSSHDUHGLQ1RYDQGZHUH
JNJJNJDQGJNJFRUUHVSRQGLQJ

WR62)6,)DQG&.
7KH FKDQJH UHJXODULW\ RI WRWDO 3 FRQWHQW ZDV
VLPLODUWRWKDWRIWRWDO1ZKLOHWKHIOXFWXDWLRQRIWRWDO3FRQWHQWZDVVOLJKWHU7KHWRWDO3FRQWHQWVKRZHG
DQLQFUHDVHWUHQGIURP6HSWR1RYZKLFK
PLJKW UHODWHG WR WKH IHUWLOL]DWLRQ FRQGXFWHG LQ 2FW
$UHODWLYHO\ORZOHYHORIWRWDOFRQWHQWZDVGHWHFWHGLQ6HSZKHQUDLQIDOOZLWKKLJKLQWHQVLW\
RFFXUUHG )LJ 7KHWRWDO3FRQWHQWVXQGHU62)6
,)DQG&.LQ-DQZHUHJNJJNJ
DQGJNJKLJKHUWKDQWKDWLQ0D\
7KHWRWDO.FRQWHQWVVKRZHGREYLRXVLQFUHDVH
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SDUHGEHWZHHQWKDWXQGHU&.DQG6,)DQGWKLVGHFUHDVH ZRXOG EH PRUH HYLGHQW DIWHU KLJKLQWHQVLYH
UDLQIDOO )LJDQG)LJ F ,Q-DQWKHDYDLODEOH.FRQWHQWXQGHU&.ZDVWKHKLJKHVW PJ
NJ DQGZKLFKXQGHU6,)DQG62)ZHUHDQG
PJNJVKRZLQJRQO\VPDOOGLIIHUHQFHV

&KDQJHRIDYDLODEOH13DQG.FRQWHQWV7KH
FKDQJHRIDYDLODEOH13DQG.FRQWHQWVGXULQJWKH
WKUHH \HDUV ZDV VKRZQ LQ )LJ  7KH FRQWHQW RI
DYDLODEOH1IOXFWXDWHGREYLRXVO\GXULQJWKHH[SHULPHQWDO SHULRG $IWHU IHUWLOL]DWLRQ WKH DYDLODEOH 1
FRQWHQWLQFUHDVHGFOHDUO\DQG6,)KDGDKLJKHULQFUHDVHUDWHWKDQ62),Q0D\WKHDYDLODEOH1
FRQWHQWVXQGHUWKHWKUHHWUHDWPHQWVZHUHLQDUDQJH
RIPJNJZKLOHLQ-DQWKHFRQWHQWV
GHFUHDVHGWRPJNJ7KHKLJKHVWGHFUHDVH
UDWHRIDYDLODEOH1FRQWHQW  ZDVUHFRUGHGLQ
6,)DQGWKHORZHVW  ZDVLQ&.$WDQ\VWDJH
GXULQJWKHWKUHH\HDUVWKHDYDLODEOH1FRQWHQWXQGHU
62)RU6,)ZDVVLJQLILFDQWO\ORZHUWKDQWKDWXQGHU
&.LQGLFDWLQJDQREYLRXVORVVRIDYDLODEOH1XQGHU
VXEVXUIDFHGUDLQDJH
5HODWLYHWRDYDLODEOH1DYDLODEOH3FRQWHQWYDULHG PLOGO\ 7KH DYDLODEOH 3 FRQWHQW ZLWK 62) LQFUHDVHGVOLJKWO\E\DIWHUWKUHH\HDUV+RZHYHU
WKHDYDLODEOH3FRQWHQWWHQGHGWRGHFUHDVHZKHQZLWK
6,)DQG&.DQG6,)KDGDKLJKHUGHFUHDVHUDWHRI
,Q-DQWKHDYDLODEOH3FRQWHQWVXQGHU6
2)6,)DQG&. ZHUHPJNJ PJNJ
DQGPJNJRIZKLFKXQGHU&.ZDVREYLRXVO\
JUHDWHU
)URP 0D\  WR -DQ  WKH DYDLODEOH .
FRQWHQWXQGHU6,)GHFUHDVHGE\ZKLOHZKLFK
XQGHU&.DQG62)LQFUHDVHGE\DQG
UHVSHFWLYHO\7KHDYDLODEOH.FRQWHQWZDVREYLRXVO\
GHFUHDVHGGXHWRVXEVXUIDFHGUDLQDJHDVZDVFRP-

&KDQJH RI RUJDQLF PDWWHU FRQWHQW 2YHUDOO
WKHRUJDQLFPDWWHUFRQWHQWVIRUDOOWKHWUHDWPHQWVLQFUHDVHGFRQWLQXRXVO\IURPWR )LJ ,Q
0DURUWKHUHZHUHQRVLJQLILFDQW S! 
GLIIHUHQFHV RI RUJDQLF PDWWHU FRQWHQW GHWHFWHG
DPRQJWKHWKUHHWUHDWPHQWV+RZHYHULQ0DU
WKH RUJDQLF FRQWHQWV LQ 6,) DQG 62) VKRZHG
VLJQLILFDQW S GLIIHUHQFHVDQGZHUHJNJ

DQG  J NJ UHVSHFWLYHO\ 6LPLODU UHJXODULW\
ZDVDOVRREWDLQHGIURPWKHUHVXOWLQ0DUZKHQ
62)KDGDVLJQLILFDQWO\ S KLJKHUFRQWHQWRIRUJDQLFPDWWHUWKDQ6,)$OWKRXJKFRPSDUHG
WR&.6,)GHFUHDVHGRUJDQLFPDWWHUFRQWHQWLQERWK
 DQG  WKH GHFUHDVH ZDV LQVLJQLILFDQW
S! 

Organic matter content (g kg-1)

WUHQGLQ-XO0D\DVZHOODV1RY
ZKLFKPDLQO\UHODWHGWRWKHIHUWLOL]DWLRQ,Q-DQ
WKH WRWDO.FRQWHQWV ZLWK62)6,)DQG &. ZHUH
JNJJNJ DQGJNJ UHVSHFWLYHO\
2YHUDOO&.DFKLHYHGWKHKLJKHVWFRQWHQWVRIWRWDO1
3DQG.ZKLOHWKHORZHVWZHUHLQ6,)

&RPSDULVRQRIQXWULHQWFRQWHQWVEHIRUHDQG
DIWHUWKHH[SHULPHQW7DEOHJDYHWKHFRPSDULVRQ
RI WRWDO 13. FRQWHQW EHIRUH DQG DIWHU WKH H[SHULPHQW2YHUDOOWKHWRWDO13DQG.FRQWHQWVZHUHLQFUHDVHGDIWHUWKHH[SHULPHQWH[FHSWWKHWRWDO3IRXQG
LQ6,),Q0DUWKHWRWDO13DQG.FRQWHQWV
ZLWK 6,) ZHUH VLJQLILFDQWO\ S  ORZHU FRPSDUHGWR&.LQGLFDWLQJWKDWVXEVXUIDFHGUDLQDJHLQFUHDVHGWKHWRWDOQXWULHQWORVV+RZHYHUWKHUHZHUH
QRVLJQLILFDQW S! GLIIHUHQFHVRIWRWDO1 3. 
FRQWHQW IRXQG EHWZHHQ 62) DQG &. 7KHVH
VXJJHVWHG WKDW FRPSDUHG WR LQRUJDQLF IHUWLOL]DWLRQ
RUJDQLF IHUWLOL]HU FRXOG FRQWULEXWH WR UHVHUYH PRUH
WRWDO13DQG.LQVRLOXQGHUVXEVXUIDFHGUDLQDJH
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),*85(
&KDQJHRIWKHRUJDQLFPDWWHUFRQWHQWGXULQJWKHWKUHHH[SHULPHQWDO\HDUV 62)6,)DQG&.
UHSUHVHQWWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWFRPELQHGZLWKRUJDQLFIHUWLOL]HUDSSOLFDWLRQWKH
VXEVXUIDFHGUDLQDJHWUHDWPHQWZLWKLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQDQGWKHFRQWUROWUHDWPHQWZLWKQR
GUDLQDJHEXWLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQUHVSHFWLYHO\7KHVRLOVDPSOHZDVFROOHFWHGRQ0DUFK
HDFK\HDU(DFKYDOXHLVPHDQ6'
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TABLE 2
Comparison of total N, P and K contents before and after the experiment
7UHDWPHQW
S-OF
S-IF
CK

7RWDO1FRQWHQW JNJ
0DU
0DU
0.88±0.04a 1.12±0.08a
0.88±0.04a 0.94±0.05b
0.88±0.04a 1.23±0.12a

,QFUHDVH
27.3%
6.8%
39.8%

7RWDO3FRQWHQW JNJ
0DU
0DU
0.32±0.03a 0.37±0.04ab
0.32±0.03a 0.30±0.06b
0.32±0.03a 0.44±0.04a

,QFUHDVH
15.6%
-6.3%
37.5%

7RWDO.FRQWHQW JNJ
0DU
0DU
6.08±0.64a 6.74±0.42ab
6.08±0.64a 6.25±0.29b
6.08±0.64a 7.17±0.41a

,QFUHDVH
10.9%
2.8%
17.9%

Note: 62)6,)DQG&.UHSUHVHQWWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWFRPELQHGZLWKRUJDQLFIHUWLOL]HUDSSOLFDWLRQ
WKHVXEVXUIDFHGUDLQDJHWUHDWPHQWZLWKLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQDQGWKHFRQWUROWUHDWPHQWZLWKQRGUDLQDJH
EXWLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQUHVSHFWLYHO\,QWKHVDPHFROXPQPHDQVIROORZHGE\WKHVDPHOHWWHU DEF 
GRQRWGLIIHUVLJQLILFDQWO\DWOHYHODFFRUGLQJWR'XQFDQ VPXOWLSOHUDQJHWHVW(DFKYDOXHLVPHDQ6'
TABLE 3
Comparison of available N, P and K contents before and after the experiment
7UHDWPHQW
S-OF
S-IF
CK

$YDLODEOH1FRQWHQW PJNJ
0DU
0DU
,QFUHDVH
31.2±4.2b
28.8±5.1b
-7.7%
42.1±3.1a
29.3±6.3b
-30.5%
42.1±3.1a
43.9±3.9a
4.1%

$YDLODEOH3FRQWHQW PJNJ
0DU
0DU
,QFUHDVH
8.4±0.8b
9.1±0.4b
7.8%
10.2±0.4a
9.1±0.4b
-10.0%
10.2±0.4a
10.3±0.6a
1.7%

$YDLODEOH.FRQWHQW PJNJ
0DU
0DU
81.6±6.1b
82.8±8.2b
98.4±5.2a
85.6±9.4b
98.4±5.2a
113.2±6.7a

,QFUHDVH
1.5%
-13.0%
15.0%

Note: S-OF, S-IFDQG&.UHSUHVHQWWKHVXEVXUIDFHGUDLQDJHWUHDWPHQWFRPELQHGZLWKRUJDQLFIHUWLOL]HUDSSOLFDWLRQ
WKHVXEVXUIDFHGUDLQDJHWUHDWPHQWZLWKLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQDQGWKHFRQWUROWUHDWPHQWZLWKQRGUDLQDJH
EXWLQRUJDQLFIHUWLOL]HUDSSOLFDWLRQUHVSHFWLYHO\,QWKHVDPHFROXPQPHDQVIROORZHGE\WKHVDPHOHWWHU DEF 
GRQRWGLIIHUVLJQLILFDQWO\DWOHYHODFFRUGLQJWR'XQFDQ VPXOWLSOHUDQJHWHVW(DFKYDOXHLVPHDQ6'
WRWDO QXWULHQW LQ VRLO ZHUH FORVHO\ UHODWHG WR WKH
IHUWLOL]DWLRQ ZKLFK VKRZHG DQ LQFUHDVH WUHQG DIWHU
DSSO\LQJIHUWLOL]HUVWKLVDJUHHGZLWKWKHILQGLQJVE\
+RX >@ %HVLGHV WRWDO 13. FRQWHQWV DOVR KDG
VRPHUHODWLRQVKLSZLWKWKHUDLQIDOOZKLFKGHFUHDVHG
LQ YDULRXV GHJUHHV ZKHQ WKH KLJKLQWHQVLYH UDLQIDOO
RFFXUUHGEHIRUH6HS2XUUHVXOWZDVVLPLODUWR
+RX V>@VWXG\WKDWGHWHFWHGDSRVLWLYHFRUUHODWLRQ
EHWZHHQ WKH UDLQIDOO YROXPH DQG ORVV UDWH RI WRWDO
QXWULHQW &RPSDUHG WR 6,) 62) RYHUDOO KDG D
KLJKHU WRWDO 1 FRQWHQW WKLV VXSSRUWHG WKH VWXG\ RI
/LDQJ>@ZKRQRWHGWKDWWKHRUJDQLFIHUWLOL]HUVXSSO\ PLJKW LPSURYH WKH V\QFKURQL]DWLRQ EHWZHHQ 1
VXSSO\ DQG FURS GHPDQG WKXV UHGXFLQJ 1 ORVVHV
IURP DJULFXOWXUH 6LPLODUO\ +RX V >@ VWXG\ UHSRUWHGDKLJKHUFRQWHQWRIWRWDO1XQGHURUJDQLF IHUWLOL]DWLRQ WKDQ WKDW XQGHU LQRUJDQLF
IHUWLOL]DWLRQ
7KH DYDLODEOH QXWULHQWV XQGHU 6,) GHFUHDVHG
PRVWGUDPDWLFDOO\GXULQJWKHWKUHH\HDUVWKLVPDLQO\
EHFDXVH WKDW PRVW RI WKH DYDLODEOH QXWULHQWV IURP
LQRUJDQLFIHUWLOL]HUZHUHVROXEOHDQGWKH\ZHUHPRUH
HDVLHUWRORVWWKURXJK VXEVXUIDFH GUDLQDJH >@%\
FRPSDULVRQWKHFKDQJHRIDYDLODEOHQXWULHQWVXQGHU
62)ZDVUHODWLYHO\VPDOOHU7KHFRQWHQWRIDYDLODEOH
1 XQGHU 62) WHQGHG WR GHFUHDVH ZKLOH ZKLFK RI
DYDLODEOH 3 LQFUHDVHG VOLJKWO\ WKH UHDVRQ PLJKW EH
WKDW WKH RUJDQLF DFLG LQ RUJDQLF IHUWLOL]HU SURPRWHG
WKHFRQYHUVLRQRIIHUWLOL]HU3WRDYDLODEOH3>@
0RUHRYHUDQH[WUHPHO\VPDOOLQFUHDVHRIDYDLODEOH
.FRQWHQWZDVGHWHFWHGXQGHU62)7KHVHLQGLFDWHG
WKDWWKHDYDLODEOHQXWULHQWVXSSO\RI62)ZDVPRUH
VXIILFLHQWLQWKHODWHUSHULRGRIWKHH[SHULPHQWZKHQ
FRPSDUHGWR6,)DOWKRXJKLQWKHHDUOLHUSHULRGWKH

7KHFRPSDULVRQRIDYDLODEOH13.FRQWHQWEHIRUHDQGDIWHUWKHH[SHULPHQWZDVVKRZQLQ7DEOH
7KHFRQWHQWVRIDYDLODEOH13DQG.XQGHU&.ZHUH
LQFUHDVHG E\   DQG  UHVSHFWLYHO\
+RZHYHUDYDLODEOH13DQG.FRQWHQWVXQGHU6,)
ZHUHGHFUHDVHGE\DQGUHVSHFWLYHO\DIWHUWKHH[SHULPHQW6XJJHVWLQJWKDWVXEVXUIDFHGUDLQDJHFOHDUO\FDXVHGDORVVLQDYDLODEOHQXWULHQWV+RZHYHUFRPSDUHGWR6,)WKHORVVUDWHRI6
2)GHFUHDVHGQRWDEO\7KH DYDLODEOH3DQG.HYHQ
VKRZHG D VOLJKW LQFUHDVH WUHQG DW WKH HQG RI WKH
H[SHULPHQW

DISCUSSION
7KHLQWHQVLW\RIODQGXVHLQFUHDVHVWKURXJKRXW
WKH ZRUOG KDV UHVWULFWHG WKH JOREDO DJULFXOWXUH DQG
SURPRWHGSHRSOHWRXVHVDOWDIIHFWHGODQGVLQFRDVWDO
DUHD>@6XEVXUIDFHGUDLQDJHGHHPHGDVDQHIIHFWLYH DSSURDFK KDV EHHQ ZLGHO\ XWLOL]HG WR ORZHU
XQGHUJURXQG ZDWHU OHYHO DQG GHFUHDVH VRLO VDOLQLW\
>@$OWKRXJK SRVLWLYH LPSOLFDWLRQV LQ LPSURY
LQJ VRLO FRQGLWLRQ ZHUH REWDLQHG XQGHU VXEVXUIDFH
GUDLQDJHWKHVRLOQXWULHQWORVVVKRXOGQRWEHLJQRUHG
>@,QWKLVH[SHULPHQWZHREVHUYHGWKHFKDQJHVRI
WRWDO1.3DYDLODEOH1.3DVZHOODVWKHRUJDQLF
PDWWHUFRQWHQWVXQGHUVXEVXUIDFHGUDLQDJH ZLWKWKH
DSSOLFDWLRQRIGLIIHUHQWW\SHVRIIHUWLOL]HU
)URPWKHG\QDPLFFKDQJHRIWRWDOQXWULHQWVLW
ZDVIRXQGWKDWWKHWRWDO1FRQWHQWYDULHGPRUHHYLGHQWO\ZKLOHWRWDO3ZDVUHODWLYHO\VWDEOH3RVVLEO\
3FRXOGEHDGVRUEHGKHDYLO\E\VRLOWKXVZDVKDUGWR
EHOHDFKHGE\GUDLQDJH ZDWHU>@7KHFRQWHQWVRI
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RI WRWDO 3 DQG . 0RUHRYHU 62) ZDV GHWHFWHG WR
VKDUSO\GHFUHDVHWKHORVVUDWHRIDYDLODEOH13DQG
. 6LJQLILFDQW S  LQFUHDVH RI RUJDQLF PDWWHU
FRQWHQW ZDV IRXQG IRU 62) UHODWLYH WR 6,) LQ WKH
ODVWH[SHULPHQWDO\HDU,WZDVFRQFOXGHGWKDWVXEVXUIDFHGUDLQDJHFRPELQHGZLWKLQRUJDQLFIHUWLOL]DWLRQ
UHVXOWHGLQTXDQWLWLHVRIQXWULHQWORVV WRWDO13.
DQGDYDLODEOH13. GXULQJWKH\HDUVKRZHYHU
RUJDQLF LQVWHDG RI LQRUJDQLF IHUWLOL]DWLRQ ZRXOG
FRQWULEXWHWRDGUDPDWLFLQFUHDVHLQWRWDO1FRQWHQW
DQGDGHFUHDVHLQWKHORVVUDWHRIDYDLODEOHQXWULHQWV
13DQG. 

DYDLODEOH QXWULHQW FRQWHQWV XQGHU 62) ZHUH UHODWLYHO\ORZHU )LJ $QHOHYHQ\HDUVORQJWHUPILHOG
H[SHULPHQWE\+X>@DOVRSURYHGWKDWRUJDQLFIHUWLOL]HU (0FRPSRVW FRXOGVLJQLILFDQWO\LQFUHDVHWKH
VRLOIHUWLOLW\LQWKH ORQJUXQ7KH ORZHUFRQWHQWVRI
DYDLODEOH QXWULHQWV XQGHU 62) LQ WKH HDUO\ VWDJH
PLJKWDVFULEHWRWKDWDSDUWRIWKHDYDLODEOHQXWULHQW
SRRO ZDV LPPRELOL]HG E\ WKH PLFUREHV LQ RUJDQLF
IHUWLOL]HGVRLOVZKHQWKHQXWULHQWGHPDQGRIWKHFURS
ZDVORZ>@
7KHRUJDQLFPDWWHUFRQWHQWIRUWKHWKUHHWUHDWPHQWVLQFUHDVHGFRQWLQXRXVO\ZLWKWKHSODQWLQJGXUDWLRQ WKLV ZDV VLPLODU WR WKH UHSRUWV E\ 3UDVDG >@
DQG-LDQJ>@,QDQG62)KDGDVLJQLILFDQWO\ S KLJKHUFRQWHQWRIRUJDQLFPDWWHUWKDQ
6,)LQGLFDWLQJWKDWWKHRUJDQLFIHUWLOL]DWLRQFRQWULEXWHG JUHDWO\ WR WKH LQFUHDVH RI VRLO RUJDQLF PDWWHU
6LPLODUVWXG\E\7LDQ>@KDVREVHUYHGDQH[WUHPHO\
SRVLWLYH UHODWLRQVKLS EHWZHHQ RUJDQLF IHUWLOL]HU
DSSOLFDWLRQDPRXQWDQGVRLORUJDQLFPDWWHUFRQWHQW
0RUHRYHU 7LDQ >@ SRLQWHG RXW WKDW WKH RUJDQLF
IHUWLOL]DWLRQ FRXOG QRW RQO\ LQFUHDVH WKH FRQWHQW RI
VRLO RUJDQLF PDWWHU EXW GUDPDWLFDOO\ LQFUHDVH WKH
FRQWHQW RI DFWLYH RUJDQLF PDWWHU LQ VRLO WKURXJK
SURYLGLQJ WKH UHODWHG PLFURRUJDQLVP DQG HQ]\PH
+RZHYHUWKHUHZHUHQRVLJQLILFDQW S! GLIIHUHQFHVRIRUJDQLF PDWWHUFRQWHQWEHWZHHQ62)DQG
6,)LQDQGVLJQLILFDQW S GLIIHUHQFHVDSSHDUHGLQDVZHOODV7KLVVXJJHVWHGWKDWWKHRUJDQLFPDWWHULQFUHDVHHIIHFWE\6
2)PLJKWUHTXLUHWLPH:DQJ>@UHSRUWHGD
KLJKHURUJDQLFPDWWHUFRQWHQWXQGHURUJDQLFIHUWLOL]DWLRQLQKLVIRXUWKH[SHULPHQWDO\HDU
$WWKHHQGRIWKHH[SHULPHQWWRWDO13DQG.
FRQWHQWV IRU WKH WUHDWPHQWV JHQHUDOO\ LQFUHDVHG
7DEOH   LQGLFDWLQJ WKDW WKH WRWDO QXWULHQW VXSSO\
ZDVPRUHWKDQWKHVXPRIFURSDEVRUSWLRQDQGOHDFKLQJORVV)RU&.WKHDYDLODEOH13DQG.FRQWHQWV
ZHUHLQFUHDVHGE\DQGVKRZLQJ
DVDWLVIDFWRU\EDODQFHEHWZHHQWKHDYDLODEOHQXWULHQW
VXSSO\ DQG GHPDQG +RZHYHU 6,) REVHUYHG DQ
REYLRXVGHFOLQHLQFRQWHQWVRIDYDLODEOH13DQG.
WKXV ZH UHFRPPHQGHGWKDWDJUHDWHUGRVH RIIHUWLOL]HUZDVQHHGHGZKHQFRQGXFWLQJLQRUJDQLFIHUWLOL
]DWLRQ XQGHU WKH VXEVXUIDFH GUDLQDJH &RPSDUHG
ZLWK6,)62)DSSDUHQWO\GHFUHDVHGWKHORVVUDWHRI
DYDLODEOHQXWULHQWVRWKHLQRUJDQLFIHUWLOL]HUVXEVWLWXWLRQE\RUJDQLFIHUWLOL]HUPLJKWEHRQHRIWKHHIIHFWLYHDSSURDFKHVWRUHGXFHQXWULHQWORVVIURPDJULFXOWXUHXQGHUVXEVXUIDFHGUDLQDJH
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ABSTRACT

INTRODUCTION

6RLO IDFWRUV SOD\ DQ LPSRUWDQW UROH LQ SODQW
FRPPXQLW\VWUXFWXUHDQGVSHFLHVGLVWULEXWLRQHVSHFLDOO\IRUKDORSK\WHV+RZHYHUQRLQIRUPDWLRQH[LVWVFRQFHUQLQJRQKRZWKHVRLODIIHFWVSODQWFRPPXQLW\FKDUDFWHULVWLFVVXFKDVFRPPXQLW\ELRPDVVDQG
VSHFLHV GLYHUVLW\ +HUH WKH UHODWLRQVKLSV EHWZHHQ
ELRPDVV ULFKQHVV GLYHUVLW\ DQG HYHQQHVV RI SODQW
FRPPXQLW\DQGVRLOIDFWRUVZHUHH[SORUHGLQWKLVSDSHU 7KH UHVXOWV VKRZHG WKDW VRLO VDOLQLW\ IDFWRUV
VKRZHG PRUH UHODWLRQVKLSV ZLWK SODQW FRPPXQLW\
HVSHFLDOO\ 6KDQQRQ LQGH[ ZKLFK ZDV LQIOXHQFHG
RQO\ E\ WKUHH VRLO VDOLQLW\ IDFWRUV 1D . DQG &O
FRQWHQW %LRPDVVRISODQWFRPPXQLW\ZDVDIIHFWHG
E\ DYDLODEOH1FRQWHQW RUJDQLF PDWWHUFRQWHQWDQG
0JFRQWHQWWRJHWKHUDQGWKH0JFRQWHQWZDVPRVW
REYLRXV 7KH GLUHFW HIIHFWV RI DYDLODEOH 1 FRQWHQW
DQGRUJDQLFPDWWHUFRQWHQWZHUHOHVVWKDQWKHLQGLUHFW 7KH SRVLWLYH FRUUHODWLRQ EHWZHHQ ULFKQHVV RI
SODQW FRPPXQLW\ DQG &DFRQWHQW ZDV VLJQLILFDQW
7KH1DDQG. FRQWHQWVKDGWKHH[WUHPHO\VLJQLILFDQWSRVLWLYHDQGQHJDWLYHFRUUHODWLRQVZLWKFRPPXQLW\GLYHUVLW\UHVSHFWLYHO\7KHGLUHFWHIIHFWRI1D 
FRQWHQW DQG WKH LQGLUHFW HIIHFW RI . FRQWHQW RQ
FRPPXQLW\GLYHUVLW\ZHUHPRVWDPRQJDOOVRLOIDFWRUV 1D FRQWHQW¶V GLUHFW HIIHFW ZDV PRUH WKDQ WKH
LQGLUHFW +RZHYHU . FRQWHQW¶V LQGLUHFW HIIHFW ZDV
PRUHREYLRXV&RPPXQLW\HYHQQHVVKDGQRREYLRXV
FRUUHODWLRQZLWKVLQJOHVRLOIDFWRUEXWZDVFRQWUROOHG
E\ WKH WRWDO . FRQWHQW DYDLODEOH . FRQWHQW DQG
&DFRQWHQWVLPXOWDQHRXVO\DQGWKHWRWDO.FRQWHQW
DQG DYDLODEOH . FRQWHQW ZDV PRUH SURPLQHQW 2XU
UHVXOWVZLOOKHOSWRGHYHORSDEHWWHUXQGHUVWDQGLQJRI
WKHUHODWLRQVEHWZHHQplant community and soil factors, DQGWKH\ZLOODOVRSURYLGHDQLPSRUWDQWWKHRUHWLFDOEDVLVRQSUHGLFWLQJWKHFKDQJHVRIplant community in the Songnen grassland of Northeast China.

7KHSODQWFRPPXQLW\SURGXFWLYLW\DQGVSHFLHV
GLYHUVLW\ DUH WKH PRVW LPSRUWDQW TXDQWLWDWLYH FKD
UDFWHUL]DWLRQ RI FRPPXQLW\ VWUXFWXUH DQG IXQFWLRQ
>@7KH\DUHWKHSURGXFWVRIWKHSODQWELRORJLFDO
FKDUDFWHULVWLFV DQG H[WHUQDO HQYLURQPHQWDO FRQGLWLRQVDQGFDQDOVRUHIOHFW WKHUHODWLRQVKLSEHWZHHQ
GLIIHUHQWJHRJUDSKLFDOFRQGLWLRQVDQGFRPPXQLW\>
@7KHFRPSRVLWLRQRIVSHFLHVLQQDWXUDOFRPPXQLWLHVLVWKHUHVXOWRIORQJWHUPDGDSWDWLRQRIVSHFLHVWR
WKH HQYLURQPHQW >@ 6RLO LV RQH RI WKH PRVW LPSRUWDQWPDWHULDOEDVHVIRUSODQWJURZWKDQGGHYHORSPHQW ,W GHWHUPLQHV WKH VWUXFWXUH IXQFWLRQ DQG WKH
OHYHORISURGXFWLYLW\RIFRPPXQLWLHV>@,QWKHSURFHVVRIWKHFRPPXQLW\VXFFHVVLRQFRPPXQLW\VWUXFWXUHLVFRUUHVSRQGLQJWRWKHFKDQJHRIVRLOG\QDPLF
>@ 6RLO GLIIHUHQWLDWLRQ OHDGV WR WKH FKDQJH RI
YHJHWDWLRQ >@ 7KH FRUUHODWLRQ EHWZHHQ VDOLQH
YHJHWDWLRQ DQG VRLOV VDOLQL]DWLRQ LV PRUH DSSDUHQW
>@
7KH6RQJQHQJUDVVODQGLVORFDWHGLQWKHQRUWKHDVW RI &KLQD DQG SOD\V DQ HVVHQWLDO UROH LQ WKH
GHYHORSPHQW RI DQLPDO KXVEDQGU\ +RZHYHU ZLWK
WKHRYHUXVHRIWKHKXPDQVXFKDVRYHUJUD]LQJDQG
RWKHU XQUHDVRQDEOH XVH WKH GHJUHH RI VDOLQL]DWLRQ
DQGDONDOL]DWLRQLQWKLVDUHDLVLQFUHDVLQJDQGDODUJH
DUHDRIYHJHWDWLRQKDVEHHQVHULRXVO\GHJUDGHGLQUHFHQW\HDUV>@1RZDGD\VSHRSOHSD\PRUHDWWHQWLRQWRWKHSODQWFRPPXQLW\VWUXFWXUHDQGFRPSRVLWLRQ >@ DQG WKH UHVSRQVH RI SODQW FRPPXQLW\
FKDUDFWHULVWLFV WR WKH LQWHUIHUHQFH IDFWRUV VXFK DV
JUD]LQJPRZLQJDQGZDWHUIORRGHG>@7KHVRLO
FRQGLWLRQV RI GLIIHUHQW W\SH RI SODQW FRPPXQLWLHV
ZHUH DOVR DQDO\]HG >@ DQG GLVFXVVHG WKH
UHODWLRQVKLSEHWZHHQWKHFRPPXQLW\ELRPDVVRUVSHFLHV DEXQGDQFH DQG VRLO IDFWRUV >@ +RZHYHU QR
LQIRUPDWLRQH[LVWVFRQFHUQLQJRQKRZWKHVRLODIIHFWV
SODQWFRPPXQLW\FKDUDFWHULVWLFVVXFKDVFRPPXQLW\
ELRPDVV DQG VSHFLHV GLYHUVLW\ LQ WKH 6RQJQHQ VDOW
DONDOLJUDVVODQGLQ1RUWKHDVW&KLQD,QWKLVSDSHUZH
DQDO\]HG WKH SODQW FRPPXQLW\ ELRPDVV VSHFLDOW\
GLYHUVLW\ DQG VRLO FRQGLWLRQ DQG WKHQ H[SORUHG WKH
UHODWLRQVKLS EHWZHHQ SODQW FRPPXQLW\ FKDUDFWHULVWLFVDQGVRLOIDFWRUVLQWKLVDUHD2XUUHVXOWVZLOOKHOS

.(<:25'6
Songnen salt-alkali grassland, plant community, soil
factors, 6KDQQRQLQGH[
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MATERIALS AND METHODS
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67KHWRWDOVSHFLHVQXPEHUVQLWKHLPSRUWDQWYDOXH
RIWKHLWKVSHFLHV1LVWKHVXPRIWKHLPSRUWDQWYDOXHV
RIDOOWKHVSHFLHV
3L㸻QL㸭1
,PSRUWDQWYDOXH  5HODWLYHZHLJKW5HODWLYH&RYHUDJH5HODWLYHGHQVLW\5HODWLYH+LJKW î

([SHULPHQWDO VLWH 7KH H[SHULPHQW ZDV FRQGXFWHG LQ WKH (FRV\VWHP )LHOG 6WDWLRQ RI WKH
+HLORQJMLDQJ %D\L $JULFXOWXUDO 8QLYHUVLW\ DW WKH
6RQJQHQ *UDVVODQG LQ WKH 'DTLQJ &LW\ RI +HLORQJMLDQJ SURYLQFH RI &KLQD ƍ( ƍ1 
7KLVDUHDLVFKDUDFWHUL]HGE\DVHPLDULGFRQWLQHQWDO
PRQVRRQDO FOLPDWH 7KH PHDQ DQQXDO SUHFLSLWDWLRQ
DQG WHPSHUDWXUH DUH  PP DQG °C WR
°C 7KH VRLO W\SH LV PL[HG VDOWDONDOL PHDGRZ
VRLO

  'DWD DQDO\VLV $OO SDUDPHWHUV ZHUH
DQDO\]HG XVLQJ WKH VWDWLVWLFDO 6RIWZDUH 6366 
6366 ,QF &KLFDJR ,/ 86$  7KH PHDQV DQG
VWDQGDUG HUURUV 6(  ZHUH UHSRUWHG 7KH OHYHO RI
VWDWLVWLFDOVLJQLILFDQFHZDV3᧸

)LHOG VDPSOLQJ PHWKRGV ,Q WKH ODWH -XO\ RI
W\SHVRISORWVFRQWDLQLQJSRRUDQGULFKSODQW
VSHFLHVZHUHVHOHFWHGDFFRUGLQJWRWKHFRPSRVLWLRQ
DQGJURZWKFRQGLWLRQVRIWKHSODQWV(DFKSORWVHWRI
VDPSOHV:HPHDVXUHGWKHSODQWGHQVLW\FRYHUDJH
SODQWKHLJKWDQGELRPDVVDIWHUKDUYHVWLQHDFKVDPSOH:LWKLQHDFKVDPSOHZHFROOHFWHGFPVRLO
DQGDQDO\VLVWKHVRLOSURSHUWLHVDIWHUDLUGU\LQJ

RESULTS
&RUUHODWLYH DQDO\VLV RI SODQW FRPPXQLW\
FKDUDFWHULVWLFV DQG VRLO IDFWRUV 7KH FRUUHODWLRQ
DQDO\VLVRISODQWFRPPXQLW\FKDUDFWHULVWLFVZLWK
VRLOIDFWRUVVKRZHGWKDWWKHELRPDVVULFKQHVV6LPSVRQ LQGH[ 6KDQQRQ LQGH[ DQG VRLO DYDLODEOH SKRV
SKRUXV FRQWHQW WRWDO SRWDVVLXP FRQWHQW DYDLODEOH
SRWDVVLXPFRQWHQW S+DONDOLQLW\ VDOWFRQWHQW 1D 
FRQWHQW.FRQWHQW0JFRQWHQW&OFRQWHQW62
FRQWHQW DQG WRWDO DONDOLQLW\ ZHUH QHJDWLYHO\
FRUUHODWHG7KHFRUUHODWLRQZDVVLJQLILFDQWEHWZHHQ
WKH VRLO ELRPDVV DQG DYDLODEOH SKRVSKRUXV FRQWHQW
DQG VDOLQLW\ 3㸺  0HDQZKLOH KLJKO\ VLJQLILFDQW OHYHO ZDV REVHUYHG EHWZHHQ WKH VRLO ELRPDVV
DQGS+YDOXHDONDOLQLW\GHJUHHDQG0JFRQWHQW 3
㸺 7KHULFKQHVVZDVQHJDWLYHO\FRUUHODWHGZLWK
1D DQG 62 FRQWHQWV EHVLGHV WKH DYDLODEOH SKR
VSKRUXVS+DONDOLQLW\DQGVDOLQLW\6LPSVRQLQGH[
DQG6KDQQRQLQGH[ZHUHQHJDWLYHO\FRUUHODWHGZLWK
WKH WRWDO VDOW FRQWHQW 1D FRQWHQW . FRQWHQW DQG
62 FRQWHQW 7KH FRUUHODWLRQ EHWZHHQ DYDLODEOH
SKRVSKRUXVFRQWHQWDQGS+YDOXHDQG6KDQQRQLQGH[
ZDV KLJKHU WKDQ WKDW RI 6LPSVRQ LQGH[ 0RUHRYHU
6LPSVRQ LQGH[ DQG WRWDO DONDOLQLW\ 6KDQQRQ LQGH[
DQGDONDOL]DWLRQGHJUHHDQG0JFRQWHQWZHUHVLJ
QLILFDQWO\ QHJDWLYH FRUUHODWLRQ UHVSHFWLYHO\ +RZHYHUSRVLWLYHFRUUHODWLRQUHODWLRQVKLSZDVREVHUYHG
EHWZHHQWKHULFKQHVVDQG6KDQQRQLQGH[WRWDOQLWURJHQ FRQWHQW DONDOL VROXWLRQ QLWURJHQ FRQWHQW DQG
&DFRQWHQW 6LPSVRQ LQGH[ DQG WRWDO QLWURJHQ DQG
&DFRQWHQWZHUHDOVRVKRZHGWKLVUHODWLRQ7KHUH
ZDVDSRVLWLYHFRUUHODWLRQEHWZHHQWKHHYHQQHVVDQG
WRWDOQLWURJHQFRQWHQWRUJDQLFPDWWHUFRQWHQW&D
DQG &O ±FRQWHQWV DQG QHJDWLYHO\ FRUUHODWHG ZLWK
RWKHUVRLOIDFWRUVEXWWKHFRUUHODWLRQEHWZHHQVRLO

6RLO LQGH[   'HWHUPLQDWLRQ RI SODQW DQG
VRLOLQGH[HV7KHVRLOLQGH[HVZHUHPHDVXUHGLQWKH
DQDO\VLV DQG WHVW FHQWHU LQ +HLORQJMLDQJ %D\L
$JULFXOWXUDO 8QLYHUVLW\ $OO WKH PHWKRGV LQ RXU
UHVHDUFK ZHUH FRQYHQWLRQDO PHWKRGV 7KH WRWDO
QLWURJHQ FRQWHQW ZDV PHDVXUHG E\ NMHOGDKO GHWHU
PLQDWLRQ DYDLODEOH QLWURJHQ FRQWHQW ZDV PHDVXUHG
E\ DONDOLQH K\GURO\VLV GLIIXVLRQ PHWKRG WKH WRWDO
SKRVSKRUXVFRQWHQWZDVPHDVXUHGE\+&O2+62
PHWKRGDYDLODEOHSKRVSKRUXVFRQWHQWZDVPHDVXUHG
E\ 0R6E FRORULPHWU\ PHWKRG WKH WRWDO SRWDVVLXP
FRQWHQW ZDV PHDVXUHG E\ +)+&O2 GLJHVWLRQ
PHWKRGDYDLODEOHSRWDVVLXPFRQWHQWZDVPHDVXUHG
E\ WKH IODPH SKRWRPHWU\ PHWKRG RUJDQLF PDWWHU
FRQWHQW ZDV PHDVXUHG E\ SRWDVVLXP GLFKURPDWH
PHWKRG $Q DWRPLF DEVRUSWLRQ VSHFWURSKRWRPHWHU
7$6 3XUNLQMH *HQHUDO %HLMLQJ  ZDV XVHG WR
GHWHUPLQHWKHFRQWHQWVRI1D.IUHH0JDQGIUHH
&D7KH&ODQG62FRQWHQWVZHUHGHWHUPLQHGE\
LRQFKURPDWRJUDSK\ ';LRQFKURPDWRJUDSKLF
V\VWHP $6$6& LRQH[FKDQJH FROXPQ &'0,,
HOHFWULFDO FRQGXFWLYLW\ GHWHFWRU PRELOH SKDVH
1D&21D+&2 P0 ',21(; 6XQQ\
YDOH86$  +&2DQG &2FRQWHQWV ZHUH GHWHU
PLQHG E\ SRWHQWLRPHWULF WLWUDWLRQ PHWKRGV 6DOW
FRQWHQWZDVPHDVXUHGE\FRQGXFWLYLW\PHWKRGV7KH
WRWDO DONDOLQLW\ LV WKH VXP RI +&2 DQG &2
FRQWHQWV>@
7KH SODQW FRPPXQLW\ FKDUDFWHUV ZHUH PHDVXUHGE\ELRPDVVULFKQHVV6LPSVRQLQGH[6KDQQRQ
LQGH[DQGHYHQQHVV
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FDUERQ QLWURJHQ QXWULHQWV >@ DONDOLQLW\ DQG 1D
FRQWHQW &RQVLGHULQJ WKH LQIOXHQFH RI PXOWLIDFWRUV
DQGWKHLUFRPSUHKHQVLYHHIIHFWVRQWKHSODQWFRPPXQLW\FKDUDFWHULVWLFVWKHVWHSZLVHUHJUHVVLRQDQDO\VLV
ZDVXVHGE\VHWWLQJWKHSODQWFRPPXQLW\FKDUDFWHULVWLFDVWKHGHSHQGHQWYDULDEOHDQGWKHVRLOIDFWRUDVWKH
LQGHSHQGHQWYDULDEOH 7DEOH 

IDFWRUV DQG FRPPXQLW\ XQLIRUPLW\ ZDV QRW VLJQLILFDQW 3㸼  7DEOH 
6WHSZLVH UHJUHVVLRQ DQDO\VLV RI SODQW FRP
PXQLW\ FKDUDFWHULVWLFV DQG VRLO IDFWRUV 7KH VRLO
IDFWRUV LQ WKH 6RQJQHQ VDOLQLW\ JUDVVODQG DUH
LQWHUGHSHQGHQWVXFKDVWKHDYDLODEOHSKRVSKRUXVDQG

7$%/(
&RUUHODWLRQFRHIILFLHQWVRISODQWFRPPXQLW\FKDUDFWHULVWLFVDQGVRLOIDFWRUV
7RWDO1 ;
$YDLODEOH1 ;
7RWDO3 ;
$YDLODEOH3 ;
7RWDO. ;
$YDLODEOH. ;
2UJDQLFPDWWHU ;
:DWHUFRQWHQW ;
S+YDOXH ;
(63 ;
6DOLQHFRQWHQW ;
1D ;
. ;
&D ;
0J ;
&O ;
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Total alkalinity
;
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* and ** indicate correlation is significant at the 0.05 and 0.01 level, respectively.
7$%/(
5HJUHVVLRQHTXDWLRQEHWZHHQSODQWFRPPXQLW\FKDUDFWHULVWLFVDQGVRLOIDFWRUV
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7$%/(
3DUWLDOFRUUHODWLRQRISODQWFRPPXQLW\FKDUDFWHULVWLFVZLWKVRLOIDFWRUV
&RPPXQLW\FKDUDFWHULVWLF
%LRPDVV %
5LFKQHVV 5
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(YHQQHVV -

6RLOIDFWRU
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1D ;
. ;
&O ;
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7KHUHVXOWVVKRZHGWKDWWKHFRQWHQWVRIDYDLODEOH1RUJDQLFPDWWHUDQG0JZHUHWKHPDLQIDFWRUV DIIHFWLQJ WKH ELRPDVV RI SODQW FRPPXQLWLHV LQ
WKH 6RQJQHQ VDOWDONDOL JUDVVODQG DQG QHJDWLYHO\
FRUUHODWHG ZLWK WKH FRPPXQLW\ ELRPDVV 7KH UHOD
WLRQVKLSEHWZHHQ0JFRQWHQWDQGFRPPXQLW\ELRPDVVZDVVLJQLILFDQW 3㸺  7DEOH 7KHSODQW
FRPPXQLW\ ULFKQHVV ZDV LQIOXHQFHG E\ WKH WRWDO
QLWURJHQDQG&DFRQWHQWVDQGWKHSRVLWLYHFRUUHODWLRQ ZLWK &D FRQWHQW ZDV VLJQLILFDQW 3㸺
7DEOH 6LPSVRQLQGH[6KDQQRQLQGH[DQGWKHVRLO
IDFWRU PXOWLSOH UHJUHVVLRQ HTXDWLRQ RI WKH FRPSOH[
FRUUHODWLRQ FRHIILFLHQW ZHUH  DQG 
UHVSHFWLYHO\ 7KH ) WHVW YDOXHV ZHUH H[WUHPHO\
VLJQLILFDQW 3㸺 6LPSVRQLQGH[ZDVFORVHO\UHODWHGWRWKH1D.DQG&OFRQWHQWVDQGWKHUHODWLRQVKLS EHWZHHQ 1D FRQWHQW DQG . FRQWHQW ZDV H[WUHPHO\ VLJQLILFDQW 3㸺  %HVLGHV RI WKH 1D 
DQG . FRQWHQWV WKH 6KDQQRQ LQGH[ ZDV DOVR
DIIHFWHG E\ WKH WRWDO QLWURJHQ FRQWHQW WRWDO SKRV
SKRUXV FRQWHQW WRWDO SRWDVVLXP FRQWHQW RUJDQLF
PDWWHU FRQWHQW DQG WRWDO DONDOLQLW\ 7KH SRVLWLYH
HIIHFW RI WRWDO SKRVSKRUXV FRQWHQW WRWDO SRWDVVLXP
FRQWHQW DQG 1D  FRQWHQW DQG WKH RUJDQLF PDWWHU
FRQWHQW1DFRQWHQWDQGWRWDODONDOLQLW\RIWKHQHJD
WLYHHIIHFWVDUHERWKYHU\VLJQLILFDQW 7DEOH 
$OWKRXJK WKH FRUUHODWLRQ EHWZHHQ SODQW FRP
PXQLW\ XQLIRUPLW\ DQG VLQJOH VRLO IDFWRU ZDV QRW
VDWLVIDFWRU\ WKH UHVXOWV RI VWHSZLVH UHJUHVVLRQ
DQDO\VLV VKRZHG WKDW LW ZDV DIIHFWHG E\ WKH WRWDO
SRWDVVLXPFRQWHQWDYDLODEOHSRWDVVLXPFRQWHQWDQG
&D FRQWHQW DQG WKH HIIHFW RI WRWDO SRWDVVLXP
FRQWHQW DQG DYDLODEOH SRWDVVLXP FRQWHQW YDOXHV DUH
DQGUHVSHFWLYHO\ 7DEOH 

3DWK DQDO\VLV RI SODQW FRPPXQLW\ FKDUDF
WHULVWLFV DQG VRLO IDFWRUV 7KH VWHSZLVH UHJUHVVLRQ
DQDO\VLVUHVXOWVVKRZHGWKDWWKHELRPDVVDEXQGDQFH
GLYHUVLW\ DQG HYHQQHVV RI SODQW FRPPXQLWLHV ZHUH
DIIHFWHG E\ WKH VRLO IDFWRUV ,Q RUGHU WR IXUWKHU
GHVFULEHWKHUHODWLYHLPSRUWDQFHRIWKHVRLOIDFWRUVWR
SODQW FRPPXQLW\ FKDUDFWHULVWLFV WKH SDWK DQDO\VLV
PHWKRGLVFDUULHGRXWDQGWKHFRUUHODWLRQFRHIILFLHQW
LVGHFRPSRVHGLQWRGLUHFWSDWKFRHIILFLHQWDQGLQGLUHFWSDWKFRHIILFLHQW)URP7DEOHZHFDQVHHWKDW
WKHFRPPXQLW\ELRPDVVZDVPRVWDIIHFWHGE\WKHGLUHFWHIIHFWRI0J FRQWHQWIROORZHGE\WKHRUJDQLF
PDWWHUFRQWHQWDONDOLVROXWLRQQLWURJHQFRQWHQW7KH
GLUHFWHIIHFWRIDONDOLVROXWLRQQLWURJHQFRQWHQWDQG
RUJDQLFPDWWHUFRQWHQWZDVOHVVWKDQWKHLQGLUHFW7KH
HIIHFWRI &DFRQWHQWRQWKH DEXQGDQFH ZDV PXFK
PRUH WKDQ WKH QLWURJHQ FRQWHQW DQG WKHLU GLUHFW
HIIHFWVDUHJUHDWHUWKDQWKHLQGLUHFWHIIHFW 7DEOH 
7KH1DFRQWHQWKDGWKHJUHDWHVWGLUHFWHIIHFWRQWKH
6LPSVRQLQGH[DQGWKH&OFRQWHQWZDVWKHVPDOOHVW
7KH GLUHFW HIIHFW RI WKHVH WZR IDFWRUV ZDV JUHDWHU
WKDQ WKDW RI LQGLUHFW DFWLRQ 7DEOH   7KH GLUHFW
HIIHFWV RI VRLO IDFWRUV DIIHFWLQJ WKH 6KDQQRQ LQGH[
ZHUH1DFRQWHQW.FRQWHQWWRWDOSKRVSKRUXVFRQWHQW WRWDO SRWDVVLXP FRQWHQW WRWDO DONDOLQLW\ WRWDO
QLWURJHQ FRQWHQW DQG RUJDQLF PDWWHU FRQWHQW 7KH
GLUHFW HIIHFW RI WRWDO SKRVSKRUXV FRQWHQW DQG 1D 
FRQWHQWZDVPRUHWKDQWKHLQGLUHFW.FRQWHQWRIWKH
LQGLUHFW HIIHFW ZHUH PRUH REYLRXV 7DEOH   7KH
HIIHFWRI&DFRQWHQWRQWKHXQLIRUPLW\ZDVOHVVWKDQ
WKHWRWDOSRWDVVLXPFRQWHQWDQGDYDLODEOHSRWDVVLXP
FRQWHQWDQGLWVLQGLUHFWHIIHFWLVPRUHWKDQWKHGLUHFW
HIIHFW 7DEOH 

7$%/(
3DWKFRHIILFLHQWDQDO\VLVEHWZHHQFRPPXQLW\ELRPDVVDQGPDLQVRLOIDFWRUV
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7$%/(
3DWKFRHIILFLHQWDQDO\VLVEHWZHHQ6LPSVRQLQGH[DQGPDLQVRLOIDFWRUV
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7$%/(
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factor in the Songnen salt-alkaline grassland was not
obvious. The available potassium content, Ca2 +
content, total potassium content and available potassium content were more prominent, and the direct
effect was greater than indirect effect.
7KHUHVXOWVDOVRVKRZHGWKDWWKHDEXQGDQFHRI
SODQW FRPPXQLWLHV LQ WKH 6RQJQHQ VDOWDONDOLQH
JUDVVODQG ZDVDOVRLQIOXHQFHGE\WKHWRWDOQLWURJHQ
DQG&DFRQWHQW7KHGLUHFWHIIHFWRIWRWDOQLWURJHQ
ZDV OHVV WKDQ WKDW RI &D FRQWHQW ,Q DGGLWLRQ WKH
GLYHUVLW\ RI SODQW FRPPXQLW\ ZDV PRUH FORVHO\
UHODWHG WR WKH 1D DQG . FRQWHQWV ZKLFK ZHUH
H[WUHPHO\ VLJQLILFDQW QHJDWLYH FRUUHODWLRQ DQG
SRVLWLYH FRUUHODWLRQ UHVSHFWLYHO\ 2XU UHVXOWV ZLOO
KHOS WR GHYHORS D EHWWHU XQGHUVWDQGLQJ RI WKH
UHODWLRQVEHWZHHQSODQWFRPPXQLW\DQGVRLOIDFWRUV
DQGWKH\ ZLOODOVRSURYLGH DQLPSRUWDQW WKHRUHWLFDO
EDVLVRQSUHGLFWLQJWKHFKDQJHVRISODQWFRPPXQLW\
LQWKH6RQJQHQJUDVVODQGRI1RUWKHDVW&KLQD

DISCUSSION
,QWKH6RQJQHQJUDVVODQGRI 1RUWKHDVW&KLQD
WKHVDOWDONDOLVRLOLVDOZD\VXQHYHQGLVWULEXWHGDQG
VKRZV GLIIHUHQW VDOLQLW\DONDOLQLW\ GHJUHH DQG
QXWULHQW VWDWXV 7KHVH GLIIHUHQFHV GHWHUPLQH WKH
GLVWULEXWLRQ SDWWHUQ RI YHJHWDWLRQ RQ WKH JURXQG
&RPSHWLWLRQIRUOLPLWHGVRLOUHVRXUFHVLVDNH\IDFWRU
DIIHFWLQJSODQWFRPPXQLW\VSHFLHVFRPSRVLWLRQDQG
FRPPXQLW\ G\QDPLFV ,Q WKH QRQVDOLQH JUDVVODQG
W\SHV VRLO QXWULHQW LV WKH PDLQ IDFWRU DIIHFWLQJ WKH
GLVWULEXWLRQRISODQWFRPPXQLWLHV>@+RZHYHU
LQWKH6RQJQHQVDOWDONDOLQHJUDVVODQGVRLOVDOLQLW\
DONDOLQLW\ DQG SODQW FRPPXQLW\ FKDUDFWHULVWLFV DUH
FORVHO\ UHODWHG > @ 7KH VWHSZLVH UHJUHVVLRQ
DQDO\VLVUHVXOWVVKRZHGWKDWIRUWKH 6LPSVRQLQGH[
RI SODQW FRPPXQLW\ RQO\ WKH 1D  .  DQG &O
FRQWHQWVLQWKHVRLOKDGWKHPRVWVLJQLILFDQWHIIHFW
Some studies have shown that there is a
significant positive correlation between the grassland biomass and the soil nitrogen nutrient [35, 37,
38]. Qu et al., (2003) found that there was a
significant positive correlation between the plant
biomass and total nitrogen content in the Songnen
salt-alkali grassland [26]. Our results showed that
the correlation between total nitrogen content and
community biomass was not obvious, but the
stepwise regression analysis results showed that the
content of alkali solution nitrogen, which was easily
absorbed by plant, was more closely related to the
community biomass. The plant community uniformity of Hunshandake sandy grassland was
significantly correlated with soil pH and total
nitrogen content [39]. However, the relationship
between plant community uniformity and single soil
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cultivation and 72% production rates in Turkey. The
highest yields are gained from the west of the
Marmara region (Edirne, Kirklareli, Tekirdag)>3@.
Although intensive applied pesticides in paddy
fields have increased grain production, its use has
several draw backs. Beside the high cost of the
pesticides, the use of pesticides may contaminate the
products of field crops, as well as pose a serious
danger to the environment (water, soil and air
pollution) and human health>4@. Traditional risk assessments are based on individual pesticides. However, humans are exposed daily to multiple pesticides and the risk associated with exposure to pesticides which act in a similar way can be characterized
by cumulative risk assessment using the relative
potency factor (RPF)>5@. In recent years, food safety
which has increasingly come to the fore has been
controlled strictly by the regulations of FAO (Food
and Agriculture Organization), WHO (World Health
Organization) and EPA (Environmental Protection
Agency).
The aim of this study was to investigated the
levels of 167 pesticide (Table 1) residues in unpolished rice in Edirne, Turkey by LC/MS-MS. In this
way, the pesticides in unpolished rice grown in
Edirne region is investigated whether the MRL
(Maximum Residue Limit) values in terms of human
and environmental health are above the limit values.
No study on pesticide residues in rice in Turkey was
encountered. In this regard, this paper submitted to
the literature for the first time indicates the
originality of the work.

ABSTRACT
It is highly important to plan and control
pesticide use in our agricultural production-especially in export products-to be able to prevent residue
problem. In terms of both human health and
environment and exportation process of agricultural
products, it is necessary to make production conforming to developed country standards. In this
study, pesticides residues in unpolished rice collected from Edirne-Turkey were determined by LCMS/MS. The four different pesticide (Tebuconazole,
Cyproconazole, Propiconazole and Trifloxy-strobin)
were found in the 32 rice samples. All results were
evaluated by looking at the national (Turkish Food
Codex) and international (Japan, FAO, WHO, USA,
EU, Brazil, Korea, Taiwan) pesticide maximum
residue limits (MRL). According to Turkish Food
Codex, the residue of Trifloxystrobin in the four rice
samples was found over of the rate of the specified
MRL. However, some samples contained pesticides
in amounts exceeding their MRLs compared with
international MRL value. This study was presented
for the first time in literature.

KEYWORDS:
Rice, pesticides residues, LC-MS/MS, Turkish Food
Codex, Trifloxystrobin.

INTRODUCTION
Rice is a major food crop for more than 60% of
the world's population. As reported by Food and
Agriculture Organization (FAO), rice provides ~30%
of the dietary energy supply and 20% of the dietary
protein intake, worldwide>1@. When paddy
production throughout the world is taken into
consideration, it is stated that China and Japan have
the first rank, while being followed by the USA with
679-750 kg/da production. However, it was stated
that Turkey was found out to be over the global
average (420 kg/da) in paddy production in terms of
yield per decare, with an average of 778 kg/da>2@. In
Turkey, rice is cultivated in almost every region even
if just in small areas. The Marmara region is the most
important cultivation and production land with 67%

MATERIALS AND METHODS
Reagents.Pesticide reference standards were
purchased from Dr. Ehrenstorfer (Augsburg, Germany). The purities of the standard pesticides were
from 90.0% to 99.0 %. Stock standard solutions of
10.00 ppm were prepared in MeOH and stored in 200C. Working standard solutions (2.5 ppb-100 ppb)
were prepared by appropiate dilutions. Internal
standard was not used in the analysis. All of the
chemicals and solvents (water, acetonitril, methanol,
acetic acid, ammonium formate, magnesium sulfate,
sodium acetate) used in the extraction of samples
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i.d.) (Thermo Scientific, USA). A sample volume of
10 μL was injected by an autosampler. The gradient
elution mode was chosen, since this facilitates the
separation of compounds by varying the strength of
the mobile phase. The mobile phase components
were ultra-pure water with 0.1 % formic acid and 4
mM ammonium formate (A) and methanole with 0.1
% formic acid and 4 mM ammonium formate (B), at
a flow rate of 0.9 mL/min.

were selected at appropriate quality for pesticide
analysis.
Apparatus.All pesticide analyseswere performed on a Thermo, Quantum MAX Liquid Chromatography - Mass Spectrometry (LC-MS/MS)
(Thermo Scientific / TSQ Quantum Access Max,
USA). The LC column was a Thermo Scientific
Accuroce aQ C18 2.6 μm particle size (2.1x100 mm

TABLE 1
List of pesticides investigated in this study.
Number
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

Pesticides
Acephate
Acetamiprid
Acetochlor
Acrinathrin
Alachlor
Aldicarb
Aldicarb Sulfone
Aramite
Atrazine
Azinphos Ethyl
Azinphos Methyl
Azoxystrobin
Benalaxyl
Bendiocarb
Benfurocarb
Bitertanol
Bromuconazole
Buprimate
Buprofezine
Cadusafos
Carbaryl
Carbendazim
Carbofuran
Carboxin
Carfentrazone Ethyl
Chlorbromuron
Chlorfenvinphos
Chlorfluazuron
Chloridazone
Chloroxuron
Chlorpyrifos
Clodinafop Propargyl Ester
Clofentezine
Clothianidin
Cyanazine
Cycloxydim
Cypermethrin
Cyproconazole
Deltamethrin
Demeton Methyl Sulfone
DemetonS Methyl Sulfoxide
Demeton S Methyl
Desmedipham
Diafenthiuron
Dialifos
Diazinon
Dicrotophos
Diethiofencarb
Difenconazole
Dimethoate
Dimethomorph
Diuron
Eptc
Ethiofencarb
Ethiofencarb Sulfone
Ethiofencarb Sulfoxide

Number
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
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

Pesticides
Ethion
Etoxazole
Famaxadone
Fenamiphos
Fenarimol
Fenazaquin
Fenbuconazole
Fenhexamid
Fenoxaprop Ethyl
Fenoxycarb
Fenpyroximate
Fenthion Sulfoxide
Fluazifop P Buthyl
Flufenoxuron
Flusilazole
Flutriafol
Fosthizate
Furathiocarb
Heptenophos
Hexaflumuron
Hexythiazox
Imazalil
Imidacloprid
Iprovalicarb
Kresoxim Methyl
Lenacil
Linuron
Malaoxon
Malathion
Mecarbam
Metalaxyl M
Metalaxyl
Metamitron
Methacrifos
Methamidaphos
Methidathion
Methiocarb
Methiocarb Sulfone
Methiocarb Sulfoxide
Methomyl
Metobromuron
Metolachlor
Metoxuron
Metribuzin
Mevinphos
Molinate
Monocrotophos
Monolinuron
Myclobutanil
Nuarimol
Omethoate
Oxadiazon
Oxadixyl
Oxamyl
Paraoxon Ethyl
Penconazole
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Number
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

Pesticides
Pencycuron
Pendimethalin
Permethrin
Phenthoate
Phosalone
Phosmet
Phospamidhone
Phoxim
Pirimicarb
Pirimiphos Ethyl
Primiphos Methyl
Prochloraz
Profenafos
Promecarb
Prometryn
Propamocarb Hydrochloride
Propaquizafop
Propargite
Propazine
Propiconazole
Propoxur
Pymetrozine
Pyraflufen Ethyl
Pyrazaphos
Pyridaben
Pyridaphention
Pyrimethanil
Pyriproxyfen
Quinalphos
Simazine
Tau Fluvalinate
Tebuconazole
Tebufenozide
Tebufenpyrad
Teflubenzuron
Terbufos
Terbuthylazine
Terbutryn
Thiabendazole
Thiacloprid
Thiobencarb
Thiodicarb
Thiomethoxam
Thiometon
Thiophanate Methyl
Tolyfluanid
Tralkoxydim
Triadimefon
Triadimenol
Triasulfuron
Triazophos
Trifloxystrobin
Triflumizole
Triticonazole
Vamidathion.
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TABLE 2
The coordinates of the station where the rice samples were collected.
Sample
Number
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

Coordinate
40°55'54"N
26°21'44"E
40°55'58"N
26°21'26"E
40°56'04"N
26°21'12"E
40°56'25"N
26°21'36"E
40°57'01"N
26°22'16"E
40°57'48"N
26°22'06"E
40°58'03"N
26°21'58"E
40°58'35"N
26°22'11"E
40°59'13"N
26°22'12"E
40°59'55"N
26°22'17"E
41°00'16"N
26°22'15"E
41°00'46"N
26°22'24"E
41°01'06"N
26°22'29"E
41°01'36"N
26°23'29"E
41°02'00"N
26°23'49"E
41°02'11"N
26°24'02"E
41°02'30"N
26°23'45"E
41°03'16"N
26°21'25"E
41°04'14"N
26°21'19"E
41°04'40"N
26°21'10"E
41°04'56"N
26°21'07"E
41°05'28"N
26°21'04"E
41°05'27"N
26°20'59"E
41°05'17"N
26°21'45"E
41°08'58"N
26°22'45"E
41°11'01"N
26°24'22"E
41°11'06"N
26°24'31"E
41°11'11"N
26°24'41"E

Location

Sample
Number

Coordinate

Ahir village/Ipsala/Edirne

29

41°11'15"N 26°25'31"E

Ahir village /Ipsala/Edirne

30

41°11'10"N 26°25'55"E

Ahir village /Ipsala/Edirne

31

41°11'07"N 26°26'20"E

Location
Doganca stream-Amaska located /
Meric
Doganca stream-Amaska located /
Meric
Yenicegorece/Meric/Edirne
Doganca stream-Amaska located /
Meric
Doganca stream-Amaska located /
Meric

Ahir village /Ipsala/Edirne

32

41°11'10"N 26°26'19"E

Saricaali/Ipsala/Edirne

33

41°11'14"N 26°25'55"E

Saricaali/Ipsala/Edirne

34

41°12'49"N 26°28'04"E

Olacak/Meric/Edirne

Saricaali/Ipsala/Edirne

35

41°13'02"N 26°28'35"E

Olacak/Meric/Edirne

Saricaali/Ipsala/Edirne

36

41°13'16"N 26°29'33"E

Olacak/Meric/Edirne

Saricaali/Ipsala/Edirne

37

41°13'44"N 26°30'49"E

Olacak/Meric/Edirne

Saricaali/Ipsala/Edirne

38

41°14'03"N 26°32'59"E

Yakupbey/ Meric/Edirne

Saricaali/Ipsala/Edirne

39

Saricaali/Ipsala/Edirne

40

Saricaali/Ipsala/Edirne

41

Balabancik/Ipsala/Edirne

42

Balabancik/Ipsala/Edirne

43

Balabancik/Ipsala/Edirne

44

Balabancik/Ipsala/Edirne

45

Adasarhanli
village/Meric/Edirne
Adasarhanli
village/Meric/Edirne
Adasarhanli village
Koyu/Meric/Edirne
$GDVDUKDQOÕ
village/Meric/Edirne
Adasarhanli/Meric/Edirne
Adasarhanli
village/Meric/Edirne
Adasarhanli
village/Meric/Edirne
Subasi/Meric/Edirne
Ipsala-Meric way, Meric
entry
Ipsala-Meric way, Meric
entry
Ipsala-Meric way, Meric
entry

41°14'26.31"N
26°33'39.68"E
41°14'27.62"N
26°34'10.43"E
41°14'30.15"N
26°34'25.05"E
41°14'33.13"N
26°34'38.25"E
41°14'43.70"N
26°35'36.82"E
41°14'46.12"N
26°36'23.23"E
41°14'46.44"N2
6°36'42.92"E

46

41°15'41"N 26°38'36"E

47

41°16'29"N 26°39'49"E

48

41°16'38"N 26°40'31"E

49

41°16'44"N 26°40'27"E

50

41°16'31"N 26°40'36"E

51

41°16'16"N 26°40'53"E

52

41°17'03"N 26°41'07"E

53

41°17'12"N 26°41'16"E

54

41°17'17"N 26°41'36"E

55

41°17'02"N 26°41'50"E

56

41°17'28"N 26°41'27"E

Sample collection.56 paddy samples were
collected from three different zones (Ipsala, Meric
and Uzunkopru) in Edirne-Turkey before the harvest
season (Table 2). All samples were placed in
separate polyethylene containers and transported to
the laboratory. After the paddy samples were dried
at room temperature, shells of rice samples were
peeled and brown rice samples were ground by mills.
The milled and unpolished rice samples were stored
for a short time at 40C until analysis.

Yakupbey/ Meric/Edirne
Yakupbey/ Meric/Edirne
Yakupbey/ Meric/Edirne
Yakupbey/ Meric/Edirne
Karayayla/Uzunköprü/Edirne
Ciftlikkoy located /Uzunkopru/Edirne
Ciftlikkoy located /Uzunkopru/Edirne
Ciftlikkoy located /Uzunkopru/Edirne
Ciftlikkoy located /Uzunkopru/Edirne
Edirne Canakkale
highway/Uzunkopru/Edirne
Uzunkopru highway, Ergene river
around / Uzunkopru
Uzunkopru highway, Ergene river
around / Uzunkopru
Uzunkopru highway, Ergene river
around / Uzunkopru
Uzunkopru Tekirdag direction/
Uzunkopru
Uzunkopru Tekirdag direction /
Uzunkopru
Uzunkopru Tekirdag direction /
Uzunkopru
Uzunkopru Tekirdag direction /
Uzunkopru
Uzunkopru Tekirdag direction /
Uzunkopru

bottle. Then, 5 mL of 2.5 acetic acid in acetonitrile
and pesticides kit (MgSO4/CH3COONa) were added
in the mixture and the mixture was shaken
vigorously for 1 minute, then centrifuged at 3000
rpm for 5 minutes. The organic phase was decanted
into a centrifuge bottle and pesticides kit (MgSO4/C
18 /PSA (primary secondary amine sorbent)) was
added in the organic phase. The mixture was shaken
for 30 sec., then centrifuged at 3000 rpm for 5
minutes. After filtering the mixture, the filtrate was
placed vial for the determination of pesticides >6@.

Sample preparation. 5 g milled and unpolished rice was weighed into a teflon centrifuge bottle and a 10 mL ultra-pure water was added into the
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TABLE 3
Results of pesticide analysis and comparison of the different MRL in rice established by TFC, Japan,
FAO, WHO, USA, Brazil, Korea, Taiwan and EU.
Sample
number
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

Pesticides
Tebuconazole
Trifloxystrobin
Tebuconazole
Trifloxystrobin
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Cyproconazole
Propiconazole
Tebuconazole
Trifloxystrobin
Cyproconazole
Propiconazole
Tebuconazole
Trifloxystrobin
Cyproconazole
Propiconazole
Tebuconazole
Trifloxystrobin
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
*
*
*
Tebuconazole
*
Tebuconazole
*
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
*
*
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
Tebuconazole
*
*
*
*
*
*
*
*
*
*
*
*
Tebuconazole
*
*
*
*
*

Pesticide
residue levels
detected
(mg/kg)
0.028
0.015
0.208
0.145
0.034
0.043
0.032
0.026
0.027
0.037
0.017
0.159
0.024
0.018
0.037
0.100
0.040
0.030
0.052
0.098
0.027
0.019
0.030
0.116
0.029
0.035
0.055
0.038
0.065
---0.019
-0.012
-0.013
0.014
0.012
0.010
--0.013
0.021
0.027
0.026
0.038
0.046
0.012
------------0.029
------

JAPAN1
(mg/kg)

TFC2
(mg/kg)

and
FAO3
WHO3(mg/kg)

USA4
(mg/kg)

EU4
(mg/kg)

Brazil4
(mg/kg)

Korea4
(mg/kg)

Taiwan4
(mg/kg)

0.05
2
0.05
2
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.1
0.05
2
0.1
0.05
2
0.1
0.05
2
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
-

2
0.02
2
0.02
2
2
2
2
2
2
2
2
0.1
0.7
2
0.02
0.1
0.7
2
0.02
0.1
0.7
2
0.02
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
-

1.5
5
1.5
5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
*
1.5
5
*
1.5
5
*
1.5
5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
-

7
7
7
-

2
2
2
2
2
2
2
2
2
2
0.05
2
0.05
2
0.05
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
-

0.1
0.1
0.1
-

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.1
0.005
0.1
0.005
0.1
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
-

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5
1
0.5
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
-

1. Japan: http://www.m5.ws001.squarestart.ne.jp/foundation/food/search.html
3. http://www.fao.org/fao-who-codexalimentarius/standards/pestres/pesticides/en
** : Below the measurable limit.
-- : Not dedected.

2. TFCK: https://bku.tarim.gov.tr/MRLUrunKoduAdBilgileri/Details/70 /
4. Nguyen, 2007; European Commission, 2008; The NZFSA pesticide MRL database, 2010.
- : This pesticide is not available in MRL index.
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When
MRL
values
of
Korea
(Tebuconazole:0.005 mg/kg) were investigated, it
was determined that in all samples taken from Ipsala
district (0.017-0.159 mg/kg), Tebuconazole residue
concentration was higher than Korean MRL values.
When data of Taiwan (Tebuconazole:0.5 mg/kg)
was investigated, it was found out that Tebuconazole
residue concentration was above Taiwan MRL
values in samples numbered 2 (0.208 mg/kg), 10
(0.159 mg/kg), 12 (0.052 mg/kg) and 16 (0.055
mg/kg),
whereas
Tebuconazole
residue
concentration was below the MRL values in the
remaining samples. When maximum residue value
limits allowed in food determined by FAO and WHO
were investigated, it was determined that pesticide
residue found in rice samples taken from Ipsala
region was below MRL value limits (Table 3).When
MRL values of the USA, EU and Brazil for
Tebuconazole
(0.017-0.159
mg/kg)
were
investigated, it was found out that Tebuconazole
residue concentration in all samples taken from
Ipsala district were below the stated MRL
values.When the USA (Propiconazole: 7 mg/kg), EU
(Propiconazole: 0.05 mg/kg), Brazil (Propiconazole:
0.1 mg/kg), Korea (Pro-piconazole 0.1 mg/kg) and
Taiwan (Propiconazole: 1.0 mg/kg) MRL data were
investigated for Propiconazole residue determined in
samples numbered 11(0.018 mg/kg), 12 (0.03
mg/kg) and 13 (0.019 mg/kg), it was determined that
in samples numbered 11, 12 and 13, Propiconazole
residue concentration was below the stated MRL
values.

The pesticide residues in milled rice were
measured by LC-MS/MS in the Tekirdag Food
Control Laboratory. Tekirdag Food Control Laboratory has been accredited for the determination of 167
pesticide residues (Table 1).

RESULTS AND DISCUSSION
A total of 167 pesticides (Table 1) were
analyzed in unpolished rice using LC-MS/MS. As a
result of this work, four different pesticides were
found in the rice samples collected from Edirne (Ipsala, Meric, Uzunkopru). These are the pesticide
residues which were found in 32 rice samples;
Tebuconazole (0.010-0.208 mg/kg), Cyproconazole
(0.024- 0.040 mg/kg), Propiconazole (0.018-0.030
mg/kg) and Trifloxystrobin (0.015-0.145 mg/kg)
(Table 3).
Several government authorities and international organizations have established maximum residue levels (MRLs) to regulate pesticide concentrations in food products >7@. Also the legislation of
different countries (e.g. USA, Brazil, Japan, Taiwan) established MRLs for rice, while European
Union (EU) countries have harmonized their MRLs
on food and feed including rice >8-9@. Table 3 shows
the comparison of the different MRLs in rice in the
EU with the ones settled in the other countries
(Turkish Food Codex (TFC), Japan, FAO, WHO,
USA, Brazil, Korea, Taiwan) >10-13@. As seen in
Table 3, some samples contained pesticides in
amounts exceeding their MRLs compared with
national (TFC) and international (Japan, FAO,
WHO, USA, EU, Brazil, Korea, Taiwan) MRL
value.

Pesticide analysis of rice collected from
Edirne-Meric. Samples within the range numbered
18-42 were taken from Edirne province, Meric region (Table 2). While Tebuconazole residue was
detected in samples numbered 18, 22, 24, 26, 27, 28,
29, 32, 33, 34, 35, 36, 37 and 38, there was no
pesticide residue detected in the remaining samples
(Table 3).
When Korea MRL data was investigated
(Tebuconazole: 0.005 mg/kg), it was determined that
in all samples detected to have Tebuconazole
residue, the Tebuconazole residue concentration
(0.010-0.065 mg/kg) was above the stated MRL
value (Table 3). In sample numbered 18 (0.065
mg/kg), the detected Tebuconazole residue value
was found out to be above the MRL value (0.05
mg/kg) determined by Japan Food Chemistry Research Centre (JAPAN) (Table 3).When Taiwan
MRL data (Tebuconazole: 0.5 mg/kg) were investigated, it was determined that Tebuconazole residue
concentration of the sample numbered 18 (0.065
mg/kg) was above the stated MRL value, whereas.
When Taiwan MRL data (Tebuconazole: 0.5 mg/kg)
were investigated, it was determined that
Tebuconazole residue concentration of the all samples was below the stated MRL value (Table
3).When pesticide residue concentration of samples

Pesticide analysis of rice collected from
Edirne-Ipsala. Samples are collected from 17 different spots in Ipsala region (Table 2). Pecticide
residues were determined in all 17 samples. The determined pecticides were Tebuconazole, Trifloxystrobin, Cyproconazole and Propiconazole (Table 3).
When maximum residue values were analyzed, it was found out that in samples numbered 2
(0.208 mg/kg), 10 (0.159 mg/kg), 12 (0.052 mg/kg)
and 16 (0.055 mg/kg) Tebuconaloze residue value
was above MRL values (0.05 mg/kg) determined by
Japan Food Chemistry Research Centre (JAPAN)
(Table 3).
In addition, according to the MRL values
issued about rice (paddy) product by Turkish Ministry of Food, Agriculture and Livestock, General
Directorate of Food and Control, Head Department
of Plant Protection, Trifloxystrobin residue value
was determined to be high according to the limits
given by Turkish Food Codex (TFC) for MRL values
(0.02 mg/kg), in samples numbered 2 (0.145 mg/kg),
11(0.1 mg/kg), 12 (0.098 mg/kg) and 13 (0.116
mg/kg) (Table 3).
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taken from Edirne-Meric region and detected to have
pesticide residue were compared to MRL values
determined by FAO, WHO, USA, EU, Brazil and
TFC, it was found out that their MRL value was
below the stated maximum level (Table 3).
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Pesticide analysis of rice collected from
Edirne-Uzunkopru. Samples numbered within the
range of 43-56 were taken from Edirne province,
Uzunkopru region (Table 2). Only sample numbered
51 was detected to have Tebuconazole pesticide
residue while there was no residue detected in the
other samples (Table 3).
According to Korea MRL (Tebuconazole:
0.005 mg/kg) data, the maximum residue concentration (0.029 mg/kg) in sample numbered 51 was
determined to be higher than the stated MRL value
(Table 3). As seen in Table 3, the detected Tebuconazole residue amount in sample numbered 51,
taken from Uzunkopru district, was below the stated
maximum residue values stated by Japan Food
Chemistry Reseach Centre, FAO, WHO, EU,
Taiwan and TFC.
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the adsorption, separation, and/or decomposition of
harmful gases and solutions in the environment.
Highly useful porous materials are therefore in
important necessity for this aim. So far, different
adsorbents such as as alümina, magnetite, pyrolusite, rutile, zirconia, silica gel, geothite, hea-matite,
amorphous manganese oxide, amorphous ferric
oxide, sepiolite, perlite, kaolinite, mica, TiO2 and
ZnO nanoparticles, nanomagnetic manganese ferrite
(NMMF) ets. were used to remove impurities from
aqueous solutions [3-5]. However, it is stated that the
adsorbents which are both cheaper and more
abundant due to their cost and regeneration problems
should be studied. Because of their high specific
surface and pore volume, activated carbons are most
generally used in environmental appli-cations, for
example water purification, gas sepa-ration and
solvent recovery. Commercial activated carbon is
one of the most important adsorbents using for the
removal of dirties from aqueous solutions, but there
are particular problems using commercial activated
carbon as adsorbents due to the high price of use and
regeneration. If adsorbent is low-price and ready for
utilization, the adsorption method will supply an
influential process [6]. Activated carbons are almost
always produced by using of coals and
lignocellulosic materials in industry. On the other
side, many publications have been recently reported
the preparation of activated carbons from sludges
such as agricultural and resin sludges. Also, rice
hulls, rubber wood sawdust, rice straw, hazelnut
shells, apricot stone, coir pith, cotton seed shell,
maize cob, olive oil mill wastes, olive stones, walnut
shells, palm kernel shell, and pecan shell were used
for activated carbon production [7].
Activated carbon and carbon derivatives are
very good adsorbent material and are used especially
in the removal of dyes, heavy metals and some
water-soluble polymers from aqueous solutions
[8,9]. Activated carbons with propor-tionally high
specific surface area were successfully produced
from agricultural sludges by physical activation
using steam and CO2. They were in addition
produced by chemical activation, the resulting high
specific surface area values varying massively with

ABSTRACT
In this study, the activated carbon was prepared
from the pomegranate shell by chemical activation,
characterized using BET, FTIR-ATR, XRD, SEM
and DTA/TG and investigated the adsorption
properties. The adsorption process was studied as a
function of initial pH of the methyl violet solutions
and temperature. The extent of adsorption was found
to be dependent on the aqueous phase pH and
solution temperature. Equili-brium isotherms were
determined to assess the maximum adsorption
capacity of the activated carbon for methyl violet.
The experimental data were examined by Langmuir
and Freundlich iso-therms, and found that the
isotherm data were reasonably well correlated by
Langmuir isotherm. It was found that adsorption
process was endothermic. Adsorption isosteric
enthalpy was calculated to be 41.6 kJ/mol.

KEYWORDS:
Pomegranate shell, activated carbon, characterization,
methyl violet, adsorption.

INTRODUCTION
Dyes are commonly used in areas such as
paper, rubber, textile, leather, pharmaceutical
industries, etc. Discharging of dye waste waters into
stream diminishes the biological activity. Therefore,
the removal of dyes from waste waters becomes
significant for the environment. Conven-tional
methods for removal of dye dirtiness from aqueous
solution, such as photochemical degrada-tion,
biological degradation, coagulation, chemical
oxidation and adsorption have been examined with
changing success [1]. For removal of contamination, especially adsorption on solid materials has
become more popular than other methods in recent
years because of its sufficiency in the wastewater
treatment and its easy and low-priced operation [2].
Porous materials are usually used for such
applications since they show splendid features for
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produce different colorless decomposition products
as a result of color removal.
Therefore, in this study, activated carbon was
first synthesized by chemical activation using
phosphoric acid from pomegranate shell; secondly,
the activated carbons synthesized were characterrized using BET, FTIR-ATR, XRD, SEM and
DTA/TG; and finally, the removal of methyl violet,
a basic dye, on activated carbon from aqueous
solution was investigated as function of the pH and
temperature of the dye solution. The experimental
data were applied to Langmuir and Freundlich
isotherms.

the chemical activating reagents used [10]. The
carbon derived from agricultural sludges is gaining
significance as it low-price and are superbly
appropriately for the removal of organic and
inorganic contaminants from waste-water. The
purpose using waste materials as adsor-bents is that
it will provide in a double degree advantage with
respect to environmental pollution. First, the volume
of waste materials could be parti-ally decreased, and
second, the low-price adsorbent, if improved, can
decrease the pollution of waste-waters at a
satisfactory price. Because of the low price of such
adsorbents, the materials used are not required again.
Therefore, several of waste mate-rials from various
sources have been examined with or without
treatment as adsorbents for the removal of dyes from
waste water [11]. The features and characteristics of
activated carbons rest on the physical and chemical
features of the starting materials and the activation
methods used [7]. There are fundamentally two
methods for preparing activated carbon: physical and
chemical activation. Physical activation is composed
of two stages; the carbonization of the starting
material, and the activation of the char using carbon
dioxide or steam. In chemical activation both the
carbon-ization and the activation step progress
concur-rently. Many studies for preparing activated
carbon by chemical activation have been carried out.
Nowadays, activated carbons with so high surface
area have been prepared by chemical activation [12].
The combination of the chemical and physical
activation processes result in the manufacture of
activated carbon with distinctive surface specialities.
Chemical activation evokes impreg-nation of the raw
material with chemicals for ins-tance phosphoric
acid, potassium hydroxide, and zinc chloride.
Although, phosphoric acid is dis-played to be the
most environmentally sound chemical for the
activation processes, the best part of studies have
employed zinc chloride because of its effective
activating ability. The desired feature of these
impregnates is their adequacy as a required pore
structure [13].
Methyl violet (MV), molecular formula
C24H28ClN3 is a triphenyl methane dye soluble in
water, is basic dye, which has been displayed to have
hazardous effect on living organisms on short
periods of exposure and is a mutagen and mitotic
poison, therefore concerns exist regarding the
ecological impact of the release of methyl violet into
the environment. It has been used in vast quantities
for textile and paper dyeing, and 15% of such dyes
produced worldwide are released to environment in
wastewater. This dye has a weak resistance against
light and to chemical bleaches [14,15]. Numerous
methods have been developed to treat methyl violet
pollution. The three most prominent are chemical
bleaching, biodegradation, and photo degradation.
With these processes however, the purification is not
at the desired level. Moreover, these processes can

MATERIAL AND METHODS
Materials. Methyl violet and other all
chemicals were obtained Merck and CarloErba, and
were analytical grade. The structure and its some
properties of methyl violet are given in Table 1.
TABLE 1
The physical characteristics and molecular
structure of methyl violet dye
Dye name
Methyl violet 1B
Abbreviation
MV
584 nm
ߣ௫ 
Chemical formula C24H27N3HCl

Molecular
structure

Methods. Preparation of activated carbon.
Pomegranate shells were washed several times with
distilled water to remove them from their dusts, dried
at 105 0C for 24 h, milled in a ball mill and then,
sieved 0- ȝP VLHYH 3RZGHU Somegranate shells
were impregnated at different H3PO4 concentrations
(0.1, 0.5, 1 and 5 M) for 24 h, and then each one of
mixture was dried at 105 oC overnight. The
impregnated samples were placed in stainless steel
reactor at 800 oC under nitrogen (N2) flow 10 psi/min
at heating rate of 10oC/min at 2 h for carbonization.
We determined optimal concen-tration of H3PO4
from BET surface area measure-ments and then,
repeated same procedure at optimal concentration of
H3PO4 under different carboni-zation temperatures
(300, 400, 500, 600, 700 and 800 oC) for determining
of optimal carbonization temperature. After cooling
the reactor to the room temperature under the N2
flow, the sample was removed from the reactor. In
order to remove the remaining H3PO4 on the sample,
the sample was washed by hot distilled water and
filtered. The washing and filtration steps were
repeated until the
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FIGURE 1
FTIR-ATR spectra of activated carbon and methyl violet adsorbed activated carbon
rature bath was used to keep the temperature
constant. An agitator incubator stirrer at 30 oC and
150 rpm for 24 h continuously agitated the mixture.
At the end of the period of adsorption, solutions were
centrifuged in 15 minute at 3500 rpm and remaining
methyl violet solutions were diluted. Preliminary
experiments showed that the effect of the separation
time on the amount of adsorbed dye was negligible.
The amount of adsorbed dye on activated carbon was
determined from absorbance measured with a Perkin
Elmer Lambda 25 UV/VIS spectrophotometer at a
584 nm wavelength, at which the maximum
absorbance occurred. The amounts of dye adsorbed
were calculated from the concentrations in solutions
before and after adsorp-tion. Each experimental
point was an average of two independent adsorption
tests. The methyl violet concentration on activated
carbon was calculate according to Equation (1)

filtrate became neutral. The washed sample was
dried at 105 oC for 24 h. From these experimental
studies we determined the optimal concentration (5
M H3PO4) and optimal carbonization temperature
(800 oC). This activated carbon sample was used for
adsorption experiments [16].
Characterization of activated carbon. The
prepared activated carbons were characterized using
BET, FTIR-ATR, XRD, SEM and DTA/TG. BET
surface area of activated carbon were determined as
1450 m2/g by N2 adsorption (at 77 K) using a surface
analyzer (Quantachrome Ins., Nova 2200e). FTIR
spectra of the activated carbons were obtain-ed in the
wavelength range of 4000 to 650 cmí1 using a
PerkinElmer Spectrum 100 FTIR-ATR. X-ray
powder diffraction (XRD) measurements were
performed at room temperature on a Analytical
3KLOLSV ;¶3HUW-Pro X-ray diffractometer equipped
with a back monochromator operating at 40 kV and
a copper cathode as the X-ray source (k = 1.54 Å).
The scanning rate was 20/min over a range of 5±80º.
Thermogravimetric analysis was performed using
PerkinElmer Diamond Simultaneous DTA/TG
instrument with a heating rate of 10 ºC/min from
room temperature to 600 ºC under nitrogen
atmosphere. In order to investigate the morphological properties of the activated carbon, scanning
electron microscope (SEM) was used.

V
(1)
W
where Co and Ce are the inital and equilibrium
liquid-phase concentrations of methyl violet solution
(mol/L), respectively; qe is equilibrium methyl violet
concentration on adsorbent (mol/g), V is the volume
of methyl violet solution (L), and W is the mass of
activated carbon sample used (g) [17].
qe

RESULT AND DISCUSSION

Adsorption experiment. Adsorption experiments were carried out by shaking 0.5 g activated
carbon samples with 50 mL aqueous solution of
methyl violet of desired concentrations at different
pHs (3-9) and temperatures (30-50 0C) for 24 h. The
pH of the solution was adjusted with NaOH or HCl
solution by using a Orion 920A pH-meter with a
combined pH electrode. pH-meter was standard-ized
with NBS buffers before every measurement. A
preliminary experiment revealed that about 24 h
times is required for the adsorption process to reach
the equilibrium concentration. A constant tempe-

Characterization of activated carbon. FTIR
Analysis. FTIR spectra are used to predict the type
and nature of the functional groups in an adsorbent
material. The presence of these functional groups
increases the heterogeneity and thereby the
adsorption. FTIR-ATR spectra of activated carbon
and adsorbed methyl violet on activated carbon
samples are shown in Figure 1. No functional group
peak was found in the FTIR-ATR spectrum of the
activated carbon. This shows that during the
carbonization and activation, the functional groups
are removed from the structure of the pomegranate
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shell, and a graphite-like structure is formed. The
peaks at 2346 and 2360 cmí1 are characteristic of the
C=C stretching vibration of alkyne groups in the
structure of methyl violet [18]. This suggests that
methyl violet is adsorbed on the surface of activated
carbon.
XRD Analysis. Figure 2 has shown XRD
pattern of activated carbon and methyl violet
adsorbed activated carbon. The peaks seen in XRD
pattern of activated carbon disappeared at 33.46,
47.94, 48.99, 60.88, 68.90º when the methyl violet
adsorbed on activated carbon. Also, the peaks at
42.08 and 66.27º shifted at 42.88 and 66.10º,
respectively. On the other hand, relative intensity of
the peak at 72.68º decreased. Changes of XRD data
show that interaction between adsorbent and dye.

FIGURE 3
DTA/TG thermogram of activated carbon and
methyl violet adsorbed activated carbon

FIGURE 2
XRD pattern of activated carbon and methyl
violet adsorbed activated carbon
A

DTA/TG. For the thermally stable pure
activated carbon as seen in Figure 3, while
temperatures of maximum mass loss are 291 and 858
ºC, and for methyl violet adsorbed activated carbon
those are 264 and 864 ºC. The residual quantities are
61.4 and 58.9 mg, respectively. The difference is due
to interaction between activated carbon and methyl
violet. After the adsorption process, thermal stability
of activated carbon decreased. Reason of this decline
is adsorption of dye.
SEM. The scanning electron micrographs of
the activated carbon prepared from pomegranate
shell (Figure 4) show that the pores in the activated
carbon particles are highly heterogeneous. Prepared
activated carbon has a large number of pores, and
there is a good probability that the dye will become
trapped and adsorbed into these pores. The micropores are clearly visible, facilitating the easy
diffusion of a large number of dye molecules into the
pore structure and the adsorption of dye molecules
onto the surface of the adsorbent. When the dye
adsorbed on activated carbon, the particle of
activated carbon was clamping.

B
FIGURE 4
SEM images of a. activated carbon and b.
methyl violet adsorbed activated carbon
Adsorption Equilibrium. Effect of Ph.
Solution pH would affect both aqueous chemistry
and surface binding-sites of the adsorbent.
Therefore, it is an important parameter for the
adsorption experiments. Dyes are complex aromatic
organic compounds with unsaturated bond and
different functional groups. Therefore, they have
different degrees of ionization at different pH values,
and this alters the net change on dye molecules. pH
affects the improvement of positive and negative
surface charges, which direct influence the surface
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external boundary layer and in the internal pores of
the adsorbent particle, because of the diminish in the
viscosity of the solution, and change the equilibrium
capacity of the adsorbent for a specific adsorbate
[25].

adsorption [19,20]. In order to investigate the effect
of pH to adsorption on activated carbon of methyl
violet, the experiments were performed using
different starting solution pH values (3-9). Figure 5
presents the relation between the initial solution pH
and adsorption capacity. It is seen that the adsorbed
amount of methyl violet on activated carbon is
higher at high pH. The absence of sorption at low pH
can be explained by the fact that at this acidic pH, H+
may compete with dye ions for the adsorption sites
of adsorbent, thereby inhibiting the adsorption of
dye. At higher solution pH, activated carbon may get
negatively charged, which enhances the positively
charged dye cations through electrostatic forces of
attraction [21,22]. Similar results for pH effect were
also reported for the adsorption of methyl violet on
SSH [23] and perlite [24].

FIGURE 6
The effect of temperature on adsorption of
methyl violet on activated carbon
Adsorption
Equilibrium.
When
the
adsorption process reaches equilibrium position, the
adsorption isotherm shows the distribution of
adsorbate molecules between the solid phase and the
liquid phase. It is important for understanding the
adsorption behavior to identify the most conve-nient
adsorption isotherm model [21]. In the surface
adsorption studies, the relationship between the
solution concentration and the species uptake can
generally be described in terms of either a Freundlich or Langmuir-type isotherms; therefore, the data
were evaluated using Langmuir and Freundlich
isotherms [26].
The Freundlich model is an empirical equation
based on sorption of heterogeneous surfaces or
surfaces supporting VLWHV RI YDULHG DI¿QLWLHV ,W LV
assumed that the stronger binding sites are occupied
¿rst and that the binding strength decreases with an
increase in the degree of site occupation. Freundlich
equation was also used to describe the equilibrium
data [27]:

FIGURE 5
The effect of pH on adsorption of methyl violet
on activated carbon
Effect of Temperature. The dependence of
adsorption reactions to temperature gives important
information related to enthalpy variation. To
determine the adsorption isotherms and thermodynamic parameters, which are presented in Figure
6, the equilibrium adsorption capacity for methyl
violet onto the activated carbon was studied in the
temperature range of 30-50 0C. The equilibrium
adsorption capacity of methyl violet onto activated
carbon was affected by temperature and increased
with increasing temperature from 30 to 50 0C which
indicates that the adsorption of methyl violet onto
activated carbon was favored at higher temperatures
and it is controlled by an endothermic process. The
increase in the adsorption behavior suggests that
active surface centers available for adsorption have
increased with temperature. This is moderately
caused by attractive forces between methyl violet
and activated carbon at higher temperatures. And
also, this may be a result of increase the rate of
diffusion of the adsorbate molecules across the

lnq e

1
lnC e
n

(2)

Where kf and n are characteristic constants. The
correlation coefficients for Freundlich isotherm
given in Table 2 show that it can not represent the
experimental data, because R2 values are too far from
unity.
The Langmuir model assumes that the
DGVRUSWLRQVRFFXUDWVSHFL¿FKRPRJHQHRXVVLWHVRQ
the adsorbent and is used successfully in many
monolayer adsorption processes. The linear form of
Langmuir isotherm equation is indicated by the
following equation [26].
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TABLE 2
Isotherm constants for methyl violet adsorption on activated carbon
Parameters
T (0C)

pH

30
30
30
30
40
50

େ
୯

Freundlich isotherm
R2

3
5
7
9
5
5

ൌ

ଵ
୯ౣ 



qm (mol/g)x104

0.684
0.768
0.674
0.579
0.505
0.513

େ
୯ౣ

Langmuir isotherm
K (L/mol)x10-5

4.02
4.17
3.99
3.73
4.94
5.39

4.15
5.09
6.27
6.71
10.11
61.87

R2
0.992
0.992
0.999
0.999
0.999
0.999

RL
0.0603-0.980
0.0577-0.840
0.0563-0.975
0.0785-0.987
0.1143-0.970
0.1053-0.942

described by a dimensionless constant called equilibrium parameter, RL [29], which is explained by,
1
(4)
R

(3)

where qe is the amount adsorbed at equilibrium
time (mol/g), Ce is the equilibrium concentration of
the adsorbate ions (mol/L), qm and K are Langmuir
constants related to maximum adsorption capacity
(monolayer capacity) and energy of adsorption,
respectively. When Ce/qe is plotted against Ce, a
straight line with slope 1/qm and intercept 1/qmK is
obtained, which shows that the adsorption of methyl
violet follows Langmuir isotherm model. These
plots were shown in Figures 7 and 8. As seen from
these figures, the application of experimental data to
Langmuir equation gives straight lines. Moreover,
the values of the regression coefficient are also very
high (Table 2). These results show that the
experimental data are in very good agreement with
the Langmuir equation. The monolayer capacity
values calculated from the Langmuir equation are
given in Table 2. Maximum monolayer adsorption
capacity values calculated for the adsorption of
methyl violet on different adsorbents are given in
Table 3 [15,28]. As shown in the table, the
monolayer capacity of activated carbon synthesized
in this work is considerably higher than that of other
adsorbents.

L

1  K.C e

The value of RL shows the type of the isotherm
to be either unfavorable (RL> 1), linear (RL = 1),
favorable (0 < RL< 1) or irreversible (RL = 0). The RL
values denoted in Table 2, indicate that the
adsorption behavior of methyl violet on activated
carbon was favorable (0 < RL< 1).

FIGURE 8
The plots of Ce/qe against Ce for Figure 6

FIGURE 7
The plots of Ce/qe against Ce for Figure 5
FIGURE 9
The plots of ±lnCe against 1/T

The form of the isotherm may be agreeable
with the aim of anticipate if an adsorption system is
µIDYRXUDEOH¶ RU µXQIDYRXUDEOH¶ 7KH QHFHVVDU\
characteristics of Langmuir isotherm can be
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[2] Balci, B. (2016) Basic textile dye adsorption
from aqueous solution and synthetic dye bath
wastewater by modified Eucalyptus Barks,
Fresen. Environ. Bull., 25-12, 6124-6131.
[3] 'HPLUEDú g .DUDGD÷ $ $ONDQ 0 DQG
'R÷DQ0  5HPRYDORIFRSSHULRQVIURP
aqueous solutions by hazelnut Shell, Journal of
Hazardous Materials, 153(1-2), 677-684.
[4] Khosravi, R., Zarei, A. and Fazlzadeh, A.M.
(2017) Investigation of TiO2 and ZnO
nanoparticles coated on raw pumice for efficient
removal of ethidium bromide from aqueous
solutions, Fresen. Environ. Bull., 26-2a, 13521358.
[5] Hassani, G., Alinejad, A., Rezaei, S., Jamshidi,
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from
aqueous
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nanomagnetic manganese ferrite, Fresen.
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[7] Imamoglu, M. and Tekir, O. (2008) Removal of
copper (II) and lead (II) ions from aqueous
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Fei, B. and Hu, P. (2016) Adsorption of
polyvinyl alcohol by low-cost activated coke,
Fresen. Environ. Bull., 25-1, 210-218.
[9] Kavak, D. (2017) Removal of iron, copper and
zinc mixtures from aqueous solutions by cross
flow nanofiltration, Fresen. Environ. Bull., 261, 1101-1107.
[10] Okada, K., Yamamoto, N., Kameshima, Y. and
Yasumori, A. (2003) Porous properties of
activated carbons from waste newspaper
prepared by chemical and physical activation,
Journal of Colloid and Interface Scienc, 262,
179±193.
[11] Bhatnagar, A. and Jain, A.K. (2005) A
comparative adsorption study with different
industrial wastes as adsorbents for the removal
of cationic dyes from water, Journal of Colloid
and Interface Science, 281, 49±55.
[12] Hayashi, J.,Atsuo, K., Katsuhiko, M. and
Watkinson, A.P. (2000) Preparation of activated
carbon from lignin by chemical activation,
Carbon, 38, 1873±1878.
[13] Khalili, N.R., Campbell, M., Sandi, G. and
Golas, J. (2000) Production of micro- and
mesoporous activated carbon from paper mill
sludge I. Effect of zinc chloride activation,
Carbon, 38, 1905±1915.
[14] Mittal, A., Gajbe, V. and Mittal, J. (2008)
Removal and recovery of hazardous triphenyl
methane dye, methyl violet through adsorption

TABLE 3
A comparison of monolayer capacities for the
adsorption of methyl violet onto different
adsorbents
Adsorbents
UEP
EP
Sepiolite
Activated carbon

qm (mol/g) x 104
0.04-0.21
0.012-0.127
0.18-0.26
3.73-5.39

References
[15]
[15]
[28]
in this study

Isosteric adsorption heat ('H) as a function of
coverage fraction can be calculated from adsorption
data at different temperatures using equation (5)
[30].

ǻ+ 0
Rg

ª 䌖(lnC e ) º
« 䌖1/T »
¬
¼T

(5)
0.5

Here Rg is gas constant. From Langmuir
equation, value of Ce LVHTXDOWR.DWș 9DOXH
of 'Ho was found from plotted -lnCe against 1/T as
seen in Figure 9. The value of 'Ho was calculated at
D VSHFL¿F FRYHUDJH IUDFWLRQ RI  as 41.6 kJ/mol,
indicating that the interactions between surface and
adsorbate molecules are too strong to consider as
Van der Waals forces. 7KH SRVLWLYH YDOXH RI ¨+o
indicates the endothermic process.

CONCLUSION
An activated carbon was prepared from
pomegranate shell by chemical activation,
characterized, and utilized for the removal of methyl
violet from wastewater. The experimental results
showed that activated carbon was a suitable
adsorbent for the removal of methyl violet. The
following conclusions can be derived from the
present study.
x The adsorbed amounts of methyl violet
increased with increasing pH.
x The studies presented revealed that the
adsorption of methyl violet increases with an
increase in the temperature, thereby indicating the
process to be endothermic.
x The adsorption equilibrium may be well
represented by the Langmuir isotherm.
x The sorption capacity of the developed
carbon is higher than those of the other available
adsorbents (Table 3).
x The RL results show that the adsorption of
methyl violet onto activated carbon is favorable.
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elements [3-4-5]. Currently, Cr, Co, Cu, I, Fe, Mn,
Mo, Se and Zn are classified as important trace
elements for livestock [6-7].
With regard to quality and quantity of plant and
animal production, macro and micro minerals need
to be optimal levels. In this context there is an
increasing awareness of the importance of trace elements in plant and animal nutrition. Many of the
trace elements are especially involved in catalytic
and hormonal or regulatory [8-9]. Whereas only a
small portion of plant material is utilized directly for
human consumption, a big portion of its is utilized
for livestock animals. Consequently, livestock animals obtain a high proportion of their minerals from
the fodder and forages that they consume. Therefore,
the factors that determine the mineral content of the
plant seeds are important when evaluating the mineral intakes by livestock [6-16].
The concentrations of most minerals in most
plant foods are not sufficient to meet daily dietary
requirements there has been an interest in increasing
the mineral concentrations of various plant seeds to
meet daily dietary requirements. agricultural strategies for increasing micronutrient density in foods are
now being assessed as sustainable and long-term
solutions [9-10]. For example, whereas producing
micronutrient-enriched cultivars (biofortification)
are considered a promising and cost effective
method to manage micronutrient deficiencies, to increase the level of mineral nutrients in food crops is
to identify natural variants that have favourable traits
and use these variants to develop new cultivars is one
another approach [9].
Legumes which occupy an important place in
human nutrition and also animal nutrition are rich in
minerals in addition to proteins and complex
carbohydrates and vitamins [11]. The macro
elements found in legumes are calcium, phosphorus,
sodium and chloride, while the trace elements are
iron, copper, cobalt, potassium, magnesium, iodine,
zinc, manganese, molybdenum, fluoride, chromium,
selenium and sulphur [12].
Lathyrus sativus which belongs to the genus
Lathyrus of the Leguminosae family, commonly
called grass pea (murdumuk in Turkish) has a number of advantageous with regard to such biological
and agronomic characters as extensive tolerance of
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INTRODUCTION
All living organisms contain inorganic elements, or minerals in widely varying amounts and
chemical forms for their life processes. Minerals are
necessary for the healthy development of man, animals and plants because of playing an important role
in many vital activities of living organisms although
they yield no energy. To the contrary many other
substances the minerals cannot be synthesized in the
body but have to be provided via the feed. They have
four main functions: (i) structural, (ii) physiological,
(iii) catalytic, and (iv) hormonal or regulatory [1-2].
Whereas relatively large amounts minerals are
classified as macro-minerals, small amounts ones are
classified as trace elements. Seven minerals are
macro-minerals and 22 can be referred to as trace
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drought, water-logging and poor semiarid soils; resistance to insects and pests; nitrogen fixation; high
grain-yielding capacity and high protein content of
its seed [13-14-15]7KDW¶VZK\grass pea is a popular
crop in subsistence farming in certain developing
countries that have under adverse environmental
conditions to provide an economic yield and to offer
great potential for use in marginal low-rainfall areas
in addition to its being an important source of protein
and calories, grass pea is rich in macro and micro
elements. The chemical composition of grass pea
may vary according to varieties/genotype, geographical region of their growing and maturity and
environmental factors (soil fertility, nitrogen nutrition, temperature, water stress, and soil pH) [17].
The seeds of grass pea contain generally higher
calcium, magnesium, phosphorus and iron levels
than than manganese, copper and zinc. In addition to
this it is also reported that the seeds of grass pea
contain many anti-nutritional compounds such as
tannins, phytic acid, trypsin inhibitors, saponins and
oligo-saccharides [18-19].
However, the non-protein amino acid ȕ-Noxalyl-L-ࢻ, ȕ-diaminopropionic acid (ȕ-ODAP)
which is a neurotoxin compound is found abundantly
in the seeds of grass pea [20-21] and can lead to
lathyrism [22], which is a upper motorneurone disorder resulting from prolonged consumption of grass
pea because of presence of metal chelator like phytic
acid, which is reported to limit absorption and
utilization of mineral element such as Fe, Zn and Ca
[23-24], and also reacts with proteins to form complex products which have an inhibitory effect on
peptic digestion. Also the agroclimatic conditions
like lack of water supply and lack of zinc and
phosphorous content in fertilizers were found to be
responsible for the elevation of ȕ-ODAP. On the
other hand, knowledge on mineral content of grass
pea, cultivated by farmers is limited [25].
In the light of information the aim of this study
grass pea genotype seeds which were determined ȕODAP content [26] and fatty acid contents [20]
before researches were to determine at the levels of
their trace elements manganese (Mn), iron (Fe),
copper (Cu) molibden (Mo), selenium (Se), cobalt
(Co) and magnesium (Mg). These genotypes are a
potential genetic resource for biofortificaiton of
grass pea with increased trace elements.
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MATERIAL AND METHODS
Plant materials. Totally 173 Lathyrus sativus
L. genotypes of grass pea were used as a plant material those of which 92 genotypes were collected from
the natural habitat of Antalya by BATEM (Western
Mediterranean Agricultural Research Centre); of 10
genotypes were by Ministry of Agriculture of
Yemen; of 4 genotypes were by GAP International
Agricultural Research and Education Centre, of 20
genotypes were by Aegean Agricultural Institute
Management Gene Center; of 43 genotypes were by
Bahri Dagdas International Agricultural Research
Institute, of Ceora genotypes by Prof. Dr. Kadambot
Siddique (Centre for Legumes in Mediterranean
Agriculture); of Iptas, Karadag and Eren genotypes
by Gaziosmanpasa University Faculty of Agriculture-Field Crops Department. This work was conducted on the open field at BATEM in Antalya in
Turkey (36o52/N, 30o50/E, and altitude 15 m) in
2016. The soil properties of growing area are given
in Table 1. As seen from the Table 1, this area is
alkaline, calcareous and low in organic matter.
All the accessions were sown on 4th of December, 2015 and were harvested on 24th of May, 2016.
The seeds were analyzed for trace elements in which
were conducted at Akdeniz University, Food and
Agricultural Research Laboratory. Each sample was
analyzed in triplicate and results were given as
mg/kg in the dry material.
Trace Element Analysis. Seeds samples were
analyzed by wet digestion method in microwave
oven. After digestion, all samples were taken to the
ICP-MS and were calibrated as 2, 5, 10, 25, 50, 100,
200 ppb standard series.
Data analyses. 3HDUVRQ¶V FRUUHODWLRn coefficient is a bivariate correlation procedure and it was
used to measure associations among trace element
contents. Principal component analysis (PCA),
which were based on the mean values of 173 genotypes for seven trace elements, were performed to
determine the relationship and pattern of variation
EHWZHHQ JHQRW\SHV >@ 3HDUVRQ¶V FRUUHODWLRQ
coefficients and PCA were calculated using the
statistical package, SAS 9.1 [28].

TABLE 1
Soil analyses of experimental area
Parameters
pH
CaCO3 (%)
EC (μS/cm)
Sand (%)
Clay (%)

Value
8.6
24.8
197
15
43

Parameters
Loam (%)
Org. Matter (%)
P (ppm)
K (ppm)
Ca (ppm)

Value
42
1.88
28
212
3687

3677

Parameters
Mg (ppm)
Fe (ppm)
Mn (ppm)
Zn (ppm)
Cu (ppm)

Value
583
5.4
6.5
0.2
1.9
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sample. The levels of trace elements were calculated
on dry weight (mg/kg). Seven trace elements (Se,
Mn, Cu, Fe, Mg, Mo and Co) were detected in grass
pea seeds. Distributions of trace element contents of
grass pea genotypes are shown in Figure 1. As shown
Figure 1, the normality test for trace element
contents of grass pea genotypes showed that were
normally distributed.

RESULTS AND DISSUSSION
Variability in Trace Element Contents. In
the present study, trace elements of 173 grass pea
genotypes from Turkey were determined. The results
of minimum, maximum and mean amounts of trace
elements are shown in Table 2. All data are the
results of average of three measurements on each

TABLE 2
Trace element contents of grass pea genotypes (mg/kg)
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*: minimum trace elements value was detected lower than 0.01 mg/kg

range of Cu (6.91±9.11 mg/kg), Mn (10.55±12.94
mg/kg), Zn (107.3±154.9 mg/kg), Fe (57.84±81.79
mg/kg), Mg (1014±1119 mg/kg), B (2.70±6.24
mg/kg), Mo (0.35±1.44 mg/kg), and Na (10.14±
17.63 mg/kg). Mao et al. [31] reported that trace
element values of common vetch seeds were found
in the range of Mg (2200.00-2660.00 mg/kg), Mn
(12.74-21.78 mg/kg) and Cu (3.37-8.77 mg/kg).
Karakoy et al. [9], announced that trace element
contents of lentil landraces were determined in the
range of Mg (890-1260 mg/kg), Cu (9.10-12.10
mg/kg) Fe (48.96-81.39 mg/kg), Mn (11.50-16.20
mg/kg). Lisiewska et al. [32] reported that microelement values of Lathyrus sativus seeds were found
in the range of Mg (473-642 mg/kg) and Fe (20.0036.7 mg/kg). Chavan et al. [33] announced that trace
elements contents of Lathyrus maritimus, Pisum
sativum and Lathyrus sativus seeds were determined
Mg: 1800 mg/kg, 1810 mg/kg and 1500 mg/kg
respectively, Cu: 9 mg/kg, 24 mg/kg and 22 mg/kg
respectively, Fe: 94 mg/kg, 75 mg/kg and 82 mg/kg,
respectively.

When the results are examined, the trace
element amounts in the grass pea genotypes are
minimum, maximum and mean respectively; Se 0,
0.84, 0.16; Mn 4.32, 21.47, 12.02; Cu 3.13, 18.73,
8.35; Fe 21.28, 181.29, 56.98; Mg 499.48, 2720.17,
1433.77; Mo 0.70, 9.50, 3.69 and Co 0, 0.27, 0.12
mg/kg were found. Detected values indicate that 173
grass pea genotypes have a large variation in terms
of trace elements. Essentially, variation in the
genotypes for mineral characteristics is thought to
originate from genetic and environmental factors
such as the level of soil fertility, soil type, seed
characteristics, seed composition, climatic factors
[9].
Ozcan et al. [29] reported that macro and
microelement contents of some legumes were found
in the range of Fe (90.51-152.80 mg/kg), Co (0.000.76 mg/kg), Cu(10.73-19.62 mg/kg), Mo (1.319.36), Mg (2083.00-2900.00 mg/kg), Mn (17.5351.64 mg/kg) and Se (0.23-6.30 mg/kg). Kaplan et
al. [30] noticed that the elemental contents of the
Vicia ervillia genotypes were determined in the
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FIGURE 1
Distribution of trace element contents of grass pea genotypes

only on the species or varieties, but also on the
growing conditions, such as soil and other
conditions. Also, they reported that, the Cu
concentration, which is in white and coloured kidney
bean was found the range of 7.72±11.38 mg/kg and
the Mn contents of samples were determined the
range of 11.90 and 20.74 mg/kg. In this study Mn
values of the samples varied from 4.32 to 21.47
mg/kg.
When we compare the mean values of the
findings obtained in our study with the intervals
obtained from the above studies; the mean Se value
is lower than the range, reported by Ozcan et al. [29];
the mean Mn value is lower than the range, reported
by Ozcan et al. [29] and Mao et al. [31] whereas the
mean Mn value is in the intervals, given by Kaplan
et al. [30] and Karakoy et al. [9]; the mean Cu value
is lower than the range, reported by Ozcan et al. [29],
Karakoy et al. [9] and Chawan et al. [33], while the
mean Cu value is in the intervals, given by Kaplan et
al. (2014) and Mao et al. (2015); the mean Fe value
is lower than the range, reported by Ozcan et al. [29],
Kaplan et al. [30], and Chawan et al.[33] whereas the
mean Fe value is higher than the range, reported by
Lisiewska et al. [32], on the other hand the mean Fe

Ciftci and Bagci [34] reported that the contents
of Fe, which is necessary for many enzyme functions
and as a catalyst for the synthesis of chlorophyll was
found range of 51.60 and 372.8 mg/g in feed samples
studied. Also, they stated that among the trace
elements analysed in some feed crops; the
magnesium contents were found to be higher than
other trace elements ranging from 291 mg/g to 766.7
mg/g. Accordingly, our results are also higher than
other trace elements ranging from 499.48 to 2720.17
mg/kg with regard to the magnesium value which is
a critical structural component of the chlorophyll
molecule and is necessary for functioning of plant
enzymes to produce carbohydrates, sugars and fats.
Besides, they reported that Cu content of feed crops
were in the range of 4.93 and 14.5 ȝJJ ,Q RXU
study with regard to Cu value which is also
concentrated in roots of plants and plays a part in
nitrogen metabolism [35] was found in the range of
3.13-18.73 mg/kg.
Timoracka et al. [36] reported that among the
trace elements the Fe varied from 64.87 to 121.17
mg/kg. in white and coloured kidney bean. In this
study Fe values of the samples varied from 21.28 to
181.27 mg/kg because the composition of plant, not
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used in plant breeding in respect to the assessment of
qualitative and quantitative traits [39].
Using the traditional analysis methods are
inadequate and difficult to reveal the relationships
among traits and their optimization, grouping and
assessment of differences when data of dissimilar
nature are involved. On the other hand the traits
related to morphology and plant structure can show
more than quantitative variability; The PCA was
used to provide a model with reduced dimensions,
which show significant differences for traits
measured among the accessions [40-41].
In this study PCA, which were based on the
means of trace elements of genotypes, confirmed the
large variation between grass pea genotypes. In our
PCA analysis, two of the seven principal component
axes had eigenvalues >1. These two components
therefore can be interpreted as reflecting the general
variability in the dataset without much loss of
information. This is a usual finding that a few
dominant PCs explain a high percentage of variance.
The first two components explained 71.4% of the
variability among the 173 grass pea genotypes
(Table 3). The PCA1explained 57.20% of the total
variance and was positively correlated with Mn, Co
and Mg. The PCA2 explained 14.20% of the total
variance and was mainly correlated with Cu and Mg.

value is in the intervals, given by Karakoy et al. [9];
the mean Mg value is lower than the range, reported
by Ozcan et al. [29], Mao et al. [31] and Chawan et
al. [33], whereas the mean Mg value is higher than
the range, reported by Kaplan et al. [30], Karakoy et
al. [9] and Lisiewska et al. [32]; the mean Mo value
is higher than the range, reported by Kaplan et al.
[30] while the mean Mo value is in the intervalsgiven
by Ozcan et al. [29]; the mean Co value is in the
intervals, given by Ozcan et al. [29].
When the results of the studies we have
conducted with respect to trace elements are
compared to the results, obtained from the similar
studies. It appeared not only the similar results but
also the difference results which may result from
varieties/genotype and environmental factors such as
geographical region of their growing and maturity,
soil fertility, nitrogen nutrition, temperature, and
water stress and soil pH [17].
Also, Timoracka et al. [36] reported that the
order of the levels of the elements in the samples was
determined to be: Fe >Na > Zn > Mn > Cu > Ni > Pb
> Co > Cr > Cd. Accordingly, the order of the levels
of the elements in this study was determined to be:
Mg> Fe>Mn>Cu>Mo>Se>Co.
On the other hand, Campos-Vega et al. [37]
reported that Cu can be found in many enzymes,
some of which are essential for Fe metabolism and
there are probably direct correlation between the
dietary Zn and Cu ratio and the incidence of
cardiovascular disease.
Johnsson [1] reported that a reduction of the
trace element concentration in forage crops may
increase the risk for deficiency for domestic animals.
Schwart [38]said that even if the mineral elements
form a small proportion of the total composition of
most plant materials and total body weight and do
not contribute to the energy value of the food, they
are of great physiological importance particularly in
body metabolism.
As a result, essential trace element or micronutrients, which the required amounts of them are
much lower than the required macronutrients are
elements necessary for maintaining the life process
in plants and animals including humans. Because of
not being considered as single elements with
independent and self-sufficient roles in the body
processes of the functions of minerals, which are
interrelated and balanced against each other, this
situation may complicate the interpretations of
results obtained in mineral experiments and the
comparison of results in different experiments [1].

TABLE 3
Principal component (PC) analysis of
characteristics associated with 173 grass pea
genotypes.

Eigenvalues
Explained proportion of variation, %
Cumulative proportion of variation, %
Characteristic
Se
Mn
Cu
Fe
Mg
Mo
Co

PC axis
1
2
4.006
1.00
57.2
14.2
57.2
71.4
Eigenvectors
0.191
-0.862
0.459
0.103
0.374
0.249
0.375
0.063
0.426
0.184
0.328
-0.370
0.428
0.102

Association Analysis of Trace Element
Contents. Correlation coefficients of trace elements
content (ppm) in 173 grass pea genotypes are
presented in Table 4. To reveal the relationship
between the microelement quantities investigated in
the study when the correlation matrix given in table
4 was examined, it is seen that there is a positive
correlation between all the elements and an
important relation (Table 4). When these values are
examined, there is a meaningful and positive
relationship between Se and Cu and Se and Mg at
5% significance level. Other relationships are
meaningful and positive at the 1% significance level.

Principal Component Analysis. Chemical
contents are not able to explain completely the
genetic diversity among individuals or populations,
because of their being influenced by environmental
factors and the developmental stage of the plant.
Nevertheless, morphological data are important to be
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TABLE 4
Correlation coefficients of trace elements content (ppm) in 173 grass pea genotypes.

Mn
Cu
Fe
Mg
Mo
Co

Se

Mn

Cu

Fe

Mg

Mo

0,284**
0,146*
0,239**
0,163*
0,353**
0,267**

0,634**
0,649**
0,823**
0,501**
0,774**

0,486**
0,556**
0,371**
0,619**

0,546**
0,381**
0,569**

0,509**
0,678**

0,448**

* Significant at the 0.05 probability level, ** Significant at the 0.01 probability level.
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CONCLUSIONS
To improve new legume varieties with high micro and macronutrient contents; biofortification
and/or plant breeding is a widely accepted strategy,
a cost-effective way and the most sustainable approach that may increase both essential micronutrients concentrations and their bioavailable form in
plant foods through genetic improvement. Breeding
studies which aim to increase mineral concentrations
requires knowledge of natural variations among
available germplasm. Landraces provide great
potential for improvement of new legume varieties,
and their characterization serves as a starting point
for studies that aim to improve the micro and macronutrient contents [1]. In summary, we identified
considerable variation in the trace element contents
of grass pea genotypes. Our results provide a useful
foundation for the development of new cultivars of
grass pea that have high mineral content.
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AND IBUPROFEN BY SiO2/TiO2/ (Ru, N) CATALYSTS UNDER
SUN LIGHT IN SOLAR BATH-LIKE SYSTEM
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pharmaceutical in the wastewater [1]. DCF is found
to be present in aquatic environment [2]. DCF is
known to undergo solar radiation induced photochemical decomposition in surface waters [3].
Ibuprofen (IBU) is one of the most widelyused pain reliever in the world. This weakly acidic
NSAID have been detected in natural water system
at concentrations in the ppb (nM) range [4]. In spite
of the fact that, IBU is apparently highly
biodegradable, the ecological risk remains high, due
to the main byproducts generated during the
biological oxidation. These byproducts are, hydroxyl-IBU and carboxyl-IBU, have shown quite
similar toxicological consequences in aquatic
environment [4]. IBU does not absorb light at wavelengths greater than 285 nm and has been reported
to resist direct photodegradation because its absorption spectrum does not overlap with the solar
radiation spectrum [5].
Even though their concentration in the
HQYLURQPHQWLVORZ QJ/WRȝJ/ KDUPIXOHIIHFWV
may arise from their continuous input, their
synergistic toxicity and additive effects because of
their presence as mixtures [1,4 ]. The removal of
pharmaceuticals with conventional methods turns
out to be inadequate and therefore it has been
proposed that further elimination could be achieved
by combination of conventional and advanced
treatment methods. Towards this direction,
advanced oxidations processes (AOPs) and among
them heterogeneous photocatalysts, have shown
promising results [5, 6]
The TiO2 nanoparticles doped with one of the
noble metals can change the electronic distribution,
influence of the surface properties, and then
improve the photocatalytic activities. Among the
doping metals, Ru is particularly attractive for
photocatalytic activities because it can promote the
departure of electron producing a hole effectively,
and improve the life of the hole. Ru doped TiO2
nanoparticles show strong oxidation/ reduction
abilities [7]. Commercial TiO2 absorption in region
RISDUWLFOHV Ȝ QP GRHVQRWILWZLWKWKHVRODU
spectrum, because the solar energy above 3.0 eV
Ȝ   QP  RQO\ PDNHV XS OHVV WKDQ  RI WKH
whole sunlight [7, 8].

ABSTRACT
The degradation of Diclofenac and Ibuprofen
were studied in water using the synthesized
catalysts, SiO2/TiO2, doped with N and Ru, under
sun light in a solar bath-like system. The % removal
range was between 70-78% for Diclofenac and 7887% for ibuprofen with 0.2% weight of catalysts.
The photocatalysts were synthesized by the incipient wetness impregnation method, and characterized by X-ray diffraction (XRD) and scanning
electron microscope (SEM) for morphology and
structure analysis. SEM images show a particle size
range of 12-35 nm, the XRD analysis show
amorphous structure for the catalysts. Excitation
emission Fluorescence spectrophotometery for
SiO2/TiO2, SiO2/TiO2/Ru and SiO2/TiO2 /N was
used for the determination of Ȝemission. A red shift
was found for the doped catalysts. The doped
catalysts showed a higher % degradation comparing
with the degradation under UV artificial light.
Photocatalytic activity of SiO2/TiO2, SiO2/TiO2/Ru
and SiO2/TiO2/N was evaluated by measuring
methylene blue (MB) degradation under UV
irradiation on UV-Vis spectrophotometer.

KEYWORDS:
Diclofenac; Ibuprofen;
Degradation

Photocatalyst;

Solar

light;

INTRODUCTION
Non-steroidal
anti-inflammatory
drugs
(NSAIDs) are some of the most frequently detected
groups of pharmaceuticals in environmental
samples, one of the most widely available drugs in
the world.
Diclofenac (DCF) is the most prevalently used
NSAIDs as analgesic, anti-arthritic and antirheumatic and about 15% is excreted unchanged
after human consumption. Though it has been
confirmed that DCF is rapidly degraded by direct
photolysis under normal environmental conditions,
it is still one of the most frequently detected
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temperature for 24 h, then at 110oC for 2 h.
Removal of residual organics and thermal
stabilization of the materials was carried out by
calcination for 5 h at 400oC in air atmosphere.

Therefore, the development of low-band gap
photoactive materials, that is so-called visible light
photocatalysts are strongly urged for solving
environmental and energy problems. Alternatively,
in view of low cost and feasibility, it is desirable to
incorporate TiO2 catalyst with the visible light
response via the composition [8, 9].
Silicon dioxide, as a kind of good carrier, has
been widely used in the material synthesis field. In
recent years, titania-silica composite materials have
been widely investigated, and in most cases these
catalysts show a higher phototocatalytic activity
than the neat TiO2 prepared in parallel for the
oxidation of organic pollutants in water. SiO2
facilitates adsorbing of organics and transfers those
adsorbed compounds to active sites on TiO2, and
well dispersion of the TiO2 particles [6, 10].
The aim of this work is to prepare the nanocatalysts SiO2/TiO2, SiO2/TiO2/ Ru and SiO2/TiO2/
N and use them to investigate the degradation of
DCF and IBU in simulated wastewater using the
solar bath-like system. It is expected that the
combination of the SiO2 as core material with TiO2
(best photocatalyst) doped with Ru and N for
inducing red shift will increase the % degradation
because of the higher sun light absorptivity.

Preparation of Ru Supported Catalysts. The
impregnation was carried out using ethanol
solutions of 2 wt % of the transition metal salt
(Ru(III) acetylacetonate) [0.02g Ru: 1g SiO 2/TiO2]
for 24 h at room temperature with stirring. The
removal of the solvent was carried out by conventional drying, first at room temperature for 24 h,
and then at 110oC for 2 h. Removal of residual
organics and thermal stabilization of the materials
was carried out by calcination for 5 h at 400 o C.
The resulted photocatalyst was denoted as SiO2
/TiO2 /Ru.
Preparation of N Supported Catalysts. The
impregnation was carried out using ethanol
solutions, 1g urea in 20 ml (1M) HCl added to 1 g
SiO2 /TiO2 for 24 h at 80oC with stirring. The
removal of the solvent was carried out by
conventional drying, first at room temperature for
24 h, and then at 110oC for 2 h. Removal of residual
organics and thermal stabilization of the materials
was carried out by calcination for 5 h at 400 oC. The
resulted photocatalyst was denoted as SiO2 /TiO2
/N.

MATERIALS AND METHODS

Validation of the analytical procedure. The
range of linearity for the studied pharmaceuticals
was calculated and calibrated using the internal
standard. A 6-point calibration curve was
established at the concentrations of 5, 10, 20, 30,40
and 50 mg/L, using UV detection and the internal
standard (Nifidipen). The average of four injections
of each concentration was used to establish the
calibration curves and correlation coefficients.
Table 4 summarizes the calibration results: retention times (tR), limits of detection (LOD), limits of
quantification (LOQ), the linear equations, the
correlation coefficients (R2), as well as the %
recovery of three quality control concentrations 10,
20, 30 mg/L with their standard deviations.

Materials. Cabosil M-5 silica oxide was
purchased from Sigma-Aldrich, titanium isopropoxide (Ti(i-OC3H7)4, 97% purity) was purchased
from Aldrich. Absolute Ethanol, Ru(III) acetylacetonate, HCl , Urea, Ethyl acetate , Methanol,
Acetonitrile and Trifluoroacetic acid (TFA) were
purchased from Sigma-Aldrich, Diclofenac (DCF),
Ibuprofen (IBU) , Nifidipen standards were purchased from Sigma-Aldrich, Methylene Blue was
obtained from Sigma-Aldrich. C18- SPE Cartridges
of 3 mL /500 mg were purchased from Thermo
Quest (U.K.)
Preparation of SiO2 /TiO2 catalyst. The
investigated modified titanium-silica systems were
prepared by the incipient wetness impregnation
method.
SiO2/TiO2 catalysts
were
prepared
with impregnation method followed by a reimpregnation with a metal precursor [11]. The silica
support used for this study was Cabosil M-5 silica
oxide. This material was treated with water in order
to condense its volume for easier handling. The wet
SiO2 was dried at 110oC in order to remove the
physically adsorbed water before impregnation.
TiO2/SiO2 supported oxide catalyst was prepared by
the incipient wetness impregnation of SiO2 with an
ethanol solution of titanium isopropoxide. After
impregnation at room temperature, the sample was
kept overnight. The removal of the solvent was
carried out by conventional drying, first at room

Extraction and recoveries. The extraction
recoveries of the pharmaceuticals DCF and IBU
were estimated by spiking each analyte in deionized
water at the concentrations of 10, 20 and 30 mg/L.
The internal standard (I.S.) was added to the
samples after extraction. To determine the
extraction recoveries, concentrations of the spiked
samples were compared to the unextracted solutions
(calibration curve). For standard curve, calibration
and quality control 100 ml deionized water were
spiked with the desired drug concentration. A SPE
cartridge was conditioned using 6 ml of methanol
(2ml ×3 times) and 6 ml of distilled water (2×3) at a
slow flow-rate. 5ml of the spiked sample were
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passed through the SPE cartridges at slow flowrate.
The loaded cartridge was rinsed with 3 ml
deionized water; then eluted with 10 mL (35% ethyl
acetate: 52% ethanol: 13% methanol) (2.5ml ×4
times). The combined eluates were evaporated to
dryness using a gentle stream of nitrogen. The
residues were dissolved in 0.25 ml of mobile phase
containing 10ppm IS, sonicated to insure complete
dissolution, and 20uL were injected onto the HPLC
column.

RESULTS AND DISCUSSION
Characterization of catalysts by XRD. The
XRD patterns of catalysts are shown in Figure 2
having amorphous structure for the SiO2/TiO2 before doping, SiO2/TiO2/Ru and SiO2/TiO2/ N. The
supporting material SiO2 have the highest present of
75 wt % compared to the others, TiO2: 25 wt % and
Ru: 0.2 wt%. These results are compatible with
those found by Ekou et al. [12] and Fa et al. [13].
XRD pattern shows no significant peaks that
could be detected for TiO2. This could be related to
the low titanium loading (25 wt %), indicating that
the grafting of titanium results in the formation of
small TiO2 particles [12, 13].

HPLC apparatus and conditions. The HPLC
system was consisted of a Shimadzu delivery pump
(LC-20AD), equipped with an auto-sampler model
(SIL- 20 AHT), degasser model (DGU-20 AS) and
a diode array detector model (SPD-M20A) with a
RP-C8 column, 25 cm, 4.6 mm, particle size 5 μm,
purchased from Phenomenex (CA, USA). The
mobile phase was acetonitrile/water (1/1) with 0.1%
TFA pumped at a flow rate of 1 mL / min. The run
time was 15 min. The UV detector was operated at
225.
Solar bath-like system. Heterogeneous
photocatalytic degradation experiments were
carried out under sunlight using a solar bath-like
system
of
two
containers
(high-density
polyethylene). One container stand on the ground
containing the catalyst and the simulated
wastewater (water spiked with pharmaceuticals),
the other one stand two meters high, where the
contents of the lower container were pumped to it,
as shown in Figure 1. The volume of each container
was 20 L. One recirculation pump was used for
pumping the sample from the lower container to the
upper one, while water goes down through Pyrex
tubes by gravity, returning to the lower container.
The pump was connected to a plastic bypass
tube of 1 m length returning to the lower container,
to insure mixing and lowering the pressure on the
pump. The suspension was circulating through a
spiral Pyrex glass tubes of 828 cm length and 13
mm diameter, while exposed to the UV-sunlight
from 10-17 o'clock. The total volume of the Pyrex
tube was about 1.1 L.

FIGURE 2
X-Ray diffraction for SiO2/TiO2; SiO2/TiO2/Ru
and SiO2/TiO2/N
The SEM-EDS analysis for catalysts. SEM
(Field Emission Scanning Electron Microscope,
JSM-7800F, JEOL, USA) was used. Morphology of
SiO2/TiO2, SiO2/TiO2/N and SiO2/TiO2/Ru are
shown in Figures 3 ± 5 respectively. The particle
size for the three catalysts was ranged from 12 to 32
nm.
The results of the energy dispersive spectra are
presented in Tables 1, 2 and 3. Ru was detected as
Ru2O3 with 3.43 at %, N was not found, that is
because EDS cannot detect the lightest elements
with atomic number below that of Na [14]. Gazulla
et al. (2013) reported that nitrogen cannot be
determination by SEM-EDS [15].

FIGURE 3
SEM image SiO2/TiO2 catalyst

FIGURE 1
Solar bath-like system
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excitation and emission modes.
TABLE 3
% composition of SiO2/ TiO2/Ru catalyst
from the energy dispersive spectra
Element

Weight
%

Atomic
%

Compound
%

Formula

Si (K)
Ti (K)
O

41.52
6.69
51.78

30.45
 2.88
66.67

88.83
 11.17

SiO2
TiO2

Total





100.00


FIGURE 4
SEM image SiO2/TiO2/N catalyst



FIGURE 6
Emission wavelengths for SiO2/TiO2

FIGURE 5
SEM image SiO2/TiO2/Ru catalyst
TABLE 1
% composition of SiO2/ TiO2 catalyst from the
energy dispersive spectra
Element
Si (K)
Ti (K)
O

Weight
%
43.80
3.78
66.67

Atomic
%
31.73
 1.61
66.67

Compound
%
93.69
 6.31


Formula
SiO2
TiO2


FIGURE 7
Emission wavelengths for
SiO2/TiO2/R

 100.00

Totals

TABLE 2
% composition of SiO2/ TiO2/N catalyst from
the energy dispersive spectra
Element

Weight
%

Atomic
%

Compound
%

Formula

Si (K)
Ti (K)
O

41.52
6.69
51.78

30.45
 2.88
66.67

88.83
 11.17

SiO2
TiO2

Total





100.00

FIGURE 8

Excitation±emission fluorescence spectrophotometry. Excitation±emission matrices (EEMs)
were generated for sample over excitation
wavelengths between 190 ± 300 nm in 5 nm intervals and emission wavelengths between 380±700
nm in 2.5 nm intervals, with 5 nm bandwidths on

 Emission wavelength for SiO2/TiO2/N
)LJXUHVDQGJLYH WKH Ȝem for SiO2/TiO2,
SiO2/TiO2/Ru and SiO2/TiO2/ N after excitation
ZLWKȜEHWZHHQ-380 nm. The un-doped catalyst
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TABLE 4
0HWKRG¶VYDOLGDWLRQSDUDPHWHUV WR , LOD , LOQ, R2, Linear equations and % Recoveries)
for DCF and IBU
Drug

tR
(min)

LOD
ȝJ/

LOQ
ȝJ/

R2

Linear Equation

Diclofenac

4.58

0.1

0.3

0.973

Ibuprofen

5.13

0.1

0.3

0.987

Y= 0.015 X
+ 0.307
Y= 0.016 X
+0.145

VKRZVDWZRȜem = 363, 379 nm, the catalysts doped
ZLWK5XDQG1VKRZQHZȜem at 406, 438, 463, 494
nm.
Doping with Ru give emissions in the visible
region compared to the not doped catalyst. Doping
recombination rate [6].
TiO2 particles can DEVRUE 89 OLJKW Ȝ < 400
nm) to create mobile electrons (e-) and holes (h+) in
the conduction band (CB) and valence band (VB),
respectively. Adsorbed oxygen molecules can
capture electrons, producing O2-, Oads, and Oadsspecies. At the same time, photo generated holes
can be trapped by hydroxyl ions or water adsorbed
on the surface, producing hydroxyl radicals, OH,
which play important roles in photocatalytic
reactions [16].

%Recovery
(Xav ± S)
10 mg/L

%Recovery
(Xav ± S)
20 mg/L

%Recovery
(Xav ± S)
30 mg/L

107% ±7.0

92% ±8.0

96% ±4.0

111% ±11.0

94% ±6.0

91% ±9.0

with some metal ions could extend the photo
response and shift the band gap to the visible light
region. The metal ion dopants could act as electrons
or holes traps, and alter electrons or holes
measured at the maximum absorption wavelength
of 665 nm [16]. Figure 9 gives the calibration curve
for MB and % degradation under UV illumination.
The % degradations for MB were 89.3, 92.3% and
91.3 for SiO2/TiO2, SiO2/TiO2/Ru and SiO2/TiO2/
N with 0.2% weight, respectively.
Validation of the analytical procedure.
Table 4 summarizes WKH PHWKRG¶V Yalidation
parameters including: retention times (tR), limits of
detection (LOD), limits of quantification (LOQ),
the linear equation, the correlation coefficient (R 2)
and the % recoveries of three quality control
concentrations namely: 10, 20 and 30 mg/L with
their standard deviations (S), for both DCF and
IBU.
From our previous study [5], we found that the
highest degradation for both DCF and IBU was at
0.2 wt % of catalysts as optimal limit, where the
degradation percentage then decreased due to the
opacity of the suspension and light scattering which
was also found by other researchers [17].

FIGURE 9
Calibration curve of MB, % Degradation of MB
under UV Illumination C/C0 Vs. time in min
The Photocatalytic activity evaluated by the
photodegradation of methylene blue (MB)
solution under UV illumination. The Photocatalytic activity for all three catalysts was
evaluated by the photodegradation of methylene
blue (MB) solution under UV illumination. The
initial and equilibrium dye concentrations were
determined using a calibration curve based on the
DEVRUEDQFH DW Ȝmax= 665 nm versus dye
concentration in standard dye solutions. To
construct a calibration curve, the MB concentrations of 0.5, 1.0, 3.0, 5.0, 7.0, 10.0, 15.0 and 20.0
mg/ L were prepared in volumetric flasks and the
absorbance of each standard MB solution was

FIGURE 10
% Removal (degradation) for DCF, IBU under
UV artificial light and Sun light.
Figure 10 shows the % removal of DCF
ranged from 70%-78%, while for IBU was ranged
from 78% - 87. Direct photolysis occurs when the
photo-chemically excited species undergoes
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chemical reactions to form products. Indirect
photolysis involves transformation of the target
chemical resulting from light absorption by other
constituents. Both IBU and DCF undergo
degradation by direct photolysis and selfsensitization [18].
In a photocatalytic process, the degradation of
organic pollutants depends on (but is not limited to)
intensity of the light source, catalyst loading, pH,
temperature, and amount of dissolved oxygen.
In our previous work [5], IBU showed a
higher %degradation than DCF, SiO2/TiO2 >
SiO2/TiO2/N > SiO2/TiO2/Ru under UV- artificial
light, while under sun light SiO2/TiO2/N >
SiO2/TiO2 > SiO2/TiO2/Ru as shown in Figure 6
[5]. The % degradation increased for the doped
catalysis under sun light indicating red-shift and
more usable absorption of sun light.

ticals in sewage treatment plant wastewaters of
Jordan, Fresen. Environ. Bull. 19(5): 805-810.
[3] Epold I, Dulova N, Trapido M. Degradation of
diclofenac in aqueous solution Journal of
Environmental Engineering & Ecological
Science. 1(3): 1-8.
[4] Arriaga FM, Esplugas S, Gimènez J. (2010)
Water treatment, wastewater treatment, removal of pollutants, Water Res. 44: 589 ±595.
[5] Alahmad WR, Alawi MA (2016) Photocatalytic Degradation of Diclofenac and
Ibuprofen from Simulated Wastewater Using
SiO2-TiO2-(Ru, N ) by Artificial Light, Fresen.
Environ. Bull. 25: 4299-4308.
[6] Ullah S, Neto EF, Pasa A, Alcântara C, Acuña
J, Bilmes S, Ricci MM, Landers R, Taina ZF,
Filho UR. (2015) Enhanced photocatalytic
properties of core@shell SiO2@TiO2 nanoparticle, Appl. Catal., B ,179: 333±343.
[7] Mahy JG, Lambert SD , Léonard GL-M ,
Zubiaur A, Olu P-Y, A. Mahmoud A, Boschini
F, Heinrichs B. (2016) Towards a large scale
aqueous sol-gel synthesis of doped TiO2: Study
of various metallic dopings for the
photocatalytic degradation of p-nitrophenol, J.
Photochem. Photobiol., A , 329:189±202.
[8] Kumar M, Gholamvand Z, Morrissey A, Nolan
K, Ulbricht M, Lawler J. (2016) Preparation
and characterization of low fouling novel
hybrid ultrafiltration membranes based on the
blends of GO-TiO2 nanocomposite and
polysulfone for humic acid removal, J. Membr.
Sci., 506: 38-49.
[9] Liang W, Li J, Jin Y. (2012) Photo-catalytic
degradation of gaseous, J. Environ., Build. 51:
345-350.
[10] Bayat S, Ghanbari D, Salavati-Niasari M.
(2016) Pechini synthesis of Co2SiO4 magnetic
nanoparticles and its application in photodegradation of azo dyes J. Mol. Liq. 220: 223±
23.
[11] 1HDĠX 6 3kUYXOHVFX 9, (SXUH * 3HWUHD 1
ùRPRJKL 9 5LFFKLDUGL * %RUGLJD 6
Zecchina A. (2009) M/TiO2/SiO2 (M = Fe, Mn,
and V) catalysts in photo-decomposition of
sulfur mustard, Appl. Catal.B, 91: 546±553.
[12] Ekou T, Ekou L, Vicente A, , Lafaye G,
Pronier S, Especel C, Marécot P. (2011) Citral
hydrogenation over Rh and Pt catalysts
supported on TiO2: Influence of the preparation
and activation protocols of the catalysts, J.
Mol. Catal., 337: 82-88.
[13] Fa W, Zan L, Gong C, Zhong J, Deng K.
(2008) Solid-phase photocatalytic degradation
of polystyrene with TiO2 modified by iron (II)
phthalocyanine, Appl. Catal.,B, 79: 216±223.
[14] Argast A, Tennis CF. (2004) A web resource
for the study of alkali feldspars and perthitic
textures using light microscopy, scanning
electron microscopy and energy dispersive X-

CONCLUSIONS
The synthesis of SiO2/TiO2, SiO2/TiO2/Ru and
SiO2/TiO2/N were prepared by incipient wetness
impregnation method and characterized using XRD,
SEM and Excitation±emission Fluorescence
spectrophotometery. Photo-catalytic degradation of
DCF and IBU in aqueous solution was investigated
using SiO2/TiO2, SiO2/ TiO2/N and SiO2/TiO2/Ru
catalysts under sunlight in the solar bath-like
system shows high % degradation for DCF (7078%) and IBU (78-87%), the order of %
degradation was for SiO2/TiO2/N > SiO2/TiO2 >
SiO2/TiO2/Ru. The doped catalysts showed a higher
% degradation compared to UV artificial light.
Photocatalytic degradation with doped TiO2
enhance the removal of organic pollutants,
improving the quality of the water released from
water treatment plants by assisting traditional
treatment methods to target more substances and
thereby obtain a higher efficiency of the whole
process.
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Additions of manures have prompt impacts
over aggregation and soil organic matter content.
Soil organic matter content is strongly linked with
the size and stability of soil aggregates as well as
percentage of aggregation [3, 4, 5, 6, 7, 8, 9, 10]. Its
effect is rather detrimental on aggregate stability of
the top soil. The more organic carbon means the
stronger aggregate stability and this in fact indication
of the higher proportion of macro aggre-gates (>0.5
mm) in soils under long-term organic fertilization
[11].
7KH0HGLWHUUDQHDQUHJLRQ¶VVRLOVDVLQWKHFDVH
of Isparta, are typical for low to medium level of
organic matter content [12]. Therefore, it is key
factor to increase the organic matter content of the
soil to ensure agricultural sustainability. The aim of
this study was to determine the effects of farmyard
manure and green manure applications on the soil
aggregation under organic vegetable cultivation.

ABSTRACT
Organic matter amendment is key control tool
for enhancing the soil aggregation and other soil
chemical, physical and biological properties. This
study was therefore carried out in an organic
vegetable field in the experimental field of the
Agricultural Research and Application Centre of
Suleyman Demirel University in 2010-2013. The
effects of control (Ct), farmyards manure (FYM) and
green manure (GM) (common vetch, Vicia sativa L.)
on the percentage of soil aggregation. The
percentage of aggregation was calculated by the
determination of total and dispersed clay+silt in the
four aggregate-size groups (8.0-4.0, 4.0-2.0, 2.0-1.0,
<1.0 mm) which were obtained by dry-sieve method.
Results showed that, organic matter appli-cations
increased the percentage of aggregation. Year,
treatment, depth and aggregate sizes lead to
differences (P<0.001) in the percentage of aggregation. The maximum aggregation (90.67%) with
the size of 8.0-4.0 mm was determined in 0-10 cm
depth by FYM application in 2013 experimental
year; whereas the minimum aggregation (79.08%)
was observed for Ct treatment in 0-10 cm depth in
2012. It can be concluded that farmyard manure was
found to be more effective than the green manure in
improving soil aggregation.

MATERIALS AND METHODS
A three yearly field experiment (2010-2013)
was set up in completely randomised design in triplicates at the experimental field of Agricultural
Research Centre of Suleyman Demirel University.
Organic vegetables (Tomatoes in 2010, cowpeas in
2011 and 2012) were grown in the plots treated with
farmyard manure (FYM), green manure (GM), and
control (Ct) without any organic and/or inorga-nic
fertiliser additions. 35 t ha-1 of FYM consisting of
45% dry matter was yearly incorporated into the soils
and thoroughly mixed into top soil (0-15 cm) by
means of rototiller on 21st of May to 7th of June
depending on the year. Common vetch (Vicia sativa
L.) at flowering stage was incorporated into the soil
simultaneously with the FYM treatment by chisel (025 cm) and rototiller (0-15 cm), respectively.
Soil samples were taken (10.03.2012,
08.03.2013) from 0-10 cm and 10-20 cm depths. Soil
samples let to air-dry and carefully shredded without
harming the structure of the aggregates, so as to be
passed through the 8 mm sieve. Subse-quently,
aggregate size groups specific to treat-ments were
separated by dry mechanical sieving into 8-4.0 mm,
4.0-2.0 mm, 2.0-1.0 mm, <1.0 mm

KEYWORDS:
Farmyard manure; green manure; aggregate stability

INTRODUCTION
Sustainability of soil productivity depends on
soil and plant management practices that maintain or
enhance soil organic matter content [1]. Mismanagements decrease soil organic matter contents
and cause the degradation of soil quality, including
physical attributes [2]. The most efficient the way of
improving soil physical properties is the application
of organic materials to the soil. This is particularly
important in semiarid areas such as Turkey where the
organic matter content of the soils is insufficient due
to usage of the aglands from the ancient times and
mis-management practices.
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TABLE 1
Some physico-chemical properties of experimental soil and FYM
Soil
0-10 cm
10-20 cm
FYM

Clay
(%)

Silt
(%)

Sand
(%)

Texture
class

Organic matter
(%)

CaCO3
(%)

pH

EC
(dS m-1)

42.51
41.29
-

39.45
39.99
-

18.04
18.72
-

C
C
-

1.55
1.56
45.10

24.1
24.2
-

7.44
7.38
7.70

0.34
0.38
3.58

organic matter type and soil depth and followed by
4-2 and <1 mm aggregates. Application of manure
could improve the mean weight diameter of soil
aggregates [17, 18]. The C/N ratio is an important
index of decomposition ability of an organic
substrate to promote the bio-logical activity and
microbial diversity [19]. The stabilization of FYM
prior to incorporation in to soil results in larger
organic carbon sequestration in the soil through
promoting soil organisms. Despite vetch hay consist
of a desirable C/N ratio in terms of mineralization;
typical dry-hay yield of vetch is about 4.5 Mg ha-1
[20], this lead comparatively smaller organic matter
incorporation than FYM treatment. Such difference
between FYM and GM in terms of organic matter
quantity and the quality resulted in better
performance of FYM towards increasing organic
matter content of soil [21] and thus aggregation.
Similarly, Mellek et al. [22] reported that liquid
farmyard manure increased macro-aggregates (>4
mm) at surface layers. Alagoz and Yilmaz [7]
pointed out the specific effects of organic matter
nature on differing size aggregates where K-humat
treatments affected the aggregation through 8-4 and
1-0.5 mm sized aggre-gates whereas plant extract
influenced aggregates with 0.5-0.25 mm diameter.
On the other hand, Filho et al. [23] explained the
aggregation in terms of organic carbon contents of
aggregates dependent on the three crop rotations and
two tillage systems (conventional and zero tillage).
They determined that aggregates with diameter over
2 mm were to consist of as much as 23% more
organic matter than the ones with smaller sizes. In a
similar manner Zhang et al. [24] found that >2 mm
sized soil aggre-gates were better responded to
application rate of wheat and corn straw of which
wheat performed better at 1500 kg ha-1 treatment.
Correspondingly stable macro aggregates having a
diameter above 0.5 mm contain higher organic
carbon than the ones with non-resistant smaller sizes
[11]. Kurkanli [25] similarly found the highest
percentage of mean aggregate (51.0) for 8.0-4.76
mm aggregates and the lowest (49.0) for 2.0-1.0 mm
aggregates. Aggre-gation occurs via soil organic
carbon, organisms, ionic bridges, clays and
carbonates [26]. Therefore, the enrichment in
organic matter content of soils by any means
(organic matter addition, rotation, tillage system etc.)
is likely to affect more the aggregates having a
diameter above 2 mm which a similar manner was
observed in this study by incorporation of either
FYM or GM.

(Retch Model: AS 200) using 80 amplitude and 30
sec sieving times.
Some physico-chemical properties of the
experimental soil and FYM were presented in Table
1. A hydrometer method was used to determine
fractions of sand, silt and clay in the soil [13]. Wet
oxidation method of modified-Walkley and Black
and dry ashing method at 400°C for 16 h in an oven
were used for organic matter content of soil and
FYM, respectively [14]. The pH and electrical conductivity (EC) were determined in 1:1 soil:distilled
water suspension and in 1:2.5 FYM:distilled water
suspension [14]. Carbonate equivalent was determined by a volumetric method using Scheibler
calcimeter [12]. The percentage of aggregation was
determined by measuring the clay + silt amounts
(gram) in non-dispersed (nd) and chemi-cally and
mechanically-dispersed (d) aggregates [15]. The
percentage of aggregation was then calculated from
the equation given below:
ሺΨሻ ൌ

ሺሺ  ሻȂሺ  ሻሻͳͲͲ

ሺ  ሻ

The data were checked for normal distribution
and then subjected to two way ANOVA using
MINITAB 16 statistical package [16]. The main
effects of treatments were separated by least
significant difference (LSD) test.

RESULTS AND DISCUSSION
The Effects of Organic Matter Incorporation on Soil Aggregation. The main effects of
organic matter application, year and depth were
significant on the percentages of aggregation with
differing sizes (Table 2). The most detrimental
increase was observed for FYM treated soils where
as much as 7.1-8.5% increases were determined. The
effect of GM on the other hand remained relatively
milder to improve aggregation. The highest
percentage of mean aggregation for different
applications was 88.7 in FYM treatment in 2013
whereas the lowest percentage of mean aggregation
was 80.1 in Ct treatment in 2012. In addition, the
percentage of mean aggregation in both years were
in descending order as FYM> GM>Ct (Figure 1).
The response of 2-1 mm sized aggregates to organic
matter amendment was comparatively weak because
the minimum change was observed in this fraction
upon organic matter addition. However 8-4 mm
sized aggregates respon-ded well irrespective of
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differing amounts of corn and wheat straw
incorporation in a three yearly study. The changes in
aggregation observed in this fraction for straw
application rates may be attributed to cumulative
effects of treatments over organic matter content as
determined in this study. The stability or decomposition ability of the incorporated organic materials is also a matter of fact. In a long-term study for
32 years, the addition of FYM at 20 Mg ha-1
detrimentally improved mean weight diameter of the
soil aggregates in a sandy loam soil under corn and
wheat cultivation, despite there was no significant
differences in soil organic carbon content [17]. In the
same study chemical fertilizers leaving more organic
residues than the control treat-ment in the soils
significantly enhanced the mean weight diameter of
aggregates. Therefore, the agri-cultural practices,
including the organic residue amendments, leaving
higher magnitude of net orga-nic carbon in soils have
the ability to better improve the aggregation and
aggregate sizes.

TABLE 2
Main effects of treatments on the percentage of
aggregation in different sizes
Treatments
Ct
FYM
GM
Year
2012
2013
Depth (cm)
0-10
10-20

8-4 mm*
81.0 c
89.5 a
85.8 b

4-2 mm
80.0 c
87.9 a
84.7 b

2-1 mm
79.6 c
86.7 a
83.7 b

<1 mm
80.2 c
87.8 a
84.8 b

84.9 B
86.0 A

83.7 B
84.7 A

82.9 B
83.8 A

83.7 B
84.8 B

86.0 A
84.9 B

84.7 A
83.7 B

83.9 A
82.8 B

84.8 A
83.7 B

* Different letters written in the same style indicates
VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHUHVSHFWLYHWUHDWPHQWV¶
main effects in the same column. Ct: Control, FYM:
Farmyard Manure, GM: Green Manure

FIGURE 1
The effects of the organic treatments on
percentage of aggregation in different years
On the other hand the overall aggregation in
soils was largely induced by nature and rate of
organic amendments [9, 27]. It was reported FYM
application at differing rates enhanced the structure
stability index and the percentage of aggregation [5,
28]. The organic matter related improvement in
aggregation was also dependent on the clay content
of the soils where the higher clay content responded
the higher rate of aggregation [29]. Therefore such
changes observed in the current study were partially
resulted from the high clay content of the soil. In
addition the nature of the organic matter, C/N ratio,
resistance to decomposition, and environmental
factors such as temperature and humidity also
influence the functioning of organic matter [30] to
improve aggregation.
Since we cultivated organic vegetables in this
study, yearly based organic matter addition was
made. Therefore despite the fact that some of the
organic matter was decomposed during the course of
the first year the subsequent organic matter additions
enabled to increase organic matter content of the soil.
This increase resulted in further enhan-cement in the
aggregation in different sizes and the overall effect
of year became significant (Table 2). Cumulative
effect of organic matter on aggregation can be better
observed for <1 mm and 8-4 mm sized aggregates
with 1.1% overall increase from 2012 to 2013 (Table
2). Zhang et al. [24] reported as much as 16.51 and
14.28% increase in >2 mm aggregates due to

FIGURE 2
The effects of year x depth interaction on
aggregation

FIGURE 3
The effects of treatment x depth interaction on
aggregation
The depth is also preeminent soil parameter in
terms of soil aggregation and preservation of organic matter from the decomposition processes [17].
Soil tillage sequence used in this study only enabled
to incorporate the added organic matters in 0-15 cm
depth, thus there was a clear difference of soil
aggregations between 0-10 and 10-20 cm soil depths
(Table 2). Different size aggregates some-how
showed similar trends in depths that about 1-1.1%
increase in aggregation was recorded in 0-10 cm
layer comparing to respective subsurface layer. In
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matter was likely to contribute the aggregation over
different size aggregates that the larger sizes
responded better. It can be suggested that organic
residues or green manure should be incorporated into
the soils with low organic matter content to improve
aggregation.

addition soil depths differently responded to organic
matter type in terms of aggregation (Figure 3). In
general higher stable C containing treatments
performed better to improve soil aggregation in both
the surface layer and the sub layer and followed the
descending order as FYM>GM>Ct. Despite year x
depth interactions were statistically significant there
was no significant differences in depth x aggregate
size interactions. As expected the highest percentage
of mean aggregation was 85.4 at 0-10 cm in 2013
where the cumulative effect of organic treatments at
its maximum and the lowest percentage of mean
aggregation was 83.3 at 10-20 cm in 2012 (Figure 2).
Under natural conditions carbon in the deep layers of
the soil can be more stable than the one in the surface
due to the differences in sources, in chemical
structure and in environmental conditions [19, 31].
As organic subs-trates were applied the soil
microorganisms attack the substrate and produce
stable
aggregation
agents
including
the
decomposition products and exudates of
microorganisms. According to [32], any specific soil
horizon or layer exerts different steps of decaying
processes. In the deeper horizons, the energy
requirement of microbial community is supplied
from the easily degradable C resources, this results
in enrichment the organic pool with C compounds
increasingly recalcitrant [19] which are functionally
more inert to enhance soil tilth, including the
aggregation. Rasool et al. [17] reported a significant
change in mean weight aggregate size up to 60 cm
depth upon FYM and chemical fertiliser treatments.
Shirani et al. [33] obtained higher mean weight
diameter values at 0-5 cm than 5-20 cm depth at
different rate of FYM applications. In fact the depth
dependent-changes in aggregation are highly related
to soil tillage sequence after organic matter
incorporation. The soil layer where the organic
matter mixed thorough-ly can distinctively reveal the
effect of organic matter. Deeper layer can only show
the indirect effect of the treatments by enhancing the
efficient root depth or eluviation of soluble organic
compounds. As a result, the gap between the FYM
treatment and other treatments including the control
was to decrease as a function of depth. In this respect, the FYM treatment resulted in higher organic
matter content at the end of the experiment [21]
performed better in enhancement of some soil
physical attributes that affects have reflection on
aggregation in both depths.
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STATUS AND PREDICTION OF CO AS AN AIR POLLUTANT
IN SHIRAZ, IRAN
Masoud Masoudi*, Neda Rajai Poor, Fatemeh Ordibeheshti
Department of Natural Resources and Environmental Engineering, Shiraz University, Iran

and lead). They produce the highest volume of pollutants in the air and the most serious threat for human
health and welfare. Concentration on these pollutants, especially in cities, has been regulated by
Clean Air Act since 1970 [2]. CO pollution occurs
primarily from emissions produced by fossil fuel
powered engines, including motor vehicles and nonroad engines and vehicles (such as construction
equipment and boats). Higher levels of CO generally
occur in areas with heavy traffic congestion.
The presence of pollutants in the atmosphere,
FDXVHVDORWRISUREOHPVWKXVWKHVWXG\RISROOXWDQW¶
behavior is necessary [3, 4, 5 and 6]. CO can cause
harmful health effects by reducing oxygen delivery
WRWKHERG\¶VRUJDQVDQGWLVVXHV([SRVXUHWRORZHU
levels of CO is most serious for those who suffer
from heart disease, and can cause chest pain, reduce
the ability to exercise, or with repeated exposures,
may contribute to other cardiovascular effects. Even
healthy people can be affected by high levels of CO.
People who breathe high levels of CO can develop
vision problems, reduced ability to work or learn reduced manual dexterity, and difficulty performing
complex tasks. At very high levels, CO is poisonous
and can cause death.
Status of pollutants concentration and effects of
meteorological and atmospheric parameters on these
pollutants compose the base of following studies: Ho
and Lin [7] studied semi-statistical model for
evaluating the NOx concentration by considering
source emissions and meteorological effects. Street
level of NOx and SPM in Hong Kong has been studied by Lam et al. [8]. In a study, the relationship between monitored air pollutants and meteorological
factors, such as wind speed, relative humidity ratio
and temperature, was statistically analyzed, using
SPSS. According to the results obtained through
multiple linear regression analysis, for some months
there was a moderate and weak relationship between
the air pollutants like CO level and the meteorological factors in Trabzon city [9].
Adamopoulos et al. [10] have studied the
meteorological factors that influence CO concentrations and give formulas that correlate them for the
year 1982. Result showed that significant relationships exist between meteorological factors and CO
concentrations.
Mandal [11] has shown the progressive decrease of air pollution from west to east in Kolkata.

ABSTRACT
In the present study air quality analyzed for
Carbon monoxide (CO), were conducted in Shiraz, a
city in the south of Iran. The measurements were
taken from 2011 through 2012 in two different locations to prepare average data in the city. The average
concentrations were calculated for every 24 hours,
each month and each season for the city. Results
showed that the highest concentration of Carbon
monoxide occurs generally in the Night while the
least concentration was found at in the morning and
mid-night. Monthly concentrations of Carbon
monoxide showed the highest value in December
and the least value in May. The seasonal concentrations showed the least amounts in spring while the
highest amounts in autumn. Relations between the
air pollutant and some meteorological parameters
were calculated using, temperature, sunshine periods, evaporation, dew point and rainfall the daily
average data. The wind data (velocity, direction),
relative humidity were considered as independent
variables. The relationships between concentration
of pollutant and meteorological parameters were expressed by multiple linear regression equations for
both annual and seasonal conditions using SPSS
software. RMSE test showed that among different
prediction models, stepwise model is the best option.

KEYWORDS:
Carbon monoxide, Air pollution,
Parameters, Regression model.

Meteorological

INTRODUCTION
Air sustains life, but the air we breathe is not
pure. It contains a lot of pollutants and most of these
pollutants are toxic [1]. It should be say that developed countries have been making progress during
the last century, but their air quality has been getting
much worse especially in developing countries air
pollution exceeds all health standards. For example,
in Lahore and Xian (china) Dust is ten times higher
than health standards [1].
Carbon monoxide (CO) is one of the seven
Conventional (criteria) pollutants (including CO,
SO2, particulates, hydrocarbons, nitrogen oxides, O3
3697
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Relationships were found between API and a variety
of meteorological factors. Temperature, relative
humidity, precipitation and wind speed were negatively correlated with API, while diurnal temperature
range and atmospheric pressure were positively
correlated with API in the annual condition. Yoo et
al. [19] mentioned that all of the pollutants show
significant negative correlations between their
concentrations and rain intensity due to washout or
convection. The relative effect of the precipitation on
the air pollutant concentrations was estimated to be:
PM10 > SO2 > NO2 > CO > O3, indicating that PM10
was most effectively cleaned by rainfall.
The present study exhibits diurnal, monthly and
seasonal variations of concentration of CO and also
a statistical model that is able to predict amount of
CO. This is based on multiple linear and nonlinear
regression techniques. Multiple Regression estimates the coefficients of the linear and nonlinear
equations, involving one or more independent variables that best predict the value of the dependent
variable (CO amount in this study). So, a large
statistical and graphical software package (SPSS,
Software Package of Social Sciences, V. 20) as one
of the best known statistical packages has been used
[20].

In another study, Statistical modeling of ambient air
pollutants in Delhi has been studied by Chelani et al.
[12] and some statistical models for prediction of air
pollutants were developed for the city. AbdulWahab and Al-Alawi [13] developed a neural network model to predict the tropospheric (surface or
ground) ozone concentrations as a function of
meteorological conditions and various air quality
parameters. The results of this study showed that the
artificial neural network (ANN) is a promising
method for air pollution modeling. The observed
behavior of pollution concentrations to the prevailing meteorological conditions has been studied for
the period from June 13 to September 2, 1994, for
the Metropolitan Area of Sao Paulo [14]. Results
showed low concentrations associated with intense
ventilation, precipitation and high relative humidity.
While high values of concentrations prevailed due to
weak ventilation, absence of precipitation and low
relative humidity for some pollutants. Also for
predicting CO, Sabah et al. [15] used a statistical
model.
Elminir [16] mentioned dependence of air
pollutants on meteorology over Cairo in Egypt. The
results hint that, wind direction was found to have an
influence not only on pollutant concentrations but
also on the correlation between pollutants. As expected, the pollutants associated with traffic were at
highest ambient concentration levels when wind
speed was low. At higher wind speeds, dust and sand
from the surrounding desert was entrained by the
wind, thus contributing to ambient particulate matter
levels. It was also found that, the highest average
concentration for NO2 and O3 occurred at humidity
 40% indicative for strong vertical mixing. For CO,
SO2 and PM10 the highest average concentrations occurred at humidity above 80%. In another research,
data on the concentrations of seven air pollutants
(CH4, NMHC, CO, CO2, NO, NO2 and SO2) and
meteorological variables (wind speed and direction,
air temperature, relative humidity and solar radiation) were used to predict the concentration of ozone
in the atmosphere using both multiple linear and
principal component regression methods [17]. Results show while high temperature and high solar energy tended to increase the day time ozone
concentrations, the pollutants NO and SO2 being
emitted to the atmosphere were being depleted.
However, the model did not predict the night time
ozone concentrations as precisely as it did for the day
time. Asrari et al. [3] studied effect of meteorological factors for predicting CO. Also variations in
concentration of CO in different times have been
shown in this study.
Li et al. [18] presented the spatial and temporal
variation of Air Pollution Index (API) and examined
the relationships between API and meteorological
factors during 2001±2011 in Guangzhou, China.

MATERIALS AND METHODS
Study Area. The research area, Shiraz is the
biggest city in the southern part of Iran (Fig. 1) located around 29° 30' N and 52º 30' E and the elevation is about 1500 m above the mean sea level. Annual precipitation of Shiraz is about 330 mm. It has
semi-arid climate and residential population was
1,500,000 in 2010. There are lots of cars driven in
city and also many factories and industrials around
it. So, Shiraz is one of the most polluted cities in Iran
and needs to carry out an ambient air quality analysis
in this city.
Data and methodology. Two available sampling stations in the city namely, Setad and Darvazah-Kazarun, belong to Environmental Organization of Iran were selected to represent different traffic loads and activities.
The sampling has been performed every 30
minutes daily for each pollutant during all months of
2011 and 2012. Among the measured data in the two
stations carbon monoxide was chosen. Then the
averages were calculated for every hour, monthly
and seasonally for the three stations by Excel. Finally averages of data of at two stations were used to
show air pollution situation as diurnal, monthly and
seasonal graphs of concentration of carbon monoxide in the city.
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FIGURE 1
Two photographs from the same place in Shiraz showing impacts of dust pollution during recent years
(left one in clean condition and right one in worse condition).
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FIGURE 2
Diurnal variation of carbon monoxide concentration in Shiraz (2011-2012).
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FIGURE 3
Monthly variation of carbon monoxide concentration in Shiraz (2011-2012).
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more influence on dependent variable are observed
in a regression model.

Studying correlation of carbon monoxide and
metrological parameters of synoptic station of city
was the next step. The metrological parameters studied include: temperature (min, max & mean), ratio of
humidity (min, max), precipitation, sunshine hours,
wind direction (max), wind speed (max & mean) and
evaporation.
In the next step, daily average data at two stations in 2012 was considered as dependent variable
in statistical analysis while daily data of meteorological parameters during this year were selected as
independent variables in SPSS programme and the
multiple regression equations showed that the
concentration of carbon monoxide depends on the
kind of meteorological parameters and also give an
idea about the levels of these relations. The relationship between the dependent variables and each
independent variable has been considered for linear
technique. The significant values in output are based
on fitting a single model. Also linear regression
equation was made for different seasons maybe
show those relationships which are not observed
using annual data.
The model for predicting carbon monoxide was
determined using two multiple regression modeling
SURFHGXUHVRIµHQWHUPHWKRG¶DQGµVWHSZLVHPHWKRG¶
,QµHQWHUPHWKRG¶DOOLQGHSHQGHQWYDULDEOHVVHOHFWHG
DUHDGGHGWRDVLQJOHUHJUHVVLRQPRGHO,QµVWHSZLVH¶
which is better, all variables can be entered or removed from the model depending on the significance. Therefore, only those variables which have

RESULTS AND DISCUSSION
In Figs. 2, 3 and 4, the diurnal, monthly and
seasonal variations in concentration of carbon
monoxide have been presented. As shown in Fig. 2
the high concentration of carbon monoxide occurs in
the night. Monthly concentration of carbon monoxide showed the highest values in December and the
least in spring months (Fig. 3). Seasonal concentration showed the highest values in autumn and the
least in spring (Fig. 4). Fortunately, all graphs
showed that the concentrations of Carbon monoxide
are lower than Primary Standards of Carbon monoxide (9 ppm) recommended by National Ambient Air
Quality Standards (NAAQS) of USA and Iran,
respectively. However, these graphs are almost
about annual and monthly, but not about hourly
conditions while this amount is the Primary Standards for the latter condition. Therefore, the real annual and monthly amounts of standards should be
less than this amount and then it is assumed some of
these amounts in the figs. are more than the real
standards showing unhealthy condition. These results are almost in good agreement with results obtained in other cities like Tehran [21] and Esfahan
[22] but differ from monthly and seasonal graphs of
Ahvaz [23].

!



!

   







!


 

 









FIGURE 4
Seasonal variation of carbon monoxide concentration in Shiraz (2011-2012).
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TABLE 1
Correlation between air pollutants and carbon monoxide

Pearson Correlation
Sig. (2-tailed)
N

PM
.012
.855
221

NO2
-.187**
.005
221

O3
-.715**
.000
221

NOX
.145*
.032
221

SO2
.447**
.000
221

TABLE 2
Tables of analysis of YDULDQFHIRUERWKUHJUHVVLRQVRIµHQWHU¶ D DQGµVWHSZLVH¶ E PHWKRGVIRUDQQXDO
condition.
Analysis of variance (a)
Model
Regression
Residual
Total

Sum of Squares
16720038.218
72324145.681
89044183.899

df
11
345
356

Mean Square
1520003.474
209635.205

F
7.251**

Sig.
.000

Analysis of variance (b)
Model
Sum of Squares
df
Mean Square
F
Sig.
15022521.463
4
3755630.366
17.859**
.000
Regression
74021662.436
352
210288.814
Residual
89044183.899
356
Total
(a) Predictors: (Constant), Rain, Wind direction (max), Wind speed (max), Wind speed (mean), Temperature
(max), Temperature (min), Temperature (mean), Sunshine Hours, Ratio of Humidity (min), Ratio of Humidity
(max), Ratio of Humidity (mean), Evaporation.
Dependent Variable: Carbon monoxide
(b) Predictors: (Constant), Sunshine Hours, Ratio of Humidity (min), Ratio of Humidity (max), Wind direction
(max)
Dependent Variable: Carbon monoxide

Table 1 shows the relationships between carbon monoxide and other air pollutants. For example
the concentration of carbon monoxide shows negative correlation with O3 and NO2 while it shows positive correlation with SO2 and NOX. Carbon monoxide and NOX is increased when traffic is increased
while other negative pollutants are related to other
resources like PM10 which its main source is detached soils from western neighbors like Iraq, or
ozone is related to increasing of sunlight. These results are almost in good agreement with other results
regarding CO assessment in other cities like Esfahan
[22] and Ahvaz [23]. Correlation coefficients significant at the 0.05 level are identified with a single
asterisk (significant), and those significant at 0.01
level are identified with two asterisks (highly significant).
Table of analysis of variance (Table 2) shows
WKDWERWKUHJUHVVLRQVRIµHQWHU¶DQGµVWHSZLVH¶PHWKods in annual condition are highly significant,
indicating a significant relation between the different
variables.
In Tables 3 the coefficients of Carbon monoxide pollution model and regression lines for both en-

ter and stepwise methods in annual condition are presented. Regression coefficients, standard errors,
standardized coefficient beta, t values, and twotailed significance level of t have been shown in the
Tables.
The linear regression equations show that the
Carbon monoxide pollution depends on the
meteorological parameters and also give an idea
about the levels of relations. The linear model equaWLRQV DIWHU XVLQJ µHQWHU PHWKRG¶ DQG µVWHSZLVH
PHWKRG¶IRUDnnual condition are:
&DUERQ PRQR[LGH DPRXQW SSE  XVLQJ µHQWHU
PHWKRG¶ IRU DQQXDO FRQGLWLRQ   -.889)
Temperature(min) + (6.190) Temperature(max) + (22.226) Temperature(mean) + (4.359) Ratio of humidity(min) + (6.190) Ratio of Humidity(max) + (-1.084)
Rain + (-9.751) Sunshine Hours + (-.372) Wind
direction(max) + (18.274) Wind speed(max) + (101.718) Wind speed(mean) + (-43.478) Evaporation
R= 0.433 (significant at 0.01)
&DUERQ PRQR[LGH DPRXQW SSE  XVLQJ µVWHSZLVH PHWKRG¶ IRU DQQXDO FRQGLWLRQ 704.722 + (95.855) Wind speed(mean) + (8.118) Ratio of Humidity(max) + (32.527) Temperature(max) + (-50.261)
Evaporation
R=0 .411 (significant at 0.05)
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TABLE 3
Coefficients of Carbon monoxide pollution model and regression lines for both enter (a) and stepwise (b)
methods for annual condition.
Coefficients (a)
Model
(Constant)
Temperature (min)
Temperature (max)
Temperature (mean)
Ratio of Humidity (min)
Ratio of Humidity (max)
Rain
Sunshine Hours
Evaporation
Wind speed (max)
Wind direction (max)
Wind speed (mean)

Unstandardized Coefficients
B
Std. Error
680.441
344.779
-.889
13.564
52.756
13.604
-22.226
14.261
4.359
4.173
6.190
2.708
-1.084
6.715
-9.751
13.677
-43.478
17.844
18.274
17.077
-.372
.289
-101.718
35.288

Standardized Coefficients
Beta
-.014
1.008
-.396
.136
.265
-.010
-.057
-.368
.080
-.067
-.222

t

Sig.

1.974
-.066
3.878**
-1.559
1.044
2.286*
-.161
-.713
-2.437*
1.070
-1.287
-2.883**

.049
.948
.000
.120
.297
.023
.872
.476
.015
.285
.199
.004

Dependent Variable: Carbon monoxide
Coefficients (b)
Model
(Constant)
Wind speed (mean)
Ratio of Humidity (max)
Temperature (max)
Evaporation

Unstandardized Coefficients
B
Std. Error
704.722
269.428
-95.855
24.106
8.118
2.246
32.527
7.510
-50.261
16.573

Standardized Coefficients
Beta
-.209
.348
.621
-.425

t

Sig.

2.616
-3.976**
3.615**
4.331**
-3.033**

.009
.000
.000
.000
.003

Dependent Variable: Carbon monoxide
TABLE 4
Carbon monoxide amount (ppb) using two methods of enter and stepwise for different seasonal condition.
Season
Winter

Spring

Summer

Autumn

Enter method
= 725.743 + (-32.712) Tmin + (54.224) Tmax + (3.465) + RHmin
+ (4.585) RHmax + (-.172) R + (-18.298) SH + (-18.593) E + (10.738) WS max +
(-1.060) WD max + (-21.811) WSmean

R

Stepwise method

.485
(significant at
0.05)

= 1635.559 + (92.092) WSmean

R
.299
(significant at
0.05)

= 460.812 + (41.461)
Tmax + (-46.750) E

.452
(significant at
0.05)

= 768.497 + (-20.050) Tmin + (40.579) Tmax + (13.435) Tmean + 0.500
(-4.849) RHmin + (188.313) R + (-11.025) SH + E (-46.758) + ( - (significant at
18.187) WSmax + (-.153) WDmax+ (-5.684) WSmean
0.05)
= 2134.897 + (8.677) Tmin+ (-38.893) Tmax + (-8.682) RHmin + .397
(5.642) RHmax + (18.984) R + (1.007) SH + E (64.457) + ( (not
42.104) WSmax + (.003) WDmax + (-8.498) WSmean
significant)
.517
= -315.178 + (-19.054) Tmin+ (44.400) Tmax +
(significant at
(60.405) RHmin + (12.170) RHmax + (89.212) SH + (-87.426) E
0.05)
+ (-89.642) WSmax + (1.646) WDmax + (84.645) WSmean

.260
(significant at
0.05)
.406
= 2680.648 + (1.668) (significant at
WDmax + (-96.918) E 0.05)
= 1900.773 + (19.810) Tmean

Note: Tmean=Temperature (mean), Tmax =Temperature (max), Tmin=Temperature (min), WSmean = Wind
speed (mean), WSmax =Wind speed (max), WDmax =Wind direction (max), RHmean = Ratio of Humidity
(mean), RHmax =Ratio of Humidity (max), RHmin= Ratio of Humidity (min), SH= Sunshine Hours, R=Rainfall,
E=Evaporation

Results of linear regression model show that
Wind speed(mean) and Evaporation have reverse effect
on concentration of carbon monoxide. So that, when
these parameters increase, the concentration of carbon monoxide decreases. While, when Ratio of
Humidity (max) and Temperature (max) increase the
concentration of carbon monoxide significantly increases (Table 3b). Other meteorological parameters

show different effects on carbon monoxide amounts
although these results are not significant. For example Rain and sunshine have reverse effect on
concentration of carbon monoxide (Table 3a). These
results are almost in good agreement with other results regarding CO measurements in other Iranian
cities like Tehran [21] and Esfahan [22] and Ahvaz
[23] and other regions [14, 16, 18]. Actually some of
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with observed data during those days using RMSE
equation:

these events happen in real condition. Increasing in
rainfall, wind speed and temperature (inversion happens in low temperatures) usually decrease most of
air pollutants [3].
The values and significance of R (multiple
correlation coefficient) in both equations show
capability of them in predicting carbon monoxide
amount. The amount of Adjusted R2 in both equations is almost 0.159 showing that different parameters can calculate almost 16% variability of carbon
monoxide. This result indicates for predicting most
of air pollutants like carbon monoxide, we should
take into consideration consumption of fossil fuel
especially in motor vehicles. The automobile exhaust produces 75% of total air pollution. Release
poisonous gases of CO (77%), NOx (8%) and
Hydrocarbons (14%) [1]. On the other hand, R in enter method (0.433) is almost equal to stepwise
method (0.411), showing no difference. Therefore,
second equation based on stepwise method can be
used to predict carbon monoxide in the city instead
of using first equation which needs more data. On
the other hand, no difference between the two R values indicates that the excluded variables in second
equation have less effect on measuring of carbon
monoxide in the city.
Beta in Table 3 shows those independent variables (meteorological parameters) which have more
effect on dependent variable (carbon monoxide).
The beta in the both Table 3 shows a highly significant effect of some variables like Temperature(max)
compared to other meteorological parameters for
measuring the carbon monoxide. Parameter Sig (Pvalue) from Table 3 shows amount of relation between carbon monoxide and meteorological parameters. For example, Table 3a shows that wind speed
(mean) has higher effect on CO than wind direction.
On the other hand, in Table 4 the linear regression equations of carbon monoxide amount are presented for both enter and stepwise methods in different seasonal condition. Almost all of the models except summer model of enter method are significant
which is close to the results of Masoudi et al. [24].
Stepwise methods show those meteorological
parameters which are most important during these
seasons for estimating the pollution. Among the
models, autumn and spring models have the higher
R while the R of summer models shows the least. R
amounts in spring models are higher than in annual
models, also indicating that relations between the
pollutant and meteorological parameters are stronger
than whole year during this season. These results differ a little from the results of CO assessment for
different seasonal condition in other cities like Tehran [21] and Esfahan [22] and Ahvaz [23].
To test which annual model is better to use,
RMSE (Root Mean Square of Error) is calculated for
different linear models of enter and stepwise.
Predicted amounts using the different annual models
for 30 days during 2011 are calculated and compared



σ݊
ඨ 

 ݏܾെ݁ݎ


Oobs: observed CO value
OPre: predicted CO value using model
The values of RMSE in both linear models of
enter (415.08) and stepwise (400.10) show
capability of stepwise model in predicting CO
amount compared to enter model. This result which
is the same as the results of Asadifard [23] and
Masoudi et al. [24] indicates for predicting most of
air pollutants like CO, we may take into
consideration only linear models of stepwise which
need less data and also its calculation is easier than
enter model.
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TOXICITY OF ANISE OIL AGAINST THE GREEN PEACH
APHID MYZUS PERSICAE SULZER USING FOUR
SOLVENTS (HOMOPTERA: APHIDIDAE)
Tawfiq M Al - Antary*, Idres H Belghasem, Salah-eddin A Araj
School of Agriculture, Department of Plant Protection, University of Jordan, Amman 11942, Jordan

GPA causes little damage to plants. However, this
aphid is considered as a serious pest when associated
with virus diseases. GPA is capable of becoming
resistant to a wide range of insecticides groups.
Therefore, pest management strategies aimed at
preventing or minimizing resistance [9].
M. persicea feeds on hundreds of host plants in
over 40 plant families including vegetable crops in
the families. Solanaceae, Chenopodiaceae, Compositae, Cruciferae, and numerous flower crops and
other ornamental plants are suitable for the green
peach aphid development. Stone fruit crops such as
peach are sometimes damaged before the aphids
leave for summer hosts. Broadleaf weeds can be very
suitable host plants for the green peach aphid,
thereby creating pest problems in nearby crops [27].
M. persicae can attain very high densities on young
plant tissues, causing water stress, wilting, and
reduced growth rate of the plant. Prolonged aphid
infestation can cause perceivable reduction in yield
of root crops and foliage crops [3]. Early infestation
is particularly damaging to potato, even if the aphids
are subsequently removed [24]. Pesticides are
chemicals designed to kill. Their mode of action is
not specific to one species, so that they kill or cause
damage to organisms other than pests, including
humans [19].They have resulted in serious health
implications to human being and his environment.
There is now over-whelming evidences that some of
these chemicals have potential risks to humans, other
life forms and unwanted side effects to the
environment [14, 16]. Aphids have high
reproductive capacity and exten-sive applications of
pesticides to control aphid might lead to the
development resistance [23]. However, M. persicae
have been characterized with high reproduction,
quickly getting resistance and easily detecting its
resistance to the insecticide [10]. The GPA
populations have high levels of esterase resistance
for organophosphates. Many members of this main
group of insecticides have excellent selectivity as
aphicides [4, 11].
Essential oils (EO) have demonstrated toxic
effects against stored-product insects [18,30,31] as
well as agricultural pests[15]. They may act as
fumigants, contact insecticides, antifeedants or
repellents [2]. Essential oils also have a long history

ABSTRACT
Efficacy of essential oil anise, with four
different solvents namely: acetone, ethanol, nhexane and chloroform, was screened against the
green peach aphid Myzus persicae, for their aphicidal effects under lab conditions. The aphid was
reared in special insectary until reaching sensitive
strain after ten generations, bioassay was then
applied, to find lethal concentration, after three
different times; 24, 48 and 72 hours, and between
four solvents efficacy. As the result shown, the anise
oil with acetone was the most effective against 1st
and 2nd nymph (early nymphal instars) of M.
persicae.Determining anise oil showed effectiveness
with LC50 of 0.003, and 0.004 (v/v) with acetone
and n- hexane, respectively, and LC90 of 0.187, and
0.196 (v/v) with acetone and ethanol. Results
indicated significant differences in mean percentage
mortalities after 24, 48, and 72 hours of the exposure
at 10% concentration. Anise oil showed mortality
which ranged between 69.30 to 47.82%. The study
showed that this essential oil is promising insecticide
and may be used effectively in the management of
M. persicae to provide safe environment and crops
with high quality.

KEYWORDS:
Essential oils, anise, green peach aphid, bioassay.

INTRODUCTION
The green peach aphid (GPA),Myzuspersicae
(Sulzer) (Homoptera: Aphididae), is world-wide in
distribution, and is one of the most important
polyphagous pest, attacking hundreds of plants
including a wide range of vegetables and ornamental crop plants grown in both field and greenhouses [3,8]. The green peach aphid (GPA) is found
anywhere in the world and supposed to be a pest of
numerous vegetable crops throughout many countries [18]. Myzus persicae is a vector virus disease in
more than 30 plant families, including beans, sugar
beet, sugarcane, Brassica sp., citrus, and tobacco
[12]. Direct feeding damage by low num-bers of
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potting soil peat moss (Kasvuturvas). After growing
for 10 days under greenhouse conditions, seedlings
in the primary leaf stage individually transplanted
into a plastic pot (15 cm diameter) filled with the
soil. Plants kept in a greenhouse at 22 ± 4°C in the
campus of the Uni-versity of Jordan. These plants
were regularly irrigated. The pots of plants were
placed on eight plastic cages in the insectary. Each
cage contained twelve plant pots, supplemented with
16: 8 L: D average of temperature 22±2°C regime
and irrigated as needed.

in medical and dietary uses [22]. EO has proven
effectiveness in plant protection against plant
chewing and sucking insect pests, as well as flies that
oviposit in fruits [22]. Currently, over 3000 essential
oils have been identified. 300 of the essences and
their compounds have commercial importance in the
pharmaceutics, agriculture, food, health, cosmetic
and perfume industry [6]. Rafiei-Karahroodi et
el.[20] studied the respiratory toxi-city properties of
18 species of plants essential oils such as Anethum
graveolens L. on Indian meal moth (Plodia
interpunctella Hubner). They conclu-ded that the
essential oil of dill plant (Anethum graveolens L.)
had significant respiratory toxicity properties
towards the pest [5]. They used hexane, chloroform,
acetone and ethanol plant extracts at three
concentrations. Acetone and ethanol extracts had
appeared higher mortality of 69% and 71%,
respectively, at higher concentration of 10,000 ppm
compared with hexane and chloroform extracts.
They also found that patchouli oil was the most toxic
between seventeen essential oils screened against
different pest species including the green peach
aphid. In addition, Topuz and Erler [29] reported the
bioefficacy of some essential oils against the carmine
spider mite, Tetranychus cinna-barinus.However,
several workers [32, 33, 34] reported the antioxidant
activity of the organic extracts on several insect pests
.
The objective of this work was to test the toxicity of the oil anise (Pimpinella anisum L) against
the green peach aphid (GPA) using four different
solvents. The results of this work will be useful in
controlling this pest or to be included in the practices
of the integrated pest management to minimize the
use of pesticides and to reduce environmental
contamination.

TABLE1
Means of essential oil% and water content%
for anise oil
Name

Part of
the
plant

Essenti
al oil
%

Water
content
%

Anise
oil

Pimpinella
anisum
fruit oil

Fruit

88.06

6.69

Oil content active ingredients (essential oil)
in oil extracts.The oil was bought from Talya
Bitkisel Company (Amman-Jordan). Used oil were
analyzed to determine the active ingredient percentage in the Laboratory of Fruits and Vegetables
Processing at Department of Nutrition and Food
Technology the University of Jordan as shown in
Table 1. The quantity essential oil was carried out as
following. Five millilitres of oil was taken in
triplicates and placed into a previously weighed glass
Petri dishes (12cm). Then was placed in an oven at
75°C for 2 hours. After that they were taken from the
oven, placed in a desiccator to cool down for15
minutes and weighed. The difference between the
first weight and the second was calculated and
considered to be the essential oil weight in grams. To
determine the water contained in oil, the glass Petri
dish with the oil was again placed in the oven at
105°C for 3hr. Calculations for the water content %
was done for oil. There were three replications for oil
each time.

MATERIAL AND METHODS
Rearing of the aphid.M. persicae adults reared
in the laboratory at 22±2°C. The aphid was identified
by Prof. Tawfiq Al- Antary, of the University of
Jordan according to Blakman and Eastop [8]. The
GPA was collected from unsprayed area in Ghore Al
Safi region. A colony of GPA was established from
apterous individuals obtained from a continuously
maintained culture in an insectary in Department of
Plant Protection at the School of Agriculture in the
University of Jordan. M. persicae kept in cages with
a wooden frame of (60 × 40 × 45) dimension, with
4(20x30cm) fine mesh doors. A continuous supply
of new plants of sweet pepper was provided as
needed for the colony replenish-ment. Sweet pepper
seeds Super Lamuyo (Scanttin seed company) were
pre-germinated for three days in plastic Petri dish (9
x1.5 cm) lined on the bottom with wet filter paper
before being planted in plastic seedling trays (50 ×
30 × 60 cm, 50 seeds/tray) containing commercial

Bioassays.In order to test the toxicity of the
essential oil against M. persicae, 3rd and 4th
nymphal instars, and 1st and 2nd nymphal instars of
apterous aphid were placed on a sweet pepper leaves
in Petri dishes (9cm in diameter). Each essential oil
was diluted with distilled water and Tween 20 (0.005
ml) (adjuvant). There were four concentrations for
anise oil used. There were four solvents for oil. The
used solvents were: n- hexane (purity 99.5%),
chloroform (purity 99.5%), ethanol (purity 99.9%),
and acetone (purity 99.5%) and distilled water with
tween 20 as control. Each treatment was replicated
four times. Oil was diluted separately with the four
solvents in four replicates.
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TABLE 2
Concentration (v/v)-mortality data for the different solvents of anise oil on early nymphal
instars of M. persicae after 24 hours of treatment.
Solvent

Slope

LC50*

95%CL***

LC90**

95%CL***
0.148 - 0.302

ChiSquare
32.23

Pr > ChiSquare
<.0001

Ethanol

12.15

0.017a

-0.006 - 0.037

0.196b

Acetone
n-hexane
Chloroform

11.93
11.63
10.85

0.003b
0.012a
0.004b

-0.026 - 0.026
-0.024 - 0.040
-0.025 - 0.027

0.187a
0.201b
0.206b

0.137 - 0.302
0.150 - 0.309
0.158 - 0.301

26.44
30.70
37.88

<.0001
<.0001
<.0001

*LC50 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
**LC90 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
***95% confidence limit for LC50, LC90.

TABLE 3
Concentration (v/v)-mortality data for the different solvents of anise oil on late nymphal instars
of M. persicae after 24 hours of treatment.
Solvent

Slope

LC50*

95%CL***

LC90**

95%CL***

ChiSquare
38.92
28.11
19.38
30.63

14.27
0.027c
0.010 - 0.045
0.181a
0.139 - 0.263
Ethanol
11.90
0.017c
-0.006 - 0.040
0.202b
0.148 - 0.320
Acetone
10.71
0.010b
-0.035 - 0.043
0.215c
0.150 - 0.389
n-hexane
11.16
0.003a
-0.027 - 0.025
0.200b
0.149 - 0.305
Chloroform
LC50 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
LC90 values sharing the same letters do not differ significantly (95%of CL aren't overlapping)
***95%confidencelimitforLC50,LC90

was determined and shown in Tables (2 and 3) to
essential oil anise, with four different solvents:
ethanol, acetone, n-hexane, and chloroform after 24
hours. The software version SAS program (SAS
2014) was used to estimate parameters of toxicity,
95% confidence limits (CL) for the concentrations
used and the slope. In addition, Pearson's Chi- square
test was used. The comparison between effect of the
anise oil with different solvents against early
nymphal (1st and 2nd) instars and late (3rd and 4th)
of M.persicae are found in Tables (4 and 5) after
different times (24, 48 and 72 hours).

In addition, each solvent (four replicates) in each
treatment was tested separately against the green
peach aphid. Each replicate has from 35to 50 aphids.
The diluted oil with solvent was shaken for 5 minutes
by hand. Each replicate was sprayed with the diluted
oil with a sprayer on the placed aphids on the sweet
pepper leaf in the Petri dish. The sprayer was
consisted of 18 ml glass container .It was provided
with an atomizer. One sprayer was separately used
for each concentration. Petri dishes were kept open
to dry for 15 minutes of spraying.Mortality rate of
the aphids was assessed after exposure for 24, 48,
and 72h. Petri dishes provided with sterile water and
tween 20 was served as a negative control, and
Calypso (neonicotinoid) in-secticide at the
recommended rate of the application as a positive
control. Four replicates for each concentration was
used. Each treatment was tested to find the lowest
concentration which gave around 30% mortality, and
the highest concentration which gave around 95%
mortality. The concentrations for anise were 0.3, 0.1,
0.01, 0.001, 0.0001and 0.00001. The LC50 and
LC90 for oil were obtained after repeating the
experimental work several times. Slope and
confidence of limits were also reported.

Lethal concentrations of anise oils. Lethal
concentrations of 50% (LC50) of aphid population
of anise oils on early nymphal instars of the GPA
were the highest significantly with acetone
chloroform, respectively (0.003, 0.004) compared
with the other solvents (n ±hexane and ethanol)
which did not differ significantly; n-hexane (0.012)
and ethanol (0.017). The LC90 were significantly the
lowest in chloroform, n-hexane, ethanol and then
acetone, respectively.
The essential oil of anise with chloroform
solvent showed significantly the highest toxicity
against late nymphal instar of GPA; the LC50 was
0.003 (v/v). The lowest toxicity was significantly
appeared in case of anise with ethanol (Table3); the
LC50 was0.027 (v/v). The LC90 of n- hexane
(0.215v/v) was significantly with the lowest
compared with the other solvents.

Statistical analysis. Data were analyzed using
Statistical Analysis Software (SAS 2014) for LC50,
LC90 and finding differences between means.

RESULTS
The lethal concentrations for LC50s and LC90s
of the aphid population of green peach aphid (GPA),
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due to their broad spectrum of activity [17,28]. The
use of natural plant products is considered more
sustainable, cheaper and safer. Natural pesticides are
preferred for many reasons. Of these, they are
cheaper compared with the chemical pesticides. In
addition, they are made from local resources and
safer to humans than chemical pesticides [25].They
concluded that essential oil of garlic plant and mint
oil could be used as effective natural products and to
be included in the integrated pest management
programs. However, essential oils may be effective
when used in pest management practices against
several insect pests [26].
Essential oil has a great ability to penetrate
through the cuticle of aphids than to be absorbed
from the gut. They have also been shown to act as a
contact neurotoxin against several insects [1], including the green peach aphid, by damaging their
olfactory senses[13]. [20] when tested 25 essential
oils against mosquitoes, they observed that lemon oil
recorded LC50 value of 43.79 ppm and orange oil
LC50 values of 54.97 ppm, after 24 h of the
exposure. [7] reported that anise Illicium verum fruit
extract in different solvents were toxic to M. persicae
adults. The contact toxicity effects of the extract in
three solvents were distinctly enhanced by
increasing concentrations extracts. The highest
FRQFHQWUDWLRQ RI ௗPJO FDXVHG M. Persicae
mortalities of 68.93%, 89.95%, and 7DWௗK
after treatment, respectively. This agreed with the
present study as shown in Table 5.In this table anise
oils with n-hexane against nymphs of GPA caused
mortality after the different times of exposure of
69.20,73,52 and 74, 52 %, respectively. In the
present study, LC50 and LC90 values of 0.010,
0.215 (Table3) were similar to those mentioned by
[7]7KH\ZHUHDQGௗPJODWௗKDIWHU
treatment. They reported that anise oil extracts were
potential as an eco-friendly biopesticide in integrated
pest management against M. persicae.

TABLE4
Effect of different solvent on efficacy of anise oil
against early nymphal of M. persicae using 10%
(0.1) concentration at three times of treatment.
Solvents

Ethanol
Acetone
Chloroform
n-Hexane
Calypso
Control

After
24hours
75.25b±1.60
72.75bc ± 1.54
76.00b ± 1.47
71.00c ± 0.70
94.00a ± 0.57
4.00d ± 0.70

% mortality, ±SE
After
After 72hours
48hours
78.00b ± 1.47
80.00bc ± 3.08
76.75b ± 1.25
78.75bc ± 0.75
78.50b ± 1.55
82.75b ± 2.86
75.50b ± 0.64
76.75c ± 1.18
94.00a ± 0.57
96.00a ± 1.22
4.50c ± 1.19
6.75d ± 0.75

Means within the same column sharing the same letters do
not differ significantly at 5% level using LSD test.

TABLE 5
Effect of different solvent on efficacy of anise oil
against late nymphal of M.persicae using 10%
(0.1) concentration at three times of treatment.
Solvents

Ethanol
Acetone
Chloroform
n-Hexane
Calypso
Control

After
24hours
70.50c ± 0.86
69.25c ± 2.13
74.75b ± 1.79
69.25c ± 0.47
94.00a ± 0.57
4.00d ± 0.70

% mortality, ±SE
After 48hours
After
72hours
74.25bc ± 0.94
74.25bc ± 0.94
72.00c ± 1.22
72.00c ± 1.22
78.00b ± 2.48
78.00b ± 2.48
73.50c ± 0.64
73.50c ± 0.64
94.00a ± 0.57
94.00a ± 0.57
4.50d ± 1.19
4.50d ± 1.19

Means within the same column sharing the same letters do
not differ significantly at 5% level using LSD test.

Comparisons between solvents effect. Anise
with different solvents. The obtained results in
Table 4 showed significantly that chloroform with
anise caused the highest in effect on early nymphal
instars of M. persicae when compared with the
different solvents. The highest was notable at 72h of
exposure; it was 82.75%. The second in toxicity was
ethanol which caused at 72 h 80.00% morality. No
significant differences between ethanol and acetone
were detected. N-Hexane was the least in toxicity
compared with the other different solvents (Table 4),
but significantly higher than control and less than
Calypso.
When comparing the effect of the four different
solvents with anise oil against the late nymphal
instars of GPA, the results in Table 5 showed
significantly the difference between Calypso and the
control. No significant differences were shown
between effect of n-hexane, acetone and ethanol after
24h of the exposure. They were 69.25, 69.25 and
70.50%, respectively. Chloroform had caused more
effect at 24, 48 and 72 h of the exposure. They were
74.75, 78.00 and 78.00%, respectively.
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BIOSTIMULATION OF SOILS CONTAMINATED
WITH PETROLEUM PRODUCTS USING WASTEWATER
SLUDGE: THE EFFECT OF DEHYDROGENASE ACTIVITY
Efsun Dindar*, Fatma Olcay Topac Sagban, Ufuk Alkan, Huseyin S Baskaya
Uludag University, Faculty of Engineering, Department of Environmental Engineering, 16059 Görükle, Bursa, Turkey

release of hydrocarbon products into the
environment has impacted soil ecosystems. The
existence of contaminated soils poses a risk to the
environment, and it is thus necessary to eliminate
such pollutants. There are several approaches for this
purpose. Methods such as direct engineering and
natural cleanup (bioremediation, biostimula-tion,
bioaugmentation) are very effective. One of these
methods, bioremediation, uses biological acti-vity in
situ to decrease or eliminate hydrocarbon pollution.
Inadequate mineral nutrients, especially
nitrogen and phosphorus, often limits the growth of
hydrocarbon utilizing bacteria in water and soil. The
addition of nitrogen and phosphorus to an oilpolluted soil has been shown to accelerate the
biodegradation of the petroleum in the soil [2,3]. The
addition of a carbon source to contaminated soil is
also known to enhance the rate of pollutant
degradation by stimulating the growth of microorganisms responsible for the biodegradation of the
pollutant. Wrobel and Sadowski [4] reported that soil
amendment with ornaic matter effectively mollified
the toxicity of the pollutants in soil.
Therefore, the utilization of organic waste in
the bioremediation of soil seems to be an area of high
potential. This will reduce the amount of organic
waste sent to the landfill, thus reducing the emission
of landfill gases, and also provide a cheap source of
organic additive for remediation purposes.
Nevertheless, extensive research is crucial to identify
suitable organic wastes to be utilized in soil
bioremediation. Wastewater sludges are a potential
source of organic matter and nutrients for plants in
agriculture, nature protection and soil reclamation
[5]. Therefore, this paper aims to identify the
potential use of wastewater sludge in enhancing the
biodegradation of used engine oil and crude oil in
contaminated soil.
Oxidoreductases enzymes (dehydrogenase,
polyphenol oxidase) are also important for degradation of recalcitrant compounds [6]. Dehydrogenase enzymes (DHA) are almost exclusively
intracellular and they are involved in organic matter
oxidation. They reflect physiologically active
microorganisms and thus provide correlative information on biological activities and microbial populations in soils [7]. It described that the concentration of petroleum hydrocarbon had significant

ABSTRACT
The objective of this study was to evaluate the
removal efficiencies of total petroleum hydrocarbons (TPH) from soil contaminated with used
engine oil and crude oil (doses of 0.5 % and 5%) and
to determine the fate of TPH at different temperatures (18°C and 28°C) for an incubation period of
12 months.
The results of the incubation study indicated
that TPH removal percentages in soils contaminated
by used engine oil at 18°C were 69% and 72%, for
doses of 0.5% and 5%, respectively. Incubation at
28°C resulted in higher TPH removals with values of
81% (dose of 0.5%) and 87% (dose of 5%). Higher
TPH removal percentages were obtained in a crude
oil contamination trial at 18°C, with values of 88%
and 84%, for doses of 0.5 and 5%, respectively.
Incubation at 28°C resulted in higher TPH removals
with values of 86% (dose of 0.5%) and 91% (dose of
5%).
Dehydrogenase activity levels in used engineand crude oil contaminated soils were apparently
lower than those in control soil. Application of
wastewater sludge accelerated the DHA levels for all
treatment.
Based on the first order kinetics model, a high
dose of (5%) used engine oil contaminated soil
amended with wastewater sludge showed the highest
biodegradation rate of 0.00563/day and had a halflife of 123.07 days at the end of incubation period for
28°C. For crude oil, a high dose of (5%) crude oil
contaminated soil amended with wastewater sludge
showed a biodegradation rate of 0.00511/day and a
half-life of 135.54 days.
KEYWORDS:
biostimulation, crude oil, used engine oil, soil, total
petroleum hydrocarbons, wastewater sludge.

INTRODUCTION
Contamination of the environment with
petroleum hydrocarbons, consisting of aliphatics
(cyclics and acyclics), simple aromatics and
polynuclear aromatic hydrocarbons (PAHs) is a
serious concern worldwide [1]. In recent decades, the
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ppm, and total nitrogen content of 0.0980% (wt).
Used engine oil (10W/40 diesel) was collected
from a car service centre and has a specific gravity
of 0.96, viscosity of 120 cs (25°C), density of 0.9
(20°C), total sulphur content of 0.35% (wt),
vanadium content of <5 ppm, nickel content of 1.8
ppm, and total nitrogen content of 0.02% (wt).

effect on activity of soil dehydrogenase [8].
A laboratory study was performed in order to
evaluate the effects of wastewater sludge (WS)
addition, ageing time and incubation temperature on
the total petroleum hydrocarbons (TPH) degradation efficiency in used engine oil- and crude oilcontaminated soils, based on remediation approaches that consist of biostimulation for 12 months. In
addition, the other objective of this study was to
examine the effects of different types (crude oil and
used engine oil) of hydrocarbon pollution on soil
dehydrogenase enzyme activity. Soils contaminated
with 0.5% and 5% used engine oil and crude oil were
tested at the end of incubation period with respect to
TPH. In addition dehydrogenase enzyme activity
content in soils was analyzed.

Determination of physical and chemical
properties of soil and wastewater sludge. Soil and
wastewater sludge samples were prepared and
analysed following the same procedures. The
electrical conductivity (EC) and pH of the samples
were measured with a conductivity meter and pH
meter, respectively, and analysed the extracts
obtained by shaking soil or wastewater sludge
samples with distilled water (1:5, w/v) [9,10]
The Kjeldahl digestion method was used to
measure the total nitrogen concentration [11]. In
addition, dichromate oxidation was used to measure
the total organic carbon [12]. A solution of 0.5 N
NaHCO3 was used to extract available P. Nitric acidsulphuric acid digestion was performed in order to
determine total P. PO4-3-P in extracts was measured
according to ascorbic acid method [13]. The total
concentrations of metals (Cr, Ni, Cu and Zn) were
determined after microwave digestion of the samples
with HNO3 by using an ICP OES (Perkin Elmer 2100
DV Optima) [14].

MATERIALS AND METHOD
Materials. Soil samples were collected from
the top 20 cm of an agricultural field located in
Bursa-%DODEDQFÕNYLOODJH ODWLWXGH  1
longitude, 28° 47' 07.55''E). The soil chemical properties are shown in Table 1.
The wastewater sludge samples were obtained
from a canned food company treatment plant in
Bursa, Turkey. General characteristics of the canned
food sludge are presented in Table 1.

Determination of total petroleum hydrocarbons and dehydrogenase activity in soil. The
TPH concentration was determined by ISO 16703:
2004. In total, 20 g of petroleum-contaminated soil
was weighed and put into a glass extraction vessel
with 40 ml of acetone. After briefly shaking by hand,
20 ml of RTW (Retention Time Window)-standart
solution was added. The specimens were extracted
for 60 min by mechanical shaking. After the solid
material settled, the supernatant was transferred into
a separatory funnel. The acetone was removed by
washing the organic phase twice by shaking
thoroughly (5 min) with 100 ml of water. The
organic layer was collected in a glass tube. Then,
sodium sulphate was added, and 10 ml of extract was
transferred to a clean-up column filled with Florisil.
An aliquot of the purified extract was placed into a
GC-vial and analysed by GC-FID.
The extracts were analysed in random order
within a single batch by gas chromatography, using
an HP Agilent 7890A gas chromatograph (Agilent
Technologies, www.agilent.com) equipped with a
FID detector, an Agilent 7693 autosampler and a
low-bleed HP-5 MS (Agilent part no:19091S-433)
capillary column (30 m x 0.25 mm i.d.) with a
nominal film thickness of 0.25 μm. The splitless
injec-tion method was used with a deactivated,
splitless inlet liner with adsorbent material and taper
(Agilent Technologies, P/N 5183-4711). The
injection temperature was 350°C, and the injection

TABLE 1
The physicochemical properties of the soil and
wastewater sludge
Parameters
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Values
Sludge
6.97
5.04
16.4
33.50
3.50
9.57
201.93

Soil
pH (1:5)
7.76
EC, mS/cm (1:5)
0.23
Solid matter, %
Organic C , %
1.70
Total N, %
0.12
C/N ratios
14.17
NH4-N, mg/kg dry
24.1
weight
NO3-N, mg/ kg dry 171.64
24.1
weight
Total P, %
0.50
0.17
Available PO4-P, 386.11
20.69
mg/ kg dry weight
Exchangeable heavy metals (mg/ kg dry weight):
Zn
122.8
<2
Cu
27.55
<2
Ni
11.20
<2
Cr
0.11
<2
Cd
0.09
<2
Pb
1.79
<2
Total heavy metals (mg/ kg dry weight):
Zn
334.2
65.02
Cu
53.50
15.34
Ni
58.29
128.0
Cr
48.20
98.69
Cd
3.50
0.21
Pb
11.66
trace

/LJKW FUXGH RLO ZDV FROOHFWHG IURP WKH ø]PLU
$OLD÷DUHILQHU\DQGKDVDVSHFLILFJUDYLW\RI 
F/60 F), gravity of 33.4 API, viscosity of 10.20 cs
(70 F), total sulphur content of 1.79% (wt), vanadium content of 20.50 ppm, nickel content of 4.40
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volume was 2 μl. Helium (2 ml min-1) was used as
the carrier gas. The final GC oven program started at
35°C and was maintained for 1.5 min before
increasing to 60°C at 5 °C min-1, then increasing to
350°C at 15°C min-1 before being held at 350°C for
10 min. According to standard methodology (ISO
16703:2004), the amount of total petroleum
hydrocarbons (TPH) was then determined as a sum
parameter of resolved and unresolved components
eluted from the GC capillary column between the
retention times of n-decane and n-tetracontane [15].
Enzymatic activity of dehydrogenase was
determined according to the method described by
Tabatabai [16]. In order to determine dehydrogenase activity, triphenyl tetrazolium chloride solution (3%) was added to soil and suspension was
incubated at 37°C for 24 hrs. Triphenyl formazan
formation was determined spectrophotometrically at
485 nm and the results were expressed as mg TPF
kgí1 24hí1.
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experimental units at the start of the incubation. The
sacrificial soil samples were analysed at the end of
the incubation period.
Statistical analysis. All statistical calculations
were performed using STATISTICA 10.0 software
[19] (StatSoft 2010). Three way analysis of vari-ance
was performed to test the effect of the conta-minant
dose, treatment and temperature (Table 2).
TABLE 2
Variation of TPH concentration soil
contaminated with crude and used engine oil
Variation
Used engine oil
Temperature
Dose
Treatment
Treatment x temperature
Dose x treatment
Temperature x dose
Temperature x dose x treatment
Error
Crude oil
Temperature
Dose
Treatment
Treatment x Temperature
Dose x treatment
Temperature x dose
Temperature x dose x treatment
Error

First-order kinetics model. TPH data were
fitted to a first-order kinetics model [17] with,
Y=Ae-kt
where
x Y=the residual hydrocarbon content in soil
(mg kg-1),
x A=the initial hydrocarbon content in soil
(mg kg-1),
x k= the biodegradation rate constant (d-1),
and
x t=time (d)
The model estimated the biodegradation rate
and half-life of hydrocarbons in soil, relative to the
treatments applied. The half life was then calculated
using the model of Yeung et al., [17] as
Half life=In(2)/k
This model was based on the assumption that
the degradation rate of hydrocarbons positively
correlated with the hydrocarbon pool size in soil
[18].

Fistatistic

p

236
3344
676
1
559
179
4

<0.05
<0.05
<0.05
n.s
<0.05
<0.05
n.s
16

215
1042
387
129
383
233
140

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
16

The effects of temperature and treatment on
TPH removal were further tested with two-way
ANOVA for each contaminant dose. When
significant effects were indicated by ANOVA, post
KRF DQDO\VLV ZDV SHUIRUPHG XVLQJ 7XNH\¶V +6'
multiple comparison test.

RESULT AND DISCUSSION
Biodegradation of used engine oil and crude
oil. The variations in TPH concentration levels for
soil samples contaminated with used engine- and
crude oil (0.5%, w/w) are shown Figure 1. The
application of 0.5% crude oil resulted in an initial
TPH concentration of 4735 mg kg-1 in contaminated
soils.
The results showed that the removal of TPH in
soil contaminated with crude oil was negatively
affected by the addition of wastewater sludge. The
amendment of wastewater sludge (due to nitrogen
content) can have deleterious effects [20,21].
Wastewater sludge mineralization may inhibit the
decomposition of less biodegradable compounds
[22,23]. The TPH levels in crude oil-contaminated
and sludge-amended soil were higher than those in
waste engine oil-contaminated soil. In addition, the
results showed that high temperature did not
contribute to the removal of TPH in soil
contaminated with crude oil.

Incubation procedure. Soil samples were airdried in the laboratory and sieved through 2 mm
screens. Then, 40 g of soil was placed in cylindrical
glass pots and contaminated with 0.5% (w/w)-5%
(w/w) of crude oil and used engine oil and
thoroughly mixed. Soil with no crude and no used
engine oil added served as a control. After oil
addition, the wastewater sludge was thoroughly
mixed with the soils at ratios equivalent to 40 g kg-1
on a dry weight basis. The pots were incubated for
12 months in the dark at 28±0.5°C and 18±0.5°C.
The moisture content in the soil was maintained at
70% of field capacity throughout the incubation
period. Water loss by evaporation was compensated
daily using distilled water to maintain soil water
content. The experiment was planned with a
completely randomised design and each treatment
was performed in triplicated to give a total of 48
3713
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incubation period, respectively. No stimulation
effect was observed in sludge-amended soils
contaminated with used engine oil.
The TPH biodegradation rate of the soil
samples contaminated with crude oil was 91% and
88% at 18°C and 28°C, respectively, which
decreased to 87% and 86% after treatment with
wastewater sludge. The lowest biodegradation rate
was observed for the soil contaminated with used
engine oil and treated with wastewater sludge at
18°C.
The overall evaluation of the TPH results
indicated that TPH levels in soil contaminated with
used engine oil were apparently higher than those in
soil contaminated with crude oil, which most likely
indicates the difficulty of biodegradation of used
engine oil hydrocarbons. The hydrophobic nature of
used engine oil may be the main reason for this result
[23]. The oil occupied macrospores and coated
macro aggregates, thereby reducing the water film
thickness around macro aggregates and retarding the
movement of water into soil aggregates. Kirk et al.,
[24] stated that because of the hydrophobic nature of
the contaminant, water and water-soluble nutrients
are often limited in used engine oil contaminated
soils.

According to Figure 1, the initial TPH concentration in used engine oil-contaminated soil (0.5%,
w/w) corresponded to 5400 mg kg-1.

FIGURE 1
Changes in TPH levels in soil contaminated with
crude and used engine oil (0.5%) and canned
food industry sludge-amended soils at the end of
incubation period (WS:wastewater sludge,
NWS:non-wastewater sludge).
As shown in Figure 1, the removal of TPH in
soil contaminated with used engine oil was
positively affected by the addition of wastewater
sludge. At the end of the incubation period, the TPH
levels in used engine oil-contaminated+ sludgeamended soil were slightly lower than those in used
engine oil-contaminated soil for both temperatures.
The TPH removal percentage in used engine oilcontaminated soil that had been sludge-amended was
69% and 81% at the end of the incubation period at
18°C and 28°C, respectively.
The biodegradation rates expressed as
percentages of TPH at 18°C and 28°C over time for
the soil samples contaminated with a low dose
(0.5%) of crude and used engine oil are shown in
Figure 2.

FIGURE 3
Changes in TPH levels in soil contaminated with
crude and used engine oil (5%) and canned food
industry sludge-amended soils at the end of
incubation period (WS:wastewater sludge,
NWS:non-wastewater sludge).
Figure 3 shows the variation of TPH levels in
soils contaminated with a high dose (5%, w/w) of
crude and used engine oil after an incubation period
of 12 months. The application of 5% crude oil
resulted in an initial TPH concentration of 42860 mg
kg-1 in contaminated soils. At the end of the
incubation period, the TPH levels in crude oilcontaminated soil significantly decreased for both
18°C and 28°C. The results showed that high
temperatures (28°C) contributed more to the removal
of TPH in soil contaminated with crude oil.
As shown in Figure 3, the removal of TPH in
soil contaminated with crude oil was positively
affected by the addition of wastewater sludge. The
results showed that the TPH levels in crude oil-

FIGURE 2
Percentage removal of TPH in soils
contaminated with crude and used engine oil
(0.5%) and amended with canned food industry
wastewater sludge at 18 °C and 28 °C
(WS:wastewater sludge, NWS:non-wastewater
sludge).
An examination of the TPH removal rates at
18°C and 28°C show that the TPH biodegradation
rate of the soil samples contaminated with used
engine oil was 68% and 80% at the end of the
3714
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contaminated and sludge-amended soils were
apparently lower than those in contaminated soil.
This means that the organically rich wastewater
sludge amendment facilitated the degradation of
crude oil. Hur and Park [25] also stated that the
amendment of wastewater sludge increased the
degradation rate of the crude oil.
According to Figure 3, the initial TPH
concentration in used engine oil-contaminated soil
(5%, w/w) corresponded to 46919 mg kg-1. Comparing the levels among different incubation temperatures showed that the rate of TPH decrease was
greater at 28°C (p<0.005). Similarly, Walworth et
al., [26] reported that hydrocarbon degradation is
increased at higher temperatures.
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increased to 85% after treatment with wastewater
sludge.
An examination of the biodegradation rates at
18°C shows that the TPH biodegradation rate of the
soil samples contaminated with used engine oil was
49% at the end of the incubation period. For the
contaminated soil samples stimulated with wastewater sludge, the biodegradation rate increased to
72%. For soil contaminated with used engine oil at
28°C, the TPH biodegradation rate was 61%, which
increased to 87% after treatment with wastewater
sludge.
The highest biodegradation rate was observed
for the soil contaminated with crude oil and treated
with wastewater sludge at 28°C.
Biodegradation rate constant and half-life of
crude and used engine oil. A first order kinetics
model [17] was used to determine the rate of biodegradation of crude oil and used engine oil in soil
amended with wastewater sludge. Kinetic analysis is
a key factor for understanding the biodegradation
process, measuring the bioreme-diation speed and
developing an efficient clean-up plan for a crude and
used engine oil contaminated environment.
TABLE 3
Biodegradation rate and half life of hydrocarbon
in used engine and crude oil polluted soil
amended with wastewater sludge at the end of
incubation period (28 °C)

FIGURE 4
Percentage removal of TPH in soils
contaminated with crude and used engine oil
(5%) and amended with canned food industry
wastewater sludge at 18 °C and 28 °C
(WS:wastewater sludge, NWS:non-wastewater
sludge).

28 °C
Treatment
Soil+0.5 %EO
Soil+5 %EO
Soil+0.5%EO+WS
Soil+5%EO+WS
Soil+0.5 %CO
Soil+5 %CO
Soil+0.5%CO+WS
Soil+5%CO+WS
18 °C
Soil+0.5 %EO
Soil+5 %EO
Soil+0.5%EO+WS
Soil+5%EO+WS
Soil+0.5 %CO
Soil+5 %CO
Soil+0.5%CO+WS
Soil+5%CO+WS

The TPH levels in used engine- and crude oilcontaminated and sludge-amended soils were
apparently lower than those in contaminated soil
without sludge amendment. In addition, the TPH
results indicated that TPH levels in soil contaminated with used engine oil were apparently higher
than those in soil contaminated with crude oil. The
adsorption of hydrophobic contaminants to soil
particles and their poor water solubility greatly
reduce their availability to the hydrocarbon-utilizing microorganisms (i.e., hydrocarbon bioavailability). Therefore, in addition to nutrients, some
organic matter is also added to the contaminated
soils to increase the water solubility of hydrocarbons and consequently their mass transfer rate
[27,28]. The biodegradation rates expressed as
percentages of TPH at 18°C and 28°C for the soil
samples contaminated with a high dose (5%) of
crude and used engine oil are shown in Figure 4.
After a total incubation period of 12 months at 28°C,
the biodegradation rate for the soil samples
contaminated with crude oil was 76%, whereas
treatment with wastewater sludge increased this ratio
(91%).
For soil contaminated with crude oil at 18°C,
the TPH biodegradation rate was 63%, which

365 d
0.00484
0.00260
0.00315
0.00563
0.00587
0.00396
0.00547
0.00649

Half life
(t1/2)
(days)
365 d
143.21
265.78
219.63
123.07
117.92
175.04
126.72
106.77

0.00317
0.00184
0.00321
0.00344
0.00645
0.00270
0.00569
0.00511

218.24
376.09
215.39
200.98
107.46
256.15
121.69
135.54

Biodegradation
constant, k/day

Table 3 show the biodegradation rate constant
(k) and half life (t1/2) of the soil contaminated with
crude and used engine oil amended with wastewater
sludge at the end of the incubation period for 28°C
and 18°C, respectively.
According to Table 3, the low dose of (0.5%)
used engine oil-contaminated soil amended with
wastewater sludge showed a biodegradation rate of
0.00315/day and a half life of 219.63 days, where-as,
the biodegradation rates and half life of contaminated soil are 0.00484/day and 143.21 days. At the
3715
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the metabolic activity of soil microorganisms. As
dehydrogenases are not active independent of parent
microbial cell as extracellular enzymes in soil,
estimation of dehydrogenase is overall a good
indicator of microbial activity and oxidation of
organic matter [32, 23]. The variations in DHA
concentration levels for soil samples contaminated
with used engine- and crude oil (0.5% and 5%) are
shown Figure 5.
The results showed that the DHA levels in used
engine- and crude oil contaminated soils were
apparently lower than those in control soil. Degradation of hydrocarbons was most likely retarded by
the effects of a hydrophobic nature, which hindered
oxygen or nutrient transfer processes in the soil.
Hydrocarbons may also cover organic, mineral and
cell surfaces, inhibiting enzyme activity expression
[33].

end of incubation period, a high dose of (5%) used
engine oil contaminated soil amended with wastewater sludge showed a biodegradation rate of
0.00563/day and a half life of 123.07 days, where-as,
the biodegradation rates and half life of contaminated soil were 0.00260/day and 265.78 days.
For crude oil, the low dose of (0.5%)
contaminated soil amended with wastewater sludge
showed a biodegradation rate of 0.00547/day and a
half life of 126.72 days, whereas, the biodegradation rates and half life of contaminated soil are
0.00587/day and 117.92 days.
At the end of the incubation period, a high dose
of (5%) crude oil contaminated soil amended with
wastewater sludge showed a biodegradation rate of
0.00649/day and a half-life of 106.77 days, whereas,
the biodegradation rate and half-life of contaminated
soil are 0.00396/day and 175.04 days. The high
biodegradation rate recorded in crude oil
contaminated soil amended with wastewater sludge
might be due its high N and P contents and its
buffering effects on the microbial flora in the crude
oil contaminated soil compared to control soil [29].
According to Table 3, the biodegradation of used
engine oil at 18°C resulted in lower biodegradation
constants and higher half lifes in general. At the end
of the incubation period, a low dose of (0.5%) used
engine oil contaminated soil amended with wastewater sludge showed similar biodegradation rate and
half life values compared to contaminated soil
without sludge amendment.
A high dose of (5%) used engine oilcontaminated soil amended with wastewater sludge
showed the biodegradation rate of 0.00344/day and
a 200.98 day half life, whereas, the biodegradation
rates and half life of contaminated soil are
0.00184/day and 376.09 days.
For crude oil, a low dose of (0.5%)
contaminated soil amended with wastewater sludge
showed a biodegradation rate of 0.00569/day and a
half life of 121.69 days, whereas, the biodegradation rate of contaminated soil was 0.00645/day
with a half life of 107.46 days.
At the end of the incubation period, a high dose
of (5%) crude oil contaminated soil amended with
wastewater sludge showed the biodegradation rate of
0.00511/day and half life of 135.54 days, whereas,
the biodegradation rates and half life of
contaminated soil are 0.00270/day and 256.15 days.
The results show a relationship between the rate
of biodegradation and the concentration of used
engine oil in the contaminated soil. According to the
results, higher biodegradation rates were recor-ded
in soil contaminated with 5% crude oil and sludge
amended for 28°C. This high biodegradation rate
could be attributed to an increase in the activity of
soil microorganisms at this oil pollution level
[30,31].
Dehydrogenase activity. Dehydrogenase activity is recognized as a useful indicator in evaluating

FIGURE 5
Dehydrogenase activity in soils contaminated
with engine oil or crude oil with/without
wastewater sludge amendment at the end of
incubation period. (NWS: non-wastewater
sludge, WS:wastewater sludge).
The results of the incubation study indicated
that wastewater sludge amendment caused an
increase in the DHA levels of contaminated soils at
the end of incubation. This increment in DHA levels
may be attributed to available nutrient content of
tested wastewater sludge [34, 23]. According to
Figure 5a, the DHA levels appeared to be generally
lower in used engine oil contaminated soils. The
hydrophobic nature of used engine oil may be the
main reason for this result. The oil occupied the
macrospores and coated macro aggregates thereby
reducing the water film thickness around macro
aggregates and retarded the movement of water into
3716
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18oC; water: 70% of field capacity). On the other
hand, a higher removal percentage (63% and 91%)
was obtained in the case of crude oil pollution under
the same controlled conditions.
x Another conclusion from this study is that
the addition of wastewater sludge to used engine and
crude oil-polluted soils affected soil DHA levels.
Biostimulating effect with respect to enzyme activity
levels was observed in this study. DHA levels in soil
were affected negatively by hydrocarbon pollution.
x The effect of wastewater sludge
amendment on TPH removal in polluted soil appears
to depend on contaminant dose and the origin of the
petroleum product. According to the obtained data,
sludge amendment increased the TPH removal
percentages in soils contaminated with 5% oil. In the
case of 0.5% contamination, no stimulatory effect
was observed.
Consequently, the possibility of using
wastewater sludge in soils contaminated with oil
(petroleum hydrocarbons) should initially be
evaluated by incubation studies to estimate the
appropriate ratio of the sludge application dose and
oil pollution level.

soil aggregates. Kirk et al., [24] further stated that
because of the hydrophobic nature of the
contaminant, water and water-soluble nutrients are
often limited in used engine oil contaminated soils.
The highest DHA level was observed for the soil
contaminated with crude oil and treated with
wastewater sludge at 28°C.
As indicated in Figure 5b, the DHA levels in
crude oil contaminated soil were similar to or higher
than the engine oil levels at the 18°C. The highest
DHA level was observed for the soil contaminated
with used engine oil and treated with wastewater
sludge at 28°C. The measured enzyme activity
appeared to be generally lower in crude oil
contaminated soils. This lower level of enzyme
activitiy can be explained by the low viscosity of
crude oil resulted in a more widespread contact of
soil and the pollutant. In case of used engine oil
pollution, the pollutant has caused the formation of
oily pellets in soil. It is thought that the soil outside
of oily pellets may not be affected by the pollutant
adversely, triggering higher levels of enzyme
activities [23].
The results of that study showed that the
activities of DHA decreased with increasing
pollutant rates. Comparing the levels among
different incubation temperatures showed that the
levels of DHA increase was greater at 28°C.
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CONCLUSIONS
In examining the results of this study, the
effects of wastewater sludge from the canned food
industry for biostimulation of the TPH concentration in soil contaminated with used engine oil and
crude oil can be summarised as follows:
x The results showed a high biodegradation
of used engine and crude oil by the end of 12 months
for contaminated soil compared to the initial
concentration of used engine and crude oil for both
temperatures.
x The greatest amount of TPH biodegradation
took place at a temperature of 28°C.
x The variation in TPH levels in used engine
oil-polluted soils (5% and 0.5%) indicated that 61%
and 69% removal of TPH was achieved within a 12
month period by neutral attenuation, respectively
(temperature: 28°C; water: 70% of field capacity).
On the other hand, a higher removal percentage
(76% and 88%) was obtained in the case of crude oil
pollution under the same controlled conditions.
Degradation of used engine oil hydrocarbons was
most likely retarded by the effects of a hydrophobic
environment, which hindered oxygen or nutrient
transfer processes in the soil.
x The variation in TPH levels in used engine
oil-polluted soils (5% and 0.5%) indicated that 49%
and 69% removal of TPH was achieved within a 12
month period by neutral attenuation (temperature:
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