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PARTICULATE MATTER ASSESSMENT AT SELECTED
POINTS IN AMBIENT AIR OF DISTRICT SIALKOT,
PAKISTAN
Muhammad Waseem Mumtaz1, Muhammad Danish1,*, Muhammad Asam Raza1, Hamid Mukhtar2,
Muhammad Arshad3, Saad Afzal1, Muhammad Zubair4, Syed Ali Raza3
2

1
Department of Chemistry, University of Gujrat, Gujrat, Pakistan
Institute of Industrial Biotechnology, Government College University, Lahore-54000, Pakistan
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Department of Chemistry, Government College University, Lahore, Pakistan
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Institute of Geographical Information system, SCEE, NUST, Islamabad, Pakistan

with concentration beyond the permissible limits
thus posing threat to living organism [3]. The air
quality usually depends on the levels of toxic pollutants and particulate matter in the ambient air [4].
Previous studies connecting air pollution with human health effects, concentrate on the particulate
components due to their potential health hazards,
persistence nature and scattering power [5-7]. Particulate matter (PM) usually consists of mixed
components varying in number, size, surface area,
chemical composition, concentration and source [6,
9].
Particulate matter influences the visibility,
climate, individual health and thus the quality of
life [10]. Most common health issues associated
with the particulate matter pollution among roadside populations includes coughing, asthma, allergy, breathing difficulties, itching and headache etc.
[11]. The exposure to particulates with the size of
PM2.5 is associated with adverse health impacts
like respiratory diseases, asthma attacks leading to
decreased lung functioning, heart attacks and premature death [12]. The monitoring of outdoor particulate matter is gaining much attention by the governments, regulators, environmentalist and scientific global warming.
Pakistan is also facing intense problem regarding particulate matter pollution like many other
developing countries. Previously, some researchers
had reported the particulate matter load in ambient
air of different cities of Pakistan and revealed that
the values were higher than stipulated values as
prescribed by National Environmental Quality
Standards of Pakistan [4, 13, 14]. The city of Sialkot has emerged as industrial hub and numerous
industries have been installed at micro and macro
level with some demerits especially regarding the
environmental degradation [15]. Current study was
planned to monitor the particulate matter levels in
ambient air at multiple sites of Sialkot city and to
assess associated health implications as this core
issue was never addressed before.

ABSTRACT
Present study describes the state of particulate
matter (PM) pollution in the ambient air of Sialkot
city of Pakistan and associated common health issues. Monitoring of different size fractions of particulate matter was carried out at nine sampling
sites using a light-scattering laser photometer.
PM1.0, PM2.5 and PM4.0 levels were ranged from
282 ± 528 μg/m3, 360 ± 677 μg/m3, 382 ± 724
μg/m3, respectively whereas PM10 concentration
ranged from 440 ± 843 μg/m3 at different sampling
points on average basis. The PM levels were further
interpolated for the whole city. China Chowk was
found to be the most polluted area with highest levels of particulate matter. Particulate matter load in
the ambient air of Sialkot city was depicted to be
noncompliance with NEQS guideline values. Analysis of Variance (ANOVA) ascertained significant
difference among PM concentrations at all sampling points on average basis with p-value < 0.05.
Flu, cough, eye and skin problems were the most
common health impacts being faced by the general
public by 25.4, 37.3, 20.9 and 16.4%, respectively.

KEYWORDS:
Particulate matter; Health effects; Environmental effects;
Air pollution; Sialkot

INTRODUCTION
Population explosion along with many other
factors i.e. rapid urbanization, industrialization and
heavy transportation resulted in unfavorable degradation of our ambient environment [1,2]. The air we
breathe, should be in clean form; is now under severe stress because of the certain air pollutants i.e.
smoke, soot, dust particles, odor, light, heat, electro-magnetic radiation, fumes, exhaust gases, noxious gases, hazardous and radioactive substances
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FIGURE 1
Sampling points selected for study

FIGURE 2
Average PM1.0 and PM2.5 concentration (μg/m3) at different sampling points in ambient air of Sialkot
Punjab, Pakistan

Interpolation studies. The experimental results of sampling sites regarding PM concentration
were used for interpolation using kriging techniques
to estimate values for the remaining locations of the
Sialkot city. Kriging is stochastic techniques to
model and estimate unknown values using known
data. Different kriging approaches (i.e. simple
kriging, ordinary kriging etc.). Kriging interpolation
model was developed in Geostatistical Analyst tool
of ArcGIS.

MATERIALS AND METHODS
Sampling Points. Taking into consideration
heavy traffic and industrialization, extensive survey
of Sialkot city, Punjab, Pakistan was carried out and
nine sampling points were specified i.e. China
Chowk, Lari Adda Chowk, Druma Wala Chowk,
Rung Pura, Commissioner Road, Sadar Cantt., Gohad Pur Chowk, Shahab Pura Chowk and Ugoki
Chowk, respectively for the monitoring of Particulate Matter (PM) Pollution (Figure 1).

Assessment of Associated Health Impacts.
For the commonly observed health impacts assessment, in vicinity of the defined sampling points of
Sialkot city, the population representatives having
different exposure levels with ambient PM pollution were interviewed randomly during this study.

Particulate matter monitoring. Monitoring
of Particulate Matter concentrations regarding
PM1.0, PM2.5, PM4.0, and PM10.0 size fractions
ZDV H[HFXWHG XVLQJ WKH 'XVW 7UDN ,, $HURVRO
Monitor (model 8530), a light-scattering laser photometer. PM monitoring was carried out at all the
specified sampling points of Sialkot city. All the
estimations were carried out thrice.
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na Chowk > Lari Adda Chowk > Shahab Pura
Chowk > Gohad Pur Chowk > Rung Pura > Druma
Wala Chowk > Ugoki Chowk > Commissioner
Road >Sadar Cantt. The levels of PM2.5 at all the
sampling points were found to be greater than the
stipulated guideline value for PM2.5 i.e. 35 μg/m3
as described in National Environmental Quality
Standards (NEQS), Pakistan.
PM4.0 and PM10 were also monitored in the
air of Sialkot city at defined sampling points. On
the average basis, PM4.0 levels (μg/m3) were found
to be 724±24, 562±38, 681±26, 522±17, 450±37,
490±13, 542±25, 533±11 and 382±07 μg/m3
whereas, PM10 levels (μg/m3) were depicted to be
843±09, 647±27, 760±09, 600±8, 502±08, 577±20,
822±18, 608±07 and 440±28 μg/m3 in ambient air
of China Chowk, Lari Adda Chowk, Druma Wala
Chowk, Rung Pura, Commissioner Road, Sadar
Cantt., Gohad Pur Chowk, Shahab Pura Chowk and
Ugoki Chowk, respectively.
PM4.0 concentration was found to be ranged
from 382±724μg/m3, whereas PM10 concentration
ranged from 440±843 μg/m3 at different sampling
points on average basis. The levels of PM10 were
also ascertained to be noncompliance with the
NEQS guideline value i.e. 150 μg/m3 for PM10
(Fig. 3). The order of PM4.0 concentration at different sampling points was depicted to be China
Chowk > Druma Wala Chowk > Lari Adda Chowk
> Gohad Pur Chowk > Shahab Pura Chowk > Rung
Pura Chowk > Sadar Cantt. > Commissioner Road
> Ugoki Chowk and for PM10, the order was found
to be China Chowk > Gohad Pur Chowk > Druma
Wala Chowk > Lari Adda Chowk > Shahab Pura
Chowk > Rung Pura Chowk > Sadar Cantt. >
Commissioner Road > Ugoki Chowk. China
Chowk was ascertained to be most polluted area
with respect to PM load in ambient air.

Statistical analysis. Experimental data were
further compared and analyzed using different statistical methods like SPSS [16].

RESULTS AND DISCUSSIONS
Considering PM a potential ambient air pollutant, PM levels (PM1.0, PM2.5, PM4.0 & PM10) in
Sialkot city were evaluated, their associated health
impairments were assessed and results were further
statistically analyzed.
Ambient PM1.0 concentration (μg/m3) at defined sampling points of Sialkot i.e. China Chowk,
Lari Adda Chowk, Druma Wala Chowk, Rung Pura, Commissioner Road, Sadar Cantt., Gohad Pur
Chowk, Shahab Pura Chowk and Ugoki Chowk
were found to be 527±33, 287±11, 340±10,
282±15, 285±21, 315±09, 343±14, 322±09, 335±15
μg/m3, respectively on average basis. Highest
PM1.0 concentration found at China Chowk could
most probably be due to rubber industries and vehicular emissions, whereas lowest PM1.0 concentration was found in ambient air of Rung Pura
Chowk. The order of PM1.0 concentration at different sampling points was depicted to be China
Chowk > Gohad Pur Chowk > Druma Wal Chowk
> Shahab Pura Chowk > Sadar Cantt > Lari Adda >
Commissoiner Road > Rung Pura. Concentrations
of PM2.5 levels at specified sampling points were
found to be 677±23, 491±09, 417±05, 440±12,
364±14, 360±10, 453±13, 468±11 and 378±20
μg/m3 in ambient air of China Chowk, Lari Adda
Chowk, Druma Wala Chowk, Rung Pura, Commissioner Road, Sadar Cantt., Gohad Pur Chowk, Shahab Pura Chowk and Ugoki Chowk, respectively
are given in Fig. 2. Thus PM2.5 concentration
ranged from 360 ± 677 μg/m3 at different sampling
stations, whereas the order was revealed to be Chi-

FIGURE 3
Average PM4.0 and PM10 concentration (μg/m3) at different sampling points in ambient air of Sialkot
Punjab, Pakistan
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FIGURE 4
Interpolation maps for PM1.0, PM2.5, PM4.0 and PM10 concentration (μg/m3) in ambient air of Sialkot Punjab, Pakistan

FIGURE 5
Average PM1.0, PM2.5, PM4.0 and PM10 concentration (μg/m3) in ambient air of Sialkot Punjab,
Pakistan
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TABLE 1
Test Equality of Means of Readings with respect to Different PM Levels
Readings
Between Groups
Within Groups
Total

Sum of Squares
1388898.407
1117873.111
2506771.519

df
3
104
107

Mean Square
462966.136
10748.780

F
43.072

Sig.
.000

TABLE 2
Multiple comparison among PM1.0, PM2.5, PM4.0 and PM10 concentration at different sampling points
of Sialkot
Readings
LSD
(I) PM
PM 1
PM 2.5
PM 4

(J) PM

Mean Difference (I-J)

Std. Error

Sig.

PM 2.5
PM 4
PM 10
PM 4
PM 10
PM 10

-112.40741*
-205.59259*
-306.81481*
-93.18519*
-194.40741*
-101.22222*

28.21712
28.21712
28.21712
28.21712
28.21712
28.21712

.000
.000
.000
.001
.000
.001

95% Confidence Interval
Lower Bound
Upper Bound
-168.3630
-56.4518
-261.5482
-149.6370
-362.7704
-250.8592
-149.1408
-37.2296
-250.3630
-138.4518
-157.1778
-45.2666

* The mean difference is significant at the 0.05 level

FIGURE 6
Health problems faced by the respondents due to direct exposure with the PM in ambient air of Sialkot

FIGURE 7
Medication used by the respondents for the treatment of health problems linked with PM pollution
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tion. 11.2 % of the patients were going for spiritual
treatment of diseases. The remaining 23.2% respondents were found to use conventional treatments and were depicted to have strong belief on
the use of sweets, gur (Jaggery) and frequent use of
tea to minimize health impairment issues (Fig. 7).

The experimental data regarding PM1.0,
PM2.5, PM4.0 and PM10 concentrations μg/m3was
further used for interpolation. The results of interpolation for the whole Sialkot city are presented in
Fig. 4 (a-d).
On the average basis PM1.0, PM2.5, PM4.0
and PM10 concentrations μg/m3 in the ambient air
of Sialkot city were depicted to be 337±73, 450±94,
543±104 and 644±133, respectively (Fig. 5). It was
found that the levels of the particulate matter in the
ambient air of Sialkot city were comparatively
higher than the NEQS guideline values. Shah et al.
UHSRUWHG  ȝJP3 Total Suspended Particulate
(TSP) in the urban areas of I-9, I-10 sectors of Islamabad Pakistan [14]. Our finding regarding the
particulate matter concentration in ambient air of
Sialkot were found to be higher than the findings of
Shah et al. [14], lower than TSP concentration 2756
ȝJP3 in Gujranwala as reported by Awan et al.
(2011) whereas comparable with the TSP levels i.e.
607 ȝJP3 in Lahore & 550 ȝJP3 in Faisalabad (4)
as reported by Harrison et al. and Qadir and Zaidi,
respectively [17, 18].
Analysis of Variance (ANOVA) was carried
out based on the experimental results regarding
average PM concentration with different size fractions at different sampling points in Sialkot (Table
1). P-value < 0.05 depicted significant difference
among PM concentrations at all sampling points on
average basis.
Furthermore, Post Hoc test was applied for
multiple comparisons and it was ascertained that
PM1.0 levels significantly differ relative to PM2.5,
PM4 and PM10 levels with P- value < 0.05. Similarly when PM2.5 concentrations were compared
with PM4.0 and PM10, significant difference was
found between PM2.5 comparative to PM4.0 and
PM10 concentrations on average basis. Furthermore, PM4.0 levels also differ significantly from
PM10 levels with P- value < 0.05 (Table 2).
The results regarding the assessment of common health impacts linked with PM pollution revealed that the population having direct exposure
with the ambient particulate matter is facing various
acute and chronic diseases.
Of the respondents facing common health
problems because of their exposure to particulate
matters in the ambient air of Sialkot, the flue,
cough, eye and skin problems were the most common by 25.4%, 37.3%, 20.9% and 16.4%, respectively. Furthermore, it was assessed that the respondents having health impairment issues experienced different levels of exposure with the ambient
air particulate matWHULH ZLWKPRQWKV
15.9% > 03 months up to 01 year and 65.2% > 01
year exposure levels (Fig. 6).
Majority of the patients (48.8%) were visiting
physician for medication. About 8.8% were visiting
Hakeem for their health care, 08% patients were
found to have access to homoeopaths for medica-

CONCLUSION
Particulate matter (PM) load in the ambient air
of Sialkot city was depicted to be noncompliance
with the NEQS guideline values, therefore causing
severe health problems among the general public.
The impact of particulate matter emitted during
various anthropogenic activities is not ignorable
and researchers should work to opt suitable preventive measures to stop further degradation of the
natural environment due to the emission of PM and
to work for the sustainable environment.
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A NOVEL NaClO2-UV/O3 TREATING ACID TURQUOISE
BLUE A IN AQUEOUS SOLUTION:
DYNAMICS MODEL AND SYNERGISTIC EFFECT
Yongjun Shen*, Yuanyuan Hu, Qihui Xu, Peng Zhu, Kaixia Fan, Yao Sun
School of Chemistry and Chemical Engineering, Nantong University, Nantong 226019, China

ties. Biological treatment method worked well, but
it needed a long time and would produce bad smell.
Electrochemical oxidation treatment could not treat
the waste water completely, and it consumed time
and electric in the process of wastewater treatment
in practical application [3]. The advanced oxidation
process could produce the hydroxyl radicals during
the treatment process. At present, the mainstream
advanced oxidations about the wastewater treatment involve O3 [4, 5] Fenton [6], O3/Fenton [7],
O3/US [8], ClO2 [9] and a series of combination
processes.
ClO2 was a kind of good disinfectant and
strong oxidizer which had a better removal effect to
many organic and inorganic pollutants in water. In
addition, it hardly reacted with the organic matter to
form halogenated organic matter in the water such
as THMs. So the ClO2 would not cause secondary
pollution and would have broad application prospect in wastewater treatment. NaClO2-UV technology had enormous potentiality to produce ClO2
[10-12]. Ozone-based AOPs involved the generation of radical intermediates, especially the hydroxyl radicals (·OH) which were highly reactive with
most organic compounds and could be widely used
in dye industrial areas [13].
With the deterioration of environmental problems caused by dye wastewater pollution, the single
process would not meet the requirements of environment. Therefore, in this paper, we creatively put
forward the innovation where NaClO2-UV was
combined with O3 to degrade wastewater. The newly combined process NaClO2-UV/O3 mainly depended on the strong oxidizing ability of ClO2 and
O3, which could be widely used in future, and it
was essential to establish the new kinetics model.
Therefore, the purpose of the present project
was to study the feasibility of the combination of
NaClO2-UV/O3 for the degradation of ATBA, the
influence of operating reaction conditions, such as
the solution pH, dye concentration, dosing quantity
of NaClO2, O3 flux and temperature. The instant
kinetics of combined process NaClO2-UV/O3 was
studied in the treatment of dyeing wastewater.

ABSTRACT
The process sodium chlorite-ultraviolet/ozone
(NaClO2/UV-O3) is utilized to deal with simulated
wastewater of Acid Turquoise Blue A (ATBA). It is
a brand-new mode which combined the advantages
of both chlorine dioxide (ClO2) and O3. It achieves
strong degradation effect in alkaline conditions.
Commonly, it takes 15 minutes when the removal
rate goes higher than 95%, but it only required
about 3 minutes under the best operating conditions
(pH=10, 150 mg/L dosing quantity of NaClO2, 18
W UV intensity, 36 L/h O3 flux, room temperature)
when simulated wastewater of ATBA (25 mg/L, 1L)
was treated. The degradation reaction was consistent with first-order kinetics model, and instant
dynamics equation could be established to determine the values of its apparent rate constant kobs.
The pH had maximal influence on the kinetics
model that had been discussed under two conditions
of pH >5.8 and pH<5.8. When pH=10, the kobs was
maximum which was 1.6525. The synergistic cofactor E was obviously about 4.

KEYWORDS:
NaClO2-UV/O3, Acid Turquoise Blue A, dynamics, synergistic effect

INTRODUCTION
Since the printing and dyeing wastewater was
in large amount, its composition was complex, plus
its permeability was strong, the pollution was so
serious that exceeded the environment selfpurification ability [1]. So it required constant
wastewater treatment process, in order to meet the
environmentally friendly requirements.
The treatment technologies of wastewater in
the printing and dyeing industry included adsorption coagulation, biological treatment, electrochemical oxidation, chemical oxidation and advanced
oxidation processes (AOPs) [2]. In terms of modern
processing technology, adsorption coagulation
treatment could be generally used as the pretreatment of wastewater to treat macromolecular impuri-
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FIGURE 1
(a) the structural formula of ATBA), (b) NaClO 2 - UV and O3 combined installation drawing

FIGURE 2
The effect of the influential factors under the NaClO 2-UV/O3 joint action: (a) pH, (b) concentrations of
ATBA, (c) dosages of sodium chlorite, (d) water bath temperatures, (e) fluxes of ozone

trophotometer (752N). We selected an 18-watt UV
lamp in this experiment, and insert the tube to the
solution in a closed environment, paid attention to
the use of magnetic stirrer, and stir the mixed solution evenly. 1 L mixed solution of NaClO2 and
ATBA was degraded.

EXPERIMENT
The molecular formula of ATBA was
C37H35N2NaO6S2, which could be seen on Fig. 1a.
Its molecular weight was 690.80 and the maximum
absorption wavelength is 638 nm. NaClO2-UV/O3
process system was used in this experiment. The
device could be seen on Fig. 1b (1.ozonator
2.rotameter 3. ultraviolet lamp 4. sealed box 5.
temperature control magnetic stirrer). NaClO2 was
white granular crystal and had strong oxidizability,
and its molecular weight was 90.44. The distilled
water was used to clean a beaker, and to prepare
mixed solution of ATBA and sodium chlorite according to the experiment (analytical pure, Shanghai Jiaying Co., Ltd.). NaOH or H2SO4 was used to
adjust pH to a certain value. The absorbance of the
reaction solution was determined by UV-Vis spec-

RESULTS AND DISCUSSION
Analysis of the influential factors. The initial pH. T= 285 K, c0(ATBA)= 25 mg/L, Q(O3)= 36
L/h, P(NaClO2)= 150 mg/L. The impacts of the degradation of dye were studied, when the initial pH
values were 2, 4, 5.8, 8 and 10, respectively. Fig. 2a
showed that the effect on degradation was very
obvious under strong alkaline and strong acidic
conditions. In alkaline condition, the degradation
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tion. Actually, although the degradation rate of the
high concentration dye was low, the amount of
degradation was large. Relative to the low concentration dye, since the O3 and ClO2 were adequate,
and reaction was more fully done, the degradation
rate was relatively high.

rate was more than 90% after 3 min. The dye was
completely decoloured at 4th min. In strong acidic
condition, the degradation rate was above 90% after
6 min. The dye was completely decoloured at 12th
min. However, for the original solution whose pH
had not been adjusted, it took 15 min until its degradation rate was above 90%. In addition, light blue
solution would turn dark olive with pungent odor.
The stronger the solution acidity was, the faster the
degradation rate would be. The ClO2 which was
released in the degradation can partly degrade ATBA. It illustrated that chromophoric groups of ATBA had been partly destroyed under the partial acid.
So the degradation reaction could work well under
NaClO2-UV/O3. On the one hand, alkaline condition would propel the ozone to generate hydroxyl
radicals with strong oxidability to degrade dye, and
seriously inhibit the part reaction between ozone
and sodium chlorite, avoiding worse degradation
effect.

The dosing quantities of NaClO2. T= 285 K,
pH= 5.8, Q(O3)= 36 L/h, c0(ATBA)= 25 mg/L. When
the dosing quantities of sodium chlorite were respectively 25, 50, 100, 150, 200 and 500 mg/L, the
impacts on the degradation of dye with different
dosing quantities of sodium chlorite were studied.
Fig. 2c showed that the degradation rate presented
fluctuating upward with the increase of the amount
of additive sodium chlorite. When dosing quantity
of NaClO2 was small, the degradation reaction gave
priority to react with ozone oxidation, and oxidation
of ClO2 produced by NaClO2 and UV would be
complementary reaction. With the increase of dosing quantity of NaClO2, O3 oxidation weakened
slowly, while ClO2 oxidation was enhanced. However, effect of O3 oxidation was little more obvious
than that of ClO2 oxidation in the same period of
time. So there would be fluctuations about degradation rate. When dosing quantity of NaClO2 continuously increased and was more than 200 mg/L, ClO2
in heavy concentrations led to disproportionation
reaction, and the effect of disproportionation abated
the influence of ozonation, so the degradation effect
was obvious under NaClO2-UV/O3 process.

The initial concentration of dye. T= 285 K,
pH= 5.8, Q(O3)= 36 L/h, P(NaClO2)= 150 mg/L. When
the concentrations of ATBA were respectively 15,
20, 25, 30, 40 and 50 mg/L, the effects on the degradation of different dye concentrations were investigated. It could be seen from Fig. 2b that O3 and
ClO2 produced by the combined process were certain during a certain period of time. When the concentration of ATBA increased, the concentration of
reactants would also increase. In other words, increasing concentration of ATBA promoted the reac-

FIGURE 3
The ln (c/c0) fitting figure of ATBA under the influential factors for the NaClO 2-UV/O3 joint action:
(a) pH, (b) concentrations of ATBA, (c) dosages of sodium chlorite, (d) water bath temperatures,
(e) fluxes of ozone
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FIGURE 4
The fitting curves under NaClO2-UV/O3 (a) kobs-pH (b) kobs-c0 (c) kobs-P, (d) kobs-T-1 (e) kobs-Q
TABLE 1
The fitting sub-equations of kobs vs. four factors by interpolation method
Factors

Classification
pH<5.8

K-pH
pH>5.8
K-c0

-

K-P

R2

The fitted sub-equations

K pH1

0.02104 pH  0.08036 pH  0.43187

-

K pH 2

0.059 pH  1.26916 pH  5.18601

-

K c0

2

2

0.00408c0  0.35931
0.00302 u exp( P / 57.2778)  0.17149

-

KP

lnK-T-1

-

ln( k obs )

kobs-T-1

-

KT

k obs

K-Q

-

KQ

4.5555 u 10 5 u Q 2  2.57443 u 10 4 Q  0.11963

954.71558 / T  1.51315
4.541exp(954.71558 / T )

Figure
Fig. 4a

0.9945

Fig. 4b

0.96491

Fig. 4c

0.93299

Fig. 4d

-

Fig. 4e

- no data
ozone flux meant that the amount of ozone participated in the degradation reaction in the solution
would also increase. Although under the nonalkaline conditions, rejection action of NaClO2 and
O3 would affect the degradation effect. However,
with the great increase of ozone and the stable dosing quantity of sodium chlorite with 150 mg/L, the
effect of O3 oxidation tended to be more obvious,
so degradation rate increased with equal increments.

The water bath temperature. P(NaClO2)= 150
mg/L, pH= 5.8, Q(O3)= 36 L/h, c0(ATBA)= 25 mg/L.
When the temperatures were respectively 273, 285,
300, 285 and 329 K, the effects of different temperatures on the degradation were studied. Fig. 2d
illustrated that the degradation rate also rose as
temperatures rose. Most chemical reaction rate
increased with the increase of temperature. The
increase of temperature could accelerate the collision frequency between molecules. So the number
of effective collision and activated molecule both
increased. The degradation reaction was speeded up,
and the degradation rate also increased.

The degradation dynamic of ATBA under
NaClO2-UV/O3 process. The reaction was supposed to be zero-order, first-order or second-order
reaction. Various reactions would be fitted respectively. It could be seen from the figure of the linear
correlation that the results of experimental data
analysis were consistent with the fitting of firstorder reaction [14]. The first-order fitting diagrams
of various affecting factors were shown as following.
Fig. 3 showed that there was a linear propor-

The flux of ozone. P(NaClO2)= 150 mg/L, pH=
5.8, T= 285 K, c0(ATBA)= 25 mg/L. When the ozone
fluxes were respectively 20, 28, 36, 44, 52 and 60
L/h, the impacts on the degradation of dye were
studied under different dosing quantities of NaClO2.
Fig. 2e showed that the degradation rate increased
with the increase of ozone flux. The increase of
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tion by inversion between the ln(c/c0) of ATBA and
time under the different factors. R2 was more than
0.90 and the fitting degree was higher.
According to the Fig. 4, the fitted subequations of K versus four factors by interpolation
method could be obtained. The results were showed
in Table 1.

Ln ( S / S 0 )

Therefore, Equation 6 could be obtained:

S

k obs

S 0 exp(  k obs t )

(6)

S0 exp(3205.329K pH Kc0 K P KT KQt )

S
(7)

Then put kobs into the above equation. kobs was
the pseudo-first-order rate constant and S was the
concentration of organic compound at given reaction time, with S0 being the initial concentration of
organic compound in the bulk solution.

So NaClO2-UV/O3 system containing more than
one variable factor could get cumulative effects
under the influence of single and multiple factors. It
could
be
expressed
by
product, kobs A  X1  X 2       X n , based on interpolation method. In practice, the MATLAB could be
used to treat the following equations.
Through establishing the above sub-equations,
the general equations of apparent rate constants
were gotten:
༃pH<5.8:
kobs $K pH1K c0 K P KT K Q
༄pH>5.8:

 k obst

(5)

Establishment of dynamics model under
NaClO2-UV/O3 process. From the discussion of
the NaClO2-UV/O3 system, we can get the relation
between a single controlled factor and kobs1 A1  X 1 .

(1)

Fresenius Environmental Bulletin

Comparison of degradation process. In order to facilitate comparison, several sets of controlled trials that the degradations under NaClO2UV, O3 and UV were measured at pH=10
It could be seen from Fig. 5a that when the
degradation time was 4 minutes, the dye degradation rate was 99.764% under NaClO2-UV/O3 system, the dye degradation rate was 65.826% under
O3, the dye degradation rate was 31.451% under
NaClO2/O3, and the dye degradation rate was 0
under single UV. Make a comparison among the
IRXU NLQGV RI SURFHVVHV¶ HIIHFWV RI GHJUDGDWLRQ RQ
ATBA, we can see that the degradation effect was
best and most obvious under NaClO2-UV/O3, the
degradation effect took second place under the
condition of single ozone, the degradation effect
took third place under the condition of sodium
chlorite and ultraviolet, and it almost had no degradation effect in ATBA under the condition of UV
alone. The gap between the four processes was
obvious.

$K pH 2 K c0 K P K T K Q

(2)
Table 2 showed that A=3205.329, therefore:
༃pH<5.8: kobs 3205.329K pH1 K c K P KT KQ
(3)
0
༄pH>5.8: kobs

(4)
3205.329K pH 2 K c0 K P KT KQ
Table 2 showed that the relative error was less
than 5% under NaClO2-UV/O3. The model was
better and could correctly reflect the need of the
actual result.
The pseudo first-order reaction rate was acquired to use in the following equation.

TABLE 2
kobs under different experimental conditions and the stability analysis of dynamic model
pH

c0/mg.L-1

2
4
8
10
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8

25
25
25
25
25
25
25
25
25
15
40
50
25
25
25
25
25
25
25
25

NaClO2 dosing
quantity
P /mg.L-1
150
150
150
150
150
150
150
150
150
150
150
150
25
50
100
200
150
150
150
150

T/k

Q(O3)(L/h)

experimentalkobs/min-1

285
285
285
285
285
273
300
315
329
285
285
285
285
285
285
285
285
285
285
285

36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
20
28
52
60

0.50845
0.41675
1.19125
1.60557
0.19334
0.17016
0.24112
0.26453
0.29457
0.22344
0.1642
0.1201
0.1707
0.1813
0.18754
0.27174
0.15674
0.18342
0.25156
0.29153

5704

A
3070.792
3071.264
3070.623
3070.636
3121.821
3183.482
3292.907
3104.637
3038.899
3114.069
3478.703
3212.828
3331.421
3487.669
3415.134
3451.528
3230.739
3386.781
2999.208
2973.43
Average:
3205.329

Calculative
kobs/min-1

The relative
error %

0.523289
0.428846
1.226083
1.652511
0.19573
0.168927
0.231418
0.269282
0.306348
0.226765
0.149176
0.118141
0.161938
0.164288
0.173552
0.24882
0.153328
0.17116
0.265081
0.309862

1.4839
1.2096
3.4833
4.6941
0. 239
0. 123
0. 97
0. 4752
1.1778
0. 3325
1.502
0. 196
0. 876
1.701
1.399
2.292
0. 341
1.226
1.3521
1.8332
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FIGURE 5
(a)the comparison chart of degradation rate under different process for pH=10, (b)process comparison

Synergistic effect of NaClO2-UV/O3. Fig. 5b
showed that: when pH= 10, the apparent rate constant of single ultraviolet kUV= 0, the apparent rate
constant of ozone kO3= 0.30701, the apparent rate
constant of chlorine produced by sodium chlorite
and ultraviolet kNaClO2-UV= 0.12651, the apparent
rate constant of combination of sodium chlorite and
ultraviolet with ozone.
k(NaClO2-UV)+O3 = 1.71235. So the synergistic cofactor
E:
k( NaClO UV )O
(8)
1.71235
E

2

3

k NaClO2 UV  kO3  kUV

0.12651  0.30701  0
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7KH PHPEUDQH ELRILOP UHDFWRU 0%I5  DQ
HPHUJLQJWHFKQRORJ\IRUZDWHUDQGZDVWHZDWHUWUHDW
PHQWLVEDVHGRQSUHVVXUL]HGPHPEUDQHVWKDWVXSSO\
DJDVHRXVVXEVWUDWHWRWKHELRILOPIRUPHGRQWKHH[
WHULRURIWKHPHPEUDQH0%I5VDUHXQLTXHO\VXLWHG
IRU QXPHURXV DSSOLFDWLRQV RI ZDVWHZDWHU WUHDWPHQW
VXFKDVWKHUHPRYDORIFDUERQDQGQLWURJHQZKHQR[
\JHQLVVXSSOLHGDQGWKHUHGXFWLRQRIR[LGL]HGFRQ
WDPLQDQWVZKHQK\GURJHQLVVXSSOLHG$FFRUGLQJWR
UHFHQWUHVHDUFKHVVXFKDQHPHUJLQJWHFKQRORJ\KDV
EHHQVXFFHVVIXOO\XVHGIRURUJDQLFPDWWHUVWDELOL]D
WLRQDQGQXWULHQWFRQWURO[3-4],WKDVEHHQHPSOR\HG
LQUHFHQW\HDUVIRUWKHWUHDWPHQWRIYDULRXVW\SHVRI
VXEVWUDWHVHVSHFLDOO\DTXDFXOWXUHZDVWHZDWHU
7KH SHUIRUPDQFH RI ELRILOP UHDFWRU LQFOXGHV
VHZDJH WUHDWPHQW FDSDFLW\ ELRILOP DWWDFKPHQW HI
IHFWVPHFKDQLVPVRIIRXOLQJIRUPDWLRQHWF7KHSHU
IRUPDQFHPD\GLIIHUGXHWRGLIIHUHQWDVSHFWVVXFKDV
ELRILOPFDUULHUFKRLFHUHDFWRUPRGXOHGHVLJQRSHU
DWLRQDQGPDQDJHPHQWPHWKRGVHWF[5-6])XUWKHU
PRUHPDQ\VWXGLHVKDYHLQGLFDWHGWKDWWKHVWDUWXS
VWUDWHJ\SOD\HGDQLPSRUWDQWUROHLQELRILOPUHDFWRU
UXQQLQJ5HFHQWVWXGLHVIRFXVLQJRQELRUHDFWRUVWDUW
XSSHULRGDJUHHGWKDWWKH³VSRQWDQHRXV´VWDUWXSRI
WKH PHPEUDQH ELRUHDFWRUV LV XVXDOO\ VKRUW DQG VR
HDV\WRPDQDJHWKDWDQLQLWLDOLQRFXOXPPD\QRWEH
UHTXLUHG>±@)XUWKHUPRUHWKHLQLWLDODFWLYDWHG
VOXGJH LQRFXOXP KDV EHHQ FRQVLGHUHG RQO\ IRU LWV
SRVLWLYHHIIHFWRQWKHRSWLPL]DWLRQRIELRORJLFDOQX
WULHQWUHPRYDODQG$QDPPR[SURFHVVVWDUWXS7KH
VWDUWXSFDQFRQVWLWXWHDQDVSHFWWKDWFULWLFDOO\LQIOX
HQFHV0%5SHUIRUPDQFHGXULQJLWVOLIHVSDQ
+RZHYHUWKHUHZHUHIHZZRUNVIRFXVHGRQWKH
GLIIHUHQFH RI EDFWHULDO FRPPXQLW\ VWUXFWXUH LQVLGH
WKHELRILOPDSSOLHGGLIIHUHQW VWDUWXSVWUDWHJLHV,Q
GHHGWKHELRORJLFDOWHFKQRORJ\IRUZDVWHZDWHUWUHDW
PHQW LV D FRPSOH[ ELRFKHPLFDO SURFHVV LQ ZKLFK
VHYHUDOPLFURRUJDQLVPVDUHLQYROYHGDQGWKH\SOD\D
FUXFLDOUROH,WLVDIIHFWHGE\WKHVXUYLYDOFRQGLWLRQV
RIWKH PLFURRUJDQLVPVDQGFRORQLHVDV ZHOODVWKH
UDZIHUPHQWDWLRQPDWHULDOV7KHPLFURELDOFRPPX
QLW\VWUXFWXUHDQGDFWLYLW\OHYHOFDQJUHDWO\DIIHFWWKH
UDWHRIIHUPHQWDWLRQ[7]7KHWHFKQLTXHVZKLFKKDYH
EHHQGHYHORSHGLQUHFHQW\HDUV[8]VXFKDVGHQDWXU
LQJ JUDGLHQW JHO HOHFWURSKRUHVLVWHPSHUDWXUH JUDGL
HQW JHO HOHFWURSKRUHVLV '**(7**(  6 U51$

ABSTRACT
$QHZO\IROGDZD\'2 'LVVROYHG2[\JHQ LQ
FUHDVHGELRILOPUHDFWRU )',%I5 ZDVGHVLJQHGIRU
WKH WUHDWPHQW RI V\QWKHWLF DTXDFXOWXUH ZDVWHZDWHU
7ZRVWUDWHJLHVIRUWKHVWDUWXSRIWKHELRILOPUHDFWRU
ZHUHGHVLJQHGLQRUGHUWRILQGWKHEHVWRSHUDWLRQFRQ
GLWLRQVZLWK SKDVH% DQGZLWKRXW SKDVH$ LQRFX
OXP RI DFWLYDWHG VOXGJH7KH GLIIHUHQFHV LQ WKH RU
JDQLFPDWWHUUHPRYDODPPRQLDQLWURJHQUHPRYDODV
ZHOO DV WKH GLIIHUHQFH LQ SK\VLFDO SURSHUWLHV RI WKH
ELRILOPZHUHDQDO\]HG7KHUHVXOWVVKRZHGWKDWWKH
VWDUWXSRIWKH)',%I5LVIDVWHULQSKDVH$IURPWKH
VWDUWWRWKH HQGLQ ERWKVWUDWHJLHV7KH DYHUDJH UH
PRYDOUDWHRI&2'DQG1+1ZHUHDERYHDQG
UHVSHFWLYHO\LQKRXUV0RUHFRPSDFWVWUXF
WXUHDQGVWURQJHUDGKHVLRQ ZHUHREVHUYHGE\VFDQ
QLQJ HOHFWURQ PLFURVFRSH 6(0  LQ WKH ELRILOP
VWDUWHGXS E\ DGGLQJ DFWLYDWHG VOXGJH WKDQ WKDW RI
QDWXUDOVWDUWHGELRILOP0RUHRYHUWKH9UHJLRQVLQ
WKH 6 U51$ RI WKH EDFWHULD ZHUH VHTXHQFHG WR
FKDUDFWHUL]H WKH PLFURELDO FRPPXQLW\ VWUXFWXUHV LQ
ERWKUHDFWRUV7KHGLYHUVLW\RIWKHPLFURELDOFRPPX
QLW\ LV KLJKHU DIWHU VWDUWXS ZKHQ DSSOLHG GLIIHUHQW
VWUDWHJLHVWKRXJKWKHGLIIHUHQFHRIWKHUHPRYDOHIIL
FLHQF\IRUWKHWZRVWDUWXSVWUDWHJLHVLVLQVLJQLILFDQW
.(<:25'6
%LRILOPUHDFWRU6WDUWXS5HPRYDOHIILFLHQF\0LFURELDO
FRPPXQLW\

INTRODUCTION
$TXDFXOWXUHKDVEHHQGHYHORSHGVWHDGLO\RYHU
ODVWGHFDGHLQUHVSRQVHWRWKHLQFUHDVLQJZRUOGPDU
NHWGHPDQGIRUVHDIRRG+RZHYHULWDOVRGLVFKDUJHV
DQ HQRUPRXV DPRXQW RI ZDVWHZDWHU LQWR HQYLURQ
PHQWZKLFKFRQWDLQVKLJKFRQFHQWUDWLRQRIQLWULWHV
QLWUDWHVDQGSKRVSKRUXVDQGHYHQWXDOO\OHDGVWRHX
WURSKLFDWLRQ RQ UHFHLYLQJ ZDWHUV [1-2] ,Q UHFHQW
\HDUVUHVHDUFKHVKDYHEHHQIRFXVHGRQORRNLQJIRU
DGYDQFHG PHWKRGV LQ WUHDWLQJ DTXDFXOWXUH
ZDVWHZDWHU SULRU WR UHFLUFXODWLRQ RU GLVFKDUJH LQWR
UHFHLYLQJZDWHUV
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FORQH OLEUDU\ GHHS VHTXHQFLQJ HWF WRJHWKHU ZLWK
FRUUHVSRQGLQJ DQDO\VLV VRIWZDUH [9] DQG GDWDEDVHV
VXFKDV*HQEDQN(0%/ (XURSHDQ%LRLQIRUPDWLFV
,QVWLWXWH ''%- '1$'DWD%DQNRI-DSDQ DQGVR
RQ KDYH EHFRPH SRZHUIXO DSSURDFKHV LQ VWXG\LQJ
PLFURELDOFRPPXQLW\VWUXFWXUHDQGGLYHUVLW\
%DVHG RQ WKH FRPSUHKHQVLYH DQDO\VLV ZH GH
VLJQHG D VLPSOH ORZ FRVW IROGDZD\ '2 GLVVROYHG
R[\JHQ LQFUHDVHGELRILOPUHDFWRU )',%I5 ZKLFK
XVHV WZR GLIIHUHQW VWUDWHJLHV IRU WKH VWDUWXS 7KLV
VWXG\ ZDVWRHYDOXDWHWKHLQIOXHQFHRQV\VWHPSHU
IRUPDQFHDQGWKHUDWHRILQLWLDOELRILOPDWWDFKPHQWRI
WKHWZRVWUDWHJLHV0RUHRYHUWKHRWKHUSULPDU\RE
MHFWLYHRIWKLVVWXG\ZDVWRFKDUDFWHUL]HDQGFRPSDUH
WKHPLFURELDOHFRORJ\RIWKHELRILOPVLQWKH)',%I5
DIWHUDGRSWHGWZRGLIIHUHQWVWDUWXSVWUDWHJLHV'HHS
VHTXHQFLQJWHFKQLTXHZDVXVHGWRVFDQDQGWRFRP
SDUHWKHEDFWHULDO6U51$JHQHVDQG'**(RIDU
FKDHDO 6 U51$ JHQHV WR H[SORUH WKH PLFURELDO
FRPPXQLW\GLYHUVLW\DQGVWDUWXSVKLIWLQWKLVSHULRG
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GLYLGHG LQWR WZR SKDVH  GD\V SUHSKDVH $OO RI
WKHF\FOHVDUHFRQWLQXRXVZLWKQRWLPHLQWHUYDOEH
WZHHQWZRDGMDFHQWF\FOHV 'XULQJWKH ILUVWH[SHUL
PHQW SKDVH SKDVH $  WKH V\VWHP ZDV VWDUWHGXS
ZLWKRXWDQ\DFWLYDWHGVOXGJHDGGLWLRQMXVWXQGHUWKH
FRQGLWLRQRIWKHQDWXUDOHQYLURQPHQWDQGQRVOXGJH
ZLWKGUDZDOZDVSHUIRUPHG'LIILFXOW\RFFXUUHGGXU
LQJ WKH VHFRQG H[SHULPHQWDO SKDVH SKDVH %  7KH
V\VWHP ZDVVWDUWHGXSZLWKDFWLYDWHGVOXGJHLQRFX
OXPDGGLWLRQ%HIRUHLQRFXODWLRQWKHVOXGJHZDVGR
PHVWLFDWHGIRUWZRGD\VDWURRPWHPSHUDWXUHXQGHU
DHUDWLRQ FXOWLYDWLRQ FRQWURO7KH 69 WKH FRQFHQ
WUDWLRQ ZDV  DQG  PJ/ UHVSHFWLYHO\7KH
FXOWLYDWHGVOXGJHZDVPL[HGZLWKZDVWHZDWHUE\WKH
UDWLRRIWR/DQGZDVSXWLQWRORZZDWHUWDQN
WRVWDUWXSWKHV\VWHP$IWHURQHF\FOHWKHORZHUZD
WHUWDQNZDVDOORZHGWRVHWWOHIRUKWRH[FKDQJHWKH
PL[WXUHZLWKZDVWHZDWHU7KHVXEVHTXHQWF\FOHZDV
VDPHDVSKDVH$2YHUDOOH[SHULPHQWVZHUHRSHUDWHG
LQURRPWHPSHUDWXUHDQGRWKHURSHUDWLQJFRQGLWLRQV
ZHUHNHSWFRQVWDQWLQERWKVWDUWXSSHULRGV

MATERIALS AND METHODS
([SHULPHQW 'HVLJQ 7KH QHZO\ IROGLQJ '2
'LVVROYHGR[\JHQ LQFUHDVHGELRILOPUHDFWRU )',
%I5 FRQVLVWVRID/ORZHU ZDWHUWDQNWKH ILYH
OD\HUVRILQFOLQHGSODWHVDQGD/KLJKHUZDWHUWDQN
7KHPDLQSDUWRIWKHV\VWHPLVWKHILYHOD\HUVRILQ
FOLQHGSODWHVFRYHUHGE\FHUDPLFWLOHVZKLFKDUHVXS
SRUWHGE\WKHVWHHOKREV)LEHUVDUHXVHGWRDGKHUHRQ
WKHVXUIDFHRIFHUDPLFWLOHVDVDPHPEUDQH7KHLQ
FOLQHGSODWHVRIFPîFPîFPDUHSODFHGRQ
DVWHHOKRERIFPîFPîFPZLWKVORSHRI
DQGDFPGURSEHWZHHQWZRLQFOLQHGSODWHV)L
EHU SDFNLQJ ZDV SURGXFHG E\ ELRORJLFDO FRPSDQ\
PRGHOIRU&+$QRYHUIORZRXWOHWFDQEHIRUPHG
E\ SODFLQJ WKH VLGH RSHQLQJ RI WKH SODFHV VOLJKWO\
ORZHU6HTXHQFLQJEDWFKDQGFORVHGFLUFXLWFLUFXOD
WLRQ PHWKRG ZHUH DGRSWHGIRUWKLVH[SHULPHQW DQG
DUWLILFLDO VWDUWXS ZLWK DGGLQJ DFWLYDWHG VOXGJH DQG
QDWXUDO VWDUWXS ZLWKRXW DGGLQJ DFWLYDWHG VOXGJH
ZHUH XVHG DV WZR GLIIHUHQW VWUDWHJLHV UHVSHFWLYHO\
(DFKF\FOHVXVWDLQHGGD\VZLWK/RIDTXDFXO
WXUHZDVWHZDWHUIHHGLQJWRWKHKLJKZDWHUWDQNRIWKH
)',%I5UHDFWRUE\ZDWHUSXPSIURPORZZDWHUWDQN
DQG IORZLQJ RYHU PHPEUDQH VXUIDFH RI WKH ILYH
SODFHVILQDOO\WKHZDWHUIORZHGEDFNLQWRWKHORZHU
ZDWHU WDQN 7KH FRPSOHWH UHDFWRU OD\RXW LV UHSUH
VHQWHGLQ)LJ
7KHHQWLUHH[SHULPHQWODVWHGGD\VDQGLWZDV

),*58(
7KHOD\RXWDQGVFKHPDWLFGLDJUDPRIWKH
QHZO\IROGLQJ'2 'LVVROYHGR[\JHQ LQ
FUHDVHGELRILOPUHDFWRU )',%I5

7$%/(
&KDUDFWHUL]DWLRQRILQIOXHQWZDVWHZDWHU
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& DQQHDOLQJ PLQ& DQGH[WHQVLRQ PL
Q& DQGDILQDOH[WHQVLRQVWHS PLQ& 
7KH'**(DQDO\VLVZDVSHUIRUPHGXVLQJDGH
QDWXUDQWJUDGLHQWUDQJLQJIURPWRZKHUH
ZDVGHILQHGDV0 XUHDFRQWDLQLQJIRU PH
WKDQHDPLGH YY (OHFWURSKRUHVLVZDVUXQDW
&DQG9IRUK7KH'**(JHOZDVVWDLQHG
XVLQJ VLOYHU QLWUDWH DV GHVFULEHG E\ 6DPEURRN HW
DO[11]DQGSKRWRJUDSKHG7KHGHQVLWLHVDQGPLJUD
WLRQSDWWHUQVRIWKHEDQGVZHUHFDOFXODWHGE\DSSO\
LQJDQLPDJHDQDO\VLVV\VWHPWRWKH'**(EDQGSUR
ILOHV7KHQSULQFLSOHFRPSRQHQWDQDO\VLVEDVHGRQ
WKH GHQVLWLHV DQG PLJUDWLRQ RI WKH EDQGV ZDV SHU
IRUPHGXVLQJ4XDQWLW\2QHVRIWZDUH YHUVLRQ
%LR5DG/DERUDWRULHV86$ 7KHULFKQHVV 5 YDO
XHV ZHUH FDOFXODWHG XVLQJ WKH IRUPXOD 5L /L/7
ZKHUH5LLVWKHULFKQHVVYDOXHRIWKHEDFWHULDOFRP
PXQLW\LQODQHL/LLVWKHQXPEHURIEDQGVLQODQHL
DQG /7 LV WKH WRWDO QXPEHU RI EDQGV LQ WKH '**(
SURILOH
,QGLYLGXDO EDQGV ZHUH H[FLVHG LPPHUVHG LQ
GRXEOHGGLVWLOOHG ZDWHU DQG LQFXEDWHG RYHUQLJKW DW
Υ7KHGLVVROYHG'1$VDPSOHVZHUHIXUWKHUDP
SOLILHG ZLWK 3&5 XVLQJ WKH FRUUHVSRQGLQJ SULPHUV
ZLWKRXWWKH*&FODPS7KHDPSOLILHG6ULERVRPDO
51$ U51$  JHQH IUDJPHQWV ZHUH SXULILHG E\ WKH
'1$ DJDURVH JHO SXULILFDWLRQ NLWV ,QYLWURJHQ %LR
WHFK&KLQD DQGWKHQFORQHG6U51$JHQHIUDJ
PHQWLQWR7$FORQLQJYHFWRU3&5$IWHUDPSOLIL
FDWLRQLWZDVWUDQVIRUPHGLQWRFRPSHWHQWFHOOVSRV
LWLYHFORQHVZHUHVHOHFWHGIRU3&5YHULILFDWLRQE\D
EOXHZKLWHVFUHHQLQJ7KHSRVLWLYHFORQHVZHUHIXU
WKHU DPSOLILHG ZLWK 3&5 XVLQJ WKH FRUUHVSRQGLQJ
SULPHUV ZLWKRXWWKH*&FODPS7KHQWKHDPSOLILHG
6U51$JHQHIUDJPHQWVZHUHVHTXHQFHGDQGWKH
UHVXOWVZHUHFRPSDUHGZLWKWKHUHIHUHQFHVHTXHQFHV
LQWKH*HQ%DQNGDWDEDVHXVLQJ%/$67SURJUDP

7KHDFWLYDWHGVOXGJHLQWKLVH[SHULPHQWZDVRE
WDLQHGIURPWKHVHFRQGDU\VHGLPHQWDWLRQRIDPXQLF
LSDO ZDVWHZDWHU WUHDWPHQW IDFWRU\ LQ *XDQJ]KRX
&KLQD 7KHZDVWHZDWHUZDVFROOHFWHGIURPDQDT
XDFXOWXUHSODQWLQ*XDQJ]KRX &KLQD %HIRUHXVDJH
LWKDVEHHQGLOXWHGZLWKWDSZDWHULQRUGHUWRPDLQWDLQ
DQ DYHUDJH FRQVWDQW LQIOXHQW &2' FRQFHQWUDWLRQ
PJ/  WR RSHUDWH ZLWK D FRQVWDQW YROXPHWULF
ORDGUDWH7KHZDVWHZDWHUFKDUDFWHULVWLFVDUHVKRZQ
LQ7DEOH
$QDO\WLFDO0HWKRG  &KHPLFDOLQGH[DQDO
\VLV $OO WKH ZDWHU VDPSOHV LQ WKLV H[SHULPHQW ZDV
FROOHFWHGHYHU\KLQHDFKF\FOHWRPHDVXUHWKHSD
UDPHWHUVRIZDWHUTXDOLW\DSSUR[LPDWHO\PORI
ZHOO PL[HGUHDFWRUFRQWHQWVIURPORZHU ZDWHUWDQN
ZHUHFROOHFWHG$QGDOORIWKHDQDO\WLFDOSURFHGXUHV
ZHUHSHUIRUPHGDFFRUGLQJWR6WDQGDUG0HWKRGV[10]
7KHVROXWLRQFKHPLFDOR[\JHQGHPDQG V&2' ZDV
DQDO\]HGDFFRUGLQJWRWKHVWDQGDUGPHWKRGVRI&KL
QHVH 6WDWH (QYLURQPHQWDO 3URWHFWLRQ $JHQF\
&6(3$ %LRFKHPLFDOR[\JHQGHPDQG %2' ZDV
PHDVXUHG E\ %LRFKHPLFDO R[\JHQ GHPDQG %2'
PHDVXUHPHQW LQVWUXPHQW %2'7UDN70 +DFK  XV
LQJGLIIHUHQWLDOSUHVVXUHPHDVXUHPHQWPHWKRG$P
PRQLXP QLWUDWHDQGQLWULWH QLWURJHQFRQFHQWUDWLRQV
ZHUHPHDVXUHGWKURXJKVSHFWURSKRWRPHWU\XVLQJXO
WUDYLROHW VSHFWURSKRWRPHWHU IRU /DERUDWRULHV 89
6+ <YRQQH NR 6KDQJKDL  LQVWUXPHQW &R 
7KHWRWDOSKRVSKRUXVZDVGHWHUPLQHGE\WKHPHWKRG
RI$PPRQLXPPRO\EGDWHVSHFWURSKRWRPHWU\,QDG
GLWLRQWKHS+'2WHPSHUDWXUHDUHPHDVXUHGE\XV
LQJGLJLWDOS+PHWHU S+6&&KLQD 3RUWDEOHGLV
VROYHGR[\JHQPHWHUDQGPHUFXU\WKHUPRPHWHUUH
VSHFWLYHO\
7KHVWUXFWXUHRIELRILOPZDVGHWHFWHGE\VFDQ
QLQJ HOHFWURQ PLFURVFRSH &DU =HLVV (92 /6
=HLVV %ULWLVK FRPSDQ\  DQG WKH ELRILOP VDPSOHV
ZHUH SUHWUHDWHG E\ IUHH]HGU\LQJ SURFHVVLQJ DQG
PHWDOVSUD\LQJEHIRUHWDNLQJSLFWXUHV

RESULTS AND DISCUSSION

 '1$H[WUDFWLRQDPSOLILFDWLRQDQG'**
(DQDO\VLV$QDOLTXRWRIELRILOPVDPSOHVXVSHQVLR
Q PJ ZDVFHQWULIXJHGDWUSPIRUPL
Q7KHSHOOHWZDVZDVKHGWZLFHZLWKGLVWLOOHGZDWHU
P/ UHSHDWLQJWKHFHQWULIXJDWLRQDIWHUHDFKZDV
K$'1$H[WUDFWLRQNLW 6DQJRQ%LRWHFK&KLQD Z
DVXVHGWRH[WUDFWWKH'1$IURPWKHZDVKHGELRILOP
SHOOHW%DFWHULDOXQLYHUVDOSULPHUV%$&) 
$&7&&7$&***$**&$* DQG%$&5
$77$&&*&**&7*&7** ZHUHXVHGWRD
PSOLI\WKH'1$)RU'**(DQDO\VLVDES*&FO
DPS &*&&&*&&*&*&*&**&***&***
*&*****&$&****** ZDVDGGHGWR%$&
)SULPHU7KHWRXFKGRZQ3&5SURJUDPFRQVLVW
HGRIDQLQLWLDOGHQDWXUDWLRQVWHS PLQ& 
F\FOHVRIGHQDWXUDWLRQ PLQ& DQQHDOLQJ 
PLQ& DQGH[WHQVLRQ PLQ& VWHSVZLW
KWKHDQQHDOLQJWHPSHUDWXUHGHFUHDVHG&F\FOH
IROORZHGE\F\FOHVRIGHQDWXUDWLRQ PLQ

3HUIRUPDQFHRI6\VWHP$UWLILFLDOO\DGGHGDF
WLYDWHG VOXGJH WR GHYHORS WKH ELRILOP DQG VWDUWXS
VSRQWDQHRXVO\ZLWKRXWDQ\LQRFXOXPVDUHWKHFRP
SDULVRQRIWZRFRQYHQWLRQDOELRILOPVWDUWXSVWUDWH
JLHV [12-13] ,Q WKLV H[SHULPHQW ERWK RI WKH WZR
PHWKRGVKDGEHHQXVHG$WWKHHQGRIWKHERWKSKDVHV
DWKLFNELRILOPZDVGHYHORSHGVXFFHVVLYHO\7KHELR
ILOP RQ HYHU\ LQFOLQHG SODWH ZDV DERXW FP WKLFN
7KHUHZDVDVPDOOEODFNDQDHURELFDUHDLQWKHLQWH
ULRU RI WKH ELRILOP %HVLGHV WKDW WKH UHPRYDO HIIL
FLHQF\RIWKHRUJDQLFPDWWHUZDVLQYHVWLJDWHGDVDQ
RWKHULPSRUWDQWFULWHULRQ
)LJVKRZVWKH1+1DQG&2'FRQFHQWUD
WLRQ RI LQIORZ DQG HIIOXHQW DW  K GXULQJ VWDUWXS
ZLWKRXW SKDVH $  DQG ZLWK SKDVH %  LQRFXOXPV
7KH UHPRYDO HIILFLHQF\ ZDV SUHVHQWHG WRR :H
IRXQG WKDW WKH SHUIRUPDQFH RI UHPRYLQJ RUJDQLF
PDWWHUKDVDWWDLQHGDJRRGOHYHOWKH1+1UHPRYDO
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ZDVPJ/LQLWLDOO\DQGWKHQUHDFKHGDVWHDG\YDOXH
ZKLFKXQGHUPJ/XQWLOWKGD\'XULQJSKDVH%
WKHDPPRQLDQLWURJHQFRQFHQWUDWLRQRIRXWIORZZDV
PJ/ ZKLFK LV VLPLODU ZLWK SKDVH$ %XW GH
FUHDVHGUDSLGO\DIWHUWKHILUVWF\FOHDQGVWDELOL]HGDW
DERXW PJ/ IURP WKH WK GD\ )XUWKHUPRUH WKH
VDPHSKHQRPHQRQZDVDOVRREVHUYHGDWWKHYDULDWLRQ
FXUYHRI&2'FRQFHQWUDWLRQ7KHLQIORZ&2'FRQ
FHQWUDWLRQ ZDV IURP PJ/ WR PJ/ ERWK LQ
SKDVH$DQGSKDVH%)RURXWIORZ&2'FRQFHQWUD
WLRQˈZKHQWKHELRILOPZDVGHYHORSHGDWWKHHQGRI
HDFK SKDVH WKHUH ZDV QR PXFK GLIIHUHQFH ERWK
DURXQGPJ/,QWHUPVRIUHPRYDOHIILFLHQF\ZH
FDQ ILQG WKDW LW UHDFKHG D VWDEOH YDOXH LQ SKDVH %
PXFKIDVWHUWKDQLQSKDVH$
,Q RUGHU WR LQYHVWLJDWH WKH HIIHFWV RI VWDUWXS
VWUDWHJLHVRQVSHHGRIELRILOPGHYHORSPHQWZHKDYH
DOVR FRXQWHG WKH UHPRYDO HIILFLHQF\ RI &2' DQG
1+1DWKK ZKLFK ZDV VKRZHGLQ)LJ
DQG)LJ,WFDQEHIRXQGWKDWLQWKHSKDVH$QDPHG
QDWXUDOKDQJHGELRILOPVWDUWXSVWUDWHJ\WKHUHPRYDO
UDWHRI&2'DWWKHWLPHRIKIURPWKHILUVWGD\ZDV
,WLVDVORZJURZWKSURFHVVWRILIWKEDWFKH[
SHULPHQWVZKLFKLVDURXQGDWWKGD\,WVUHPRYDO
UDWHUHDFKHGPRUHWKDQDQGILQDOO\WKHV\VWHP
JRWWKHVWHDG\UDWHDWDURXQG$PPRQLDQLWUR
JHQWUHDWPHQWHIILFLHQF\DWWKHILUVWGD\RIWKH
VWDUWSUHVHQWHGDVORZJURZWKSURFHVV$URXQGWK
GD\UHPRYDOHIILFLHQF\UHDFKHGPRUHWKDQEXW
LQ WKH HQG VWDEOHG DW DURXQG  &RPSDUHG ZLWK
SKDVH$WKHUHPRYDOUDWHLQSKDVH%ZDVPXFK

HIILFLHQF\ UHDFKHG DERYH  DQG WKH &2' UH
PRYDOUDWHVHYHQWRXFKHGDWWKHHQGRIVWDUWXS
QRPDWWHULQSKDVH$RU% )LJ ,WLVDQH[FHOOHQW
FRPSDULVRQ ZLWK FRQGLWLRQDO ELRFKHPLFDO PHWKRGV
,W KDYH EHHQ SRLQWHG RXW WKDW WKH 0%I5 DFKLHYLQJ
KLJKJDVWUDQVIHUUDWHVPDNHVLWLPSRUWDQWIRUFRQVLG
HUDWLRQLQWKHOLWHUDWXUHV[14-15]2QHRIWKHRULJLQDO
JRDOVRIWKH0%I5ZDVWRSURYLGHEXEEOHOHVVDHUD
WLRQ RI ZDVWHZDWHU IRU KLJK UDWH WUHDWPHQW RU KLJK
VWUHQJWK &2' UHPRYDO [16] 3UHYLRXV VWXGLHV
VKRZHGWKH'2FRQFHQWUDWLRQLQELRILOPUDZZDWHU
SUHWUHDWPHQWV\VWHPVZHUHYDULRXVIURP PJ/
WR VDWXUDWLRQ OHYHO DFFRUGLQJ WR GLIIHUHQW WUHDWPHQW
REMHFWLYHV[17-18],QWKLVH[SHULPHQW ZLWKWKH DLG
RIDSXPSVHZDJHZDVSXVKHGWRIORZIURPORZWR
KLJKZDWHUWDQNVDQGWKHQWRIORZWKURXJKWKHILYH
LQFOLQHG SODWHV RI WKH V\VWHP WKURXJK UHSHDWHG F\
FOHVUHTXLUHGGLVVROYHGR[\JHQ '2 ZDVVXSSOLHG
IRUPLFURELDOGHJUDGDWLRQ,QWKHZKROHH[SHULPHQW
WKHPHDVXUHGFRQFHQWUDWLRQRI'2LVDERXWPJ/
RQDYHUDJH)RUPHUVWXGLHV VKRZQ WKDWWKHEHVWYDOXH
RIGLVVROYHGR[\JHQLVPJ/WRPJ/7KH0%I5
KDYH DQDHURELF DHURELF DQG IDFXOWDWLYH DQDHURELF
ELRILOPHQYLURQPHQWVLPXOWDQHRXVO\WRVXSSRUWVOX[
XULDQW XQLTXH PLFURELDO FRPPXQLW\ VWUXFWXUHV WKDW
DOORZIRUWKHVLPXOWDQHRXVUHPRYDORI&2'DQGQL
WURJHQIURPZDVWHZDWHU[19]
  6WDUWXS HIILFLHQF\ FRPSDULVRQ ,Q DGGL
WLRQ E\ FRPSDULQJ WKH OHIW WZR JUDSKV RI )LJ  LW
FRXOG EH IRXQG WKDW IRU$PPRQLD QLWURJHQ XQGHU
WKHFRQGLWLRQRIWKHLQIORZFRQFHQWUDWLRQZDVDERXW
 PJ/ LQ SKDVH$ WKH RXWIORZ FRQFHQWUDWLRQ

),*85(
7KH1+1&2'FRQFHQWUDWLRQLQWKHLQIORZRXWIORZDQGDWKGXULQJVWDUWXSZLWKRXW SKDVH$ 
DQGZLWK SKDVH% LQRFXOXP7KHUHPRYDOHIILFLHQF\ZDVUHSUHVHQWHGE\WKHUHGFXUYHV
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),*85(
7KHUHPRYDOHIILFLHQFLHVRI&2'DWWKHWKKWK
KGXULQJSKDVH$DQGSKDVH%
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),*85(
7KHUHPRYDOHIILFLHQFLHVRI1+1DWWKHWKK
WKKGXULQJSKDVH$DQGSKDVH%

),*85(
6FDQQLQJHOHFWURQPLFURJUDSKVRIWKHELRILOPVDPSOHVLQGLIIHUHQWVWDUWXSPHWKRGV
D  F 6(0PLFURJUDSKVRIELRILOPLQQDWXUDOVWDUWXSSURFHVV SKDVH$ 
E  G 6(0PLFURJUDSKVRIELRILOPLQVWDUWXSSURFHVVE\DGGLQJDFWLYDWHGVOXGJH SKDVH%
H  I /RQJLWXGLQDOVHFWLRQPLFURJUDSKVRIELRILOPLQSKDVH$DQG%
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7$%/(
7KH/DQH6LPLODULW\0DWUL[RIODQHV
/DQH





















































































































































































VKRZHGLQ)LJWKHVNHOHWDOVWUXFWXUHRIPDWXUHELR
ILOPZDVREYLRXVO\IRUPHGDQGWKHPDWXUHELRILOP
SLHFHGWRJHWKHUZLWKXQLIRUPJDSLQLWVVXUIDFH
)XUWKHU WKH GLIIHUHQFH RI VXUIDFH VWUXFWXUH RI
PDWXUHELRILOPLVFRPSDUHG )LJDDQG)LJE)LJ
F DQG )LJ G 7KH UHVXOW VKRZHG WKDW WKH PDWXUH
ELRILOPLQSKDVH%ZDVPRUHFRPSDFWDQGWKHJDS
VWUXFWXUH ZDV PXFK PRUH KRPRJHQHRXV DQG PL
FURPHVK:KLOHWKHELRILOPGXULQJSKDVH$ZDVDOLW
WOHORRVHDQGWKHDSHUWXUHLQWKHELRILOPKDGDELJJHU
VL]H 5HVHDUFK LQGLFDWHG WKDW WRR FRPSDFW ELRILOP
VWUXFWXUH LV QRW RQO\ FRQGXFLYH WR WKH H[FKDQJH RI
PDWWHUDQGHQHUJ\LQELRILOPEXWDOVRDIIHFWWKHVXS
SO\RIR[\JHQWKXVDIIHFWLQJWKH HIILFLHQF\RIELR
ILOPUHPRYDORIRUJDQLFFRQWDPLQDQWVEXWLILWLVWRR
ORRVHWKHQSRRUDGKHVLRQRIELRILOPVH[WUDFHOOXODU
SRO\PHULF VXEVWDQFHV (36  VHFUHWHG OHVV WKH
JURZWKVLWXDWLRQRIPLFURELDOZDVQRWLGHDODQGDI
IHFWUHPRYDOHIILFLHQF\RIRUJDQLFSROOXWDQWVLQWKH
ELRILOPUHDFWRU[21]
7R IXUWKHU LQYHVWLJDWH WKH GLIIHUHQFH EHWZHHQ
WKH LQQHU VWUXFWXUHV RI WKH ELRILOP ZH FXW ELRILOP
ZLWKDUD]RUEODGHWRFRQWUDVWWKHORQJLWXGLQDOVHFWLRQ
RIELRILOPLQSKDVH$DQG%DVVKRZQLQ)LJHDQG
)LJILWLVIRXQGWKDWLQWKHPDWXUHELRILOPVRISKDVH
% WKH HQGRWKHFLXP VWUXFWXUH RI ELRILOP ZDV PRUH
FRPSDFW ZKLOHWKHRXWHU VLGH ZDVUHODWLYHO\ORRVH
WKLVOHYHOGLIIHUHQFHGLVWULEXWLRQVWUHQJWKHQWKHELR
ILOPDGKHVLRQDELOLW\RIELRILOPDQGHQVXUHGWKHELR
ILOPVKDYHDFHUWDLQPDVVWUDQVIHUFDSDELOLW\DQGWKH
GLVVROYHGR[\JHQFRQFHQWUDWLRQ[22]%XWWKHPDWXUH
ELRILOPVWUXFWXUHLQSKDVH$GRQRWKDYHWKLVOHYHORI
GLIIHUHQFH LQ WKH RYHUDOO VWUXFWXUH RI RVWHRSRURVLV
)LJ H  DOWKRXJK EHQHILFLDO ELRILOP LQWHUQDO PDVV
WUDQVIHUDQGGLVVROYHGR[\JHQEXWKDYHSRRUDGKH
VLRQ

KLJKHU$WWKHEHJLQQLQJRIWKHVWDUWXSWKHUHPRYDO
UDWHRI&2'DQGDPPRQLDQLWURJHQZDVDQG
UHVSHFWLYHO\,WLVLPSRUWDQWWRQRWLFHWKDWWKH
UHPRYDOUDWHRI&2'LQGD\VUHDFKHGWRDQG
DIWHU VHYHUDO ZDYH DSSHDUHG WKH VWHDG\ HIILFLHQF\
ZDVDWWDLQHGDWDURXQG$WWKGD\DPPRQLD
QLWURJHQUHPRYDOSHUIRUPDQFHZDVDWWDLQHGDWPRUH
WKDQZLWKDVWHDG\WUHQGXSWR
7KURXJKWKHDERYHDQDO\VLVRIUHPRYDOSHUIRU
PDQFHGXULQJWKHVWDUWXSLWFRXOGEHFRQFOXGHGWKDW
WKH VWDUWXS VWUDWHJ\ ZLWK WKH DGGLWLRQ RI LQRFXOXP
KDVDKLJKHUHIILFLHQF\WKDQWKHPHWKRGZLWKRXWLQ
RFXOXP DGGLWLRQ 7KH PDLQ GLIIHUHQFH RI WKH WZR
VWUDWHJLHV LV WKH DGGLWLRQ RI LQRFXOXP ZKLFK KDV D
GHHSLQIOXHQFHWRWKHEHJLQQLQJELRPDVVFRQFHQWUD
WLRQ ,Q FRQYHQWLRQDO DFWLYDWHG VOXGJH V\VWHPV
&$6V  WKH VWDUWXS SHULRG UHSUHVHQWV D YHU\ LP
SRUWDQW SKDVH PRVW RI WKH RUJDQLF VXEVWUDWH LQ WKH
LQIOXHQWZDVWHZDWHUFDQQRWEHELRGHJUDGHGEHFDXVH
WKH ELRPDVV FRQFHQWUDWLRQ LQ ELRORJLFDO UHDFWRUV LV
YHU\ ORZ DW WKH EHJLQQLQJ [20] 7KHUH ZHUH PDQ\
VWXGLHVWU\ WRVKRUWHQWKH VWDUWXSRI &$6 WRDIHZ
GD\VE\LQRFXODWLRQZLWKVOXGJHIURPH[LVWLQJSODQWV
2Q WKH RWKHU KDQG IRU PHPEUDQH ELRILOP UHDFWRUV
0%5  LW LV DEOH WR FRPSOHWHO\ UHWDLQ DOO RI 766
ZLWKLQWKHUHDFWRUIURPWKHILUVWGD\OHDGLQJDTXLFN
LQFUHDVHRI766FRQFHQWUDWLRQLQWKHELRORJLFDOUHDF
WRU7KHVOXGJHLQWKLVH[SHULPHQWZDVDFWLYDWHGE\
WKHUDZZDVWHZDWHUILUVWO\ZKHQLQRFXODWHGWRWKHUH
DFWRU 7KH PLFURRUJDQLVPV ZHUH VWLOO DOLYH ZKLFK
FRQWULEXWHWRWKHRUJDQLFPDWWHUUHPRYDO$WWKHEH
JLQQLQJ RI SKDVH$ WKH UHPRYDO SHUIRUPDQFH ZDV
PXFKORZHUWKDQWKDWRILQSKDVH%0RUHRYHUWKH
LQLWLDOLQFUHDVHGELRPDVVKDGFRQWULEXWHGWRWKHVXE
VHTXHQWPLFURELDOSUROLIHUDWLRQZKLFKIXUWKHULQIOX
HQFHGWKHVWUXFWXUHRIPLFURELDOIORUDDQGWKHSHUIRU
PDQFHRIV\VWHP

'**( $QDO\VLV RI 0LFURELDO &RPPXQLW\
'LYHUVLW\DW7KH3HULRGRI6WDUW8S  7KHDQDO
\VLVRIODQHVLPLODULW\PDWUL[7RVWXG\WKHGLYHUVLW\
DQGWKHVKLIWRIWKHPLFURELDOFRPPXQLW\LQWKHV\V
WHPZHKDGUDQGRPO\VHOHFWHGDSDWFKRIELRILOPRQ
WKHILUVWOD\HUWKLUGOD\HUDQGILIWKOD\HURILQFOLQHG

 7KHVWUXFWXUDOGLIIHUHQFHVRIELRILOP ,Q
RUGHUWRFRPSDUHWKHGLIIHUHQFHRIVXUIDFHVWUXFWXUH
RIPDWXUHELRILOPZKLFKVWDUWHGXSE\WZRGLIIHUHQW
PHWKRGVVFDQQLQJHOHFWURQPLFURVFRS\ 6(0 ZDV
XVHG WR FKDUDFWHUL]H WKH VWUXFWXUH 7KH UHVXOW ZDV
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SODWHDWWKDQGWKGD\LQERWKSKDVHV7KHUHVXOWRI
'**( ZDVVKRZHGLQ)LJ$IWHUWKHDQDO\VLVE\
WKH 4XDQWLW\ 2QH VRIWZDUH ZH KDG JRW WKH VLPLODU
UHVXOWV0DWUL[VKRZHGLQ7DEOHDQGWKH3K\ORJH
QHWLF 7UHH VKRZHG LQ )LJ  )URP WKH UHVXOWV ZH
FRXOGILQGWKDWWKHILUVWIHZGD\VRIHDFKSKDVHWKH
GLYHUVLW\ EHWZHHQ WKH ELRILOP DW WKH VDPH OD\HU RI
WZRGLIIHUHQWVWDUWXSVWUDWHJLHVZDVDOLWWOHELJ7KH
VLPLODULW\LQGH[RI/DQHWRDQG/DQHWRZDV
DW DYHUDJH  7KH VDPH SKHQRPHQRQ DOVR DS
SHDUHG DIWHU WKH VWDUWXS 7KH LQGH[ VLPLODULW\ RI
/DQH  WR  DQG /DQH  WR   ZDV D OLWWOH ORZHU
GRZQWR7KRVHUHVXOWVLQGLFDWHGWKDWLQWHUPV
RIPLFURELDOFRPPXQLW\WKHWZRVWDUWXSVWUDWHJLHV
KDYHOLWWOHRUQRVLPLODULW\GXULQJWKHSKDVHRIVWDUW
XSHYHQWKRXJKWKHLUSHUIRUPDQFHWRGHJUDGHWKHRU
JDQLFPDWWHUDIWHUWKHVWDUWXSZDVVLPLODU7KLVPD\

Fresenius Environmental Bulletin

KDYH WKH VDPH FRQWULEXWLRQ WR WKH GHJUDGDWLRQ EH
FDXVHRIWKHHIIHFWRIGLIIHUHQWPLFURRUJDQLVPV
+RZHYHULQSKDVH%ZHFRXOGILQGWKDWWKHPL
FURELDO FRPPXQLWLHV KDYH D OLWWOH VKLIW GXULQJ WKH
ZKROHSHULRG WKH6LPLODULW\,QGH[UHDFKHGRQ
DYHUDJH 7KLVLVHYLGHQWIXUWKHUO\WKDWWKHDOLYHPL
FURRUJDQLVPZKLFKLQDFWLYDWHGVOXGJHKDYHDQREYL
RXVSURPRWLRQWRWKHGHYHORSPHQWRIELRILOP,WZDV
H[SODLQHGZK\WKHVWDUWXSVWUDWHJ\ZLWKWKHDGGLWLRQ
RILQRFXOXPZDVMXVWXVHGIRUIHZGD\V
:KDWLVPRUHWKHUHLVDOVRDKLJKVLPLODULW\ WKH
PD[LPDUHDFKHG EHWZHHQWKHELRILOPDWGLIIHU
HQWLQFOLQHGSODWHVGHVSLWHDW ZKLFKSHULRGRUWDNH
ZKLFKVWDUWXSVWUDWHJ\7KLVPLJKWWDNHD6HTXHQF
LQJEDWFKDQGFORVHGFLUFXLWFLUFXODWLRQPHWKRGEH
FDXVHRIWKHVWDUWXSH[SHULPHQW,QZKLFKWKHUHLVD
OLWWOHGLIIHUHQFHLQWHUPVRIZDWHUTXDOLW\SDUDPHWHUV

),*85(
'**(UHVXOWVLQWKHDQDO\VLVRIWKHPLFURELDOFRPPXQLWLHV/DQHUHVSHFWLYHO\UHSUHVHQWWKHELRILOP
VDPSOHDWWKHILUVWWKLUGDQGILIWKOD\HUDWWKHIRUHSDUWRISKDVH$/DQHDQGUHVSHFWLYHO\UHSUHVHQW
WKHELRILOPVDPSOHDWWKHILUVWWKLUGDQGILIWKOD\HUDWWKHUHDUHQGRISKDVH$$FFRUGLQJO\/DQH
DQG/DQHUHVSHFWLYHO\UHSUHVHQWWKHELRILOPVDPSOHDWWKHILUVWWKLUGDQGILIWKOD\HUDWWKHIRUH
SDUWDQGWKHUHDUHQGRISKDVH%
7$%/(
3K\ORJHQHWLFDIILOLDWLRQRIWKHEDQGVREWDLQHGE\'**(
%DQG V


1HDUHVWVHTXHQFH
$]RDUFXVVS



/DFWRFRFFXVVS



$HURPRQDVFDYLDH





%DFWHURLGHWHVEDFWHULXP
%HUJH\HOODVS
7ROXPRQDVRVRQHQVLV



)ODYREDFWHULXPVS




7ULFKRFRFFXVSDVWHXULL
'XJDQHOODVS

$FFHVVLRQQR
KP739958
KP739970
KP739959
.3
.3
.3
.3
.3
.3
.3
.3
.3
.3
.3
.3
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DQGUXQQLQJHQYLURQPHQW LQFOXGLQJGLVVROYHGR[\
JHQ  ,QGHHG PDQ\ VWXGLHV KDYH LQGLFDWHG WKDW WKH
W\SHRIZDVWHZDWHUDQGWKHW\SHRIELRUHDFWRUGHWHU
PLQH WKH VWUXFWXUH RI WKH EDFWHULDO FRPPXQLWLHV
GHHSO\[23-25]

Fresenius Environmental Bulletin

CONCLUSION
,QWKLVSDSHU DQHZ IROGDZD\'2 'LVVROYHG
R[\JHQ LQFUHDVHG ELRILOP UHDFWRU )',%I5  ZDV
GHVLJQHGIRFXVLQJRQWKHUROHRIWKHLQLWLDOLQRFXOXP
RI DFWLYDWHG VOXGJH7KLV H[SHULPHQW ZDV DLPHG WR
VWXG\ WKH GLIIHUHQFH RI UHPRYDO HIILFLHQF\ DQG PL
FURELDOFRPPXQLW\EHWZHHQVWDUWXSVZLWKDQGZLWK
RXWWKHDGGLWLRQRIDFWLYDWHGVOXGJH5HVXOWVVKRZHG
WKDW ERWK RI WKH WZR VWUDWHJLHV KDV D JRRG SHUIRU
PDQFHRQWKHUHPRYDORI&2'DQG1+1EXWWKH
LQRFXOXP RI DFWLYDWHG VOXGJH FDQ KHOS WKH ELRILOP
PDWXUH PXFK IDVWHU FRPSDULQJ ZLWK WKH VWUDWHJ\
ZLWKRXWDQ\LQRFXOXP:KDWLVPRUHWKHDGGLWLRQRI
DFWLYDWHGVOXGJHFDQEULQJQXPHURXVDFWLYDWHGEDF
WHULDWRWKHV\VWHPDQGPRVWRIWKHPKDYHDFFOLPD
WL]HGWRWKHQHZHQYLURQPHQW7KH\PDGHDVLJQLIL
FDQWFRQWULEXWLRQWRWKHUHPRYDORIRUJDQLFV
$IWHU WKH VWDUWHGXS WKH VWUXFWXUH RI PDWXUH
ELRILOPZDVFRQWUDVWHGE\VFDQQLQJHOHFWURQPLFURV
FRS\LWLVIRXQGWKDWLQSKDVH$WKHPDWXUHELRILOP
KDVD ORRVHVWUXFWXUHDQGWKHUHKDYH QRVLJQLILFDQW
GLIIHUHQFHV EHWZHHQ WKH LQQHU DQG RXWHU VWUXFWXUH
DOWKRXJK WKLV VWUXFWXUH LV FRQGXFLYH WR HQHUJ\ H[
FKDQJHEHWZHHQZDWHUDQGELRILOPEXWELRILOPDG
KHVLRQLVSRRU:KLOHLQSKDVH%WKHPDWXUHELRILOP
VWUXFWXUHZDVFRPSDFWDQGH[LVWHGVLJQLILFDQWGLIIHU
HQFHVEHWZHHQWKHLQQHUDQGVXUIDFHOD\HUVLQFRQ
WUDVWZLWKVXUIDFHELRILOPVWUXFWXUHWKHLQQHURQHLV
PXFKWLJKWHU7KLVGLIIHUHQFHLQWKHVWUXFWXUHQRWRQO\
HQKDQFHVWKHELRILOPDGKHVLRQPDNHVLWKDUGWREH
ZDVKHGRIIEXWDOVRHQVXUHVWKHELRILOPPDVVWUDQV
IHU FDSDELOLW\ DQG D FHUWDLQ FRQFHQWUDWLRQ RI GLV
VROYHGR[\JHQ
,WZDVDOVRLQYHVWLJDWHGWKDWWKHEDFWHULDOFRP
PXQLW\VKLIWVGXULQJWKHVWDUWXSSURFHVVDQGWKHYDU
LDWLRQRIEDFWHULDEHWZHHQWKHWZRVWDUWXSPHWKRGV
E\3&5'**(7KHUHVXOWVVKRZHGWKDWGXULQJWKH
ELRILOP VWDUWXS SURFHVV WKH EDFWHULDO FRPPXQLW\
FKDQJHGREYLRXVO\QRPDWWHULQZKLFKVWDUWXSPHWK
RGV 7KH FRPSDUDELOLW\ LQGH[ RI EDFWHULDO FRPPX
QLW\ZDVRQO\DQGUHVSHFWLYHO\$IWHU
WKH VWDUWXS EDFWHULDO FRPPXQLW\ EHWZHHQ WKH WZR
VWDUWXS VWUDWHJLHV VKRZHG OLWWOH VLPLODULW\ DQG WKH
PD[LPXPFRPSDUDELOLW\LQGH[ ZDVRQO\,Q
DGGLWLRQSDUWRIWKHELRILOPPLFURELDOFRPPXQLW\RI
GRPLQDQW EDFWHULD ZDV DQDO\]HG WKURXJK WKH PHWK
RGV RI FORQLQJ DQG VHTXHQFLQJ  EDFWHULDO 6
U'1$VHTXHQFHVZHUHLGHQWLILHGLQERWKRIWZRVWDUW
XS PHWKRGV DQG ZLWK D KRPRORJ\ RYHU WKDQ 
ZKHQ FRPSDUHG ZLWK WKH EDFWHULD RI $]RDUFXV VS
%DFWHURLGHWHVEDFWHULXP$HURPRQDVFDYLDH/DFWR
EDFLOOXV VS %HUJH\HOOD VS 7ROXPRQDV RVRQHQVLV
'XJDQHOOD VS DQG 7ULFKRFRFFXV SDVWHXULL WKHVH
VWUDLQVSOD\HGYHU\LPSRUWDQWUROHVLQWKHSURFHVVRI
UHPRYLQJ RUJDQLF SROOXWDQWV 7KH SHUIRUPDQFH RI
HDFKSKDVHLVQRWVLJQLILFDQWO\GLIIHUHQWQRPDWWHUDW
WKHHDUO\VWDJHRUZKHQWKHELRILOPKDGVXFFHVVIXOO\
GHYHORSHGHYHQWKHUHLVDELJGLIIHUHQFHEHWZHHQWKH
WZRVWDUWXSVWUDWHJLHV

 '**(DQDO\VLVRIPLFURELDOFRPPXQLW\
'1$ VDPSOHV DW WKH IRUHSDUW DQG UHDUHQG RI WKH
VWDUWXS ZHUH DSSOLHG GLIIHUHQW VWUDWHJLHV ZLWK DQG
ZLWKRXW LQRFXOXP  DQG ZHUH DQDO\]HG E\ '**(
7KHSDUWLDO6U51$JHQHIUDJPHQWVREWDLQHGIURP
EDQGV )LJ ZHUHVHTXHQFHGDQGLGHQWLILHGE\
FRPSDULVRQZLWKWKHVHTXHQFHVLQWKH*HQ%DQNGD
WDEDVH 7DEOH 
)URP7DEOH  ZH FRXOG ILQG WKDW WKH SUHSRQ
GHUDQWPLFURRUJDQLVPVRIDOOWKHVWDUWXSSHULRGZHUH
PDLQO\ FRQFHQWUDWHG LQ WKH JHQHUD /DFWREDFLOOXV
$HURPRQDV )ODYREDFWHULXP %DFWHURLGHV 7ROXPR
QDV%HUJH\HOOD7ULFKRFRFFXV'XJDQHOOD DQG$]R
DUFXV:KDWLVPRUHFRPELQHGZLWK)LJZHFRXOG
DOVRILQGWKDWDORZHUQXPEHURIYLVLEOHEDQGVZHUH
REVHUYHGLQSKDVH$FRPSDUHGWRSKDVH%ZKHQWKH
VWDUWXSZDVILQLVKHG'XULQJWKHSKDVH$WKHPDLQ
'**( EDQGV ZHUH WKH EDQG  DQG  7KH\
ZHUHUHODWHGWR%DFWHURLGHWHVEDFWHULXP)ODYREDF
WHULXP VS $]RDUFXV VS DQG $HURPRQDV FDYLDH UH
VSHFWLYHO\$OO RI WKHP GLG QRW DSSHDU DW WKH HDUO\
VWDJHRIWKHVWDUWXSWKH'**(EDQGVZHUH
RQO\DSSHDUHGLQSKDVH$,WZDVUHSRUWHGWKDW%DF
WHURLGHWHV EDFWHULXP ZDV VWULFWO\ DQDHURELF DQG
IRXQG WR GHFRORUL]H WKH G\H DQG WH[WLOH ZDVWHZDWHU
[26])ODYREDFWHULXPVSZDVUHSRUWHGWRGHJUDGH WKH
RUJDQLFPDWWHUDQGDOVRKDGJRRGGHFRORUL]LQJDELO
LW\ [27] $]RDUFXV VS EHORQJV WR JHQXV $]RDUXFXV
6WXGLHV UHFRJQL]HG WKDW PDQ\ VWUDLQV RI $]RDUFXV
FRQWULEXWHGVLJQLILFDQWO\WRWKHELRGHJUDGDWLRQRIDU
RPDWLFDQGRWKHUUHIUDFWRU\FRPSRXQGVYLDD PHWD
FOHDYDJHSDWKZD\RIWKHDURPDWLFULQJV[28]'XULQJ
SKDVH%HLJKWEDQGV '**(EDQGEDQGEDQG
DQGEDQG ZHUHREVHUYHGDQGH[FHSWEDQG
DQGEDQGDOORIWKHPZHUHREVHUYHGDWWKHHDUO\
VWDJHRIVWDUWXSWRR7KH\DUHUHODWHGWR$HURPRQDV
FDYLDH 7ROXPRQDV RVRQHQVL )ODYREDFWHULXP VS
7ULFKRFRFFXV SDVWHXULL UHVSHFWLYHO\ $FFRUGLQJ WR
WKHSUHYLRXVZRUN$HURPRQDVFDYLDHEHORQJVWRJH
QXV $HURPRQDV *UDPQHJDWLYH URG VKDSHG QRQ
VSRUHIRUPLQJR[LGDVHSRVLWLYHDQGIDFXOWDWLYHDQ
DHUREH&RPPRQLQWKHELRILOPLWFDQIHUPHQWFDU
ERK\GUDWHVWRDFLGV[29-30]7ROXPRQDVRVRQHQVLVLV
UHSRUWHGWREHDQRWKHUNLQGRIEDFWHULXPWKDWFDQIHU
PHQW FDUERK\GUDWHV WR SURGXFH DFLGV DQG ZKDW¶V
PRUHLWLVIDFXOWDWLYHDQDHURELFPLFURRUJDQLVP[31]
7KHVHUHVXOWVLQGLFDWHGWKDWHYHQWKHUHLVELJGLIIHU
HQFHLQWKHPLFURELDOFRPPXQLW\RIWKHWZRVWDUWXS
VWUDWHJLHVWKHPDLQPLFURELDOIORUDKDYHDJRRGSHU
IRUPDQFH RQ WKH UHPRYDO RI RUJDQLF PDWWHUV 7KLV
VWXG\IXUWKHUO\H[SODLQVZK\WKHUHPRYDOHIILFLHQF\
RIWZRVWDUWXSVWUDWHJLHVDUHQRWVLJQLILFDQWO\GLIIHU
HQW
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Analytical Biochemistry, 186(1), 182-183.
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THE USAGE OF AUXINS WITH VARIOUS CULTURAL
TECHNIQUES TO INCREASE FRUIT SIZE IN
STAR RUBY GRAPEFRUIT
Turgut Yesiloglu, Salih Koc, Berken Cimen*
Cukurova University, Faculty of Agriculture, Department of Horticulture, 01330, Adana, Turkey.

SODQWLQJRIWKH µ6WDU5XE\¶JUDSHIUXLWKDVEHHQH[
tended in regions of Turkey that are already developed in terms of citriculture7KHµ6WDU5XE\¶JUDSH
fruit is desirable due to characteristics such as seedlessness, shape, smooth rind, color and taste. However, small fruit size is a common problem in µ6WDU
5XE\¶JUDSHIUXLWHVSHFLDOO\LQWKHROder trees of Star
Ruby. Moreover, small fruit size is the main factors
limiting the sales of Star Ruby grapefruit; thus, large
fruit brings higher prices in the export market [2-3].
Consumers prefer large fruits; thus, there is a significant price difference between large and small fruits
[4-6].
In terms of determining profitability, fruit size
in citrus fruit has become as important as the yield.
This phenomenon is readily apparent for small mandarin fruits, as well as lemons, sweet oranges and
large grapefruit species [5]. Fruit size is affected by
many factors including irrigation management, soil
type, rootstock and ecological variables, which cannot be controlled by the producer. Moreover, fruit
size is inversely proportional to yield and fruit number [7]. The availability of carbohydrates (increases
fruit size), flower intensity (decreases fruit size),
competition between flowers/fruitlets (decreases
fruit size) and abiotic stresses (decrease fruit size)
are the most important factors affecting the final fruit
size of citrus fruits [8-10].
Synthetic auxins can be applied to increase fruit
size [11-12]. Applying synthetic auxins during the
cell division stage of fruit development significantly
reduces the number of fruits and increases the final
fruit size by reducing the competition for carbohydrates between fruitlets [8]. Synthetic auxins such as
2,4-dichlorophenoxy acetic acid (2,4-D), 2,4,5-trichlorophenoxy acetic acid (2,4,5-T), naphthalene
acetic acid (NAA) and 2,4-dichlorophenoxypropionic acid (2,4-DP) have been shown to increase fruit
size [3-4, 13-14]. In addition, cultural treatments
such as pruning, irrigation and fertilization can be
optimized in order to increase fruit size. For instance,
techniques such as girdling [15] and thinning [5, 11,
16-17] are used in citrus production to increase fruit
size.
Thus the effects of synthetic auxin applications
(2,4-DP and 3,5,6-TPA) at different physiological
periods, girdling practices, pruning practices, foliar

ABSTRACT
Fruit size is a key parameter for quality and increases the profitability for export markets in citrus
production in Turkey. Fruit size can be enhanced by
several techniques such as girdling and thinning.
Various plant growth regulators are known to affect
the growth and size of citrus fruit. Thus the effects
of synthetic auxin applications (2,4-DP and 3,5,6TPA) at different physiological periods, girdling
practices, pruning practices, foliar application of potassium and various combinations of these practices
on the fruit size and yield, fruit retention rate, and
leaf chlorophyll concentration and fluorescence of
Star Ruby grapefruit cultivar were investigated. As a
result of pomological observations, treatments had
different effects on fruit size and yield. The highest
yield per tree were determined in Maxim (3,5,6TPA) and Citrimax (2,4-DP) (605.33 and 601.83
kg/tree) treatments. The highest fruit diameter was
determined from foliar spray of K (83.25 mm) on
leafs whereas the lowest was obtained from control
samples with 78.96 mm. The highest leaf chlorophyll concentration was determined in the leaf
treated with foliar spray of K.

KEYWORDS:
Citrus, 3,5,6-TPA, 2,4-DP, yield, quality

INTRODUCTION
The cultivation of citrus fruits in Turkey is a
traditional agricultural practice that has taken place
for centuries, especially in the southern parts of the
Taurus Mountains along the Mediterranean coast. In
2013, 3.681.158 million tons of citrus fruits were
produced in Turkey. This amount consisted of
1.781.258 tons of oranges, 942.226 tons of mandarins, 726.283 tons of lemons and 228.799 tons of
grapefruit [1]. The east Mediterranean Region proGXFHVRI7XUNH\¶VWRWDOFLWUXVIUXLWDQGRI
the grapefruit. The main grapefruit (Citrus paradisi)
YDULHW\JURZQLQ7XUNH\LVWKHµ6WDU5XE\¶FXOWLYDU
In recent years, there has been a large increase in the
exportation of citrus fruits, especially grapefruit. The
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application of potassium and various combinations
of these practices on the fruit size and yield, fruit retention rate, and leaf chlorophyll concentration and
fluorescence of Star Ruby grapefruit cultivar were
investigated in the present study.
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(TCSA). Yield efficiency was estimated as the ratio
of fruit yield to canopy volume (kg/m3) and trunk
cross sectional unit area (kg/cm2).
A random sample of 50 fruits from each tree
was selected and marked on the branches in order to
determine the average fruit size. The fruit was sized
using a digital caliper (Mitutoyo CD-15CPX) at the
equatorial diameter and graded according to the following commercial size classes: ! 93 mm (class 1),
89 - 93 mm (class 2), 84 - 89 mm (class 3), 80 - 84
mm (class 4) and,  80 mm (class 5) (MEA, 2009).
In order to determine the fruit retention rate, the
number of flowers, fruitlets and fruits were recorded
during full blossom, fruitlet abscission (a couple of
weeks after bloom), the June drop and pre-harvest
drop. The observations were made on four randomly
selected branches from the four quadrants (north,
south, east, and west) of every tree.

MATERIALS AND METHODS
Trees and Treatments. The experiments were
conducted on 20-year-old Star Ruby grapefruit trees
planted on sour orange rootstock at 8 m x 8 m intervals at the Research Station of Cukurova University,
Agricultural Faculty Citrus Experiment Station,
Adana (Latitude, 35o 23c N; Longitude, 36o 50c E;
altitude 27 m) during 2011. The trees were managed
and selected for uniformity and crop load. In the experimental area, the soil was a clay loam (55% clay,
22% silt and 23% sand containing 11% CaCO3), and
the soil pH was between 7.29 and 7.37 at a depth of
0 cm ± 90 cm. The trial was organized in a randomized complete block design with 10 replicates for
each treatment.
T1: 2,4-DP (Citrimax, 50 g of dichlorophenoxypropionic acid per L) was applied to the entire tree
at concentration of 150 ppm 3 weeks after full anthesis when the average fruit diameter was 13-15 mm.
T2: 3,5,6-TPA (Maxim, 3,5,6-trichloro-2-piridil-oxi
acetico, 10% (v/v), 1 tablet = 10 g) was applied to
the entire tree at concentration of 20 ppm when the
85% of the average fruit diameter was higher than 22
mm. T3: First girdle was applied at the end of anthesis, and the second one was applied just after the
June fruit drop. Thickness of the girdle was 4 mm in
both applications. T4: Hand pruning was applied in
the middle of February. T5: Mechanical pruning was
applied in the middle of February in both side of the
trees. T6: KNO3 was applied at a concentration of
4% two times in the experiment by foliar spray to
entire tree. First treatment was 6-8 weeks after full
anthesis and the second one was applied in at the beginning of September. T7, T8 and T9 was performed
by combining the selected treatments described
above (see Table 1). T10: Control trees left without
any of these treatments except fertigation and a recommended pest management program for grapefruits.

Leaf Chlorophyll Concentration and Fluorescence. Leaf chlorophyll concentration was estimated by SPAD readings (SPAD-502 meter, Minolta Inc., Osaka, Japan) on five fully expanded
young Star Ruby leaves (4th±5th leaf from the shoot
apex) per each replicates. SPAD readings were used
to estimate leaf Chl concentration because there is a
strong relationship between SPAD readings and
chlorophyll levels in citrus leaves [19]. Chlorophyll
fluorescence parameter ()Y¶)P¶) = (Quantum yield
in light adapted leaves) was measured with a portable fluorimeter (FluorPen FP100, Photon System Instruments Ltd, Drasov, Czech Republic) on five fully
expanded young leaves (4th±5th leaf from the shoot
apex) per each replicates.
Statistical Analysis. The experiment was arranged as 10 x 10, ten treatments, ten replicates, reVSHFWLYHO\ LQ D µ&RPSOHWH 5DQGRPL]HG 'HVLJQ¶
Data were subjected to one-way analysis of variance
(ANOVA) using SAS statistical software (SAS
v9.0). The percentages recorded in fruit retention
variable were analyzed after arc-sin transformation.
To compDUHWKHPHDQVD7XNH\¶VPXOWLSOHUDQJHWHVW
was performed to determine if the differences between treatments were significant at a confidence
level of P < 0.05.

RESULTS AND DISCUSSION

Fruit Yield, Size and Retention Rate. The
fruit was harvested at the optimal harvest time (in
October). The yield per tree (kg/tree) was obtained
by weighing the harvested fruit. Tree height and canopy diameter in the two tree directions (to obtain the
average diameter) were measured after harvesting.
Canopy volume (CV) was calculated according to
the equation reported by Turrell [18] as follow: CV
= 0.5248 x canopy height x canopy diameter2. In addition, scion trunk circumferences were measured 10
cm above the bud union. The scion trunk circumferences were converted into trunk cross-sectional area

Fruit Yield, Retention Rate and Size. The usage of auxins with various cultural techniques significantly affected fruit yield. As shown in Table 2, fruit
yield of Star Ruby grapefruit had ranged between
393.75 kg/tree and 605.33 kg/tree regarding different treatments. The highest fruit yield per tree was
obtained from T2, T1, T3, T4, T9, T6, T7, T8 treatments, respectively. These treatments were grouped
LQ WKH VDPH VXEVHW DFFRUGLQJ WR D 7XNH\¶V UDQJH
(P<0.05). A foliar spraying treatment of 3,5.6-TPA
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trees (0.582 kg/cm2) whereas the highest yield efficiencies were obtained from T1, T2, T3, T6 and T7.
According to the results obtained in the present
study, using synthetic auxins, double girdling and foliar spraying of K had increased the fruit yield significantly. Similar results were obtained by Chao et
al. [20], who studied Fina Sodea Clementine mandarins, and found that a post-bloom application of 2,4D (2,4-Dichlorophenoxyacetic acid) significantly increased the yield. Similarly, a significant increase in
the fruit number per tree of Valencia and Shamouti
oranges was obtained when 2,4-D (20 ppm) was applied 6-8 weeks after full bloom [21] and 2,4-DP application increased total yield of Valencia orange [3,
22].

at the concentration of 20 ppm (T2) resulted the
highest fruit yield per tree among these treatments.
The lowest fruit yield was obtained from control
trees. In addition, effects of treatments on yield efficiency (kg/cm3 and kg/m2) were found to be statistically significant considering canopy volume and
trunk cross sectional unit area at a significance level
RI Į  DQG Į  UHVSHFWLYHO\ 7DEOH   5H
garding canopy volume, the highest fruit yield efficiency was determined in trees treated with T4
(11.528 kg/cm3) whereas the lowest yield efficiencies were obtained from the trees treated with T3
(7.612 kg/cm3) and C (7.500 kg/cm3). As shown in
Table 2, the lowest fruit yield, regarding trunk cross
sectional unit area, also was determined in control

TABLE 1
Treatments conducted at the experimental orchard
No
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10

Treatment Code
2,4-DP
3,5,6-TPA
DG
HP
MP
K
K+DG
3,5,6-TPA+DG
MP+DG
C

Treatment
2,4-DP
3,5,6-TPA
Double girdling
Hand pruning
Mechanical pruning
Potassium treatment (KNO3)
KNO3 + Double girdling
3,5,6-TPA + Double girdling
Mechanical pruning + Double girdling
Control

TABLE 2
Effects of treatments on fruit yield (kg/tree), yield efficiency (yield/TCSA and CV) and fruit diameter
(mm) of the Star Ruby grapefruit trees.
Treatment

Fruit yield (kg/tree)

Yield efficiency
Fruit diameter (mm)
kg/cm3
kg/cm2
2,4-DP
601.83 a1
10.423 ab
0.964 a
82.06 abcy
3,5,6-TPA
605.33 a
11.133 ab
0.935 a
82.77 ab
DG
589.00 a
7.612 c
0.956 a
81.23 a-d
HP
568.33 a
11.528 a
0.748 ab
83.23 a
MP
489.67 ab
9.604 abc
0.788 ab
80.22 bcd
K
561.00 a
9.383 abc
0.855 a
83.25 a
K+DG
564.14 a
9.090 bc
0.831 a
82.74 ab
3,5,6-TPA+DG
554.67 a
9.795 abc
0.813 ab
83.05 a
MP+DG
556.00 a
10.918 ab
0.814 ab
79.85 cd
C
393.75 b
7.500 c
0.582 b
78.96 d
2
Significance
**
*
**
**
D%5
131.980
2.104
0.179
2.557
1
9DOXHVZLWKLQWKHFROXPQVIROORZHGE\XQOLNHOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶VPXOWLSOHUDQJHWHVWDW
Į 
2
*: significant at 0.05 level; **: significant at 0.01 level.
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FIGURE 1
Effects of treatments on fruit retention rate (%) of the diameter of Star Ruby grapefruits
at harvest (A). Frequency distribution of the diameter of Star Ruby grapefruits at harvest (B).

FIGURE 2
Effects of treatments on chlorophyll concentrations (SPAD readings) (A) and chlorophyll fluorescence
()Y¶)P¶, in light adapted stage) efficiency (B) of Star Ruby grapefruit.

trees, and an increase in the fruit retention rate was
observed in comparison with the control treatment.
The results obtained in the present study are in concordance with those of Saraswathi et al. [23], who
demonstrated that the highest fruit retention rate was
obtained (28.32%) from trees treated with 20 ppm
2,4-D. In comparison, the fruit retention rate of the
control trees in the aforementioned study was only
20.32%. In a previous study, the application of 2,4D delayed the abscission of navel oranges [24].
Moreover, foliar applications of 2,4-DP significantly
reduced abscission in mature Washington navel
sweet oranges [25].
In terms of fruit diameter distribution at maturity, treatments had significant effects on fruit diDPHWHU DW D VLJQLILFDQFH OHYHO RI Į  7DEOH 1).
All treatments had higher fruit diameter in comparison with fruits obtained from control trees as presented in Table 1. Star Ruby fruits obtained from
hand pruned (83.23 mm), K sprayed (83.25 mm) and
3,5,6-TPA+DG (83,05 mm) trees had the highest

Fig. 1A shows the effects of different treatments on the fruit retention rate of Star Ruby fruits.
According to a one-way ANOVA conducted to the
retention rate data after arc sin transformation, there
were no significant differences on the fruit retention
rate among the treatments (data not presented). However, when the fruit retention percentages were examined without arc sin transformation, it can be said
that markable differences were observed among
treatments. In the present study, the fruit retention
rates ranged between 1.26% (control treatment) and
3.14% (3,5,6-TPA + DG treatment) as shown in Fig.
1A. All treatments conducted in this study had resulted higher fruit retention rate in comparison with
the control trees. The application of mechanical
pruning, double girdling and synthetic auxins led to
an increase in the fruit retention rate. Specifically,
the application of 20 ppm 3,5,6-TPA together with
double girdling resulted in high fruit retention rates.
In addition, this study showed that application of
synthetic auxins did not have a thinning effect on the
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fruit diameter at maturity. In this study, the lowest
fruit diameter was obtained from the fruits of control
trees and recorded as 78.96 mm. The results indicated that all treatments inspected in this study had
positive effects on fruit diameter and increased the
fruit size. Fruit size is one of the most important factors affecting the marketing of fresh citrus fruits.
Thus, synthetic auxins are commonly used to increase the size of fruit for fresh consumption together with fruit thinning and pruning. In previous
studies, fruits harvested from trees treated with 2,4DP were significantly larger than that of the control
trees, indicating that the application of 2,4-DP and
2,4-D increased fruit size [6, 14, 20-22, 25-26]. Also,
according to El-Otmani et al. [14], 2,4-DP improved
fruit size by affecting juice sac development through
an enhancement of cell enlargement rather than cell
division. Similar results have also been reported for
other auxins. For instance, applications of 10-20
ppm 3,5,6-trichloro-2-pyridiloxyacetic acid (3,5,6TPA) increased the fruit size of Fino lemons [27],
satsuma mandarins [4] and Clementine mandarins
[8].
Fig. 1B shows the effects of treatments conducted in this study on the distribution of the crop
within commercial fruit size classes. In this study a
total of 3250 fruits were analyzed in terms of their
diameter in order to obtain the frequency distribution. The results showed that 1157 fruits (35.60%)
were smaller than 80 mm diameter, 1229 fruits
(37.82%) were between 80-84 mm diameter, 708
fruits (21.79%) were between 8489 mm diameter,
110 fruits (3.38%) were between 89-93 mm diameter
and 46 fruits (1.41%) were larger than 93 mm diameter.

Fresenius Environmental Bulletin

CONCLUSIONS
In this study, we tried to describe how fruit
yield and size affected by the usage of auxins with
various cultural techniques. As a conclusion regarding the parameters estimated in this study, treatments
had positive effects on fruit yield and size in Star
Ruby grapefruit. According to the results, foliar
spraying of 3,5,6-TPA at a concentration of 20 ppm
and 2,4-DP at a concentration of 150 ppm had increased the fruit yield up to fifty percent in comparison with the control trees. In addition foliar spraying
of 4% potassium increased the leaf Chl concentration and fluorescence. Considering the fruit number
in the frequency distrubition of commercial fruit diameter at class 84-89 mm, all treatments had better
results than control trees in terms of diameter.
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Leaf chlorophyll concentration and fluorescence. The SPAD measurements were used as an estimate of leaf chlorophyll concentration, because
there is a positive linear relationship between these
two parameters (r2 > 0.8, [19]). In the present study,
there were significant effects (p0.05) on leaf Chl
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processing. This process cause the fabrication of
more or less colored wastewaters, depending on the
quantity of fixation of the dyestuffs on the substrates,
which difference with the nature of the substances,
the preferred strength of coloration, and the main application method [1]. Dye manufacturing process industries, pulp and paper mills, tanneries, distilleries,
food processing industries and host of other manufacturing industries discharge the colored
wastewater pollution [2]. Methylene blue (MB) is
the widely used stuff for dying wood, silk and cotton.
While MB is not strongly harmful, it can cause some
damaging effects. Critical exposure to MB can cause
increased heartbeat rate, vomiting (emesis), shock,
jaundice, cyanosis, and tissue necrosis in humans
[3]. Therefore, removal of such dyes from processed
effluents becomes environmentally important. The
discharge of dyes to the environment is a matter of
concern for toxicological and esthetical reasons,
causing severe water contamination problems to
aquatic life due to reduced light penetration [4-5].
There are several processes accessible for the removal of dye by conventional treatment technologies including biological and chemical oxidation,
foam flotation, biodegradation, advanced oxidation,
photocatalysis [6]. Among these techniques adsorption method is considered as the better treatment of
dyeing wastewater based on its higher efficiency,
lower cost, simple operation, insensitive to toxic
substance, etc. The traditional absorbent is commercial activated carbon. However, the higher cost and
complicated production technology of activated carbon limited its wildly application [7]. A low-cost and
more easily available adsorbent would formulate the
removal of pollutants an economically viable alternative [8]. The cost effect involved look for alternative adsorbent that could provide an economical solution is very important for developing countries [9].
Many studies have been made on use of different adsorbents materials for ACs like, coir pith, banana pith, peanut hull, orange peel, peat, sawdust,
bagasse pith, rice husk, fenugreek mucilage and various blends of these. However search for cost-effective, efficient adsorbent is continuing. Large quantities of Jatropha husk (JH) is generated as an agroindustrial solid waste in to the bio-diesel by product
industries. JH constitutes nearly 80% of the dried

ABSTRACT
The adsorption of Methylene Blue (MB) dye
from aqueous solution using Jatropha husk mesoporous activated carbon was investigated. The structural, chemical and morphologies of the prepared
Jatropha husk carbon (JHC) were characterized by
different analytical techniques including Scanning
Electron Microscopy (SEM), X-ray powder diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR) and Batch adsorption experiments were
carried out and the parameters investigated include
effect of time, dose, pH and temperature. The JHC
equilibrium adsorption data were analyzed using two
widely applied kinetics and isotherms: first order and
second order kinetics, Langmuir, Freundlich and
Dubinin-Radushkevitch (D-R) isotherms. The results revealed that kinetics well fit with current findings. The JHC have the maximum adsorption capacity (Q0) of about 66.66 mg g-1, obeying Freundlich
isotherm. Kinetics analysis was conducted using first
and second-order kinetics models and intraparticle
model. The adsorption kinetics better obeyed second-order model. The activation energy of system (E)
was calculated as 10 kJmol-1. Thermodynamic parameters e.g. VWDQGDUGHQWKDOS\ ¨+o), standard enWURS\ ¨6o DQGVWDQGDUGIUHHHQHUJ\ ¨*o) with regard to temperature effect were also studied. The adsorption was found to be endothermic in nature. Alkaline pH was constructive for the adsorption of MB.
The pH effect and desorption studies showed that
ion-exchange mechanism seems to be the major
mode of adsorption for MB.

KEYWORDS:
Activated Carbon, Adsorption Kinetics, Isotherms,
Jatropha Husk, Methylene Blue, FTIR, XRD, SEM.

INTRODUCTION
Environmental pollution has been increased in
recent years with increasing industrial and urban development. The textile industry plays vital role in the
economy of developing countries across the world.
Dyeing is an essential operation during textile fibre
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Spectrophotometer (Specord 200, Analytic Jena,
Germany). pH was measured using pH meter (Elico,
model LI-127, Hyderabad, India). The dye solution
was separated from the adsorbent by centrifugation
at 2500 rpm for 30 min and its absorbance was measured. Effect of adsorbent dosage was studied with
different adsorbent doses (25±200 mg) along with 50
mL of dye solution and agitated for equilibrium time.
Langmuir, Freundlich, and Dubinin±Radushkevich
(DR) isotherms were employed to investigate the
equilibrium adsorption. Effect of pH was investigated by adjusting the pH of dye solutions using dilute HCI and NaOH solutions and the solutions were
agitated with 25 mg/50 mL adsorbent dose at 140
min for all concentrations. Desorption investigated
for the adsorbent were used for the adsorption of 100
and 120 mg L-1 of dye solution which was separated
from the supernatant by centrifugation. The MBloaded adsorbent were filtered by Whatman filter paper and washed softly with water to remove any unabsorbed dye. Several such samples were prepared
and the spent adsorbent was agitated for 120 min
with 50 mL of distilled water and adjusted to different pH values. The desorbed MB was estimated as
before. For temperature studies, adsorption of all
conc. of MB by 25 mg/50 ml adsorbent was carried
out at 35, 40, 50 and 60 °C in a thermo stated rotary
shaker.

vegetable [10]. The JH Waste biomass have been utilized by many researchers for adsorption of MB using agriculture solid waste activated carbons prepared by different activators such as such as periwinkle shells by KOH [11], rice husk by H2SO4 [12],
commercial activated carbon by NaOH [13], thermally activated coir pith carbon [14], harmal seeds
residue by HNO3 [15], rice husk by HCL [16], ZnCl2
coir pith carbon [17], bone char [18], ZnCl2 Activated buriti shells [19]. In the present study, a novel
adsorbent Jatropha husk carbon was investigated for
its efficiency in the removal of dye, namely MB,
from aqueous solution.

MATERIALS AND METHODS
Jatropha husk was collected from Tamil Nadu
Agricultural University, Coimbatore, India. The dry
raw material (JH) was washed with tap water and
then washed with double distilled water to remove
earthy impurities. It was dried in a hot air oven at 105
± 5 °C for 8 h.
Physical method. The washed, dried and
crushed JH was filled in a stain less steel container
by a tight lid. This container was located in another
concentric stain less steel container with another lid.
The linear space was filled with sand which was consolidated layer by layer up to the brim of the outer
container. The arrangement achieved a close to
whole absence of exposure of the carbonizing material to air, allowing only a limited presence of O2
trapped in the voids of the material being carbonized.
This prepare set up was kept in a muffle furnace for
1 h at 800 ± 5 °C. After cooling, the carbon was
washed with distilled water to remove impurities
similar to tars. This material was subsequently ovendried at 105 ± 5 °C for 8 h and sieved to 250-500 ȝP
size (60-35 mesh ASTM) and designated as Jatropha
Husk carbon (JHC) and stored in air tight plastic
container.

Characterization. Structural studies and surface morphologies of the loaded and unloaded JHC
were characterized by different analytical methods.
Infrared spectrums of the samples were obtained by
Fourier transform infrared spectroscopy (FTIR)
(Bruker, Germany). The morphology and elemental
analysis of loaded and unloaded JHC was examined
by scanning electron microscope (SEM-JSM, 840A,
JEOL, Japan). The carbon samples were filtered using a suction pump on qualitative filter paper and
kept in a vacuum desiccator, which was used for further instrumental analysis.

RESULTS AND DISCUSSION

Preparation of Methylene Blue (MB) Solution. Molecular formula of MB C16H18CIN3S with
molecular weight is 319.85. It is water ± soluble,
which is blue in color (ݠmax, 665 nm). Prepare stock
solution was dissolving an appropriate amount of
MB in distilled water. The functioning solutions
were prepared in diluting the stock solution with distilled water for appropriate concentration of the
working solutions.

X-ray powder diffraction (XRD) pattern was
used to analyze the crystallinity and phases of the asprepared JHC from Jatropha husk (JH) activated by
physically and MB adsorbed JHC. Figure 1 shows
that there are two peaks centred around 26°and 43°,
which are assigned to the reflection from the (002)
plane and the overlapped reflections from the (100)
and (101) planes, respectively. The appearance of
the peak at around 26° confirmed the regularity of
crystalline structure, which resulted in a better layer
alignment. The crystalline carbonaceous structure in
a typically, perhaps graphite, the interlayer distance
among two adjacent carbon sheets is 0.335 nm. The
peak corresponds to an interlayer distance of 0.338 nm,
which is quite similar to that of graphite. Peaks at 20

Experimental procedures. Adsorption experiments were carried out by agitating 25 mg of JHC
with 50mL of dye solution of desired concentration
and pH at 200 rpm, 35 °C in a thermo stated rotary
shaker (ORBITEK, Chennai, India). MB concentration was estimated spectrophotometrically by monitoring the absorbance at 665 nm using UV- Vis
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and 44° were due to the creation of pores through the
corrosion of carbon along the direction of the graphic
structures. This produced relatively well-organized
aromatic carbon that was more stable than amorphous-like carbon [20].
The FTIR spectra of the JHC and MB adsorbed
JHC are shown in Fig. 1. A large number of peaks
are present on FTIR spectrum of JHC and dyes
loaded samples. It may be due to the availability of the
volatiles such as lignin, fibre and hemi-cellulose. Generally, the locations of the hydrogen-bonded OH
groups are usually in the range of 3200±3650 cm-1 for
alcohols and phenols. The band at about 3435-3419 cm1
is attributed to Ȟ(O±H) vibrations. The band located
around 2924 cm-1 corresponds to Ȟ(C±H) vibrations in
the methylene groups. The band at 1323 cm-1 can be
DWWULEXWHG WR ȣ &±O) vibrations in carboxylate
groups [21]. The bands among the 1300 and 900 cm1
could be assigned to C±O stretching vibrations
[22].The band 3500 cm-1 can be assigned to the O±H
stretching mode of hydroxyl functional groups [23].
For JHC-MB, the band around 3431 cm-1 was shifted
to ca. 3695 cm-1 and showed an increase of intensity.
This band can be attributed to the N±H stretching
combined with the O±H vibration. The band at 1584
cm-1 was shifted to ca. 1434 cm-1 and can be attributed to N±H vibration coupled with C±N stretching mode, indicating the saturation of the material
with MB dye. The decrease in the group at ca. 600
cm-1 may be due to the interaction of MB with aromatic rings of JHC.
Morphology of JHC and MB loaded JHC observed through SEM micrographs Fig. 2(a, b) shows
tremendous, perfect and constructed pore structure
on top of the surface JHC. The carbon is compressed
and the lanky structure is due to the formation of
more interspaces between mono layers of the carbon
by activation of thermal JHC. The SEM picture of
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JHC clearly shows honeycomb void structure similar
to that of char based carbon. Basically, the high surface area and pore structure are the basic parameters
for an effective adsorbent. It showed that the dye was
strongly adsorbed on the surface of the JHC as
shown in Fig. 2(c, d).
Initial pH of the MB solutions with various
concentrations (100 - 180 mg L-1) was varied from
2.0 to 10, by adding either 0.1 N Sodium hydroxide
(NaOH) or 0.1 N hydrochloric acid (HCl) solutions,
to assess the effect of pH on the dye adsorption onto
the JHC. Figure 3(c) shows the effect of initial pH
on the adsorption of MB onto JHC. The percent adsorption of MB was at pH 2.0 and higher at pH 10.
At pH 10, negatively charged surface sites on the adsorbent favor the adsorption of dye cations due to the
electrostatic attraction and hence dye removal was high
(more than 20%) for JHC adsorbents. Basically, cationic dyes are produce an intense molecular cation
(C+) and reduced ions (CH+). At higher pH, the OH±
ions on the surface of adsorbent obey the removal of
cationic dye molecules. Earlier studies have reported
that the % adsorption of MB usually increases with
increase in the pH [24-26].
Desorption studies as a function of pH were
conducted to analyze the possibility of reuse of the
adsorbent for further adsorption and to make the process more effective and economical. At lower pH the
hydrogen ion (H+) concentration increases in solution, which then displaces adsorbed dye cations into
solution. The percent desorption decreased from
7.80 % at pH 2.0 to 4.26 % at pH 10 for the dye concentrations of 100 and 120 mg L-1as shown in Fig.
3(d) [27]. The reversibility of adsorbed dyes is in
agreement with the pH depenant results obtained.
Desorption of dye at lower pH indicates that adsorption of MB onto JHC may be due to ion exchange
mechanism [28].

FIGURE 1
MB after adsorption of X-ray patterns and FTIR of JHC
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FIGURE 2
SEM with different magnification images of (a, b) Raw JHC; and (c, d) JHC with adsorbed MB

FIGURE 3
Effect of agitation time and initial MB concentration on (a) JHC; Intraparticle diffusion plots for
adsorption of MB on to (b) JHC; Effect of pH on (c) JHC; and (d) desorption of MB
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TABLE 1
Kinetic parameters for the removal of MB onto JHC
Adsorbate

JHC
MB

Intraparticle diffusion

BanJKDP¶VPRGHO

Initial conc.
(mg L-1)

qe(exp)
(mg g-1)

100
120
140
160
180

26.36
27.17
28.29
32.38
36.57
Conc.
(mg L-1)
100
120
140
160
180
Initial
Conc.
(mg L-1)
100
120
140
160
180

First order kinetics
k1
qe (cal)
R2
(mg g-1)
(min-1)
0.02
12.24
0.975
0.03
14.89
0.946
0.03
14.72
0.962
0.03
16.94
0.975
0.03
18.03
0.979
qe exp
kid
(mg g-1)
(mg g-1h-1/2)
26.36
1.097
27.17
1.124
28.29
1.167
32.38
1.305
36.57
1.438

Second order kinetics
k2
qe (cal)
(gmg-1min-1)
(mg g-1)
0.007
25.00
0.007
25.64
0.004
29.41
0.003
34.48
0.003
38.46
C

R2

13.35
14.05
14.87
17.54
20.14

0.926
0.949
0.954
0.923
0.921

Kb
(ml (g L-1))

Į

R2

0.21
0.20
0.20
0.19
0.17

1.33
1.37
1.49
1.42
1.43

0.965
0.977
0.988
0.984
0.982

R2
0.997
0.996
0.996
0.996
0.997

the bulk diffusion effect, the linear portion to the intraparticle diffusion rate effect and the plateau to the kinetic equilibrium. The linear portions of the plots do not
pass through the source representative that intraparticle
diffusion is not the only rate controlling step for adsorption process shows in Fig. 3 (d). These linear portions
are attributed to the instantaneous utilization of the
majority readily available adsorbing sites on the adsorbent surface [29] %DQJKDP¶V NLQetic equation
was used to evaluate whether the adsorption was
pore-diffusion controlled. Table 1 were found to be
linear for different concentrations at 35oC, which
confirmed that the adsorption was pore-diffusioncontrolled for MB.
Adsorption isotherms are mathematical models, which are used to describe the distribution of the
adsorbate species among solid and liquid phases.
The adsorption data were investigated by using three
types of the most common isotherms: Langmuir,
Freundlich and Dubinin-Radushkevich models [30].
Langmuir model suggests a monolayer adsorption with
no lateral interaction among the adsorbed molecules.
Plot of Ce/qe vs Ce gives a straight line with slope
1/Q0 and intercept 1/Q0b. Langmuir constants Q0 and
b, were found to be 66.66 mg g-1 and 0.006 (L mg-1),
respectively. The necessary characteristics of the
Langmuir isotherm can be expressed by a dimensionless constant called equilibrium parameter RL.
The calculated RL values were found to be between
0 and 1 which specify favorable adsorption. The RL
values are shown in Table 2. Freundlich model assumes heterogeneous adsorption. The Freundlich constants, kf and n were calculated from the linear plot
of log qe vs log Ce are presented in Table 2. The adsorption isotherms followed Freundlich Isotherm.

A series of contact time experiments for adsorption of MB dye were carried out at different initial concentrations (100-180 mg L-1) at 35oC Fig.
3(a). Adsorption of MB reached equilibrium at 140
min for all concentrations. The percent removal decreased with increasing initial dye concentration, but
the amount of dye adsorbed per unit mass of carbon
increased with increase in MB concentration. It
means that the adsorption is extremely dependent on
initial concentration of MB. At lower concentration,
ratio of the initial number of dye molecules is low
available surface area. Consequently the incomplete
adsorption becomes independent of initial concentration. However, at high concentration of MB the
available sites of adsorption turn into less and therefore the percent removal of dye is dependent upon
initial concentration.
Removal of MB by JHC was studied at different adsorbent doses from 25 - 200 mg/50ml and different initial concentrations of MB from 100 to 180
mg L-1. It was found that increase in adsorbent dose
increased the removal of MB and quantitative removal occurred at 25, 50, 75, 100, 150 and 200
mg/50ml for 100-180 mg L-1 of MB, respectively.
Increase in adsorption by adsorbent dose is attributed
to more surface area and the availability of more adsorption sites.
The results obtained from the first and second
order kinetic equilibrium models along with the experimental qe. The calculated qe values of the Lagergren second order kinetics are generally closer to the
experimental qe values compared to the calculated qe
values from first order kinetics. Therefore, the adsorption process follows Lagergren second order kinetic model. The initial curved segment is attributed to
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that the cost of the JH carbon is $0.50 kg-1, while that
of the commercial carbon for dye removal is $3.00
kg-1 [32].

This adsorption potential is independent of
temperature, but it adsorbent and adsorbate are varies the depending on the nature. The mean free energy of adsorption gives information about adsorption mechanism as ion-exchange. The mean energy
of the MB adsorption was calculated as 10 kJ=mol-1,
which indicates that the adsorption of MB on the
JHC occurred with ion-exchange mechanism. Figure
4 presents different adsorption isotherms along with the
experimental data. In order to compare the validity of
LVRWKHUPVDQRUPDOL]HGGHYLDWLRQ¨T  . where suSHUVFULSWVµH[S¶DQGµFDO¶DUHWKHH[SHULPHQWDODQGFDO
FXODWHGYDOXHVUHVSHFWLYHO\DQGµQ¶LVWKHQXPEHURI
measurements. From the results it was found that
)UHXQGOLFK LVRWKHUP VKRZV ORZHVW ¨T DQG Vo it is
most suitable than other isotherms shown in Table 3.
Increase in the temperature increased the percent removal. Temperature changes into standard
free energy, enthalpy and entropy of adsorption. Positive values of ¨H° (268.4 J mol-1K-1) show the endothermic nature of adsorption. The negative values
of ¨G° indicate the spontaneous nature of adsorption
for MB. Positive values of ¨S° (-192.81 J mol-1K-1)
which suggest an increased randomness at the
solid/solution interface during the adsorption of dye
on JHC shown in Table 4. Thermodynamic parameters such as changes in Gibbs free energy (ǻ*0), entropy (ǻ60) and enthalpy (ǻ+0) were calculated by
using following thermodynamic relations [31]. Current study revealed that adsorption of dyes on JHC
was found to non- spontaneous. The raw material for
the carbon, namely, JH is bio-diesel production industries waste. The AC developed from the agricultural waste material can be used for the effective and
economic adsorption of toxic ions and dyes the organics from waters. Approximate calculations show

CONCLUSIONS
In the present study, we have successfully developed JHC from Jatropha husk activated by physical method. The structural characterization of pure
JHC and MB adsorbed JHC were characterize with
FTIR, XRD, and SEM. Jatropha husk, a biodiesel
by- product solid waste, was used for the development of activated carbon by JHC shows the excellent
surface area. The SBET and micropore volume obtained were 421.1 m2/g. The pore structure, morphology and elemental composition of the JHC was experiential through SEM micrographs. The prepared
JHC shows an excellent dye adsorption from aqueous solution. Parameters such as pH level, initial dye
concentration, adsorbent dosage, agitation time and
temperature and their effects on removal of the MB
by JHC were investigated in the current study. The
percent adsorption of MB was at pH 2.0 and higher
at pH 10. At pH 10, negatively charged surface sites
on the adsorbent favor the adsorption of dye cations
due to the electrostatic attraction and hence dye removal was high (>20%) for JHC adsorbents. The
equilibrium adsorption closely followed second order kinetics. The equilibrium data yielded good fit
with Freundlich isotherm. Adsorption was non spontaneous and endothermic in nature. Desorption studies showed that the ion-exchange mechanism seems
to be the major mode of adsorption for MB onto JHC.
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FIGURE 4
Comparison of Langmuir, Freundlich and D-R isotherms for adsorption of MB on to JHC
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TABLE 2
Langmuir, Freundlich and Dubinin- Radushkevich isotherm constants for MB onto JHC
Langmuir
Adsorbate

MB

R2

RL

'q


0.772

0.59
0.55
0.51
0.48
0.45

5.98

Conc.
mg L-1
100
120
140
160
180

Q0
(mg g-1)

66.66

0.006

Conc.
mg L-1
100
120
140
160
180

kf
mg1- l/nLl/ng-1

n

R2

¨T
(%)

2.53

1.94

0.84

5.36

Conc.
mg L-1
100
120
140
160
180

qm
(mg g-1)

E
(mol2J2x10-9)

R2

¨T
(%)

222.2

5

0.840

6.16

b
(L mg-1)

Freundlich
Adsorbate

MB

D-R
Adsorbate

MB

TABLE 3
Comparison of Langmuir, Freundlich and D-R constants for Adsorption of MB by various adsorbents
reported in literature
Adsorbent
JHC
Coir pith carbon
Poly(Vinyl alcohol)
Raw clay
Calcined clay
Saw dust
Date stones char (DSAC)

Langmuir isotherm
b
Q0
(mg g-1)
(mg L-1)
66.66
0.006
5.87
0.93
13.80
27.8
27.49
13.99
56.31
8.88
32.26
0.38
*
*

Freundlich isotherm
kf
n
(mg1-1/n L1/n g-1)
2.53
1.94
1.19
0.70
0.50
0.86
14.85
0.15
9.01
0.061
14.58
0.26
42.65
2.46

D-R isotherm
B
E
(L mg-1)
(kJ mol-1)
10.0
5
*
*
*
*
*
*
*
*
*
*
*
*

Ref
This work
[14]
[33]
[34]
[34]
[35]
[36]

TABLE 4
Thermodynamic parameters for the adsorption of MB onto JHC
T (K)
308
313
323
333

Kc
0.112
0.113
0.114
0.116

¨G (kJ molí1)
5.59
5.66
5.83
5.94

¨H (kJ molí1)
-

¨S (J molí1 Kí1)
-

268.44

-192.81

dye on chemically modified activated carbonsInfluence of pH. J. Colloid Interface Sci., 296,
1480-489.
[2] Sayed, G.O.E., Yehia, M.M. and Asaad, A.A.
(2014) Assessment of activated carbon prepared
from corncob by chemical activation with phosphoric acid. Water Resour. Ind., 8, 66-75.
[3] Theydan, S.K. and Ahmed, M.J. (2012) Adsorption of methylene blue onto biomass-based activated carbon by FeCl3 activation: Equilibrium,
kinetics, and thermodynamic studies. J. Anal.
App. Pyro. 97, 116-122.
[4] Rafatullah, M., Sulaiman, O., Hashim, R. and
Ahmad, A. (2010) Adsorption of methylene
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&ROOHJHRI/LIH6FLHQFHV+HQDQ1RUPDO8QLYHUVLW\;LQ[LDQJ&KLQD
.H\/DERUDWRU\IRU0LFURRUJDQLVPVDQG)XQFWLRQDO0ROHFXOHV +HQDQ1RUPDO8QLYHUVLW\ 8QLYHUVLW\RI+HQDQ3URYLQFH;LQ[LDQJ
&KLQD

WUDQVIHU +*7  LV FRQVLGHUHG WR EH D PDLQ UHDVRQ
FRQWULEXWLQJWRWKHHPHUJHQFHDQGGLVVHPLQDWLRQRI
$5*V>@
+RUL]RQWDO JHQH WUDQVIHU LQYROYHV WKUHH LQGH
SHQGHQWPHFKDQLVPVFRQMXJDWLRQWUDQVGXFWLRQDQG
WUDQVIRUPDWLRQ&RQMXJDWLYHWUDQVIHUZKLFKUHTXLUHV
GLUHFW FRQWDFW EHWZHHQ WKH GRQRU DQG WKH UHFLSLHQW
FHOOVLVWKHPDLQDSSURDFKWRVSUHDGJHQHV7UDQVGXF
WLRQ UHOLHV RQ WKH WUDQVGXFLQJ SKDJHV WKDW SDFNDJH
DQG WUDQVIHU LQIHFWHG KRVW '1$ WR QHZ KRVWV %H
FDXVHWKHSKDJHVJHQHUDOO\KDYHQDUURZKRVWUDQJHV
VRSKDJHPHGLDWHGJHQHVWUDQVIHULVFRQVLGHUHGWREH
UHVWULFWHG >@ 1DWXUDO WUDQVIRUPDWLRQ LV GHILQHG DV
WKHDFWLYHXSWDNHDQGKHULWDEOHLQWHJUDWLRQRIH[WUD
FHOOXODU'1$ SODVPLGDQGFKURPRVRPDO  >@8Q
OLNHFRQMXJDWLRQDQGWUDQVGXFWLRQWUDQVIHURI'1$
E\QDWXUDOWUDQVIRUPDWLRQLVLQLWLDWHGE\WKHUHFLSLHQW
FHOO DQG GRHVQ¶W UHO\ RQ H[WUDFKURPRVRPDO JHQHWLF
HOHPHQWV>@$VLVZHOONQRZQWKHGHYHORSPHQWRI
SK\VLRORJLFDOVWDWHRIFRPSHWHQFHLVHVVHQWLDOIRUD
UHFLSLHQWFHOOWRXSWDNHH[WUDFHOOXODU'1$LQQDWXUDO
WUDQVIRUPDWLRQ SURFHVVHV 0RUH WKDQ  VSHFLHV RI
EDFWHULDFDQGHYHORSFRPSHWHQFHXQGHUQDWXUDOFRQ
GLWLRQV3UXGKRPPHHWDOIRXQGWKDWVRPHDQWLELRW
LFVFDQLQGXFHWKHFRPSHWHQFHGHYHORSPHQWLQ6WUHS
WRFRFFXV SQHXPRQLDH >@ 2EYLRXVO\ WKH FRQVWDQW
H[SRVXUHWRDQWLELRWLFVPD\LQGXFHWKHJHQHUDWLRQRI
$5*V DQG SXVK WKHP VSUHDGLQJ 7KH UDWLR RI UH
VLVWDQW EDFWHULD VLJQLILFDQWO\ HOHYDWHG LQ WKH DQWLEL
RWLFSROOXWHGHQYLURQPHQWVUHVXOWLQJIURPWKHVHOHF
WLYHSUHVVXUHLPSRVHGE\FRQWLQXDOH[SRVXUHWRDQWL
ELRWLFV ,PSRUWDQWO\ ORWV RI UHVHDUFKHV KDYH VKRZQ
WKDWPHWDOFRQWDPLQDWLRQSOD\VDQLPSRUWDQWUROHLQ
WKHPDLQWHQDQFHDQGGLVVHPLQDWLRQRI$5*V>@
&RPSDUHGZLWKDQWLELRWLFVPHWDOVDUHPRUHGLIILFXOW
WR EH GHJUDGHG DQG VXEVHTXHQWO\ SURGXFH D ORQJ
WHUPVHOHFWLRQSUHVVXUH>@,WKDVEHHQNQRZQIRU
VHYHUDOGHFDGHVWKDWPHWDODQGDQWLELRWLFUHVLVWDQFH
JHQHV DUH OLQNHG SDUWLFXODUO\ RQ SODVPLGV 7KLV
SK\VLFDO OLQNDJH UHVXOWV LQ WKH FRVHOHFWLRQ IRU UH
VLVWDQWJHQHVORFDWHGRQWKHVDPHHOHPHQW>@
$OWKRXJKODUJHUHVHDUFKHVKDYHVKRZQWKDWWKH
SUHYDOHQFHRI$5*VDQGUHVLVWDQWEDFWHULDZDVHOH
YDWHG LQ PHWDO DQGRU DQWLELRWLFSROOXWHG HQYLURQ
PHQWVWKHHIIHFWVRIPHWDOVRUDQWLELRWLFVH[SRVXUH

ABSTRACT
$OWKRXJKWKHUHODWLRQVKLSEHWZHHQWKHKRUL]RQ
WDO JHQH WUDQVIHU RI DQWLELRWLF UHVLVWDQW JHQHV DQG
PHWDO RU DQWLELRWLF SROOXWLRQ LQ HQYLURQPHQWV DUH
JURZLQJFRQFHUQWKHHIIHFWVRIPHWDOVRUDQWLELRWLFV
RQWKHQDWXUDOWUDQVIRUPDWLRQIUHTXHQF\DUHXQDYDLO
DEOH,QWKLVVWXG\WKHWUDQVIRUPDWLRQIUHTXHQFLHVRI
D PXOWLDQWLELRWLFV UHVLVWDQFH SODVPLG S<1 WKDW
SRVVHVVHV KLJK WUDQVIHU DELOLW\ ZHUH LQYHVWLJDWHG
DPRQJGLIIHUHQWUHFLSLHQWEDFWHULDXQGHUH[SRVXUHRI
YDULRXV FRQFHQWUDWLRQV RI DQWLELRWLFV RU PHWDO LRQV
$V WKH UHVXOWV DQWLELRWLFV DQG PHWDO LRQV VLJQLIL
FDQWO\DOWHUHGQDWXUDOWUDQVIRUPDWLRQIUHTXHQFLHVRI
WKLVSODVPLGXQGHUH[SRVXUHRIWKHUHSRUWHGUHVLGXDO
FRQFHQWUDWLRQ UDQJHV LQ YDULRXV HQYLURQPHQWV %XW
WKHDOWHUDWLRQYDULHGGHSHQGLQJRQWKHUHFLSLHQWEDF
WHULDOVSHFLHVDQGWKHW\SHVRIDQWLELRWLFVRUPHWDOV
,QJHQHUDOWKHWUDQVIRUPDWLRQIUHTXHQFLHVRI%DFLO
OXVVXEWLOLVDQG3URWHXVYXOJDULVLQFUHDVHGE\WR
 WLPHV LQ WKH SUHVHQFH RI &HSKDOH[LQ WHWUDF\
FOLQH RU NDQDP\FLQ ZKLOH H[SRVXUH RI WKHVH WKUHH
DQWLELRWLFV GHFUHDVHG WUDQVIRUPDWLRQ IUHTXHQFLHV
ZKHQ %DFLOOXV FHUHXV DQG %DFLOOXV WKXULQJLHQVLV
ZHUH XVHG DV UHFLSLHQWV 2YHUDOO WKH LQYHVWLJDWHG
PHWDOLRQV&X=Q0QDQG)HIDFLOLWDWHGWKH
WUDQVIRUPDWLRQRISODVPLGS<1WRUHFLSLHQWEDFWH
ULDOVWUDLQVH[FHSWWR%DFLOOXVFHUHXVXQGHUORZFRQ
FHQWUDWLRQ OHYHOV DOWKRXJK WKHVH HIIHFWV ZHDNHQHG
ZLWKWKHLQFUHDVHRIFRQFHQWUDWLRQV
.(<:25'6
DQWLELRWLFPHWDOLRQ$5*VQDWXUDOWUDQVIRUPDWLRQKRUL
]RQWDOJHQHWUDQVIHU

INTRODUCTION
,WLVZHOONQRZQWKDWDQWLELRWLFUHVLVWDQFHJHQHV
$5*V  DV HPHUJLQJ HQYLURQPHQWDO FRQWDPLQDQWV
DUH EHFRPLQJ RQH RI WKH PRVW VHULRXV WKUHDWV WR
JOREDO SXEOLF KHDOWK$OWKRXJK DQWLELRWLF UHVLVWDQFH
EDFWHULD $5% DUHHDV\WREHNLOOHGWKH$5*VUH
OHDVHGIURP$5%FDQVWHDGLO\H[LVWDQGGLVVHPLQDWH
LQHQYLURQPHQWVIRUDORQJWLPH>@+RUL]RQWDOJHQH
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FRORQLHV

RQWKHQDWXUDOWUDQVIRUPDWLRQIUHTXHQFLHVRIDQWLEL
RWLF UHVLVWDQW SODVPLGV DUH XQDYDLODEOH > @ ,Q
RXUSUHYLRXVVWXG\DQ(VFKHULFKLDFROL/VVWUDLQUH
VLVWDQWWRDWOHDVWHLJKWW\SHVRIDQWLELRWLFVZDVLVR
ODWHGIURPFKLFNHQPDQXUHDQGWKHPXOWLUHVLVWDQFH
SODVPLG S<1 ZDV LVRODWHG IURP WKLV EDFWHULXP
VWUDLQ ZKLFK FRQWDLQHG PXOWLSOH $5*V HVSHFLDOO\
*ORB(',B%53BOLNH VXSHUIDPLO\ ZKLFK UHJXODWHG
PXOWLSOH PHWDO DQG DQWLELRWLF UHVLVWDQFH GDWD XQ
SXEOLVKHG 7KLVSODVPLGZDVGHWHFWHGLQVHYHUDOGLI
IHUHQWVSHFLHVDQGJHQHUDRIPXOWLUHVLVWDQFHEDFWH
ULDOVWUDLQV,QWKLVVWXG\WKHHIIHFWVRIPHWDOVRUDQ
WLELRWLFVH[SRVXUHRQWKHQDWXUDOWUDQVIRUPDWLRQIUH
TXHQFLHVRIWKHSODVPLGS<1LQGLIIHUHQWVSHFLHVRI
UHFLSLHQWEDFWHULDZHUHUHVHDUFKHG

RESULTS
(IIHFWV RI DQWLELRWLF H[SRVXUH RQ WUDQVIRU
PDWLRQ IUHTXHQF\ &HSKDOH[LQ WHWUDF\FOLQH DQG
NDQDP\FLQZHUHFKRVHQWRWHVWWKHLUHIIHFWVRIGLIIHU
HQW H[SRVXUH FRQFHQWUDWLRQV RQ WUDQVIRUPDWLRQ IUH
TXHQF\$V VKRZQLQ)LJDGGLWLRQRIDQWLELRWLFV
VLJQLILFDQWO\ DOWHUHG WKH WUDQVIRUPDWLRQ IUHTXHQFLHV
LQ DOO WKH UHFLSLHQW EDFWHULD LQ ZKLFK WKH WUDQVIRU
PDWLRQIUHTXHQFLHVRI%DFLOOXVVXEWLOLVDQG3URWHXV
YXOJDULVVKDUSO\LQFUHDVHGE\WRWLPHVLQ
WKH SUHVHQFH RI YDULRXV DQWLELRWLFV %XW WKH GRVDJH
HIIHFWVRIDQWLELRWLFVH[SRVXUHZHUHQRWVLJQLILFDQWLQ
WKHUDQJHRIWHVWHGFRQFHQWUDWLRQV2QWKHFRQWUDU\
WKHVHWKUHHDQWLELRWLFVFRQWULEXWHGWRWKHGHFUHDVHRI
%DFLOOXVFHUHXVDQG%DFLOOXVWKXULQJLHQVLVWUDQVIRU
PDWLRQ IUHTXHQFLHV $QG WKH WUDQVIRUPDWLRQ IUH
TXHQF\SUHVHQWHGDVOLJKWGHFUHDVHZLWKWKHLQFUHDVH
RI DQWLELRWLF FRQFHQWUDWLRQV KRZHYHU ZLWKRXW VLJ
QLILFDQWGLIIHUHQFHDPRQJWKHWKUHHDQWLELRWLFV

MATERIALS AND METHODS
3ODVPLG7RREWDLQDSRWHQWLDOGRQRUVWUDLQIRU
QDWXUDOWUDQVIRUPDWLRQVHYHUDOPXOWLGUXJUHVLVWDQFH
VWUDLQVZHUHLVRODWHGIURPWKHVXUURXQGLQJHQYLURQ
PHQW RI OLYHVWRFN IDUPV$IWHU DQWLELRWLF UHVLVWDQFH
H[SORUDWLRQDQ(VFKHULFKLDFROLVWUDLQUHVLVWDQWWRDW
OHDVWHLJKWW\SHVRIDQWLELRWLFVZDVXVHGDVWKHGRQRU
VWUDLQ7KH VWUDLQ ZDV QDPHG DV ( FROL /V )URP
WKLVVWUDLQDSODVPLGQDPHGS<1ZDVLVRODWHGDQG
IXUWKHU VHTXHQFHG7KLV SODVPLG ZDV XVHG KHUH IRU
QDWXUDOWUDQVIRUPDWLRQWHVWV

(IIHFWVRIPHWDOLRQVRQWUDQVIRUPDWLRQIUH
TXHQF\ 7KH HIIHFWV RI KHDY\ PHWDOV &X =Q
0QDQG)HRQWUDQVIRUPDWLRQIUHTXHQFLHVZHUH
GHSHQGLQJRQWKHW\SHVRILRQVDQGW\SHVRIUHFLSLHQW
EDFWHULDOVWUDLQVDVVKRZQLQ )LJ2YHUDOO PHWDO
LRQVIDFLOLWDWHGWKHWUDQVIRUPDWLRQRISODVPLGS<1
WRUHFLSLHQWEDFWHULDOVWUDLQVH[FHSWWR%DFLOOXVFHUHXV
XQGHU ORZ FRQFHQWUDWLRQ OHYHOV DOWKRXJK WKHVH HI
IHFWVZHDNHQHGZLWKWKHLQFUHDVHRIFRQFHQWUDWLRQV
)RUH[DPSOHVFRSSHULRQREYLRXVO\LQFUHDVHGWUDQV
IRUPDWLRQ IUHTXHQF\ RI %DFLOOXV VXEWLOLV %DFLOOXV
WKXULQJLHQVLVDQG3URWHXVYXOJDULVE\WR
WLPHVEXWREYLRXVO\LQKLELWHG %DFLOOXVFHUHXV7KH
HIIHFWVRIPDQJDQHVHLRQDQG]LQFLRQZHUHDOVRVLJ
QLILFDQW/RZFRQFHQWUDWLRQPDQJDQHVHLRQFRQWULE
XWHGWRWKHLQFUHDVHRIWUDQVIRUPDWLRQIUHTXHQFLHVE\
WLPHV7KHWUDQVIRUPDWLRQIUHTXHQFLHVRI%D
FLOOXV VXEWLOLV DQG %DFLOOXV WKXULQJLHQVLV HYLGHQWO\
LQFUHDVHGLQWKHSUHVHQFHRI]LQFLRQ,QFRPSDULVRQ
WKHLQIOXHQFHRIIHUURXVLRQVHHPHGPHGLRFUH7KHUH
IRUHWKHNLQGVRIERWKPHWDOLRQVDQGUHFLSLHQWEDF
WHULDOVWUDLQVDIIHFWHGWKHQDWXUDOWUDQVIRUPDWLRQIUH
TXHQFLHV

5HFLSLHQWEDFWHULD7KHUHFLSLHQWVWUDLQVZHUH
%DFLOOXV VXEWLOLV %DFLOOXV FHUHXV %DFLOOXV WKXULQ
JLHQVLV DQG 3URWHXV YXOJDULV ZKLFK SUHVHUYHG LQ
.H\/DERUDWRU\IRU0LFURRUJDQLVPVDQG)XQFWLRQDO
0ROHFXOHV +HQDQ 1RUPDO 8QLYHUVLW\  8QLYHUVLW\
RI +HQDQ 3URYLQFH 7KH DQWLELRWLF VHQVLWLYLW\ IRU
HDFKUHFLSLHQWVWUDLQZDVWHVWHGWRDVVXUHWKH\ZHUH
VHQVLWLYHWRFHSKDOH[LQWHWUDF\FOLQHDQGNDQDP\FLQ
3ODVPLG H[WUDFWLRQ DQG DJDURVH JHO HOHFWURSKRUHVLV
GHWHFWLRQZHUHSHUIRUPHGWRDVVXUHWKDWQRSODVPLG
ZDVFRQWDLQHGLQWKHEDFWHULDOVWUDLQV
1DWXUDO WUDQVIRUPDWLRQ 3ODVPLG S<1 ZDV
H[WUDFWHGE\DONDOLQHO\VLVDFFRUGLQJWRRPHJDSODV
PLG PLQL NLW PDQXDO 2PHJD %LR7HN 86$  7KH
FRQFHQWUDWLRQDQGSXULW\RISODVPLGZHUHGHWHUPLQHG
E\ FRORULPHWULF DVVD\ XVLQJ XOWUDYLROHW VSHFWURSKR
WRPHWHUȝJWRWDOSODVPLGVLVRODWHGIURP(FROL
/VZHUHFRFXOWXUHGZLWKȝ/HDFKRIWKHIRXU
UHFLSLHQWEDFWHULDLQORJDULWKPLFSKDVHUHVSHFWLYHO\
$IWHUKVWDWLFFRFXOWXUHGDOOIRXUIUDFWLRQVZHUH
DSSURSULDWHO\ GLOXWHG DQG SODWHG RQ /XULD%HUWDQL
VROLGVHOHFWLYH DGGLQJȝJPOFHSKDOH[LQȝJ
PO WHWUDF\FOLQH DQG  ȝJ PO NDQDP\FLQ  DQG
QRQVHOHFWLYHPHGLDWRGHWHUPLQHUHVLVWDQW&)8DQG
WRWDO&)8UHVSHFWLYHO\7KHWUDQVIRUPDQWVZHUHYHU
LILHG E\ DQWLELRWLF VHQVLWLYH WHVWV RQ /XULD%HUWDQL
/% DJDUSODWHVLVRODWLRQSODVPLGDQGDJDURVHJHO
HOHFWURSKRUHVLV 7KH WUDQVIRUPDWLRQ IUHTXHQF\ ZDV
GHILQHGDVWKHQXPEHURIUHVLVWDQWFRORQLHVSHUWRWDO

DISCUSSION
,WKDVEHHQDQLQGLVSXWDEOHIDFWWKDWH[SRVXUHRI
DQWLELRWLFV DQG KHDY\ PHWDOV SURPRWHG WKH SUHYD
OHQFHRIDQWLELRWLFUHVLVWDQWPXOWLSOHDQWLELRWLFUH
VLVWDQWEDFWHULDLQYDULRXVHQYLURQPHQWVRUHYHQWKH
KRUL]RQWDOJHQHWUDQVIHURI$5*V>@+RZ
HYHUYHU\OLPLWHGUHSRUWVZHUHLQYROYHGLQKRZWKLV
SURFHVVZDVGHYHORSHGDQGZKDWH[WHQWVRIVXFKHI
IHFWVPDGHRQWKHHQYLURQPHQWV$FFRUGLQJWRWUDGL
WLRQDOVHOHFWLYHSUHVVXUHWKHRU\UHVLVWDQWVWUDLQVDUH
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ORQJHGWRWKHVDPHJHQXV7KLVSKHQRPHQRQPD\H[
HUW D NLQG RI VHOHFWLRQ WR SURPRWH WKH HYROXWLRQ RI
PLFURELDO FRPPXQLW\ HVSHFLDOO\ LQ DQWLELRWLF RU
PHWDOSROOXWHGHQYLURQPHQWV
)URPWKHUHVXOWVZHFDQVHHWKDWWKHGRVDJHHI
IHFWZDVQRWYHU\FOHDULQPRVWWHVWVZKLFKPLJKWEH
GXHWRWKHH[SRVXUHFRQFHQWUDWLRQVXVHG7KHLQYHV
WLJDWHG FRQFHQWUDWLRQ UDQJH RI HDFK DQWLELRWLF RU
PHWDOZDVGHWHUPLQHGDFFRUGLQJWRUHIHUHQFHVDERXW
WKHUHVLGXDOFRQFHQWUDWLRQVLQVRLORURWKHUHQYLURQ
PHQWV$FFRUGLQJWRDYDLODEOHOLWHUDWXUHWKHFRQFHQ
WUDWLRQRIFRPPRQDQWLELRWLFVUHDFKHGDIUDFWLRQRI
PLOOLJUDPWRDGR]HQRIPLOOLJUDPVSHUNLORJUDPLQ
DQWLELRWLFSROOXWHG HQYLURQPHQW VXFK DV PDQXUH RU
OLYHVWRFN IDUPV LQ &KLQD > @$QG WKH KHDY\
PHWDOV FRQFHQWUDWLRQ UDQJHG IURP GR]HQV RI PLOOL
JUDPV WR KXQGUHGV RI PLOOLJUDPV SHU NLORJUDPV LQ
WKHVHHQYLURQPHQWV>@7KHVHUHVLGXDOFRQFHQ
WUDWLRQVRIDQWLELRWLFVRU PHWDOV ZHUH SRVVLEO\VXE
LQKLELWLQJ GRVDJHV IRU PRVW EDFWHULDO VSHFLHV EXW
PLJKWSOD\LPSRUWDQWUROHVLQJHQHWUDQVIHULQHQYL
URQPHQWV7KHUHIRUHWKHLQYHVWLJDWHGH[SRVXUHFRQ
FHQWUDWLRQVRIDQWLELRWLFVRUPHWDOVUHSUHVHQWHGUHDO
HQYLURQPHQWDO VLJQLILFDQFH DOWKRXJK IXUWKHU VWXG\
VKRXOG EH FRQGXFWHG XQGHU HQODUJHG H[SRVXUH GRV
DJHUDQJHVDQGDOVRXQGHUFRRFFXUUHQFHRIDQWLELRW
LFVPHWDOVRUDQWLELRWLFVSOXVPHWDOV&HUWDLQO\WKH
UDWHRIQDWXUDOWUDQVIRUPDWLRQDOVRGHSHQGHGRQYDU
LRXV HQYLURQPHQWDO PLFURRUJDQLVPDVVRFLDWHG IDF
WRUVVXFKDVUHFLSLHQWVSHFLHV,QWKLVVWXG\WKHLQIOX
HQFLQJHIIHFWVRIDQWLELRWLFRUPHWDOH[SRVXUH ZHUH
FDVHE\FDVHGHSHQGLQJRQUHFLSLHQWVSHFLHVZLWKRXW
DFOHDUUXOHLQWUDRULQWHUJHQXV0RUHVSHFLHVDQG
JHQHUD RIUHFLSLHQWEDFWHULDVKRXOGEH WHVWHGWRH[
SORUHWKHHIIHFWVRIGLIIHUHQWEDFWHULDOVSHFLHVLQWKH
IXUWKHUVWXG\

HDVLO\VXUYLYDODQGHQULFKHGXQGHUWKHFRQGLWLRQRI
KLJKGRVDJHDQWLELRWLFH[SRVXUHEHFDXVHWKHUHPDLQ
LQJ VXVFHSWLEOH SRSXODWLRQ DUH NLOOHG +RZHYHU UH
FHQWVWXGLHVKDYH VKRZQWKDWH[WUHPHO\ORZDQWLEL
RWLFFRQFHQWUDWLRQV LQWKHQJSHUPOUDQJH FDQDOVR
SURPRWH WKH GLVVHPLQDWLRQ RI UHVLVWDQW JHQHV >@
7KDWWKHRU\PLJKWQRWEHDSSURSULDWHLQHQYLURQPHQ
WDOFRQGLWLRQVVLQFHPRVWRIWKHH[WUHPHO\ORZOHYHO
RIDQWLELRWLFVFDQQRWHIILFLHQWO\LQKLELWWKHDQWLELRWLF
VHQVLWLYH PLFURRUJDQLVPV ,W LV WKHUHIRUH SRVVLEOH
WKDWWKHUHLVDQDOWHUQDWHPHFKDQLVPVXFKDVKRUL]RQ
WDOJHQHWUDQVIHU +*7 IRUWKHGLVVHPLQDWLRQRIDQ
WLELRWLFUHVLVWDQFHWUDLWVLQHQYLURQPHQWV)RUH[DP
SOH VRPH DQWLELRWLFV VXFK DV IOXRURTXLQRORQHV ȕ
ODFWDPVDQGDPLQRJO\FRVLGHV RUPHWDOVFDQGDPDJH
WKHJHQRPLF'1$DQGFRQVHTXHQWO\LQGXFHWKH626
UHVSRQVHDQGWKH5SR6UHJXORQ>@7KHFRQVH
TXHQFHVRILQGXFWLRQFDQOHDGWRJHQHWLFDOWHUDWLRQV
WKDWDUHDVVRFLDWHGZLWKWKHPRYHPHQWRIPRELOHHO
HPHQWV VXFKDVWKHLQGXFWLRQRISURSKDJHVLQWHJUD
WLYH FRQMXJDWLYH HOHPHQWV ,&(V DQGWUDQVSRVRQV 
DFWLYDWLRQRIUHFRPELQDVHV >@ VXFKDVLQWHJUDVHV
DQGWUDQVSRVDVHV DQGDQLQFUHDVHLQWKHUDWHRIPX
WDJHQHVLVGXULQJFKURPRVRPHUHSOLFDWLRQ E\WKHLQ
GXFWLRQ RI HUURUSURQH '1$ SRO\PHUDVHV DQG WKH
VXSSUHVVLRQ RI PLVPDWFK UHSDLU  > @ 1DWXUDO
WUDQVIRUPDWLRQRISODVPLGVLQHQYLURQPHQWVLVDQLP
SRUWDQWZD\RIKRUL]RQWDOJHQHWUDQVIHU)URPRXUUH
VXOWVWKHHIIHFWVRIDQWLELRWLFVDQGKHDY\PHWDOLRQV
RQ WKH QDWXUDO WUDQVIRUPDWLRQ ZHUH DIILUPDWLYH
+RZHYHUVXFKHIIHFWVZHUHKLJKO\GHSHQGLQJRQWKH
W\SHVRIDQWLELRWLFVRUPHWDOVDQGDOVRGHSHQGLQJRQ
WKHEDFWHULDOVSHFLHV,QWKLVVWXG\WKHDELOLWLHVRIUH
FHLYLQJH[RJHQRXVSODVPLGVZHUHFRQWUDU\XQGHUH[
SRVXUHRIYDULRXVDQWLELRWLFVRUPHWDOVEHWZHHQ%D
FLOOXVVXEWLOLVDQG%DFLOOXVFHUHXVDOWKRXJKWKH\EH

),*85(
(IIHFWRIDQWLELRWLFVRQWUDQVIRUPDWLRQIUHTXHQF\ D FHSKDOH[LQ E WHWUDF\FOLQH F NDQDP\FLQ
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),*85(
(IIHFWRIPHWDOLRQVRQWUDQVIRUPDWLRQIUHTXHQF\ D FRSSHULRQ E PDQJDQHVHLRQ F ]LQFLRQ
G IHUURXVLRQ
CONCLUSION
[2]

$OWKRXJKIXUWKHUVWXGLHVVKRXOGEHFRQGXFWHG
WKHSUHVHQWVWXG\KDVUHYHDOHGWKDWDQWLELRWLFRUPHWDO
H[SRVXUHVLJQLILFDQWO\LQIOXHQFHGWKHWUDQVIRUPDWLRQ
IUHTXHQFLHVRIDPXOWLDQWLELRWLFVUHVLVWDQFHSODVPLG
S<1$QGWKHVHHIIHFWVZHUHXQIDYRUDEOHEHFDXVH
WKH WUDQVIRUPDWLRQ IUHTXHQFLHV LQFUHDVHG LQ PRVW
FDVHV7KHUHIRUHWKHHIIHFWVRIPHWDODQGDQWLELRWLF
SROOXWLRQRQ$5*VQDWXUDOWUDQVIRUPDWLRQVKRXOGEH
JLYHQPRUHDWWHQWLRQV
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ABSTRACT

INTRODUCTION

A comprehensive survey was conducted in the
coastal area of Bohai Bay (¶(̚¶(DQG
¶1̚¶1) during May 7 to 11, 2009. Environmental factors were surveyed in a grid of 20 stations during a rising tide and a falling tide. Phytoplankton samples were collected from 16 stations
and microscopically examined in the lab. A total of
33 species which belongs to 3 phyla were detected in
the study area, including Bacillariophyta (31 species,
accounting for 93.94%), Cryptophyta (1 species, accounting for 3.03%) and Chlorophyta (1 species, accounting for 3.03%). The main phytoplankton
groups were eurythermal and neritic autochthonous
species, the dominant species were Skeletonema sp.,
Ditylum brightwellii, Nitzschia longissima, Coscinodiscus excentricus, Thalassiosira rotula, Rhizosolenia styliformis and Coscinodiscus jonesianus in this
season. Cell abundance ranged from 2.429×104
cells/L to 4.51×105 cells/L with an average of
1.386×105 cells/L. Dissolved inorganic nitrogen
(DIN) and soluble reactive phosphorus (SRP) ratios
were 39.4:1 in rising tide and 41.64:1 in falling tide.
Combined with history literatures, the nutrient limiting factor for phytoplankton growth could shift to
phosphorus limitation from nitrogen limitation due
to anthropogenic emissions in the last decade. Correlation analysis proved that SRP and pH were the
main factors that control the phytoplankton growth
in rising tide, while these factors had no obvious effect in falling tide. The periodic change of the phytoplankton community structure was not only influenced by physical process, but also influenced by the
sea surface temperature (SST), nutrient concentration and other environmental factors.

Phytoplankton, a primary producer which can
convert solar energy to organic compounds, contributes greatly to material circulation and energy flow
in the marine ecosystems [1,2]. Its species composition and quantity can largely restrict the development
of ocean primary productivity directly or indirectly,
thus it is an important indicator to the development
and utilization of marine biotic resources [3,4]. To a
large extent, the state of phytoplankton communities
determines the stability of local marine ecosystems,
and the investigation of phytoplankton communities
is a crucial method to estimate the health level of the
seawaters [5].
Bohai Bay is a typical semi-enclosed basin situated in the western region of Bohai Sea in northeast
China, with an area of 1.6×104 km2 and an average
water depth of 12.5m [6]. Of particular note is that
red tide happened frequently in this bay, mainly
caused by eutrophication in water bodies [7]. A survey from the literature available showed that about 1
billion tons of sewage was discharged annually into
the offshore of Bohai Bay from the peripheral city
[8]. Nutrients in untreated sewage were poured into
seawater, and stimulated algae overgrowth to form
red tide ultimately. Many reports have focused on
eutrophication in the offshore of Bohai Bay. Peng [6]
reported that DIN was the main pollutant in Bohai
Bay, and responsible for the eutrophication risk here.
Xu [9] demonstrated that nutrients have great effect
on phytoplankton biomass in Bohai Bay by using
structural equation model, and a strong relationship
was observed in nutrients and physical environment.
Similar literature can be found somewhere else, with
an identical consequence that Bohai Bay are facing
the plight of eutrophication, and nutrients may be the
principal culprit to such dilemma [10].
Note that Bohai Bay is an irregular semidiurnal
tide, with a diurnal tidal range 2-3 m [11]. Previous
works on spatio-temporal distribution of phytoplankton were ample, but few documents have focused on
recording variation of the phytoplankton biomass
during a tide in Bohai Bay. Environmental forcing
by tidal cycles is a significant driver of phytoplankton community in coastal waters [12]. Thus, research
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Nutrient analysis were conducted in the lab, including ammonium (NH4-N), nitrate(NO3-N), nitrite
(NO2-N) and SRP. Concentrations of NH4-N were
determined by hypobromite oxidation method with a
detection limit of 5.0 ȝJ/=LQFFDGPLXPUHGXFWLRQ
method and azo photometric method were used in
our experiments to measure the concentrations of
NO3-N and NO2-N, and the two methods had a comPRQGHWHFWLRQOLPLWRIȝJ/)RUFRQYHQLHQFHZH
use dissolved inorganic nitrogen (DIN) to represent
the assumption of NH4-N, NO3-N and NO2-N. SRP
concentrations were determined with the method of
phosphorus molybdenum blue spectrophotometric
method and had a detection limit of 1.4 ȝJ/
Two liters of seawater were filtered through 25
mm Whatman GF/F filters and stored frozen until
analysis. Pigments were extracted in cold acetone
(90%) for 24h, and the concentrations of chlorophyll
a (Chla) were analyzed by spectrophotometry. We
translated 250 ml seawater to polyethylene (PE) bottles for phytoplankton analysis, and the samples
were buffered with formaldehyde (final concentration of 1%) solution. PE bottles were stored in dark
until further analyze in laboratory. Phytoplankton
cells were observed and counted with an optical microscope.

on how tidal cycles act on phytoplankton is necessary. Here we conducted a survey during a tide in the
coastal area of Bohai Bay in 2009, our aims were (1)
to investigate the distribution of phytoplankton in
coastal area of Bohai Bay, and identify the dominant
species in this area; (2) to compare the difference of
phytoplankton biomass, as well as the primary
productivity, between rising tide and falling tide; (3)
to recognize the crucial environmental factors that
driving the change of phytoplankton biomass.
.


MATERIALS AND METHODS
)LHOGVDPSOLQJ6DPSOHVZHUHFROOHFWHGDW
VWDWLRQV  VDPSOLQJ VHFWLRQV  LQ ZDWHUV DURXQG
+DQJXGLVWLQFW ¶(̚¶(DQG ¶1̚
¶1 GXULQJ0D\WR )LJ +HUHDI
WHUZH XVH 6̚6WRUHSUHVHQWWKHFROOHFWLRQVWD
WLRQVDQG7̚7WRUHSUHVHQWWKHVDPSOLQJVHF
WLRQV 'LUHFWLRQV RI VDPSOLQJ FURVVVHFWLRQV ZHUH
VXEVWDQWLDOO\SDUDOOHOWRWKHGLUHFWLRQRIWKHPDLQFXU
UHQW:HFROOHFWHGZDWHUVDPSOHVLQDOORIWKHVWD
WLRQVDQGDPRQJZKLFKVWDWLRQVZHUHXVHGIRUEL
RORJLFDO DQDO\VLV H[FHSW IRU 6WQ 6 6 6 DQG
65LVLQJWLGHDQGIDOOLQJWLGHZDWHUVDPSOHVZHUH
LQFOXGHGLQWKHILHOGH[SHULPHQWWKHZKROHLQYHVWL
JDWLRQODVWHGIRUILYHGD\V:DWHUVDPSOHVZHUHFRO
OHFWHGDWPEHORZWKHVXUIDFHLQDOOVWDWLRQVZLWK
/ 1LVNRQ ERWWOHV 7KHQ WKH ZDWHU VDPSOHV ZHUH
WUDQVIHUUHGWRDFLGFOHDQHGSRO\HWK\OHQHERWWOHVDQG
VDPSOHV ZHUH NHSW IURP OLJKW XQWLO DQDO\]HG LQ WKH
ODERUDWRU\

6WDWLVWLFVDQDO\VHV,QWKLVSDSHUDPHWKRGUHF
RPPHQGHGE\WKH 8QLWHG1DWLRQV(GXFDWLRQDO6FL
HQWLILF DQG &XOWXUDO 2UJDQL]DWLRQ 81(6&2  ZDV
XVHGWRFDOFXODWHWKHSULPDU\SURGXFWLYLW\ 33 33 
&KODā4ā'ā( ZKHUH4UHSUHVHQWVGLIIHUHQWOHYHOV
RI DVVLPLODWLRQ DULWKPHWLF PHDQ LQGH[   ' LV
GD\WLPH K (LVWKHGHSWKRIHXSKRWLFOD\HU'L
YHUVLW\RISK\WRSODQNWRQFRPPXQLW\ZHUHGHVFULEHG
E\WKH6KDQQRQ:LHQHUGLYHUVLW\LQGH[ +¶ 3LHORX V
HYHQQHVV -¶  DQG 0DUJDOHI V FDOFXODWLRQ 'HWDLOHG
IRUPXODVDQGDQQRWDWLRQVZHUHVDYHGLQVRPHOLWHUD
WXUH>@
Pearson correlation analysis and Canonical correlation analysis (CCA) were used in our analysis to
determine the key environmental factors. Pearson
correlation analysis were conducted in SPSS 21.0
program (Statistical Product and Service Solutions,
USA). Biplots of the two tides were made with the
MVSP3.1 program package (Kovach Computing
Services, UK).



FIGURE 1
Study area and sampling stations in the coastal
area of Bohai Bay

RESULTS

:DWHU VDPSOHV PHDVXUHPHQW 'HSWK ZHUH
PHDVXUHGLQVLWXE\DRQERDUGHFKRPHDVXUHLQVWUX
PHQW 7HPSHUDWXUH 7  S+ DQG VDOLQLW\ 6DO  ZHUH
UHFRUGHG E\ FRUUHVSRQGLQJ HTXLSPHQWV ZLWK GHWHF
WLRQ OLPLWV RI    DQG  UHVSHFWLYHO\ 'LV
VROYHGR[\JHQ '2 ZHUHPHDVXUHGLQWKHODERUDWRU\
E\LRGRPHWU\ZLWKDGHWHFWLRQOLPLWVRIPJ/

Environmental conditions. Corresponding
environment factors of rising tide and falling tide in
the survey area were shown in Tab.1. This area is a
typical inshore sea, with a mean depth of 5.51 m in
rising tide and 4.36 m in falling tide. Obviously, the
depth of the middle two sampling cross-
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TABLE 1
Mean (f
fstandard error) values of physico-chemical parameters of five sections in study area
H
(m)
Rising tide
T1
3.5±1.36
T2
4.25±1.17
T3
5.9±1.02
T4
6.68±1.66
T5
7.23±1.05
Mean
5.51±1.84
Falling tide
T1
2.78±0.97
T2
3.2±1.02
T3
4.65±1.16
T4
5.4±1.62
T5
5.75±1.05
Mean
2.78±0.97

WT
(Ԩ)

pH

Sal
(psu)

DO
(mg/L)

DIN
(mg/L)

SRP
(mg/L)

DIN/SRP

Chla
ȝJ/

PP

20.78±0.95
19.58±1.43
18.5±1.29
18.03±0.79
17.4±0.16
18.86±1.53

8.11±0.04
8.18±0.07
8.15±0.03
8.11±0.02
8.13±0.01
8.14±0.05

31.19±0.44
31.06±0.43
30.92±0.27
31.16±0.27
31.22±0.26
31.11±0.33

9.36±0.41
9.25±0.52
9.90±1.23
9.47±0.72
10.11±0.83
9.61±0.78

0.87±0.09
1.01±0.16
0.78±0.17
0.87±0.17
0.65±0.15
0.84±0.18

0.025±0.019
0.033±0.032
0.035±0.016
0.040±0.025
0.030±0.03
0.032±0.02

47.66±23.1
62.43±46.5
23.75±5.1
27.25±12.62
39.07±25.03
39.4±27.1

4.68±1.81
4.59±2.4
3.99±0.80
1.49±0.70
3.30±0.86
3.61±1.78

197.8±123.6
178.5±123.1
142.6±65.9
57.7±36.1
156±54.8
146.50±90.5

20.78±0.95
19.58±1.43
18.5±1.29
18.03±0.79
17.4±0.16
20.78±0.95

8.08±0.03
8.16±0.1
8.14±0.03
8.08±0.06
8.12±0.02
8.08±0.03

31.18±0.44
31.04±0.43
30.9±0.27
31.10±0.31
31.21±0.25
31.18±0.44

9.61±0.78
9.52±0.75
9.76±0.27
9.24±0.45
9.73±0.07
9.61±0.78

0.90±0.07
1.05±0.17
0.80±0.21
0.92±0.21
0.67±0.14
0.90±0.07

0.028±0.02
0.036±0.034
0.037±0.015
0.044±0.025
0.033±0.03
0.028±0.02

41.64±19.02
58.29±43.42
22.98±4.58
24.8±9.45
35.68±24.11
41.64±19.02

5.09±1.29
4.28±0.44
2.85±1.53
1.36±0.72
2.70±0.82
5.09±1.29

183.2±111.8
124.2±31.2
88.5±53
44.8±33.9
106.4±40
109.41±70.1

TABLE 2
Dominant species of phytoplankton in study area
7D[D
Skeletonema sp.
Ditylum brightwellii
Nitzschia longissima
Coscinodiscus excentricus
Thalassiosira rotula
Rhizosolenia styliformis
Coscinodiscus jonesianus

Phylum
Diatom
Diatom
Diatom
Diatom
Diatom
Diatom
Diatom

$EXQGDQFHUDWLR 
31.49
16.80
11.64
9.52
10.23
9.25
7.14

)UHTXHQF\ IL
0.75
0.88
0.94
1
0.56
0.63
0.69

'RPLQDQFH <
0.2362
0.1478
0.1094
0.0952
0.0573
0.0583
0.0493

WURSKLFDWLRQVWDWXV7KHVXUYH\UHYHDOHGWKDWFRQFHQ
WUDWLRQV RI &KOD ZHUH EHORQJLQJ WR LQWHUPHGLDWH RU
ORZ OHYHO YDU\LQJ EHWZHHQ  PJP WR 
PJP 0HDQ FRQFHQWUDWLRQV RI &KOD GXULQJ ULVLQJ
WLGHDQGIDOOLQJWLGHZHUHȝJ/DQGȝJ/
UHVSHFWLYHO\0HDQYDOXHRI&KODGXULQJULVLQJWLGH
ZHUHJUHDWHUWKDQWKHYDOXHGXULQJIDOOLQJWLGHVRPH
ZKDW 0D[LPXP YDOXH RI &KOD DSSHDUHG LQ 6WD6
GXULQJULVLQJWLGHZKLOHWKHPLQLPXPYDOXHZDVLQ
6WD6GXULQJIDOOLQJWLGH&KODFRQFHQWUDWLRQVZHUH
JUDGXDOO\GHFUHDVHGIURPFRDVWDOZDWHUVWRRIIVKRUH
ZDWHUVGXULQJULVLQJWLGHDQGDORFDOORZYDOXH UH
JLRQ HPHUJHG LQ WKH GHHSHVW RI PRQLWRULQJ ZDWHUV
GXULQJIDOOLQJWLGH
According to the formula shown in Section 2.3,
we calculated the primary productivity (PP) in this
area (Tab.2). Consistent with the Chla values, mean
PP value of rising tide exceeded the value of falling
tide. Values of mean PP in rising tide and falling tide
were 146.5 and 109.4, respectively. Minimum values
of PP were appeared in Sta.S15 in both tides, while
maximum values showed in Sta. S8 during rising tide
and Sta. S2 during falling tide (Dates not shown
here).

sections are overtop than the others. Seawater temperature, showed no significant difference during rising tide and falling tide, varying between 17.2ć and
22.1ć. A distinct decrease of seawater temperature,
from coastal waters to open waters can be observed
in study area. Salinity was always thought to be a
critical index in the ocean, and in our experiment,
mean salinity during the two tides were nearly constant. The distribution of salinity was relatively uniform except for the area close to the mouth of Jiyun
river and the offshore of Hangu distinct. pH and dissolved oxygen (DO) demonstrated an identical distribution during the two tides, and the five sections
showed little variation. The DIN concentration during rising tide (mean concentration is 0.84 mg/L)
was slightly lower than the falling tide (mean concentration is 0.87 mg/L), and the coastal waters had
higher DIN concentration than that of deeper waters.
The soluble reactive phosphorus (SRP) value was always well similar during the study period and had no
significant difference between the two tides.
DIN/SRP values were higher than 16 during both
tides, and the values during the rising tide were
slightly higher than the falling tide. It can be concluded that this area was characterized with high nutrients ascribed to anthropogenic inputs.

6SHFLHV FRPSRVLWLRQ DQG GRPLQDQW VSHFLHV
FRPSRVLWLRQ,QWRWDOVSHFLHVZHUHLGHQWLILHGGXU
LQJRXUUHVHDUFKLQFOXGLQJ%DFLOODULRSK\WD VSH
FLHVDFFRXQWLQJIRU &U\SWRSK\WD VSHFLHV
DFFRXQWLQJIRU  DQG&KORURSK\WD VSHFLHV
DFFRXQWLQJIRU &RVFLQRGLVFXVZDVWKHPRVW
IUHTXHQWO\REVHUYHGJHQXVLQWKLVDUHDIROORZHGE\
1LW]VFKLDDQG5KL]RVROHQLDDFFRXQWLQJIRUǃ
DQGUHVSHFWLYHO\3K\WRSODQNWRQFHOO

&KORURSK\OO D FRQFHQWUDWLRQV DQG SULPDU\
SURGXFWLYLW\ &KOD FRQFHQWUDWLRQ FRXOG UHIOHFW WKH
FKDQJH UXOH RI SK\WRSODQNWRQ DQG FKDUDFWHUL]H WKH
VWDQGLQJFURSRIWKHSULPDU\SURGXFHUVLQZDWHUVDQG
ZDVRIWHQXVHGDVDYLWDOLQGLFDWRUIRUHYDOXDWLQJHX
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FIGURE 2
h104
Horizontal distribution of dominant cells abundance in the surface water in the surveyed area (h
cells/L). A:Phytoplankton; B: Skeletonema sp.; C: Ditylum brightwellii; D: Nitzschia longissima; E:
Coscinodiscus excentricus; F: Thalassiosira rotula; G: Rhizosolenia styliformis; H: Coscinodiscus jonesianus.
TABLE 3
The Pearson correlation coefficients between biotic and abiotic variables in rising tide and falling tide

Rising tide
Chla
H'
J'
Phytoplankton
Falling tide
Chla
H'
J'
Phytoplankton

H (m)

WT (Ԩ)

pH

Sal (psu)

DO (mg/L)

DIN (mg/L)

SRP (mg/L)

DIN/SRP

-0.408
-0.105
0.150
-0.596*

0.135
0.246
-0.078
0.306

0.623**
-0.612*
-0.582*
0.724**

0.351
-0.146
0.082
-0.056

0.082
-0.252
-0.105
-0.171

-0.041
-0.165
-0.360
0.524*

-0.475*
0.378
0.290
-0.269

0.556*
-0.649**
-0.633**
0.610*

-0.569**
0.065
0.203
-0.709**

0.651**
0.246
-0.078
0.306

0.227
-0.497
-0.437
0.608*

0.043
-0.154
0.071
-0.030

0.217
-0.048
0.066
0.111

0.288
-0.152
-0.359
0.474

-0.259
0.388
0.301
-0.268

0.399
-0.680**
-0.673**
0.615*


DEXQGDQFHV ZHUH VKRZQ LQ )LJ  6XUIDFH SK\WR
SODQNWRQFHOOFRQFHQWUDWLRQVUDQJHGIURPî
FHOOV/WRîFHOOV/DQGWKHPHDQFRQFHQWUD
WLRQ ZDVîFHOOV/ &RPSDUHG ZLWKGHHSHU
ZDWHUVVHFWLRQ7DQGVHFWLRQ7ZHUHFORVHWRWKH
RIIVKRUHDQGPRUHHDVLO\DIIHFWHGE\DQWKURSRJHQLF
QXWULHQWLQSXWV7KXVDQDSSDUHQWGLIIHUHQFHLQFHOO
DEXQGDQFHFRXOGEHREVHUYHGEHWZHHQFRDVWDOZDWHUV
DQG GHHSHU ZDWHUV 3K\WRSODQNWRQ FHOO DEXQGDQFH
ZDVKLJKHVWLQ6WQ6DQGORZHVWLQ6WQ6 'DWHV
QRWVKRZQKHUH 
The dominance species in the study area were
all diatoms. In order, Skeletonema sp., Ditylum
brightwellii, Nitzschia longissima, Coscinodiscus
excentricus, Thalassiosira rotula, Rhizosolenia styliformis and Coscinodiscus jonesianus were the most
common diatoms in this season (Fig.2). Among
them, Skeletonema sp. were the first dominant species, its mean cell quantity reached 4.36×104 cells/L,
accounting for 31.49%. Maximum values of Skeletonemas sp. appeared in Stn.S8. The second and third
dominant species were Ditylum brightwellii and
Nitzschia longissima, accounting for 16.80% and
11.64%, respectively. Appearance frequency (fi)
analyses were conducted to explore the highest occurrence frequency species. From the statistics,

Coscinodiscus excentricus emerged in every sampling station, closely followed by Nitzschia longissima and Ditylum brightwellii. In general, a small
quantity of phytoplankton was found in this study
area.
3HDUVRQ FRUUHODWLRQ DQDO\VLV DQG &&$ EH
WZHHQ SK\WRSODQNWRQ DQG HQYLURQPHQWDO YDULD
EOHV3HDUVRQFRUUHODWLRQDQDO\VLVEHWZHHQRUJDQLVP
DQG HQYLURQPHQWDO IDFWRUV DUH VKRZQ LQ 7DE LW¶V
TXLWHXVHIXOWRGHWHUPLQHWKHFULWLFDOIDFWRUVWKDWLQ
IOXHQFHWKH JURZWKRISK\WRSODQNWRQ&KODFRQFHQ
WUDWLRQ VKRZHG D SRVLWLYHO\ UHODWLRQVKLS ZLWK S+
S DQG',1653 S GXULQJULVLQJWLGH
ZKLOHLWZDVSRVLWLYHO\UHODWHGZLWK:7 S DQG
QHJDWLYHO\FRUUHODWHGZLWK+ S GXULQJIDOOLQJ
WLGH7KLVFRUUHODWLRQUHVXOWVUHYHDOHGGLIIHUHQWQXWUL
HQWVWUDWHJLHVGXULQJDWLGH3K\WRSODQNWRQFHOOFRQ
FHQWUDWLRQVKDGFRPHRXWYLUWXDOO\XQDQLPRXVO\RXW
FRPHV GXULQJ ERWK FRUUHODWLRQ DQDO\VLV7KH\ ZHUH
SRVLWLYHO\UHODWHG ZLWKS+',1DQG',1653DQG
QHJDWLYHO\FRUUHODWHGZLWK+2WKHUIDFWRUVKDYHQ¶W
VKRZHG VLJQLILFDQW FRUUHODWLRQ ZLWK SK\WRSODQNWRQ
FHOO FRQFHQWUDWLRQV &RPSDUHG ZLWK SK\WRSODQNWRQ
FHOOFRQFHQWUDWLRQV6KDQQRQ:LHQHUGLYHUVLW\LQGH[
+¶ DQG3LHORX VHYHQQHVVYDOXHV - GLVSOD\HGDQ
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DGYHUVHFRUUHODWLRQ7KLVWZRLQGLFDWRUVZHUHDOOQHJ
DWLYHO\ FRUUHODWHG ZLWK ',1653 S  LQ ERWK
WLGHV,QDGGLWLRQ+¶DQG- VKRZHGQHJDWLYHO\FRU
UHODWLRQ ZLWK S+ S  GXULQJ ULVLQJ WLGH ZKLOH
VLPLODUUHVXOWVKDYHQ¶WIRXQGGXULQJIDOOLQJWLGH
CCA is a useful tool to explain the internal relations between species and environmental factors.
Similar location of species in CCA bioplots have a
consistent response with the ecological adaptability
of the environment. To better reflect ecological requirements of dominance species in study area, we
analyzed the congruent relationship between seven
dominance species and environmental factors. The
position of phytoplankton in the map can reflect dependence severity of dominance species on different
environmental factors. Often, for various species, the
more closer relationship in taxonomy, the more
closer distribution in the biplot. In rising tide, the
abundance of Skeletonema sp., Nitzschia longissima
, and Coscinodiscus excentricus were positively related to temperature, DIN and SRP. While the abundance of Ditylum brightwellii and Rhizosolenia styliformis mostly related to salinity. And, in falling

Fresenius Environmental Bulletin

tide, the abundance of Ditylum brightwellii and Rhizosolenia styliformis showed positive correlation
with temperature, salinity, DIN and SRP. Other
dominance species didn¶t show correlation with environment factors.

DISCUSSION
Diversity of phytoplankton community. Biological community diversity, one of the most important properties for biogenesis, reflects a function
relation between the types and individual numbers of
biological communities. It can be evaluated by species diversity index and evenness. Shannon-Wiener
diversity index (+¶) and Pielou's evenness (J') are
two characterizations of community stability index
[13]. Generally speaking, higher values of H' and J'
indicate more stability and maturity of the ecosystem. Based on the formula given in Sun [14], we calculated the relevant indexes as shown in Tab.4. +¶
ranged from 2.03 to 3.31, with a mean value of 2.76.
Mean section values of +¶, except for section T2,

FIGURE 3
Biplots of dominant species and environment factors in study area in (A) rising tide and (B) falling tide. A:
Chla; B: Skeletonema sp.; C: Ditylum brightwellii; D: Nitzschia longissima; E: Coscinodiscus excentricus;
F: Thalassiosira rotula; G: Rhizosolenia styliformis; H: Coscinodiscus jonesianus.
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TABLE 4
Phytoplankton diversity index, evenness and abundance in study region
Station
S1
S2
S3
S4
S5
S6
S7
S8
S10

H'

J'

d

3.20
2.83
3.29
3.08
2.26
2.85
2.10
2.03
3.28

0.84
0.79
0.84
0.83
0.65
0.82
0.63
0.72
0.89

3.47
3.38
4.20
2.89
1.94
2.99
1.71
1.09
5.23

Eutrophication
status
Slight
Moderate
Slight
Slight
Moderate
Moderate
Moderate
Moderate
Slight

Station
S11
S12
S14
S15
S16
S18
S19
Range
Mean

H'

J'

d

3.31
2.84
3.05
2.67
2.73
2.49
2.08
2.03̚3.31
2.76

0.87
0.82
0.82
0.80
0.91
0.75
0.66
0.63̚0.91
0.79

9.20
2.64
9.37
3.86
4.42
3.31
4.44
1.09̚9.37
4.01

Eutrophication
status
Slight
Moderate
Slight
Moderate
Moderate
Moderate
Moderate
/
Moderate

TABLE 5
Comparison of dominant species with historical data in the same season
Location

Time

117º6¶(̚118º2¶(
38º 6¶1̚39º 2¶1

May,2013

117º46¶(̚118º04¶(
38º39¶1̚39º 05¶1

May,2012

¶(̚¶(
¶1̚¶1

May 7 to 11,2009

¶(̚118º1¶(
38º 5¶1̚39º 2¶1

May,2005

Coastal area of Bohai Bay

May,1998

West of Bohai Bay(118º25¶()

1964̚1981

Dominant species
Noctilucas cintillans
Coscinodiscus oculus-iridis
Coscinodiscus asteromphalus
Coscinodiscus sppˊ
Rhizosolenia delicatula
Skeletonema costatum
Chaetoceros curvisetus

Reference

Tab.2

This study

Paralia sulcate
Skeletonema costatum
Coscinodiscus spp. Chaetoceros spp.
Coscinodiscus spp. Chaetoceros spp.
Rhizosolenia spp.
Ceratium spp.
Skeletonema costatum
Eucampoia zoodiacus
Rhizosolenia stolterfothii
Leptocylindrus danicus
Thalassionema nitzschioides

[21]

[22]

[23]

[16]

[24]


JUDGXDOO\ GHFUHDVH IURP VHFWLRQ 7 WR VHFWLRQ 7
5HDVRQVIRUWKLVGLVWULEXWLRQWUHQG ZHUHKLJKHUFHOO
DEXQGDQFHLQFRDVWDOZDWHUVWKDQGHHSHUZDWHUVDQG
WKHFRPPXQLW\FRPSRVLWLRQVWUXFWXUHEHFDPHFRP
SOLFDWHG DQG GLYHUVLILHG )RUVHFWLRQ7 GHVSLWH LWV
KLJKHU FHOO DEXQGDQFH WKH WRWDO QXPEHU RI VSHFLHV
ZHUHUHODWLYHO\ORZDQGWKHFHOODEXQGDQFHUDWLRRI
PLQRULW\GRPLQDQWVSHFLHVZHUHFRPSDUDWLYHO\KLJK
)RU LQVWDQFH DW 6WQ6 ZH RQO\ GHWHFWHG  VSHFLHV
WKDWDOOEHORQJWRGLDWRPVDPRQJWKHP6NHOHWRQHPD
VS DQG 'LW\OXP EULJKWZHOOLL DFFRXQWHG IRU DOPRVW
DVLPLODUVLWXDWLRQGLVFRYHUHGLQRWKHUORZGL
YHUVLW\ VLWHV 3LHORX V HYHQQHVV YDOXHV -  UDQJHG
IURPWRDQGWKHPHDQYDOXHZDV6LP
LODUWRWKH6KDQQRQ:LHQHUGLYHUVLW\LQGH[3LHORX V
HYHQQHVV YDOXH -  LQ VHFWLRQ 7 ZDV ORZHU WKDQ
RWKHU VHFWLRQV &RPELQHG ZLWK WKH GLVWULEXWLRQ RI
GRPLQDQWFHOOVDEXQGDQFHLQWKLVVXUYH\ORZHUYDO
XHVRI- DOVRFRUUHVSRQGHGWRDUHDVZLWKKLJKHUSK\
WRSODQNWRQDEXQGDQFHVXJJHVWLQJWKDWWKHH[LVWHQFH
RIGRPLQDQWVSHFLHVZRXOGUHGXFHWKHUHJLRQSK\WR
SODQNWRQGLYHUVLW\WRVRPHH[WHQW

WKHELRORJLFDOLQGH[HVIRUHYDOXDWHZDWHUTXDOLW\DQG
SUHGLFWWKHRFFXUUHQFHRIUHGWLGHV6KDQQRQ:LHQHU
GLYHUVLW\ LQGH[ +¶  FDQ EH XVHG LQ DQ\ ELRORJLFDO
JURXS WKHRUHWLFDOO\ ,Q WHUPV RI SK\WRSODQNWRQ LWV
FRPSXWDWLRQDOHUURULVYHU\VPDOOGXHWRHDFKVSHFLHV
DUH VPDOO DQG KRPRJHQHRXV -XGJPHQW FULWHULRQ RI
GLYHUVLW\LQGH[LV+¶ UHSUHVHQWVVHYHUHSROOXWLRQ
+¶UHSUHVHQWVKHDY\SROOXWLRQ+¶ DQG-¶ 
UHSUHVHQWV RFFXUUHQFH WKUHVKROG RI SK\WRSODQNWRQ
UHGWLGHV+¶ ̚UHSUHVHQWVPLGGOHOHYHOSROOXWLRQ
+¶!UHSUHVHQWVVOLJKWSROOXWLRQ$FFRUGLQJWRWKLV
FULWHULD ZH FRXOG FRPH WR WKH FRQFOXVLRQ WKDW WKLV
DUHDLVPRGHUDWHO\SROOXWHG
7KH QXWULHQWV OLPLWDWLRQ LQ VWXG\ DUHD 7KH
JURZWKDQGSURSDJDWLRQRISK\WRSODQNWRQDUHPDLQO\
LQIOXHQFHGE\QXWULHQWVOHYHOVDQGXSWDNHSURFHVVHV
DPRQJ WKHVH VSHFLHV >@ 7KLV SURJUHVV LV UHFRJ
QL]HGDVERWWRPXSHIIHFWVRUQXWULHQWVOLPLWLQJ>@
$FFRUGLQJWR5HGILHOGUDWLRWKHPRVWVXLWDEOH1DQG
3UDWLRIRUSK\WRSODQNWRQJURZWKLV,QWKLVVXU
YH\',1FRQFHQWUDWLRQLQULVLQJWLGHZDVORZHUWKDQ
WKDWLQIDOOLQJWLGHZKLOH653FRQFHQWUDWLRQVKRZHG
DUHYHUVHWUHQG1DQG3UDWLRZDVPXFKKLJKHUWKDQ
5HGILHOGUDWLRZLWKDPHDQUDWLRRILQULVLQJ
WLGHDQGLQIDOOLQJWLGH7KHWZRPHDQUDWLRV

(XWURSKLFDWLRQVWDWXVLQVWXG\DUHD6SHFLHV
GLYHUVLW\LQGH[LVDQLPSRUWDQWDWWULEXWHRIWKHELR
ORJLFDO FRPPXQLW\ VWUXFWXUH DQG LW FDQ EH XVHG DV
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RUGHGWKDWWKLVVSHFLHVLQFXUUHGUHGWLGHVLQWKH<HO
ORZ6HDWKH%RKDLVHDDQGWKH6RXWK&KLQD6HD>@
&RVFLQRGLVFXVLVDQHULWLFJHQXVZKLFKDOZD\VVKRZQ
LQ%RKDL%D\SUHIHUUHGOLYLQJLQZDWHUVZLWKKLJKVD
OLQLW\>@7KHVHWZRVSHFLHVQHHGVPRUHQLWURJHQWR
VXSSRUWWKHLUJURZWKZKLOHWKHLQFUHDVHRI',1FDQ
MXVWSURYLGHDJRRGPDWHULDOEDVLV

ZHUHQRWYDU\WRRPXFKLWLPSOLHGWKDWWKHQXWULHQWV
VWUXFWXUHGLGQ¶WYDU\ZLOGO\GXULQJWKHWZRWLGHV$F
FRUGLQJWRWKHOLWHUDWXUHQLWURJHQZDVWKHSUHGRPL
QDQW OLPLWLQJ QXWULHQW LQ WKH V LQ %RKDL ZKLOH
WKLV UDWLR DSSURDFKHG  LQ WKH V >@ ,Q RXU
LQYHVWLJDWLRQ WKLV UDWLR ZDV PXFK KLJKHU WKDQ WKH
YDOXHVSUHYLRXVO\UHSRUWHG7KHPDLQUHDVRQIRUWKLV
VLWXDWLRQZDVFDXVHGE\XQWUHDWHGVHZDJHGLVFKDUJHG
LQWR WKH RIIVKRUH RI %RKDL ED\ IURP WKH SHULSKHUDO
FLW\7KHVHKLVWRU\UDWLRDQGWKHLUFKDQJHVVXJJHVWHG
WKDW WKH QXWULHQW OLPLWLQJ IDFWRU IRU SK\WRSODQNWRQ
JURZWKFRXOGWXUQWRSKRVSKDWHOLPLWDWLRQIURPQLWUR
JHQOLPLWDWLRQLQWKHODVWGHFDGH7KLVLVLQNHHSLQJ
ZLWKPRUHUHFHQWVWXGLHVFRQGXFWHGLQWKLVDUHD>@

CONCLUSION
In summary, our preliminary investigation of
phytoplankton community structure showed that diatoms were the major groups in this area. Compared
with history data, diatom was the major group before
2012 and then dinoflagellate hold the advantage. It
means that the nutrients change have lead to the variation of phytoplankton structure. Tidal effects on
phytoplankton community structure were reflected
not only in physical effects, but also in physiological
functions by environment factors. However, the real
effect of tidal on phytoplankton is still mysterious for
us. Further studies, such as the field time-series station work and long-term monitory program, should
conducted in this area to better explain the phytoplankton change during the period of a tide.

5HODWLRQVKLS EHWZHHQ SK\WRSODQNWRQ DQG
HQYLURQPHQWDO IDFWRUV &KOD LV DQ LPSRUWDQW LQ
GLFWRU WR FKDUDFWHUL]H WKH SK\WRSODQNWRQ VWDQGLQJ
VWRFN DQG LW FDQ UHIOHFW WKH FKDQJH UXOH RI SK\WR
SODQNWRQ,QVLPSOHQXPHULFDOWHUPVPHDQFRQFHQ
WUDWLRQRI&KODLQULVLQJWLGHZDVORZHUWKDQWKDWLQ
IDOOLQJWLGH2QHUHDVRQIRUWKLVZDVIUHVKZDWHUZLWK
ORZSK\WRSODQNWRQELRPDVVHQWHUHGLQWR%RKDL%D\
GLOXWHGWKHRULJLQDOZDWHUV3HDUVRQFRUUHODWLRQDQDO
\VLVDQG&&$VKRZHGGLIIHUHQWVWUDWHJLHVGXULQJWKH
WZRWLGHV,QULVLQJWLGH653DQGS+ZHUHWKHPDLQ
IDFWRUVWKDWFRQWUROWKHSK\WRSODQNWRQJURZWKZKLOH
WKHVH IDFWRUV KDG QR REYLRXV HIIHFW LQ IDOOLQJ WLGH
7KLVPLJKWFDXVHGWKHLQFUHDVHRI653FRQFHQWUDWLRQ
LQULVLQJWLGHZKLFKFRXOGUHPLW3OLPLWDWLRQ7KHLQ
IOXHQFHPHFKDQLVPRIWLGHVRQSK\WRSODQNWRQVWUXF
WXUHPD\DWWULEXWHWRKRUL]RQWDOPLJUDWLRQGLIIXVLRQ
DQG DJJUHJDWLRQ SURFHVVHV7KH SHULRGLF FKDQJH RI
WKH SK\WRSODQNWRQFRPPXQLW\VWUXFWXUH FDQEHIXU
WKHULQIOXHQFHGE\WKH VXUIDFHOD\HUZDWHUWHPSHUD
WXUHQXWULHQWFRQFHQWUDWLRQDQGRWKHUHQYLURQPHQWDO
IDFWRUV
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WKHLQFUHDVHRI1DQG3UDWLR>@7KRXJKVXFKSKH
QRPHQRQ KDYHQ¶W IRXQG LQ RXU VXUYH\ WKH UDLVH RI
13 ZRXOG GULYHQ WKLV FKDQJH GHILQLWHO\ 1RWDEO\
6NHOHWRQHPD&RVFLQRGLVFXVSURYHGWREHWKHPDMRU
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,W DOZD\V UHDFKHG WKH PD[LPDO ELRPDVV LQ$SULO WR
0D\ DQG$XJXVW WR 6HSWHPEHU /LWHUDWXUH KDV UHF
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ABSTRACT
2QWKHEDVLVRIDQDO\]LQJWKHIDFWRUVDIIHFWLQJ
WKH IORRGZDWHU UHVRXUFH XWLOL]DWLRQ E\ DGMXVWLQJ
IORRGOLPLWHGZDWHUOHYHO )/:/ WKHIORRGZDWHUUH
VRXUFHVXWLOL]DWLRQULVNHYDOXDWLRQLQGH[V\VWHPZDV
FRQVWUXFWHG $QG EDVHG RQ WKH ULVN DQDO\VLV DQG
PXOWLREMHFWLYH GHFLVLRQPDNLQJ WKHRU\ ULVN GHFL
VLRQPDNLQJPRGHOUHJDUGLQJWKHPD[LPXPFRPSUH
KHQVLYH EHQHILW DV WKH WDUJHW ZDV HVWDEOLVKHG 7KH
&KLQD¶V6KLOLDQJKHUHVHUYRLUZDVVHOHFWHGDVDFDVH
VWXG\7KHUHVXOWVLQGLFDWHWKDWWKHULVNHYDOXDWLRQLQ
GH[V\VWHPDQGWKHULVNGHFLVLRQPDNLQJPRGHOFDQ
EH XVHG WR DQDO\]H DQG GHPRQVWUDWH WKH )/:/ DG
MXVWPHQWSUREOHP$VWKH)/:/JUDGXDOO\LPSURY
LQJZDWHUVWRUDJHEHQHILWJUDGXDOO\LQFUHDVHVVKRZ
LQJOLQHDUUHODWLRQVKLS7KHFRQWULEXWLRQUDWHRIGLI
IHUHQWZDWHUVWRUDJHEHQHILWVLQGLFHVWRZDWHUVWRUDJH
EHQHILWLVGLIIHUHQW'DPVDIHW\ULVNORVVLVWKHPDLQ
DVSHFW RI DGMXVWLQJ )/:/ ULVN ORVV IROORZHG E\
GRZQVWUHDPULYHUFKDQQHOVHFXULW\ULVNORVVHQYLURQ
PHQWDOULVNORVVLVDVPDOOSDUWLQWRWDOULVNORVV$V
WKH)/:/JUDGXDOO\LPSURYLQJWRWDOULVNORVVJUDG
XDOO\ LQFUHDVHV$V WKH )/:/ JUDGXDOO\ LPSURYLQJ
LQDFHUWDLQUDQJHFRPSUHKHQVLYHEHQHILWJUDGXDOO\
LQFUHDVHV:KHQWKHOHYHOUHDFKHVDFHUWDLQYDOXHWKH
FRPSUHKHQVLYHEHQHILWLVODUJHVW$IWHUWKHWKUHVKROG
FRPSUHKHQVLYHEHQHILWJUDGXDOO\GHFUHDVHV
.(<:25'6
)ORRGZDWHU UHVRXUFH XWLOL]DWLRQ $GMXVWPHQW RI )/:/
5LVN HYDOXDWLRQ LQGH[ V\VWHP 'HFLVLRQPDNLQJ PRGHO
&RPSUHKHQVLYHEHQHILW6KLOLDQJKHUHVHUYRLU

INTRODUCTION
'RZQVWUHDPDUHDVDUHDOZD\VHFRQRPLFDOO\GH
YHORSHGDQGWKHFRUHDUHDVRIWKHQDWLRQDOHFRQRP\
LQGXVWU\ LQ FKLQD VXFK DV WKH ORZHU DUHDV RI WKH
<DQJW]H 5LYHU WKH 3HDU 5LYHU DQG +XDLKH 5LYHU
:LWK VRFLDO SURJUHVV DQG HFRQRPLF GHYHORSPHQW
ZDWHU GHPDQG LQ WKHVH DUHDV LV JURZLQJ>@ :DWHU
VXSSO\DQGGHPDQGFRQWUDGLFWLRQVKDYHEHFRPHLQ
FUHDVLQJO\SURPLQHQW,QRUGHUWRDOOHYLDWHWKHVLWXD

WLRQIORRGZDWHUUHVRXUFHXWLOL]DWLRQLVRQHRIHIIHF
WLYHZD\VHDVLQJWKHVKRUWDJHRIZDWHUUHVRXUFHV>@
$GMXVWPHQW RI )/:/ RI UHVHUYRLU LV DQ LPSRUWDQW
ZD\RIIORRGZDWHUXWLOL]DWLRQ>@5LVLQJ)/:/FDQ
LPSURYHWKHHFRQRPLFEHQHILWVRIZDWHUVXSSO\JHQ
HUDWLQJ HOHFWULFLW\ DQG LUULJDWLRQ HWF +RZHYHU LW
PD\DOVRFRUUHVSRQGLQJO\LQFUHDVHWKHULVNRIIORRG
FRQWURO ZDWHUTXDOLW\VHFXULW\DQGHFRORJLFDOHQYL
URQPHQWVHFXULW\HWF>@7KXVLQRUGHUWRXVHIORRG
ZDWHUUHVRXUFHVDIHO\DQGHIILFLHQWO\GHWHUPLQHWKH
RSWLPL]HG VFKHPH ULVN DQDO\VLV RI IORRGZDWHU UH
VRXUFH XWLOL]DWLRQ E\ DGMXVWLQJ )/:/ PXVW EH FDU
ULHGRXW
,QWKHSURFHVVRIWKHVWXG\RQWKHULVNRIIORRG
ZDWHUUHVRXUFHVXWLOL]DWLRQ&DRHWDOH[SRXQGHGWKH
LPSOHPHQWDWLRQDSSURDFKPDLQULVNVDQGULVNPDQ
DJHPHQW FRXQWHUPHDVXUHV RI IORRG ZDWHU UHVRXUFHV
XWLOL]DWLRQ>@ :DQJ HW DO SURSRVHG WKDW WKH ULVN
PDQDJHPHQWPRGHLVDIHDVLEOHPRGHRIIORRGPDQ
DJHPHQW LQ &KLQD DQG WKH FRUH DQG PDLQ JRDO RI
IORRGULVNPDQDJHPHQWLVPDNLQJIXOOXVHRIIORRG
ZDWHUUHVRXUFH>@)DQJHWDODVVHVVHGWKHULVNLWHPV
RI IORRG UHVRXUFHV XWLOL]DWLRQ E\ FRQVLGHULQJ ULVN
OHYHODQGULVNGHJUHH>@*XHWDOVWXGLHGWKHULVNRI
IORRGZDWHU UHVRXUFH FRQILJXUDWLRQ E\ FRQVLGHULQJ
WKH UHVRXUFH TXDQWLW\ DQG HVWDEOLVKHG PXOWLYDULDWH
ULVN DQDO\VLV PRGHO EDVHG RQ VWRFKDVWLF VLPXODWLRQ
WHFKQLTXH WR SURYLGH EDVLV IRU FRQILJXUDWLRQ
VFKHPH>@/LHWDOSRLQWHGRXWWKDWUDQGRPSURFHVV
WKHRU\ ZDV DQ HIIHFWLYH WRRO IRU ULVN DQDO\VLV RI
IORRGZDWHU UHVRXUFH XWLOL]DWLRQ XQGHU WKH XQVWDEOH
FRQGLWLRQ>@
$W SUHVHQW WKH PDLQ UHVHDUFK DVSHFW RI IORRG
UHVRXUFHVXWLOL]DWLRQLVDGMXVWPHQWRI)/:/:XUEV
HWDOGUHZDUHODWLYHO\UHDVRQDEOH)/:/E\FRQVLG
HULQJIORRGORVVHVIURPDQHFRQRPLFYLHZSRLQWDQG
FRPSDULQJWKHORVVHVZLWKWKHEHQHILWVREWDLQHGIURP
DGMXVWLQJ )/:/>@ 6DOPRQ HW DO FRPELQHG WKH
SUREDELOLW\RIGDPIDLOXUHFDXVHGE\DGMXVWLQJ)/:/
ZLWKWKHORVVHVFDXVHGE\GDPIDLOXUHE\XVLQJWROHU
DQFHULVNDQDO\VLVPHWKRG>@)XHWDOVHWXSDULVN
DQDO\VLVPRGHORIDGMXVWLQJ)/:/RIODUJHUHVHUYRLU
E\XVLQJV\VWHPDWLFDQDO\VLVPHWKRGDQGWKHFDOFX
ODWHGUHVXOWVVKRZHGWKHUHODWLRQVKLSEHWZHHQGLIIHU
HQW )/:/ DQG WKH PD[LPXP IORRG KD]DUG ULVN
UDWH>@<LQHWDOGHILQHGWKHFRQFHSWRIULVNGHJUHH
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DQG XVHGULVNGHJUHHWRHYDOXDWH WKH ULVNRIDGMXVW
PHQWRI)/:/VFKHPH>@:DQJHWDOWRRN%LOLXKH
UHVHUYRLUIRUH[DPSOHWRDQDO\]HWKHULVNFDXVHGE\
DGMXVWLQJ )/:/ DGRSWHG WKH PHWKRG RI FRPELQD
WLRQRI)/:/DQGIORRGIUHTXHQF\WRFDOFXODWHGDP
VDIHW\ ULVN UDWLR DQG FRPSUHKHQVLYH FRQVLGHUHG
IORRGFDODPLW\VWUHQJWKWKHGHQVLW\DQGWKHYXOQHUD
ELOLW\ RI GLVDVWHU EHDULQJ ERG\ LQ FDOFXODWLQJ ULVN
ORVVHV>@
)RUQRZUHVHDUFKRQWKHWKHRUHWLFDODSSURDFKHV
DQGSUDFWLFDODSSOLFDWLRQRIULVNDQDO\VLVRIIORRGZD
WHUUHVRXUFHXWLOL]DWLRQEDVHGRQDGMXVWLQJ)/:/LV
LQ FRQWLQXRXV GHYHORSPHQW DQG LPSURYHPHQW 7KH
FXUUHQW UHVHDUFK UHVXOWV DUH IRFXVHG RQ IORRG ULVN
DQDO\VLVPHWKRG>@6XFKDVSUREDELOLW\DQGPDWK
HPDWLFDOVWDWLVWLFVPHWKRGOLPLWDQDO\VLVPHWKRGDQG
0RQWH&DUORVWRFKDVWLFVLPXODWLRQPHWKRGHWF7KH
UHVHDUFKRQULVNGHFLVLRQPDNLQJPRGHOLVUHODWLYHO\
OHVV
,QWKLVSDSHUULVNHYDOXDWLRQLQGH[V\VWHPDQG
ULVNGHFLVLRQPDNLQJPRGHORIDGMXVWLQJ)/:/UH
JDUGLQJWKHPD[LPXPFRPSUHKHQVLYHEHQHILWDVWKH
WDUJHWZHUHFRQVWUXFWHGWRSURYLGHWKHRUHWLFDOEDVLV
IRUVHOHFWLRQRIUHVHUYRLUIORRGUHVRXUFHVXWLOL]DWLRQ
SODQ7KHLQGLFHVFRQVLGHUHGLQWKHPRGHOZHUHZDWHU
VWRUDJHEHQHILWVDQGULVNORVVHV7KHPDLQREMHFWLYH
RI WKLV VWXG\ ZDV WR GHYHORS WKH GHFLVLRQ PDNLQJ
PRGHO V\VWHP IRU GHWHUPLQLQJ WKH )/:/ RI 6KLOL
DQJKHUHVHUYRLULQ&KLQD$QGWKHVWXG\SURYLGHVD
XVHIXOIUDPHZRUNIRUVLPLODUVWXGLHVLQRWKHUUHJLRQV
RIWKHZRUG
MATERIALS AND METHODS
5LVN GHFLVLRQPDNLQJ PRGHO RI DGMXVWLQJ
)/:/   &RQVWUXFWLRQRIULVNHYDOXDWLRQLQGH[
V\VWHPRIGHFLVLRQPDNLQJ)/:/LVLPSRUWDQWIRU
WKH IORRG FRQWURO VHFXULW\ DQG LWV HFRQRPLF EHQH
ILWV>@ 0DQ\ IDFWRUV VXFK DV GDP SURWHFWLRQ
GRZQVWUHDP SURWHFWLRQ DQG ZDWHU VWRUDJH EHQHILWV
DUHLQYROYHGLQWKHGHWHUPLQDWLRQDQGDGMXVWPHQWRI
)/:/2QWKHRQHKDQGWKHIORRGFRQWUROFDSDFLW\
RI UHVHUYRLU WKH KLJKHVW IORRG OHYHO LQ IURQW RI WKH
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GDP LQ WKHSURFHVV RI UHVHUYRLU IORRG URXWLQJ DQG
ULVNVRIGDPVDIHW\GRZQVWUHDPULYHUFKDQQHOVHFX
ULW\DQGHQYLURQPHQWDOVDIHW\HWFDUHGHWHUPLQHGE\
)/:/ 2Q WKH RWKHU KDQG )/:/ KDV GLUHFW LQIOX
HQFHRQWKH ZDWHU VWRUDJH FDSDFLW\RIWKH UHVHUYRLU
GXULQJDQGDIWHUWKHIORRGVHDVRQZKLFKGLUHFWO\GH
WHUPLQHV WKH ZDWHU VWRUDJH EHQHILWV 7KXV RQ WKH
SUHPLVHRIHQVXULQJIORRGULVNWKH)/:/VKRXOGEH
UDLVHGLQRUGHUWRLQFUHDVHWKHZDWHUVWRUDJHFDSDFLW\
DQGWKHHFRQRPLFEHQHILWV
7KHNH\RIIORRGZDWHUUHVRXUFHVXWLOL]DWLRQE\
DGMXVWLQJ)/:/LVWKHREMHFWLYHTXDQWLWDWLYHHYDOXD
WLRQRIULVNORVVDQGEHQHILW&RQVLGHULQJYDULRXVIDF
WRUV V\QWKHWLFDOO\ WKH IORRGZDWHU UHVRXUFHV XWLOL]D
WLRQULVNHYDOXDWLRQLQGH[V\VWHPEDVHGRQDGMXVWLQJ
)/:/ZDVFRQVWUXFWHG )LJXUH 
  :DWHU VWRUDJH EHQHILW LQGLFHV7KH PDLQ
DVSHFWVRI ZDWHUVXSSO\EHQHILWVDUH LQGXVWU\ ZDWHU
VXSSO\ DJULFXOWXUH ZDWHU VXSSO\ GRPHVWLF ZDWHU
VXSSO\DQGWKHWKLUGLQGXVWU\ZDWHUVXSSO\EHQHILWV
,QGXVWULDOYDOXHDGGHGPHWKRGDQGEHQHILWDOORFDWLRQ
FRHIILFLHQWPHWKRGZHUHXVHGWRFDOFXODWHWKHVHEHQ
HILWV
7KHHTXDWLRQIRULQGXVWU\ZDWHUVXSSO\DJULFXO
WXUHZDWHUVXSSO\DQGWKHWKLUGLQGXVWU\ZDWHUVXSSO\
EHQHILWVLVDVIROORZV>@
 =  =  
 
7KHHTXDWLRQIRUGRPHVWLFZDWHUVXSSO\EHQHILW
LVDVIROORZV

    
ZKHUH%LLVZDWHUVXSSO\EHQHILWL 9LVZDWHU
SULFHTLVLQFUHDVHGZDWHUVXSSO\NLVZDWHUUHVRXUFH
XWLOL]DWLRQ,LVLQGXVWULDODGGHGYDOXH:LVWKHWRWDO
ZDWHUFRQVXPSWLRQILVEHQHILWDOORFDWLRQFRHIILFLHQW
ULVGLVSRVDEOHLQFRPH RI&KLQHVHKRXVHKROGV HLV
(QJHO VFRHIILFLHQWSLVSHUFDSLWD\HDUO\ZDWHUFRQ
VXPSWLRQ
7KHFDOFXODWHGUHVXOWVPDLQO\UHIOHFWWKHEHQH
ILWV RI IORRG UHVRXUFHV DSSOLHG WR LQGXVWU\ JURZWK
7KHKLJKHULQGXVWULDODGGHGYDOXHLVWKHPRUHEHQH
ILWVRIIORRGZDWHUUHVRXUFHVXWLOL]DWLRQLV

Water supply
benefit
Water storage
benefit

Agriculture
Domestic

Generating
electricity benefit

Risk evaluation
indices

Industry

The third industry

Dam safety risk loss
Risk loss

Downstream river channel security risk loss
Environmental risk loss

),*85(
)/:/ULVNHYDOXDWLRQLQGH[V\VWHPRIGHFLVLRQPDNLQJ
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$IWHUWKH)/:/ZDVDGMXVWHGFHUWDLQO\WKHZD
WHUKHDGIRUSRZHUJHQHUDWLRQZRXOGEHFKDQJHGFRU
UHVSRQGLQJO\$QGWKHDQQXDODYHUDJHJHQHUDWLQJFD
SDFLW\ RI WKH K\GURSRZHU VWDWLRQ ZRXOG DOVR EH
FKDQJHG 7KH DQQXDO DYHUDJH JHQHUDWLQJ FDSDFLW\
ZDV FDOFXODWHG DFFRUGLQJ WR WKH ZDWHU ORVV UDWH RI
HDFKXQLWRIHOHFWULFDOHQHUJ\7KHHTXDWLRQIRUJHQ
HUDWLQJHOHFWULFLW\EHQHILWLVDVIROORZV>@


'
uΈ 
Π

ZKHUH% LVJHQHUDWLQJHOHFWULFLW\EHQHILW '9LVLQ
FUHDVHGZDWHUVWRUDJHFDQEHXVHGLQHOHFWULFLW\JHQ
HUDWLRQ MLV WKH ZDWHU FRQVXPSWLRQ RI HDFK XQLW RI
HOHFWULFDOHQHUJ\ GLVUHJLRQDODYHUDJHRQJULGHOHF
WULFLW\SULFHV
  5LVN ORVV LQGLFHV 7KH GLUHFW LQWHJUDO
PHWKRGEDVHGRQWKHWKHRU\RISUREDELOLW\DQGPDWK
HPDWLFDOVWDWLVWLFVKDVEHHQXVHGLQGDPZDWHUOHYHO
DQDO\VLV>@,QWKHUHVHUYRLUIORRGFRQWUROGLVSDWFK
LQJLQGHWHUPLQDF\ULVNIDFWRUVREH\WKHW\SLFDOSURE
DELOLW\GLVWULEXWLRQVXFKDV3HDUVRQ7\SH,,,GLVWUL
EXWLRQDQGQRUPDOGLVWULEXWLRQHWF$FFRUGLQJWRWKH
FKDUDFWHULVWLF GLVWULEXWLRQ DQG SDUDPHWHUV RI WKHVH
YDULDEOHV XVLQJ SUREDELOLW\ VWDWLVWLFDO DQDO\VLV
PHWKRGFDQFDOFXODWHWKHUHVHUYRLUIORRGGLVSDWFKLQJ
ULVN
,PSURYLQJUHVHUYRLU ZDWHUOLPLWOHYHOLQIORRG
VHDVRQVFDQLQFUHDVHWKHUHVHUYRLUVWRUDJHDQGHFR
QRPLF EHQHILW EXW GHFUHDVH IORRG FRQWURO FDSDFLW\
LQFUHDVHWKHULVNRIVXUSDVVLQJGHVLJQVWDQGDUGOHYHO
=G 7KHHTXDWLRQIRUWKHULVNLVDVIROORZV
 ^   t  ` 
ZKHUH=GLVWKHYDOXHRIGHVLJQVWDQGDUGOHYHOXVHG
WRFDOFXODWHWKHULVNUDWLRDQGWKHYDOXHUDQJHLVEH
WZHHQGHVLJQIORRGOHYHODQGFKHFNIORRGOHYHO=P W 
LV WKH SRVVLEOH KLJKHVW ZDWHU OHYHO WKURXJK WKH VWR
FKDVWLFVLPXODWLRQRILQIORZIORRGDQGIORRGUHJXODW
LQJFDOFXODWLRQXQGHUDFHUWDLQ)/:/
7KHUHDUHPDQ\XQFHUWDLQW\IDFWRUVVXFKDVK\
GURORJLFDO SURFHVV K\GUDXOLF FKDQJH DQG HQJLQHHU
LQJVWUXFWXUHLQWKHUHVHUYRLUIORRGFRQWURO%HFDXVH
RIWKLVWKHULVNFDQEHIXUWKHUVWDWHGDVIROORZV
^



 t



` ³

f

    



ZKHUHI ] LVWKHSUREDELOLW\GHQVLW\IXQFWLRQRIUHV
HUYRLUZDWHUOHYHOZKHQWKHVWDWLVWLFDOGDWDLVHQRXJK
I ] FDQEHUHSODFHGE\LQIORZIORRGGDWD
7KH GDP VDIHW\ ULVN UDWLR GRZQVWUHDP ULYHU
FKDQQHOVHFXULW\ULVNUDWLRDQGHQYLURQPHQWDOULVNUD
WLR FDXVHG E\ DGMXVWLQJ )/:/ FDQ EH FDOFXODWHG
EDVHGRQWKHDERYHWKHRU\
7KHSUREDELOLW\GHQVLW\IXQFWLRQRIGDPVDIHW\
ULVNLVGLIILFXOWWRGHWHUPLQH VRWKDWLWLVXQDEOHWR
HVWDEOLVKLQWHJUDOHTXDWLRQ7KLVVWXG\XVHGKLVWRULFDO
IORRGGDWDWRFDOFXODWHGDPVDIHW\ULVNUDWLRE\IORRG
URXWLQJRIUHVHUYRLU7KHHTXDWLRQIRUWKHULVNUDWLRLV
DVIROORZV
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ZKHUH I +L  LV WKH ULVN UDWLR RI VXUSDVVLQJ GHVLJQ
VWDQGDUG OHYHO =G  ZKHQ WKH )/:/ LV +L 1 LV WKH
WRWDOQXPEHURIIORRGLQKLVWRULFDOIORRGGDWDQLVWKH
QXPEHU RI RFFXUULQJ VXUSDVVLQJ GHVLJQ VWDQGDUG
OHYHO =G WKURXJKIORRGURXWLQJZKHQWKH)/:/LV
+L
7KHFDOFXODWLRQRILQXQGDWLRQORVVLVDVVRFLDWHG
ZLWK LQXQGDWHG DUHD LQXQGDWHG WLPH LQXQGDWHG
GHSWKDQGIORZYHORFLW\>@,QWKLVVWXG\LQXQ
GDWHGDUHDZDVXVHGWRFDOFXODWHLQXQGDWLRQORVV7KH
HTXDWLRQIRUWKHULVNORVVLVDVIROORZV
  
   u  
   ΅ Ά    
ZKHUH / +L  LV WKH GDP VDIHW\ ULVN ORVV ZKHQ WKH
)/:/LV+L/LVWKHGDPVDIHW\ULVNORVVRIXQLWL]HG
ULVNUDWLRDLVLQGLUHFWORVVFRHIILFLHQWȕLVGLUHFWORVV
RIXQLWDUHD$LVLQXQGDWHGDUHD&SLVFRVWRIIORRG
UHOLHIHIIRUWV
7KHGRZQVWUHDPULYHUFRDVWZLOOIDFHULVNZKHQ
WKH ZDWHU UHOHDVH GLVFKDUJH LV ELJJHU WKDQ GRZQ
VWUHDPVDIHW\GLVFKDUJH$QGWKHELJJHUZDWHUUHOHDVH
GLVFKDUJHWKHPRUHORVVHV7KHUHLVDOVRWKUHDWZKHQ
ZDWHU UHOHDVH GLVFKDUJH LV OHVV WKDQ GRZQVWUHDP
VDIHW\ GLVFKDUJH EXW FORVH 7KH WKUHDW SRWHQWLDO RI
ZDWHUUHOHDVHGLVFKDUJHLVPHDVXUHGE\IORZUDQJH
DQGPHPEHUVKLSJUDGHIXQFWLRQRIIORZUDQJHLVXVHG
WRFDOFXODWHGRZQVWUHDPULYHUFKDQQHOVHFXULW\ULVN
7KHHTXDWLRQIRUWKHULVNUDWLRLVDVIROORZV
   
¦  ΐ   u   
ZKHUH I +L LV GRZQVWUHDP ULYHU FKDQQHO VHFXULW\
ULVNUDWLRZKHQWKH)/:/LV+LI +L LVWKHSUREDELO
LW\RIZDWHUUHOHDVHGLVFKDUJHEHORQJLQJWRDFHUWDLQ
IORZ UDQJH 9LP$ 9L  LV WKH PHPEHUVKLS JUDGH RI D
FHUWDLQIORZUDQJH9L
,QRUGHUWRDYRLGRYHUODSZLWKGDPVDIHW\ULVN
ORVVWKHGDPZDVDVVXPHGVDIHW\ZKHQFDOFXODWLQJ
GRZQVWUHDPULYHUFKDQQHOVHFXULW\ULVNORVV,QWKLV
VWXG\LQXQGDWHGDUHDORFDWHGRQHLWKHUVLGHRIOHYHHV
ZDVXVHGWRFDOFXODWHWKHORVV7KHHTXDWLRQIRUWKH
ULVNORVVLVDVIROORZV
  
   u  
   ΅ Ά    
ZKHUH/ +L LVWKHGRZQVWUHDPULYHUFKDQQHOVHFX
ULW\ULVNORVVZKHQWKH)/:/LV+L/LVWKHGRZQ
VWUHDP ULYHU FKDQQHO VHFXULW\ ULVN ORVV RI XQLWL]HG
ULVNUDWLR
(FRORJLFDO HQYLURQPHQWDO LPSDFWV DUH PDLQO\
GHPRQVWUDWHGDVULYHUVHOISXULILFDWLRQFDSDELOLW\GH
FUHDVHGDQGWKHGHWHULRUDWLRQRIFUHDWXUH VOLYLQJHQ
YLURQPHQWFDXVHGE\ZDWHUUHOHDVHGLVFKDUJHGLPLQ
LVKHG$QGWKHORFDOHQYLURQPHQWDOFKDQJHVUHVXOWHG
IURPUHVHUYRLURSHUDWHVDWDKLJK ZDWHUOHYHO(FR
ORJLFDOHQYLURQPHQWDOLPSDFWVDUHKDUGWRTXDQWLWD
WLYHFDOFXODWHDQGLVXVXDOO\VLPXODWHE\VXEMHFWLYH
HVWLPDWH DFFRUGLQJ WR UHJLRQDO KLVWRU\ GDWD 7KH
HTXDWLRQIRUWKHULVNUDWLRLVDVIROORZV
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ZKHUHI +L LVWKHHQYLURQPHQWDOULVNUDWLRZKHQWKH
)/:/LV+LI 7M LVWKHORRVHUDWHRIXSVWUHDPIORRG
GXULQJWKHSHULRGRI7MI 7M LVWKHLQFUHPHQWDOUDWH
VWRUDJHFDSDFLW\GXULQJWKHSHULRGRI7MI 7M LVWKH
SUREDELOLW\RIGRZQVWUHDPULYHUIORZLVOHVVWKDQWKH
ORZHVWHQYLURQPHQWDOZDWHUGHPDQGGXULQJWKHSH
ULRGRI7MNǃNDQGNDUHZHLJKWFRHIILFLHQWV
&KDQJHRIIORZUDWHKDVLQIOXHQFHRQWKHVWUXF
WXUHDQGIXQFWLRQRIULYHUHFRV\VWHP>@)ORRGZDWHU
UHVRXUFHXWLOL]DWLRQZLOOFKDQJHWKHIRUPHUULYHUHFR
V\VWHPDQGWKHHFRV\VWHPVHUYLFHYDOXHRIWKHULYHU
,Q WKLV VWXG\ DFFRUGLQJ WR WKH UHVHDUFK UHVXOWV RI
&RVWDQ]D DQG ;LH HFRV\VWHP VHUYLFH YDOXH FRHIIL
FLHQWSHUDUHDRI&KLQD VWHUUHVWULDOHFRV\VWHPVZDV
XVHG WR FDOFXODWH HQYLURQPHQWDO ULVN ORVV>@ 7KH
HTXDWLRQIRUWKHULVNORVVLVDVIROORZV










   

    u ¦  u  
 

ZKHUH/ +L LVWKHHQYLURQPHQWDOULVNORVVZKHQWKH
)/:/LV+L$LLVWKHDUHDRIGLIIHUHQWODQGHFRV\VWHP
LQIOXHQFHG E\ IORRGZDWHU UHVRXUFH XWLOL]DWLRQ GL LV
HFRV\VWHPVHUYLFHYDOXHFRHIILFLHQWSHUDUHDRIGLI
IHUHQWODQGHFRV\VWHP
  &RQVWUXFWLRQ RI ULVN GHFLVLRQPDNLQJ
PRGHO5LVNGHFLVLRQLVWKHXOWLPDWHSXUSRVHRIULVN
DQDO\VLV>@7KLVVWXG\GLVFXVVHGULVNEHQHILWVDQG
ULVNORVVHVFRQVWUXFWHGULVNGHFLVLRQPRGHO7KHUH
VXOWVSURYLGHDEDVLVIRUVHOHFWLRQRIGLIIHUHQWIORRG
XWLOL]DWLRQSURMHFWV
7KH REMHFWLYH RI ULVN GHFLVLRQ PRGHO LV PRVW

Fresenius Environmental Bulletin

RSWLPDOFRPSUHKHQVLYHEHQHILW7KHYDOXHRIOLQHDU
FRPELQDWLRQ RI WKH ZDWHU VWRUDJH EHQHILWV DQG ULVN
ORVVHVZDVFRQVLGHUHGDVWKHHYDOXDWLRQLQGH[LQWKLV
SDSHU7KH UHODWLRQ EHWZHHQ ZDWHU VWRUDJH EHQHILWV
DQGULVNORVVHVLVFRQWUDGLFWRU\5LVNORVVHVDUHFDO
FXODWHGLQWHUPRIHFRQRPLFORVVHV7KH PD[LPXP
FRPSUHKHQVLYHEHQHILWVFDQEHFDOFXODWHGLQWKHG\
QDPLFFKDQJHVRIWKHULVNEHQHILWVDQGULVNORVVHVDF
FRUGLQJWRWKHGHFLVLRQPDNLQJPRGHO7KHHTXDWLRQ
IRUWKHPRGHOLVDVIROORZV




 

 

    ¦      ¦     



ZKHUH%M +L LVWKHULVNEHQHILWVZKHQWKH)/:/LV
+L/M +L LVWKHULVNORVVHVZKHQWKH)/:/LV+LQLV
WKHQXPEHURIULVNEHQHILWQ PLVWKHQXPEHURI
ULVNORVVP 
6WXG\FDVH  6WXG\DUHD6KLOLDQJKHUHVHU
YRLUORFDWHGLQ/LDQ\XQJDQJFLW\EHWZHHQODWLWXGHRI
ƍaƍ1DQGORQJLWXGHRIƍaƍ(
FRQWUROVGUDLQDJHDUHDRINP7KHDQQXDOSUH
FLSLWDWLRQ LQ WKH VWXG\ DUHD LV PP 6KLOLDQJKH
UHVHUYRLUZLWKDWRWDOFDSDFLW\RIuPLVWKH
ODUJHVWUHVHUYRLULQ-LDQJVX3URYLQFH7KHXWLOL]DEOH
FDSDFLW\LVuP7KHFXUUHQW)/:/LVP
GHVLJQIORRGOHYHOLVPDQGFKHFNIORRGOHYHOLV
PSHDNGLVFKDUJHRIGHVLJQIORRGLVPV
SHDN GLVFKDUJH RI FKHFN IORRG LV  PV PD[L
PXPGLVFKDUJHLVPV6KLOLDQJKHUHVHUYRLU
LVD ODUJHVFDOHFRPSUHKHQVLYH K\GURSURMHFWSULYL
OHJHG WR LUULJDWLRQ DQG IORRG FRQWURO LQFRUSRUDWLQJ
ZLWK XUEDQ ZDWHUVXSSO\HOHFWULFSRZHUJHQHUDWLRQ
DQGDTXLFXOWXUH7KHORFDWLRQPDSRI6KLOLDQJKHUHV
HUYRLUVWXGLHGLQWKLVSDSHUFDQEHVHHQLQ)LJXUH

),*85(
/RFDWLRQPDSRI6KLOLDQJKHUHVHUYRLUVWXGLHGLQWKLVSDSHU
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),*85(
7KHZDWHUVXSSO\DOORFDWLRQSURSRUWLRQDQGFRQWULEXWLRQUDWHRIEHQHILWRILQGXVWU\ZDWHUVXSSO\
DJULFXOWXUHZDWHUVXSSO\GRPHVWLFZDWHUVXSSO\DQGWKHWKLUGLQGXVWU\ZDWHUVXSSO\ D DOORFDWLRQ
SURSRUWLRQ E FRQWULEXWLRQUDWHRIEHQHILW
 &DOFXODWLRQRIZDWHUVWRUDJHEHQHILWLQGL
FHV7KH PDLQ IXQFWLRQV RI 6KLOLDQJKH UHVHUYRLU DUH
ZDWHU VXSSO\ DQG IORRG FRQWURO )ORRG FRQWURO LV
PDLQO\GLVFXVVHGLQULVNORVVHV7KHUHVHUYRLUKDVD
VPDOOK\GURSRZHUVWDWLRQDQGLWVLQVWDOOHGFDSDFLW\LV
VPDOOWKHUHIRUHJHQHUDWLQJHOHFWULFLW\EHQHILWFDQEH
LJQRUHG7KLVSDSHUPDLQO\GLVFXVVHVWKHZDWHUVXS
SO\EHQHILWJHQHUDWHGIURPDGMXVWLQJ)/:/RI6KLOL
DQJKHUHVHUYRLU
%\ FRRUGLQDWLQJ DQG FDOFXODWLQJ WKH GDWXP RI
:DWHU 5HVRXUFH &RPPXQLTXH DQG WKH 6WDWLVWLFDO
<HDUERRNLQRI/LDQ\XQJDQJFLW\7KHSDUDPH
WHUYDOXHVXVHGLQFDOFXODWLQJLQGXVWU\ZDWHUVXSSO\
EHQHILWDUHDVIROORZV,LVu<XDQNLVI
LV$VIRU$JULFXOWXUH ZDWHUVXSSO\EHQHILW ,LV
u<XDQNLVILV$VIRUGRPHVWLFZD
WHUVXSSO\EHQHILWNLVILV5LVu<XDQ
HLVRSLVP$VIRUWKHWKLUGLQGXVWU\ZDWHU
VXSSO\EHQHILW,LVu<XDQNLVILV
 &DOFXODWLRQRIULVNORVVLQGLFHV$FFRUGLQJ
WRVWDWLVWLFDOGDWDRI6KLOLDQJKHUHVHUYRLUWKHKLJKHVW
ZDWHU OHYHO LV P VLQFH LWV UXQRII P PRUH
WKDQGHVLJQIORRGOHYHO$QGEDVHGRQWKHGHILQLWLRQ
RI GHVLJQ VWDQGDUG OHYHO LQ IRUPXOD   WKH GHVLJQ
IORRGOHYHOZDVWDNHQDVGHVLJQVWDQGDUGOHYHOLQWKLV
SDSHU =G P $FFRUGLQJ WR WKH VWDWLVWLFV UH
VXOWV RI UHVHUYRLU V LQIORZ 3HDUVRQ7\SH ,,, K\GUR
ORJLFDOIUHTXHQF\FXUYHZDVSORWWHG$QGWKHSRVVL
EOHIORRGDQGLWVIUHTXHQF\ZHUHREWDLQHGE\IORRG
FRQWURORSHUDWLRQ
,Q FRQVLGHUDWLRQ RI WKH VDIHW\ GLVFKDUJH RI
;LQVKX 5LYHU ORFDWHG LQ WKH GRZQVWUHDP RI 6KLOL
DQJKHUHVHUYRLUDQGWKHHIIHFWRIVHGLPHQWDWLRQWKH
YDOXHRIVDIHW\GLVFKDUJHLVPVLQFDOFXODWLQJ
GRZQVWUHDPULYHUFKDQQHOVHFXULW\ULVNUDWLR,QWKH
IORRGFRQWURORSHUDWLRQRIUHVHUYRLUWKHKLJKHVWZD
WHU OHYHO ZDV NHSW EHORZ WKH GHVLJQ IORRG OHYHO LQ
RUGHUWRHQVXUHWKDWWKHGRZQVWUHDPULYHUFKDQQHOVH
FXULW\ ULVN UDWLR ZRXOG QRW RYHUODS ZLWK WKH GDP

VDIHW\UDWLR
7LPHIDFWRUZDVFRQVLGHUHGLQFDOFXODWLQJHQYL
URQPHQWDOULVNUDWLR7KHGU\VHDVRQLQ/LDQ\XQJDQJ
FLW\LVIURP2FWREHUWR0D\DQG6KLOLDQJKHUHVHUYRLU
LVWKHPDLQVRXUFHRIZDWHUVXSSO\LQWKHGU\VHDVRQ
,QWKHLQLWLDOZDWHUVXSSO\WKHZDWHUOHYHOLVQRUPDO
ZDWHUOHYHO P $QGZKHQWKHZDWHUVXSSO\SH
ULRGLVRYHUWKHZDWHUOHYHOLVGRZQWR)/:/
7KHYDOXHVRIWKHSDUDPHWHUVXVHGLQFDOFXODW
LQJGDPVDIHW\ULVNORVVDUHDVIROORZV DLVȕ
LVu<XDQNP$LVNPWKHUDWLRRIIORRG
UHOLHIHIIRUWVFRVWLQGLUHFWORVVLV$VIRUGRZQ
VWUHDPULYHUFKDQQHOVHFXULW\ULVNORVVDLVȕLV
u<XDQNP$LVNPWKHUDWLRRIIORRGUH
OLHIHIIRUWVFRVWLQGLUHFWORVVLV
,Q WKH FDOFXODWLRQ RI HQYLURQPHQWDO ULVN ORVV
WKHDUHDRIWKHODQGHFRV\VWHPLQIOXHQFHGE\IORRG
ZDWHUUHVRXUFHXWLOL]DWLRQLVWKHXUEDQIORRGFRQWURO
GLNHRQWKHULJKWEDQNRI;LQVKX5LYHU7KHFRPSUH
KHQVLYH HFRV\VWHP VHUYLFH YDOXH FRHIILFLHQW GL  LV
u<XDQNP

RESULTS AND DISCUSSION
:DWHU VWRUDJH EHQHILW DQDO\VLV )LJXUH
VKRZV WKH ZDWHU VXSSO\ DOORFDWLRQ SURSRUWLRQ DQG
FRQWULEXWLRQUDWHRIEHQHILWRILQGXVWU\ZDWHUVXSSO\
DJULFXOWXUHZDWHUVXSSO\GRPHVWLFZDWHUVXSSO\DQG
WKHWKLUGLQGXVWU\ZDWHUVXSSO\7KHZDWHUVXSSO\DO
ORFDWLRQSURSRUWLRQVRILQGXVWU\DJULFXOWXUHGRPHV
WLFZDWHUVXSSO\DQGWKHWKLUGLQGXVWU\DUH
DQGUHVSHFWLYHO\DFFRUGLQJWRWKHDFWXDOVLW
XDWLRQRIZDWHUVXSSO\LQ/LDQ\XQJDQJFLW\7KHFRQ
WULEXWLRQUDWHVRIEHQHILWDUH
DQG  UHVSHFWLYHO\ DFFRUGLQJ WR WKH FDOFXOD
WLRQUHVXOW3URSRUWLRQRIDJULFXOWXUDOZDWHUVXSSO\LV
WKHELJJHVWSDUWEXWWKHFRQWULEXWLRQUDWHRIEHQHILW
LV WKH ORZHVW 3URSRUWLRQ RI GRPHVWLF ZDWHU VXSSO\
DQGWKHWKLUGLQGXVWU\ZDWHUVXSSO\DUHVPDOOHUEXW
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WKHFRQWULEXWLRQUDWHVRIEHQHILWDUHKLJKHU
$FFRUGLQJWRWKHDERYHUHVXOWLQWKHDOORFDWLRQ
RIIORRGZDWHUUHVRXUFHLQFUHDVLQJWKHSURSRUWLRQVRI
XUEDQZDWHUVXSSO\DQGWKHWKLUGLQGXVWU\ZDWHUVXS
SO\DQGGHFUHDVLQJWKHSURSRUWLRQRIDJULFXOWXUDOZD
WHUVXSSO\DUHHIILFLHQWZD\WRLQFUHDVHWKHSURILWVRI
IORRGZDWHU UHVRXUFH XWLOL]DWLRQ 7KLV ILQGLQJ DJUHH
ZHOO ZLWK WKH OLWHUDWXUH ZKLFK UHSRUWV WKDW ZLWK WKH
GHYHORSPHQW RI HFRQRP\ XUEDQ ZDWHU VXSSO\ DQG
WKH WKLUG LQGXVWU\ ZDWHU VXSSO\ KDYH KLJKHU ZDWHU
VXSSO\HFRQRPLFEHQHILW>@
5LVNORVVDQDO\VLV)LJXUHVKRZVWKHUHODWLRQ
FXUYH RI GDP VDIHW\ ULVN UDWLR DQG )/:/$V WKH
)/:/JUDGXDOO\LQFUHDVLQJWKHGDPVDIHW\ULVNUDWLR
JUDGXDOO\LQFUHDVHV:KHQWKHGDPVDIHW\ULVNUDWLR
LV OHVV WKDQ  WKH ULVN LV ORZ DQG FRQWUROODEOH
:KHQWKHULVNUDWLRLVEHWZHHQDQGWKHULVN
LVPRGHUDWH:KHQWKHULVNUDWLRLVPRUHWKDQ
WKHULVNLVKLJKDQGXQFRQWUROODEOH$FFRUGLQJWRWKH
UHODWLRQ FXUYH ZKHQ WKH )/:/ LQFUHDVHG IURP
P WR P WKH LQFUHDVLQJ GHJUHH RI GDP
VDIHW\ ULVN UDWLR LV UHODWLYHO\ PLQRU IURP  WR
DQGOHVVWKDQ:KHQWKH)/:/LQFUHDVHG
IURPPWRPWKHULVNUDWLRLQFUHDVHGUDS
LGO\IURPWR
)LJXUHVKRZVWKHSHUFHQWDJHRIYDULRXVNLQGV
RIULVNORVVHVLQWRWDOULVNORVVRIGLIIHUHQW)/:/$V
WKH )/:/ JUDGXDOO\ LQFUHDVLQJ WKH SHUFHQWDJH RI
GDPVDIHW\ULVNORVVJUDGXDOO\LQFUHDVHV IURP
WR   DQG WKH DYHUDJH LV  1H[W LV
GRZQVWUHDPULYHUFKDQQHOVHFXULW\ULVNORVVDQGWKH
DYHUDJHLV(QYLURQPHQWDOULVNORVVLVDVPDOO
SDUWLQWKHWRWDOULVNORVVDQGWKHDYHUDJHLV
7KH GDPVDIHW\ULVNORVVLVWKH PDLQDVSHFWRIULVN
ORVVHVFDXVHGE\DGMXVWLQJ)/:/

Fresenius Environmental Bulletin

'HWHUPLQDWLRQ RI IORRGZDWHU UHVRXUFH XWLOL
]DWLRQVFHQDULR)LJXUHVKRZVWKHUHODWLRQFXUYH
RIZDWHUVWRUDJHEHQHILWWRWDOULVNORVVDQGFRPSUH
KHQVLYHEHQHILWZLWK)/:/$VWKH)/:/JUDGXDOO\
LQFUHDVLQJWKHWRWDOZDWHUVWRUDJHEHQHILWJUDGXDOO\
LQFUHDVHV VKRZLQJ OLQHDU UHODWLRQVKLS DQG WKH WRWDO
ULVNORVVJUDGXDOO\LQFUHDVHVDIWHUWKH)/:/LVPRUH
WKDQPWKHWRWDOULVNORVVLQFUHDVHVUDSLGO\7KH
FRPSUHKHQVLYHEHQHILWRIIORRGZDWHUUHVRXUFHXWLOL
]DWLRQLQFUHDVHVZLWKWKHLQFUHDVHRI)/:/DQGWKH
FRPSUHKHQVLYHEHQHILWUHDFKHVPD[LPXPZKHQWKH
)/:/LVP7KHFRPSUHKHQVLYHEHQHILWVKRZVD
GRZQWUHQGZKHQWKHOHYHOFRQWLQXHVWRULVH-LDQJHW
DO DQDO\]HG WKH FRPSUHKHQVLYH EHQHILW LQ )HQJWDQ
UHVHUYRLUDQGWKHWUHQGLVVLPLODUZLWKWKHUHVXOWLQ
WKLVSDSHU>@
,QWKLVSDSHUWKUHHNLQGVRIIORRGZDWHUUHVRXUFH
XWLOL]DWLRQ VFHQDULRV ZHUH SURSRVHG7KH )/:/ RI
WKH VFHQDULRV DUH P P DQG P UHVSHF
WLYHO\ 7DEOH  VKRZV WKH VSHFLILF VLWXDWLRQ RI WKH
WKUHH VFHQDULRV $FFRUGLQJ WR WKH DIRUHPHQWLRQHG
DQDO\VLVGDPVDIHW\ULVNORVVLVWKHKLJKHVWLQWRWDO
ULVNORVVHVDFFRXQWLQJIRURIWKHWRWDO'DP
VDIHW\ULVNORVVFDQEH GLUHFWO\UHSUHVHQWHGE\GDP
VDIHW\ULVNUDWLR7KXVGDPVDIHW\ULVNUDWLRLVDPD
MRUFRQVLGHUDWLRQLQVFHQDULRGHFLVLRQV
:KHQWKHGDPVDIHW\ULVNUDWLRLVOHVVWKDQ
WKHULVNUDWLRJURZVVORZO\DQGWKHIORRGFRQWUROFD
SDFLW\ LV HQRXJK 6R WKDW ZKHQ WKH )/:/ UDQJHV
IURPPWRPWKHULVNUDWLRLVORZDQGFRQ
WUROODEOH$VIRUVFHQDULR )/:/LVP WKHLQ
FUHDVHG ZDWHU VWRUDJH YROXPH LV uP DF
FRXQWLQJIRURIXWLOL]DEOHFDSDFLW\7KHGDP
VDIHW\ ULVN UDWLR LV  7KH WRWDO ULVN ORVV LV
u<XDQ 7KH ZDWHU VWRUDJH EHQHILW LV
u<XDQ 7KH FRPSUHKHQVLYH EHQHILW LV
u<XDQ

),*85(

),*85(

7KHUHODWLRQFXUYHRIGDPVDIHW\ULVNUDWLRDQG
)/:/

7KHSHUFHQWDJHVRIYDULRXVNLQGVRIULVNORVVHV
LQWRWDOULVNORVVRIGLIIHUHQW)/:/
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),*85(
7KHUHODWLRQFXUYHVRIWRWDOULVNORVVZDWHUVWRUDJHEHQHILWDQGFRPSUHKHQVLYHEHQHILWZLWK)/:/
7$%/(
7KHVSHFLILFVLWXDWLRQRIWKHWKUHHVFHQDULRV
6FHQDULRV

)/:/
P

6FHQDULR
6FHQDULR
6FHQDULR





'DPVDIHW\
ULVNUDWLR





'DPVDIHW\
ULVN
ORVV<XDQ




7RWDOULVNORVV
<XDQ

:KHQ WKH ULVN UDWLR LV EHWZHHQ  DQG 
WKH FRUUHVSRQGLQJ LQWHUYDO RI )/:/ LV IURP
aP  WKH ULVN UDWLR LV PRGHUDWH 7KH XS
VWUHDP ZDWHU LV DQ LPSRUWDQW IDFWRU LQ FDOFXODWLQJ
GDPVDIHW\ULVNUDWLR:KHQWKH)/:/RI6KLOLDQJKH
UHVHUYRLULVPDQGWKHXSVWUHDPZDWHULV\HDU
IORRGWKHZDWHUOHYHOE\IORRGURXWLQJVXUSDVVHVWKH
GHVLJQVWDQGDUGOHYHO =G ZKLFKFRQVWLWXWHVWKUHDWWR
GDPVDIHW\%XWWKHVDIHW\FDQEHLQVXUHGE\LQFUHDV
LQJZDWHUUHOHDVHGLVFKDUJH$VIRUVFHQDULR )/:/
LV P  WKH LQFUHDVHG ZDWHU VWRUDJH YROXPH LV
uPDFFRXQWLQJIRURIXWLOL]DEOHFD
SDFLW\7KHGDPVDIHW\ULVNUDWLRLV7KHWRWDO
ULVNORVVLVu<XDQ7KHZDWHUVWRUDJHEHQH
ILWLVu<XDQ7KHFRPSUHKHQVLYHEHQHILWLV
u<XDQZKLFKLVWKHODUJHVW
:KHQ WKH )/:/ H[FHHGV P WKH GDP
VDIHW\ULVNUDWLRJURZVUDSLGO\DQGWKH ULVNLVKLJK
DQG XQFRQWUROODEOH $V IRU VFHQDULR  )/:/ LV
P  7KH GDP VDIHW\ UDWLR LV  ZKLFK LV
PXFKELJJHUWKDQVFHQDULRDQG7KHFRPSUHKHQ
VLYHEHQHILWLVu<XDQZKLFKLVOHVVWKDQVFH
QDULRDQG
,Q FRQFOXVLRQ ZKHQ WKH )/:/ RI 6KLOLDQJKH
UHVHUYRLULVUDLVHGWRP VFHQDULR WKHFRPSUH
KHQVLYH EHQHILW u<XDQ  LV WKH ODUJHVW DQG
WKHGDPVDIHW\ULVNUDWLR  LVPRGHUDWH,WLVD
FRPSDUDWLYHO\LGHDOSODQRIIORRGZDWHUUHVRXUFHXWL
OL]DWLRQ





,QFUHDVHGZDWHU
VWRUDJHYROXPH
P




:DWHUVWRUDJH
EHQHILW
<XDQ




&RPSUHKHQVLYH
EHQHILW
<XDQ




CONCLUSIONS
,QWKLVSDSHURQWKHEDVLVRIDQDO\]LQJWKHIDF
WRUVDIIHFWLQJWKHIORRGZDWHUUHVRXUFHXWLOL]DWLRQE\
DGMXVWLQJ )/:/ WKH ULVN HYDOXDWLRQ LQGH[ V\VWHP
DQGULVNGHFLVLRQPDNLQJPRGHORIDGMXVWLQJ)/:/
UHJDUGLQJ WKH PD[LPXP FRPSUHKHQVLYH EHQHILW DV
WKHWDUJHWZHUHHVWDEOLVKHGWRSURYLGHWKHRUHWLFDOED
VLVIRUVHOHFWLRQRIUHVHUYRLUIORRGUHVRXUFHVXWLOL]D
WLRQSODQ7KHPRGHOZDVDSSOLHGWR6KLOLDQJKHUHV
HUYRLU LQ &KLQD 7KH IROORZLQJ FRQFOXVLRQV DUH
GUDZQIURPWKHVWXG\
 7KHULVNHYDOXDWLRQLQGH[V\VWHPDQGULVNGH
FLVLRQPDNLQJPRGHORIDGMXVWLQJ)/:/KDYHFRP
PRQ VLJQLILFDQFH DQG FDQ EH XVHG WR DQDO\]H WKH
SUREOHPRIDGMXVWLQJ)/:/
  $V WKH )/:/ JUDGXDOO\ LPSURYLQJ ZDWHU
VWRUDJH EHQHILW JUDGXDOO\ LQFUHDVHV VKRZLQJ OLQHDU
UHODWLRQVKLS7KHFRQWULEXWLRQUDWHRIGLIIHUHQWZDWHU
VWRUDJHEHQHILWVLQGLFHVWRZDWHUVWRUDJHEHQHILWVLV
GLIIHUHQW$VIRU6KLOLDQJKHUHVHUYRLUWKHSURSRUWLRQ
RIDJULFXOWXUDOZDWHUVXSSO\LVWKHELJJHVWSDUWEXW
WKHFRQWULEXWLRQUDWHRIEHQHILWLVWKHORZHVW3URSRU
WLRQRIGRPHVWLFZDWHUVXSSO\DQGWKHWKLUGLQGXVWU\
ZDWHUVXSSO\DUH VPDOOHUEXWWKHFRQWULEXWLRQUDWHV
RI EHQHILW DUH KLJKHU 8UEDQ ZDWHU VXSSO\ DQG WKH
WKLUGLQGXVWU\ZDWHUVXSSO\KDYHKLJKHUZDWHUVXSSO\
HFRQRPLFEHQHILW
  'DP VDIHW\ ULVN ORVV LV WKH PDLQ DVSHFW RI
DGMXVWLQJ)/:/ULVNORVVHV$VWKH)/:/JUDGXDOO\
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LPSURYLQJ WRWDO ULVN ORVVHV JUDGXDOO\ LQFUHDVH$V
IRU6KLOLDQJKHUHVHUYRLUGDPVDIHW\ULVNORVVLVWKH
PDLQDVSHFWRIDGMXVWLQJ)/:/ULVNORVVHVIROORZHG
E\GRZQVWUHDPULYHUFKDQQHOVHFXULW\ULVNORVVHQ
YLURQPHQWDOULVNORVVLVDVPDOOSDUWLQWRWDOULVNORVV
7KHWRWDOULVNORVVLQFUHDVHVVORZHUZKHQWKH)/:/
LQFUHDVHVIURPPWRP$QGDIWHUWKHIORRG
OLPLWHG ZDWHU OHYHO LV PRUH WKDQ P WKH WRWDO
ULVNORVVLQFUHDVHVUDSLGO\
 $VWKH)/:/JUDGXDOO\LPSURYLQJLQDFHU
WDLQ UDQJH FRPSUHKHQVLYH EHQHILW JUDGXDOO\ LQ
FUHDVHV:KHQWKHOHYHOUHDFKHVDFHUWDLQYDOXHWKH
FRPSUHKHQVLYHEHQHILWLVODUJHVW$IWHUWKHWKUHVKROG
FRPSUHKHQVLYHEHQHILWJUDGXDOO\GHFUHDVHV
 :KHQWKH )/:/RI6KLOLDQJKH UHVHUYRLULV
UDLVHG WR P GDP VDIHW\ ULVN UDWLR   LV
PRGHUDWH DQG WKH FRPSUHKHQVLYH EHQHILW
u<XDQ LVWKHODUJHVW,WLVDFRPSDUDWLYHO\
LGHDOSODQRIIORRGZDWHUUHVRXUFHXWLOL]DWLRQ
7KHVWXG\DSSURDFK ZLOOSURYLGH XVHIXOLQIRU
PDWLRQDQGUHIHUHQFH IRUVLPLODUVWXGLHVWREH FRQ
GXFWHGLQRWKHUUHJLRQVDQGWKHUHVXOWVZLOOKDYHXVH
IXOLPSOLFDWLRQV IRUDGMXVWLQJ )/:/DQGGHWHUPLQ
LQJUHVHUYRLUIORRGUHVRXUFHVXWLOL]DWLRQSODQLQWKH
UHJLRQ
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ASSOCIATIVE EFFECTS OF ENSILING SOYBEAN AND
CORN PLANT AS MIXTURES ON THE NUTRITIVE VALUE,
FERMENTATION AND METHANE EMISSION
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ABSTRACT
The aim of the current experiment was to determine the fermentation characteristics and nutritive
value of soybean and corn plants silage either as sole
crops or as four different mixtures rates. Two forages
were ensiled in plastic bags for 60 days at room temperature as mixtures containing 100:00, 80:20,
60:40; 40:60; 20:80; 0:100 of soybean:corn plant on
a fresh weight basis. The resultant silages were evaluated using the chemical analysis and in vitro gas
production technique. Ensiling of soybean with
whole corn plant has a significant effect on the
chemical composition, fermentation parameters, organic matter digestibility (OMD), metabolisable energy (ME) and aerobic stability of the resultant silages. As the proportion of corn plant increase in silage mixture, crude protein (CP), neutral detergent
fiber (NDF), acid detergent fiber (ADF), crude ash
(CA), pH, acetic acid, butyric acid contents and aerobic stability decreased while dry matter content
(DM), Fleig score (FS), dry matter recovery (DMR),
lactic acid, gas production, methane production, ME
and OMD of the resultant silages were increased.
This study clearly showed that good quality silages
with high ME and OMD can be produced with soybean:corn plant ratios of 60:40, 40:60 and 20:80. Ensiling of soybean plant with corn plant improved
more or less the quality and nutritive value of the resultant silages irrespective of mixing ratio. Ensiling
the soybean plant with corn plant overcome some of
drawbacks associated with low DM, pH and nutritive value of soybean silage. It can be recommended
that soybean plant can be ensiled with corn plant at
the ratio of 60:40, 40:60 and 20:80 as green herbage
basis. This experiment clearly indicated that high
quality silage could be obtained through mixing of
soybean plant with corn plant. However, in vivo experiments with ruminants are required to determine
the effect of associative effects on animal performance.

INTRODUCTION
Recently silage production from green cereal
and legume plants such as corn, sorghum, alfalfa and
soybean has been increased at the expense of hay or
grazing in the most parts of world [1]. Corn silage is
known as one of the most important livelihood [2]
for many farms interesting in livestock production.
When compared to cereal plants, legumes are difficult to ensile due to their lower water-soluble carbohydrate content and higher buffering capacity [3, 4].
Although silage is a very important component of ruminant animal diets, the quality of silages included
in to ruminant diets vary depending on type of plant
ensiled. Cereal plants silages have high quality
whereas the CP content of cereal silage is lower than
that of legume silages. The low level of CP content
of cereal silages is one of the limiting factors for ruminant animal requirements [5]. Recently ensiling of
two plants, that have a similar growth cycle, has become a practice to obtain high quality silage with a
sufficient CP content to meet ruminant animal requirements [5, 6, 7, 8, 9, 10]. Ensiling of alfalfa plant
with whole crop corn improved the pH, OMD and
ME of the resultant silage [6]. Ensiling of whole crop
corn with soybean increased not only CP content but
also ME and taste of the resultant silage [11] without
affecting other quality parameters [8]. So far limited
studies have been carried out to provide detailed information on feasibility of ensiling of whole soybean
plant with whole corn plant. However, the optimal
combination and the associative effects of soybean
and corn plants for ensilage have not been studied in
detail. Therefore the aim of the current experiment
was to determine the fermentation characteristics
and nutritive value of silage mixtures with six different soybean and corn mixture rates.
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TABLE 1
Silages combinations used in the current experiment
Silages
SS
S80C20
S60C40
S40C60
S20C80
CS

Soybean (%)
100
80
60
40
20
0

Corn (%)
0
20
40
60
80
100

TABLE 2
Classification of silage quality according to Fleig scores
Fleig Scores
Silage Quality

85 and 100
Very good

60 and 80
Good

55 and 60
Moderate

25 and 40
Satisfying

<20
Worthless

were measured by the Kjeldahl method [16]. The CP
contents of samples were calculated as N X 6.25.
The NDF and ADF contents of silages were determined using the method described by van Soest et al.
[17].

MATERIALS AND METHODS
A commercial soybean (Yesilsoy) was sown in
June, 2015 at the seed rate of 7 kg da-1 with N (8 kg
/da-1) and P2O5 (8 kg/ha-1) fertilizer application. The
soybean plant was harvested at the seeding stage. A
commercial corn hybrid (Truva) was sown in June,
2015 at the seed rate of 3.5 kg da-1 with N (20 kg /da1
) and P2O5 (8 kg/da-1) fertilizer application and was
harvested at 2/3 milk line maturity stage. Both plants
were sown as second crop after wheat. Representative soybean and corn plant were chopped to 2-3 cm
in theoretical length and ensiled in six different mixture rates in plastic bags for two months as indicated
in Table 1.
DMR of the silages were determined as a rate
of DM content of initial silage to that of resultant silages [12]. After two months fermentation period,
plastic bags silos were opened and 20 gram fresh silage sample were blended with 180 ml distilled water for 5 min followed by filtration through two layers of cheesecloth to obtain the filtrate. The pH of
silage was determined from the supernatant using pH
meter (HANNA Inst., HI 2215 model). The lactic
acid and volatile fatty acids were determined by
HPLC following the method described by Muck and
Dickerson [13] after a sample cleaning procedure.
The HPLC was run at 41 °C, 0,6 ml/min flow rate
and RID detector was used. The FS of the resultant
silages were estimated by the method described by
Fleig [14] as follows.
FS = 220 + (2xDM%-15) - (40xpH)
After 60 day storage period, the resultant silages were subjected to an aerobic stability test for
162 hours, in which temperature of the resultant silages were recorded to determine the aerobic deterioration [15]. Subsamples of 50 g per silage type were
dried at 78oC in a ventilated oven and ground to pass
through a 1mm sieve using a mill. The DM, EE and
CA contents of silages were determined according to
AOAC [16] procedures. Nitrogen contents of silages

In vitro gas and methane production. Silage
samples (0.200 g) were incubated in calibrated glass
syringes of 100 ml with 30 ml buffered rumen fluid
in a water bath at 39°C for 24 hours according to
Menke et al. [18] procedure. Rumen fluid was obtained from three fistulated sheep fed twice daily
with a diet containing alfalfa hay (800 g) and barley
(400 g). Net gas productions of silages were determined after correction for blank and hay standard
(University of Hohenheim, Germany).
The ME and OMD of silages were estimated
using equation suggested by Menke and Steingass
[19].
ME (MJ7kg DM): 2.0 + 0.1298GP + 0.045CP +
0.303EE
OMD (%) = 15.38 + 0.8453GP + 0.595CP
+0.675CA
GP: Gas production at 24 h incubation, CP:
Crude protein (%), EE: Ether extract (%), CA: Crude
ash (%).
Methane contents (%) of total gas produced at
24 h fermentation of silages were determined by an
infrared methane analyzer (Sensor Europe GmbH,
Erkrath, Germany) [20].
Methane production (mL) was calculated as
follows and presented as ml or percentage.
Methane production (mL) = Total gas production
(mL) X Percentage of Methane (%)

RESULTS AND DISCUSSION
There is considerable variation among silages
in point of chemical composition (Table 3). The DM
contents of silages ranged from 20.93 to 34.18%
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tained in the current study was lower than that reported by Lima et al. [7]. The differences in DM content between two studies are possibly associated with
maturity at harvest. It is well known that the DM
content of plant increased with advancing maturity.
Although the DM, NDF and ADF contents of
CS obtained in the current experiment were comparable with those of Basso et al. [23], the DM, NDF
and ADF contents of CS obtained in the current experiment were different from those obtained by
Ozturk et al. [6]. The differences in terms of chemical composition among these experiments are associated with harvesting maturity of corn plant. Bal et
al. [24] clearly showed that cell wall contents (NDF
and ADF) decreased at the expense of starch with
advancing maturity of corn plants since the percentage of grain with high starch content increased in the
whole plant as plant matured.
Data on the fermentation parameters of silages
is given in Table 4. There is considerable variation
among silages in terms of fermentation parameters.
Lactic acid contents ranged from 2.18 to 13.12 %
with the highest being for CS and lowest for SS. Lactic acid of the silage mixture increased with increasing level of CS in the mixtures. Acetic acid, propionic acid and butyric acids contents ranged from
1.89 to 12.55%, 1.75 to 5.09% and 0.00 to 9.58% respectively, with the highest being for SS and lowest
for CS. Acetic acid, propionic acid and butyric acids
contents decreased with increasing level of CS in the
mixtures. As can be seen from Table 4, fermentation
of SS-CS mixtures was dominated by production of
lactic acid rather than acetic acid or butyric acid, irrespective of proportion.
The higher content of acetic and butyric acids
in SS and S80C20 than other silages indicated that
these combinations were not sufficiently fermented
due possibly to low water soluble carbohydrate contents of these combination. The increase in lactic
acid production rather than rather than acetic acid or
butyric acid is associated possibly with high water
soluble sugar of corn plant in silage mixture since
water soluble sugars are quickly available to lactic
acid producing bacteria in silage [25].

with the highest being for CS and lowest for SS. The
DM contents of the silage mixtures increased with
increasing level of CS in the mixture. This increase
in the DM contents of mixture silage was expected
since the DM content of CS was higher than that of
SS at the beginning of ensiling. The CP, NDF, ADF
and CA contents of silages ranged from 7.46 to
14.77%, 35.65 to 49.33%, 24.11 to 46.63%, 5.78
to11.02% respectively, with the highest being for SS
and lowest for CS. The CP, NDF, ADF and CA contents of mixture silages decreased with increasing
level of CS in the mixture due to dilution effect of
CS. As can be seen from Table 2, The CP, NDF,
ADF and CA contents of CS was significantly lower
than those of SS. In the current experiment the DM
contents of the resultant silages increased with increasing level of corn in the mixtures since DM content of corn plant was higher than that of soybean
plant at harvest. On the contrary, Demirel et al. [8]
showed that the DM contents of the resultant silages
decreased with increasing level of corn in the mixtures since DM content of soybean plant was higher
than that of corn plant at harvest. Therefore the
chemical compositions of the resultant silages depend on the plants, which are ensiled in combination.
It is reasonable that if two plants with different
chemical composition are ensiled in combination,
the percentage of constituents of the resultant silages
are decreased or increased at the expense of the
other.
Although the CP contents of soybean-corn
mixture silages fell into range of the minimum level
of 7-8% of DM for optimum rumen function and
feed intake in ruminant animals [21], soybean-corn
mixture silages should be supplemented with concentrate with high CP content to obtain high performance from ruminant animals.
The DM, NDF and ADF contents of SS obtained in the current study were similar to those obtained by Magalhaes et al. [22]. On the other hand
CP, CA and NDF of SS obtained in the current study
were similar to those indicated by Lima et al. [7]
even if there is a significant differences in DM contents of these two studies. The DM content of SS ob-

TABLE 3
The chemical composition (%) of soybean, corn and their mixture silage (on DM basis)
Silages
Constituents
DM
CA
CP
NDF
ADF
EE

SS
20.93d
11.02a
14.77a
49.33a
45.63a
2.69b

S80C20
23.48cd
9.49a
12.72b
45.06ab
39.69b
3.95a

S60C40
25.55c
8.50ab
10.87c
41.03bc
32.15c
3.72a

S40C60
29.66b
6.71bc
8.85d
38.73bc
27.08d
4.08a

S20C80
31.69ab
6.61bc
8.48de
37.25c
26.81d
3.41ab

CS
34.18a
5.78c
7.46e
35.65c
24.11d
3.61a

SEM
0.818
0.764
0.340
2.024
1.488
0.227

Sig
***
***
***
***
***
***

Row means with common superscripts do not differ (P>0.05); SEM: Standard error mean; Sig. ± significance
level; DM: Dry matter (%), CA: Crude ash (%), CP: Crude protein (%), NDF: neutral detergent fiber (%), ADF:
Acid detergent fiber (%), EE: Ether extract (%),***P<0.001

abc
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TABLE 4
The lactic acid, volatile fatty acids contents, pH, Fleig score and dry matter recovery of soybean, corn and
their mixture silages
Silages
ParameSS
S80C20
S60C40
S40C60
S20C80
CS
ters
Lactic
2.18c
7.55b
12.77a
12.97a
13.12a
13.75a
Acetic
12.55a
8.72b
6.89c
4.98d
4.10d
1.89e
Propi3.02b
2.04bc
1.90c
1.91bc
1.75c
5.09a
onic
Butyric
9.58a
6.81a
0.71b
0.41b
0.00b
0.00b
a
b
c
c
c
5.11
4.51
4.44
4.33
4.13c
pH
5.81
d
c
b
ab
ab
47.43
75.43
86.43
95.20
108.03a
FS
14.20
ab
ab
ab
a
0.92
0.92
0.93
0.95a
DMR
0.85b
0.89
abc
Row means with common superscripts do not differ (P>0.05); SEM: Standard error mean;
level; FS: Fleig score, DMR: Dry matter recovery, ***P<0.001
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FIGURE 1
The aerobic stability of corn, soybean and their mixture silages

be seen from the equation, FS is positively correlated
with DM and negatively correlated with silage pH.
The DMR of silages ranged from 0.85 to 0.95
with the highest being for CS and lowest for SS. The
DMR of silage mixtures increased with increasing
level of CS in the mixtures.
The aerobic stability of the resultant silages
was given in Figure 1. As can be seen from Figure 1,
all silages except for SS had the temperature rise of
more than 2 oC above the ambient temperature
(25oC) while SS silage remained stable during the
full aerobic stability measurement period of 162
hours. The CS, S20C80, S40C60, S60C40 and
C80C20 silages had the temperature rise of more
than 2 oC above the ambient temperature (25oC) after
24, 26, 29, 32 and 58 hour aerobic exposure respectively. As can be seen from Figure 1, the aerobic stability decreased with increasing level of corn in the
mixtures. It is well known that the aerobic deterioration begins when the silage is exposed to air, especially during the feed-out period since fermentation

The similar trend was also observed by Lima et
al. [7], who ensiled the soybean with sorghum plant.
It has been previously reported that there is inverse
relationship with between pH decline and lactic acid
production in well managed and preserved silages
[25]. In the current experiment the accumulation in
lactic acid was accompanied with pH decline. Lactic
acid is the more preferable acid over the other fermentation acids since it is major organic acid which
is responsible for reducing the silage pH [26]. The
pH of silages ranged from 4.13 to 5.81% with the
highest being for SS and lowest for CS. The pH of
mixture silages decreased with increasing level of
corn in the mixtures. The FS ranged from 14.20 to
108.03 with the highest being for CS and lowest for
SS. The FS or quality of mixture silages increased
with increasing level of CS in the mixtures. It is reasonable to expect that the higher FS should be obtained with increasing corn plant in the mixture since
silage pH decreased and DM content increased with
increasing level of corn plant in the mixture. As can
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to 8.83 MJ/kg DM, 53.43 to 65.43 % with the highest
being for CS and lowest for SS. Gas, methane, ME
and OMD of the silage mixtures increased with increasing level of CS in the mixture.
The gas production and ME of SS obtained in
the current experiment was comparable with those
reported by Magalhaes et al. [22] found that the gas
production and ME of SS was 22.44 ml and 6.44
MJ/kg DM respectively. The gas production of CS
obtained in the current experiment was comparable
with those reported by Valentin et al. [34] found that
the gas production of CS was 47.74 ml. On the other
hand the gas production, ME and OMD of CS obtained in the current study were lower than those reported by Canbolat et al. [35] but higher than those
obtained by Cetinkaya and Erdem [36]. The differences in the gas production, ME and OMD among
the studies are possibly associated with differences
in chemical composition of maize silages used.
The associative effect of combining soybean
with corn plants is given in Table 6. The obtained
gas production, methane production, ME and OMD
were higher than those predicted in all silage mixtures. However, the extent of associative effect obtained in the current experiment was not constant
with mixing groups. The extent of associative effect
varied depending on the percentage of each plant included into mixtures. As can be seen from Table 6,
the extent of associative effect decreased with increasing ratio of corn in the mixtures. The associative effect was considerably higher at low level inclusion of corn plant into silages.

end products and water soluble carbohydrate of the
resultant silages are used by aerobic bacteria, yeast
and molds and converted to H2O, CO2 and heat. The
heat production results in increase in the temperature
of the resultant silages [27, 28]. Aerobic deterioration result in not only loss of fermentation products
and water soluble carbohydrate, which are potentially digestible but also production of undesirable
microbial spores [27] and toxins [29, 30, 31]. It was
reported that the increase in temperature is positively
associated with DM content of the resultant silages
since the heat requirement of wetter silages to raise
the temperature is higher than that required for drier
material [25, 32]. The similar trend was observed in
the current experiment in which the temperature increase of the resultant silages with high DM contents
such as CS and S20C80 was considerably higher
than those of the silages with lower DM contents.
Ohyama et al. [33] showed that acetic acid and
butyric acids contents of the resultant silage were
positively correlated with the time for the temperature to rise during exposure to air. The similar relationship was observed in the current experiment in
which the silages with higher acetic and butyric acids contents had a higher aerobic stability. As mentioned before, the silages with higher acetic and butyric acids contents were deteriorated within longer
time or remained stable within air exposure time.
Data on the gas, methane, ME and OMD of silages is given in Table 4. There is considerable variation among silages in terms of gas, methane, ME
and OMD. Gas, methane, ME and OMD of silages
ranged from 25.82 to 49.34 ml, 4.73 to 8.39 ml, 6.83

TABLE 5
The gas production, methane production, metabolisable energy and organic matter digestibility of
soybean, corn and their mixture silages
Silages
Constituents
Gas (ml)
CH4 (ml)
CH4 (%)
ME
OMD

SS

S80C20
c

25.82
4.73c
18.30
6.83c
53.43b

b

40.01
6.80b
17.01
8.96b
63.18a

S60C40
ab

44.51
7.75b
17.40
9.39ab
65.20a

S40C60
a

47.27
8.31a
17.77
9.77a
65.06a

S20C80
a

47.44
8.34a
17.52
9.57ab
65.06a

CS
a

49.34
8.39a
16.89
9.83a
65.43a

SEM

Sig

1.717
0.343
0.436
0.228
1.356

***
***
NS
***
***

Row means with common superscripts do not differ (P>0.05); SEM: Standard error mean; Sig. ± significance
level; ME: Metabolisable energy (MJ/kg DM), OMD: organic matter digestibility (%), ***P<0.001

abc

TABLE 6
Relative differences (%) between observed and predicted parameters
Silage mixture
Gas
CH4
ME
OMD

S80C20
23.70***
19.85***
17.07***
11.62***

S60C40
20.66***
14.35*
14.35***
10.60*

S40C60
15.22*
11.53*
11.53**
6.70*

S20C80
5.88**
8.26*
3.52*
3.12*

ME: Metabolisable energy (MJ/kg DM), OMD: organic matter digestibility (%), *P<0.05, **p<0.01, ***P<0.001
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[6] Ozturk, D., Kizilsimsek, M., Kamalak, A.,
Canbolat, O. and Ozkan, C.O. (2006) Effects of
ensiling alfalfa with whole crop maize on the
chemical composition and nutritive value of silage mixtures. Asian-Aust. J. Anim. Sci. 19(4),
526-532.
[7] Lima, R., Lourenco, M., Diaz, R.F., Castro, A.
and Fievez, V. (2010) Effect of combined ensiling of sorghum and soybean with or without
molasses and lactobacilli on silage quality and
in vitro rumen fermentation. Animal Feed Science and Technology. 155, 122-131.
[8] Demirel, M., Celik, S., Temur, C., Guney, M.
and Celik, S. (2009) Determination of fermentation properties and digestibility characteristics
of combination of corn-soybean and corn silages. Journal of Animal and Veterinary Advances. 8(4), 711-714.
[9] Kaplan, M. (2011) Effect of ensiling alfalfa with
sorghum on the chemical composition and nutritive value of silage mixtures. Journal of Animal and Veterinary Advances. 10(18), 23682371.
[10] Martinez-Garcia, C.G., Valencia-Nunez, K.,
Bastida-Lopez, J., Estrada-Flores, J.G., Mirande-de la Lama, G.C., Cruz-Monterrosa, R.G.
and Rayas-Amor, A.A. (2015) Effect of different combinations of soybean-maize silage on its
chemical composition, nutrient intake, degradability, and performance of Pelibuey lamb. Trop
Anim Health Prod. 47, 1561-1566.
[11] Blaunt, A.R., Wright, D.L., Sprenkel, R.K.,
Hewitt, T.D. and Myer, R.O. (2006) Forage soybeans for grazing, hay and silage. University of
Florida, Florida, FL. SS-AGR-180, 1-4.
[12] Lynch, J.P., O¶.LHO\ 3 DQG 'R\OH (0
(2012) Yield, quality and ensilage characteristics of whole-crop maize and of the cob and
stover components: harvest date and hybrid effects. Grass and Forage Science, 67, 472±487.
[13] Muck, R.E. and Dickerson, J.T. (1988) Storage
temperature effects on proteolysis in alfalfa silage. Trans. ASAE 31:1005±1009
[14] Fleig, O. (1938) A key for the evaluation of silage samples. Futterbau und Giirfutterbereitung,
1, 112-128.
[15] Kung, L., Jr., Taylor, C.C., Lynch, M.P. and
Neylon, J.M. (2003) The effect of treating alfalfa with Lactobacillus buchneri 40788 on silage fermentation, aerobic stability, and nutritive value for lactating dairy cows. J. Dairy Sci.
86, 336-343.
[16] AOAC (1990) Official Method of Analysis.
Association of Official Analytical Chemists,
15th Edition, Washington, DC. USA
[17] Van Soest, P.J., Robertson, J.B. and Lewis,
B.A. (1991) Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides
in relation to animal nutrition. Journal of Dairy
Science, 74(10), 3583-3597.

Although the meaning of an associative effect
is clear, the reasons for an associative effect are clear
[37]. The associative effects obtained in the current
experiment are possibly associated with completion
of missing nutrients in the mixtures required by the
rumen microorganisms when the two different plants
are ensiled together. The synchronization of energy
and protein might have also contributed the associative effects obtained in the current experiment. The
synchronization of energy and protein might have
stimulated the microbial activity when soybean plant
is ensiled with corn plant.

CONCLUSION
Ensiling of soybean plant with corn plant improved more or less the quality and nutritive value of
the resultant silages irrespective of mixing ratio. Ensiling the soybean plant with corn plant overcome
some of drawbacks associated with low dry matter,
pH and nutritive value of soybean silage. It can be
recommended that soybean plant can be ensiled with
corn plant at the ratio of 60:40, 40:60 and 20:80 as
green herbage basis respectively. This experiment
clearly indicated that high quality silage could be obtained through mixing of soybean plant with corn
plant. However, in vivo experiments are required to
determine the effect of associative effects on animal
performance.
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highly. Consequently, genotype x environment interaction is occurred. Genotype x environment interaction decreases the correlations between phenotypes
and genotypes [3]. Success in predictions on genetic
progress decreases significantly due to the descending correlation [4, 5]. Consequently, this leads significant issues for breeding studies. Researchers reduce this correlation via conducting their experiments at either the same or the different places to
deal with this issue [6].
$OWÕQEDVDQG6HSHWRJOX>@ tried to estimate the
genetic progress, and explored that winter chickSHD¶V LQKHULWDQFH GHJUHH ZHUH EHWZHHQ -0.86,
and genetic capacity could be improved. Lalic et al.
[8] explored that the inheritance degree of all parameters with seed yield was over 0.85 at their study
about broad bean, but they did not find the same success in genetic improvement.
Some studies were conducted in determining
maize growth parameters that they turned into quite
complicated structure at different level of growth [9].
Blum et al. [10] explained that the same characteristics of plant, vegetation temperature, harvest index,
biomass, yield and yield components were different
according to genotypes and environmental factors.
The current results have showed that the
drought stress after the brooding period increased
with the increased number of spikes per square meter
and that the translocation activities of the old varieties are better than the modern varieties due to their
tallness. Yield was negatively affected by arid conditions so that the late flowering resulted in a decrease in productivity. Merah et al. [11] studied the
drought indicator in the durum wheat genotype, leaf
relative water content, osmotic potential, harvest index and yield. As a result, relative water content can
be the selection criterion for drought tolerance of osmotic potential in the Mediterranean region.
Royo et al. [12] studied 25 varieties of durum
wheat in Spain and two different Carbon isotope difference in area, vegetation temperature, thousand
grain weight, total carbon content and grain yield
with making regression analysis. The carbon isotope
technique gives the best correlation with the genotypic variation, this is followed by the weight of a
thousand-seed, and the planting temperature is weak
relationship.

ABSTRACT
This study was conducted in producer fields in
Central Anatolia Region in 2009-2012. Ten different
genotypes were used as planting material. Trials
were conducted in the randomized blocks design
with four replications. The objective of the study was
to determine the genotypic and phenotypic parameters for chemical compositions of bean genotypes
with respect to yield and several quality aspects.
Quality data were analyzed for each genotype. Consequently, a substantial variation was observed for
all analyzed characteristics. Phenotypic and genotypic variances were observed for higher water uptake and lower calcium content. Therefore, the environmental variation was the highest for water uptake
ratio and the lowest for phosphorus and copper content. Average genetic gain was the highest for crude
oil content with 51.18% where it was the lowest for
copper content with 17.89%.

KEYWORDS:
Genetic progress, quality, chemical content, variance,
yield, bean

INTRODUCTION
Seed yield in plants is placed among the most
important agronomic characteristics. However, the
variation in this characteristic is quite high because
it is controlled by lots of genes. Beside of the genetic
structure, environmental conditions are crucial to see
the genetical capacity of plants. Both environment
and genotype should be evaluated together when
genotype is wanted to develop at a particular level in
terms of yield and quality [1]. Genetic development
is the difference between averages of breeding plants
that are selected by phenotypic morphological, agronomic or yield traits among them [2]. Success in genetic variety evaluations at breeding programs is dependent upon the collecting data with precise measurements of quality parameters. Climatic variances
(temperature, precipitation, scarcity or abundance of
SUHFLSLWDWLRQHWF ZKLFKRFFXUUHGGXULQJJHQRW\SHV¶
development change particularly year by year
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FIGURE 1
Central Anatolia Region map.

were breaded at different places, they had close to
each other with respect to the observed characteristics. In this study, the local genotypes have been
grown at this ecology for many years, without scientific knowledge on their genetic potentials.
A randomized block design was used with four
replications for trials, and seeds of cultivars were
sown by hand per parcel which was consisted of 4
rows in 5 m length and as 50 cm row spacing. After
sowing, soil was pressed well to make seeds grow
well. Soil structure of the experiment fields is given
in Table 2.
When Table 2 was investigated, it was seen that
the experimental field (soil) was quite poor in terms
of organic substance (1.39%), phosphor, and rich in
terms of potassium and non-saline, and its pH was
:KHQH[SHULPHQWVILHOGV¶UDLQIDOOZDVUHJDUGHG
there were 128 mm rainfalls in the first year, 134 mm
in the second year, 135 mm rainfall in the third year
in terms of months which the experiment was conducted.
Average values of the moisture ratios were
62%, 67%, and 63% respectively. It was determined
that there were not any fluctuations with respect to
ORQJ\HDUV¶DYHUDJHVDQGWKere were similar climate
GDWD ZLWKORQJ\HDUV¶DYHUDJHV5RZLUULJDWLRQZDs
applied for four times during experiments.
The first irrigation was applied with sowing,
the second irrigation was applied after 20 days of
germination, the third irrigation was applied after
flowering, and the last irrigation was applied at the
pod maturation period. 20 kg pure nitrogen and 50
kg phosphor fertilizer were applied per hectare with
the sowing. The potassium content of soil was detected as adequate, so potassium fertilizer was not
given. Weed control was managed by hand twice
during the study. Ten plants were selected randomly

Genetic analyses of starch characteristics were
studied in the study about rice, and it was determined
that inheritance degree was above 0.60, and early
generation increase selection success [13, 14]. Also,
in different studies, genetic analyses were conducted
WRGHWHUPLQHSODQWV¶JURZWKDWGLIIHUHQWVWDJHV[1518].
Caylak et al. [19] found inheritance degree as
0.98, and 0.99 that are quite high values for tuber
yield index. However, they reported these values
changed in terms of years and locations in their
study.
Alghamdi [20] GHWHUPLQHG*L]D¶VGHYHORSPHQW
was quite well in terms of all characteristics, and
found inheritance degree as 0.96 at flowering period,
as 0.95 for seed number per plant, as 0.90 in ripening
period.
Arshad et al. [5] stated that the production of
per grain for legumes was controlled by many factors, because of that genetic progress was quite difficult. This study was aimed to find out some genotypic and phenotypic parameters particularly chemical composition for bean and seed yield.

MATERIALS AND METHODS
In this study, 6 standard cultivars (Eskisehir
855, Karacasehir 90, Sehirali 90, Yalova 5, Yalova
17, Yunus 90) and 4 local genotypes, totally 10 bean
genotypes were used in private fields where were in
Sarikaya province in Yozgat (Figure 1) which is located in Central Anatolia Province, during three
years as between 2009 and 2012 years.
Information including beans characteristics belong to bean varieties are given at Table 1. When Table 1 investigated, it was seen that although varieties
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for per variety, and each experimental parcel belong
to local genotype, and their seed yield (kg da-1), 100seed weight (g), water intake rate (%), total nitrogen
(%), chlorophyll content (ppm), prolin (ppm), canopy temperature (oC), stoma conductivity
(mmol/m2/sn), oil (%), protein rate in seed (%), carbohydrate (%), potassium (ppm), phosphor (ppm),
calcium (ppm), magnesium (ppm), copper (ppm),
and zinc (ppm) characteristics were determined.
Phenotypic variance, genotypic variance, environmental variance, heritability, genetic progress expected, the average genetic gain, genotypic variation
coefficient, phenotypic variation coefficient, phenotypic correlation coefficient, genotypic correlation
coefficient, environment correlation coefficients
were calculated in this study. Obtained data were analyzed by GLM procedure of SPSS statistical software (Windows version of SPSS, release 16.00) [2127].
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determined between genotypes. Descriptive statistics belong to observed characters, and sum of
squares were given in Table 3. When Table 3 was
observed it was seen that 100-seed weight was 17.44
g, and water intake ratio was 162.23%. Besides, it
was found that protein ratio was high as 24.17%;
crude oil was low as 1.24%.
Additionally, the average calcium content was
found as 0.85 ppm, magnesium content as 1.22 ppm,
and zinc content as 5.63 ppm. Genetic parameters
belong to observed characteristics in this study are
given in Table 4. When Table 4 was observed, it was
determined that the highest phenotypic variance was
observed in water intake ratio (396.13), and the lowest ratio was obtained from copper (0.01 ppm), and
calcium (0.01 ppm).
The highest variance was observed in water intake ratio (28.4%) in plants that were affected by environmental conditions. This value is very important
since it defines the environmental effects on water
intake ratio directly. These conclusions are agreeing
with Lalic et al. [8]¶VILQGLQJVThe obtained inheritance degree was between 0.29 and 0.99 for studied
parameters.

RESULTS AND DISCUSSION
When genotypes which were used in the experiment were investigated, significant differences were

TABLE 1
Some plant characteristics of varieties in the study
Varieties
Eskisehir 855

Karacasehir 90

Sehirali 90

Yalova 5
Yalova 17
Yunus 90

Some Plant Characteristics
It has dwarf and cock seed. Its pods are non-smooth and can be ready for harvest for 110-115
GD\V,WVSRGV¶OHQJWK-13 cm and it has 4-5 numbers of pods per plant. Seed color is white,
and 100 seed weight is 61.5g.
It has 55-65 cm SODQWKHLJKWZKLWHDQGSOXPSVHHGDQGLWLVDVHPLGZDUI6PDOOSOXPS¶V
blending ability is so good, and its 100 seed weight is 18-19g. The numbers of pods per plant
are 6-7.
It has dwarf and cock seed. Its pods are non-smooth, and can be ready for harvest for 105-110
GD\V,WVSRGV¶OHQJWK-12.2 cm and it has 4-5 numbers of pods per plant. Seed color is white,
and 100 seed weight is 45-47g
,WKDVDGZDUIFKDUDFWHULWVSRGVDUHVPRRWKDQGUHDG\IRUWKHKDUYHVWIRUGD\V,WVSRGV¶
heights are 10-12 cm, their widths are 1.4-1.6 cm, oblate ellipse, and green. Its grains are white
and kidney-shaped. Its white grains are coarse, and its 100 seed weight is 48-50g.
It can give a crop for 40 days. It is smooth, a little bit dark green, flat Yalova type, dwarf
variety. Average ripening period is 45-50 days.
It has dwarf and plump seed. Its pods are non-smooth and can be ready for harvest for 115GD\V,WVSRGV¶OHQJWK-14.5 cm and it has 4-5 numbers of pods per plant. Seed color
is white, and 100 seed weight is 41-43g.
TABLE 2
The soil structure of research area

Characters
pH (%)
Salt (%)
Usable P2O5
Usable K2O
Usable N

Depth (0-40 cm)
7.40
0.027
10.468
97.112
105.86

Characters
Sand (%)
Clay (%)
Mil (%)
Organic substances (%)

5763

Depth (0-40 cm)
68.752
18.561
12.056
1.386
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TABLE 3
The average values and the sum of squares of the characters
Character
Seed yield (kg da-1)
100-seed weight (g)
Water intake rate (%)
Total Nitrogen (%)
Protein (%)
Oil (%)
Carbohydrate (%)
Chlorophyll content (ppm)
Proline (ppm)
Canopy temperature (°C)
Potassium (ppm)
Stoma conductivity (mmol/m2/sn)
Phosphor (ppm)
Calcium (ppm)
Magnesium (ppm)
Copper (ppm)
Zinc (ppm)

Average
155.60
17.44
162.23
2.85
24.17
1.24
40.49
37.21
2.38
24.56
0.98
64.71
0.72
0.85
1.22
0.99
5.63

Standard Deviation
14.68
7.52
39.14
0.13
6.21
0.58
11.71
3.05
0.48
6.34
0.97
9.37
0.32
0.22
0.36
0.21
1.96

The Average Sum of Squares
1807.28
68.712
1644.38
1.036
49.24
0.3574
148.83
137.25
1.662
56.28
0.1469
184.236
0.0763
0.0506
0.1452
0.0390
3.9861

greater than their corresponding genotypic coefficients of variation for most characters evaluated [2830].
The determined plant water content can provide genetic gain compared to previous generations
is quite a significant issue. Because in studies conducted for genetic gain not estimated genetic gain
but materialized genetic gain was stated. Genetic
variances changed too little by the experiment years.
These results were contrary with Da Silva et al. [31]'s
findings. The most significant estimated reason of it
was that researchers used over geographical regions
in their studies. The most significant parameter
which is used to estimate expected selection gain is
inheritance degree. Because of this reason, genetic
variance can include dominant and epistatic effects
[32]. Consequently, this will affect the success to increase plants which are selected positively.
Munjal and Rana [33] reported that it is important to keep the cover cool, to have a significant
physiological development during the grain filling
period in wheat. Venora and Calcagno [34] explained in the vicinity of the surfaces of the plants,
evaporation from the leaf surfaces. When the temperature is dropped compared to the ambient temperature, plants will keep their stomata open under
drought stress.
Vegetation temperature, hot and dry in wheat
highly correlated with the conditions, high in heritability and early in the generations [35]. Photosynthesis in plants under heat stress decreases chloroplasts,
by causing structural and functional damage to chloroplasts and chlorophyll [36]. Chlorophyll biosynthesis is affected negatively when plants are exposed
to high temperatures [37]. The amount of proline has
been reported to decrease, especially in water
stressed leaves [38].

The lowest inheritance degree was obtained
from seed yield per plant as 0.29%; the highest inheritance degree was obtained from calcium content
as 0.98%. When inheritance evaluated in general,
seed yield per plant had quite higher value than inheritance degree that measured for all characters. It
was determined that additive gene effect rose due to
environmental effect, and genetic progress was over
the average. While the lowest average genetic gain
was determined for copper content as 17.89%, the
highest genetic gain was determined for crude oil as
51.18%. In this respect, genetic gain studies help to
reveal input which was obtained from breeding studies, allowing to make breeding strategies. It was deWHUPLQHG WKDW ZKLOH VHHG \LHOG¶V JHQHWLF JDLQ ZDV
29.52%; 100-VHHG ZHLJKW¶V JHQHWLF JDLQ ZDV
 %HVLGHV SURWHLQ UDWLR¶V JHQHWLF JDLQ ZDV
high as 28.04%. When traits were observed in terms
of phenotypic variance, it was seen that all traits had
nearly similar values to each other. Seed yield per
plant was determined as 16.84%, 100-seed weight as
20.04%, protein ratio as 16.44% in terms of phenotypic variance coefficient respectively.
While phenotypic variance coefficient reached
over 14% values for all quantitative characters such
as seed yield per plant and 100-seed weight, these
values were below 14% for the percentage of water
intake rate (11.56%), and copper content (9.51%).
When the inheritance degree of protein ratio was
considered as 0.98, suggesting that it can be a protein
selection criterion for variance studies [16]. When
environmental variance was observed, it was seen
that there was a wide variance in general. This is significant because it reveals that high inheritance degree leads high genetic varieties for plants. The estimated phenotypic coefficient of variation was
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Genetic
progress
expected

The average
genetic gain
(%)

Genotypic
variation
coefficient (%)

Phenotypic
variation
coefficient (%)

5.84

0.29

5.84

29.52

20.58

16.84

-

-

-

19.26

18.15

1.26

0.94

7.38

40.38

20.19

20.04

0.152

0.214

0.251

396.13

412.57

28.34

0.95

40.07

21.19

10.26

11.56

-0.049

-0.106

0.003

12.67
0.04

11.87
0.08

0.46
0.0002

0.98
0.98

6.76
0.59

28.04
51.18

15.26
20.84

16.44
21.18

0.016
-0.096

-0.211
-0.094

0.054
0.017

Environment
correlation
coefficients

Heritability
(%)

12.51

Genotypic
correlation
coefficient

Environmental
variance

20.14

Phenotypic
correlation
coefficient

Genotypic
variance

Seed yield
(kg da-1)
100-seed
weight (g)
Water intake
rate (%)
Protein (%)
Oil (%)
Chlorophyll
(ppm)
Proline (ppm)
Total nitrogen
(%)
Stoma cond.
(mmol/m2/sn)
Carbohydrate
(%)
Canopy
temperature
(oC)
Potassium
(ppm)
Phosphor
(ppm)
Calcium
(ppm)
Magnesium
(ppm)
Copper (ppm)
Zinc (ppm)

Phenotypic
variance

Character

TABLE 4
Genetic parameters of the investigated characters

2.56

1.28

6.31

0.66

0.37

24.56

14.36

20.14

0.075

0.107

-0.112

2.67

41.12

38.94

0.75

0.88

26.13

12.48

18.96

0.134

0.039

-0.131

3.47

4.85

14.12

0.58

0.41

19.62

16.28

16.47

0.117

0.084

-0.074

4.66

7.12

24.19

0.33

0.27

30.25

15.07

13.89

0.098

0.057

-0.201

36.28

39.17

1.64

0.97

11.44

27.55

14.88

15.06

0.022

-0.044

0.007

2.12

3.34

3.29

0.61

0.18

21.78

14.68

12.38

0.018

0.088

0.046

0.02

0.03

0.0003

0.95

0.40

38.14

21.06

21.08

0.156

0.216

0.006

0.02

0.02

0.0002

0.96

0.28

30.22

20.54

21.14

0.184

0.251

0.078

0.01

0.02

0.006

0.99

0.36

27.74

15.49

15.84

0.035

0.196

-0.054

0.05

0.04

0.0004

0.94

0.19

30.88

14.93

14.69

0.126

0.116

0.071

0.01
1.12

0.06
1.10

0.0002
0.0015

0.96
0.96

1.24
2.06

17.89
30.69

6.58
16.48

9.51
16.52

0.106
0.086

0.184
0.072

0.114
0.112

regarding studied parameters, the genetic improvement is maintained, thus, reflecting to yield. And this
shows that the breeding studies are carried out successfully. The similar genetic and phenotypic correlation values will be normal. In this case, we saw that
the phenotypic/genetic correlation ratio has to be less
than the geometric mean of the heritability. When
phenotypic correlation is lower than genetic correlation, the environmental conditions affects parameters negatively [43].
A phenotypic correlation is less than its genetic
counterpart; it has a small positive environmental
correlation. Environmental correlation has a small
value its value will be large (positive or negative).
Because of the environment affects an individual in
all its parts. Genotypic coefficient of variation
showed genetic variability in the genotypes for variRXVWUDLWV,WGRHVQ¶WJHWIXOOVFRSHWRDVVHVVWKHYDUL
ation for heritage [44]. The most important function
of the heritability is the reliability of the phenotypic
value for breeding value [45].

These results were in line with Sengul and Sagsoz [39] and Gastol and Swiatkiewicz¶s [40] findings. Actually, the genetic variance was not changed
too much in their studies for desirable characteristic.
When genetic variance is low, the selection will lead
to decrease yield [41]. However, the studies carried
out on genetic selection showed that the lack of phenotypic variance affected genetic selection naturally.
In our study, it was found that phenotypic variance
alteration according to characteristics was wider
than genotypic variance since environmental conditions directly affected the observed data regarding
current traits. Any time or place, any stress factors
will affect agronomic traits, consequently allowing
variations depending upon acclimatization ability of
plant to different environmental conditions. Since
the genotypic variations at different environments,
and the greatness of inheritance degree are the main
pillars to determine the effects of the environmental
conditions on genetic gain [42].
Heterosis, i.e., new gene combinations will be
possible as obtaining synthetic variation to select individuals whose general combination ability are
higher in terms of the studied parameters or traits.
When plants have better values than those of parents
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Sowing of Chickpeas in a Temperate Region.
Turkish Journal of Agriculture and Forestry, 27,
345-352.
[7] Altinbas, M. and Sepetoglu, H. (2003) The Relationship of Performance with Adaptation for
Yield and Some Agronomic Traits of Chickpea
Lines Sown in winter. Ege Journal of Faculty of
Agricultural, 40(1), 49-56.
[8] Lalic, A., Novoselovic, D., Kovacevic, J., Drezner, G., Darko, B., Abicic, I. and Dvojkovic, K.
(2010) Genetic gain and selection criteria effects on yield and yield components in barley
(Hordeum vulgare L.), Periodicum Biologorum,
112(3), 311-316.
[9] Bello, O.B., Ige, S.A., Azeez, M.A., Afolabi,
M.S., Abdulmaliq, S.Y. and Mahamood, J.
(2012) Heritability and Genetic Advance for
Grain Yield and its Component Characters in
Maize (Zea Mays L.). International Journal of
Plant Research, 2(5), 138-145.
[10] Blum, A., Golan, G., Mayer, J., Sinmena, B.,
Shpiler, L. and Bura, J. (1999) The drought response of landraces of wheat from the northern
Negev Desert in Israel. Euphytica, 43, 87-96.
[11] Merah, O., Deleens, E., Souyris, I. and Monaeveux, P. (2001) Ash content might predict carbon isotope discrimination and grain yield in durum wheat. JSTOR: New Phycologist, 149(2),
275-282.
[12] Royo, C., Villegas, D., Garcia del Moral, L.F.,
Elhani, S., Aparicio, N., Rharrabti, Y. and
Araus, J.L. (2002) Comparative performance of
carbon isotope discrimination and canopy temperature depression as predictors of genotype
differences in durum wheat yield in Spain. Australian Journal of Agricultural Research, 53(5),
561-569.
[13] Bao, J.S. and Sun, M. (2002) Analysis of genetic behavior of some starch properties in indica rice (Oryza sativa L.): thermal properties,
gel texture, swelling volume. Theoretical and
Applied Genetics, 104, 408-413.
[14] Bao, J.S., Corke, H. and Sun, M. (2002) Microsatellites in starch-synthesizing genes in relation to starch physicochemical properties in
waxy rice (Oryza sativa L.). Theoretical and
Applied Genetics, 5, 898-905.
[15] Laghari, K.A., Sial, M.A., Afzal Arain, M.A.,
Mirbahar, A.A., Pirzada, A.J., Dahot, M.U. and
Mangrio, S.M. (2010) Heritability studies of
yield and yield associated traits in bread wheat.
Pak. J. Bot., 42(1), 111-115.
[16] Ahmad, S.Q., Khan, S., Ghaffar, M. and Ahmad, F. (2011) Genetic diversity analysis for
yield and other parameters in maize (Zea mays
L.) genotypes. Asian J. Agric. Sci., 3(5), 385388.
[17] Kashiani, P., Saleh, G., Abdullah, N.A.P. and
Abdullah, S.N. (2010) Variation and genetic

CONCLUSIONS
According to the obtained results, the genotypes which have been studied on may not give similar results at other regions due to the possible interactions seen in yields and environmental conditions.
However, it is a true and substantial approach that
they are evaluated at similar fields ecologically. It
was well known that the genetic variance is quite
narrow in small locations. Thus, the desirable variance will be composed more successfully since
plants are cultivated at a suitable ecology for their
physiologies, and consequently this may allow genetic gain.
In studying the inheritance of quantitative characters, the examined the proportional sizes of the additive and dominant genetic variance and environmental variance elements will not only be the ideal
genotype to be improved (homozygous, heterozygous) but also provide useful information to the
breeder if the optimal breeding method is specified.
Successful genetic selection can be made in early
generations, especially in those with a high degree of
heredity in the narrow dimension. The number of
leaves, the second important feature in terms of yield
and quality. The variations in total sugar contents of
beans may reduce the effectiveness of selection in
early generations in terms of yield and quality, as it
requires selection for recessive genes with lower frequencies. Therefore, it may be useful for the breeder
to work with large populations, which will allow for
the desired gene recombination, in order to increase
the efficacy of selection on these traits.
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HEAVY METAL BIOSORPTION OF COPPER IONS BY
IMMOBILIZED BIOMASS OF STICHOCOCCUS SUBTILIS
(KÜTZING) KLERCKER
Dilek Yalcin1,*, Tulay Ozer2, Ilkay Acikgoz Erkaya 3,
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1
Department of Biology Education, Faculty of Education, Gazi University, Ankara, Turkey
'HSDUWPHQWRI%LRORJ\)DFXOW\RI$UWVDQG6FLHQFH$KL(YUDQ8QLYHUVLW\.ÕUúHKLU7XUNH\
3
Department of Environmental Engineering, Faculty of Architecture and Engineering, Ahi Evran 8QLYHUVLW\.ÕUúHKLU7XUNH\
4
Department of Chemistry, Faculty of Science, Gazi University, Ankara, Turkey.
2

[5]. The sorption characteristics of Chlorophyta have
shown to be affected by different environmental
parameters such as, pH, temperature, studied metal
ion and other metal ions concentrations. Chlorophyta
has been observed to be efficient in biosorption of
copper, nickel, zinc and cadmium [6]. There are
several studies focusing on demonstrating the toxic
effects of heavy metals on different species of algae
[7, 8, 9]. Heavy metal biosorption capacity of algae
proved to be the highest because of the algal cell
wall, which is composed of a fiberlike organization
and an amorphous-embedding matrix of numerous
polysaccharides [10]. The aim of this study was to
evaluate the effect of copper metal on some
physiological activities of S. subtilis with special
references to metal bioaccumulation.

ABSTRACT
In this study, the ability of Stichococcus subtilis
(Kützing) Klercker was used for heavy metal
removal adsorbstion capacity. The sorption ability of
S. subtilis was investigated using Cu metallic
solutions. In the analysis, pH effect, equilibrium
timing, initial metal ions concentration and
temperature ranges were investigated. For singlemetal systems, sorption isotherms were well-fitted to
the Langmuir model. The results of the maximum Cu
biosorption capacities were found as 2.70 and 10.4
mg/g for alginate and alginate±cells, with pH 5.5,
corresponding to the initial Cu concentration of 50
mg/L. Cu biosorption on all the tested biosorbents
agreed with Langmuir adsorption isotherm model.

MATERIALS AND METHODS

KEYWORDS:
Copper, Stichococcus subtilis, alginate, immobilization,
biosorption

Microalgae culture condition. S. subtilis
species were collected from eutrophic freshwater
lakes in Ankara and isolation with purification done
through dilution and plating technique [11]. It was
grown in 250 mL flasks with 100 mL BG11 medium
[12], incubated at 22±1°C, and irradiance of 50 μmol
photos m-2 s-1 provided by white fluorescent lamps
set on 16D:8L h photo-period. Algal cells were
incubated for enrichment in nutrients medium for 96
h [13]. After harvesting, the algal biomass was
washed with ultrapure water and oven-dried at
100°C for 2 h before use.

INTRODUCTION
Being very hazardous and toxic materials for
living organisms when in great amount, heavy
metals become very serious environmental concerns
[1]. To remove heavy metal ions from aqeous
wastes, different methods are being used [2]. The use
of biomass from live materials, eg, microalgae to
adsorption multimetal ions in waste water has been
gathering momentum. Therefore, a low cost
biosorption process using microalgae as an
adsorbent has recently been introduced as an option
[3]. Biosorption, when compared with conventional
treatment methods brings the following to the fore:
cheap, high effiiciency, reduce of chemical and
biological mud, renovation of biosorbent and a
feasible metal recovery [4].
Microalgae have evolved natural method of
responding to metals such as copper, lead, and
cadmium via passive accumulation in cells and
through surface binding to various functional groups

Immobilization of Stichococcus subtilis. The
immobilization of S. subtilis by entrapment was done
as follows: Na-alginate (2.0 g; Sigma Chem. Co.,
USA) was dissolved in ultrapure water (50mL) and
mixed with the algal suspension (50mL, containing
1.0g algal cells). The mixture was poured into a
solution containing (0.1M CaCl2) with a burette and
stirred to avoid aggregation of the algal cell
immobilized Ca-alginate beads. The beads, approx.
4 mm in diameter, were left in the solution for about
1 h, before washing 3x with 150 mL of sterile
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Effect of pH. Firstly, to be optimized in the
sample solution was the pH, being important factor
that influence, not only site dissocation, but also, the
heavy metals solution chemistry. Hyrolysis, redox
reaction and precipitation were strongly influenced
by pH. To find the effect of pH on the solid phase
extraction, pH of 50 mL model solution containing
500μg of Cu (II) was adjusted to 2.0-10.0 with 0.1
mol/L HCl and 0.1 mol/L. Amonia solutions flasks
were placed in a mechanical shaker and mixed for 2
h at a constant rate of 150 rpm.The suspensions were
filtered after 2 h and the filtrates analyzed for the
detection of copper ions by FAAS with the required
dilution. As can be seen on (Fig. 1), maximum
removed copper was obtained at pH 5.5-6.0.
According to this result, copper ions could be made
and it is possible to separate from aqua solutions.

ultrapure water. The hardened beads were then
allowed in 5 mM CaCl2 solution at 4°C until use.
After drying the alginate beads for a night in an oven
at 50°C, the dry weight of the biomass was
assertained [14].
Reagent. As an instruction, every chemical
used, was of analytical reagent grade. Ultrapure
deionized H2O was applied in the study. Cu stock
solution (1000 mg/L) was prepared using
CuSO4.5H2O (Merck). The working solutions were
prepared by diluting the stock solution to relevant
volumes. NH3 (27%), HCl (37%) and HNO3 (30%)
were got from Merck.
Apparatus.
Flame
atomic
absorption
spectrometer (FAAS), Varian AAS240FS model
(Palo Alto, CA, USA) equipped with a Cu hallowcathode lamp and a deuterium lamp for background
correction, was used for copper determination
following tKH PDQXIDFWXUHU¶V LQVWUXFWLRQV /DPS
current, wavelength, band width of the slit and
acetylene flow rate were 10.0 mA, 324.8 nm, 0.5 nm
and 1.4 L/min, respectively. WTW 720 model pH
meter was used in all the measurements (Weilheim,
Germany). To determine the adsorption capacity, a
shaking thermostatic bath (Nüve ST 402, Turkey) at
the temperatures (range of 298K-328K), at a fixed
speed of 150 rpm was applied.

FIGURE 1
pH effect on the removed of copper by
immobilized Stichococcus subtilis.

Batch Adsorption Procedure. Batch method
was used in the determination of adsorption kinetics
of Cu (II) ions on immobilized algae. Batch
equilibrium tests were done using 50 mL of Cu (II)
solutions in 100 mL Erlenmeyer flasks containing
0.01 g of adsorbent. The pH of the solutions were
adjusted to 5.5 using 0.1 mol/L HCl and 0.1 mol/L
of NH3 solution and the flasks, placed into a
mechanical shaker and stirred for 2 h at the desired
temperature (range of 298K-328K) on a constant
speed of 150 rpm. To find out the effect of mass
transfer, the range of concentrations of prepared Cu
(II) solution was varied from 1 to 50 mg/L. These
suspensions were filtered after 2 h and the filtrates,
analyzed for the determination of Cu (II) by FAAS
with
the
required
dilution.
Equilibrium
adsorption qeq (mg/g) is calculated as follows:
൫ ି

FIGURE 2
The effect of initial concentration of Cu (II) on
adsorption at differnt temperatures (Sample volume; 50 mL, pH:5.5) for Stichococcus subtilis.

൯

(1)
ݍ ൌ బ  

with, C0 and Ceq being the beginning and equilibrium concentrations (mg/L) of solutions, respectively, V the volume of solutions, (L) and X, the
mass of the immobilized algae and alginat(g).

FIGURE 3
The effect of initial concentration of Cu (II) on
adsorption at different temperatures (Sample
volume; 50 mL, pH:5.5) for CA.
Adsorption Kinetics and Thermodynamic
Parameters. Effect of initial Cu (II) concentration
on adsorption capacity. In order to determine Cu
(II) initial concentration effect on the adsorption capacity of both, S. subtilis and Ca-alginate (CA)
beads, batch method was used at pH 5.5 with different initial Cu (II) concentrations under four different

RESULTS AND DISCUSSIONS
Different parameters such as pH, equilibrium
time and temperature were optimized to obtain the
removal of copper ion on immobilized algal beads.
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sites with different energy [15]. The linearized
Freundlich model is as folllows:
ଵ
 ݍ ൌ   ܭி    ܥ 

with, KF as constant relating with the adsorption
capacity and 1/n, an empirical parameter showing
the adsorption intensity, and varies with the heterogeneity of the adsorbent. Langmuir and Freundlich
isotherms were plotted using experimental data and
the values obtained given on Table 1.
It is seen on Table 1 that Langmuir model is
more acceptable than Freundlich model by comparing the results of correlation values at different temperatures. Besides, the experimental adsorption capacities are near the theoretical adsorption capacities
of Langmuir model at high temperatures. In addition,
the shape of the isotherm can be used to predict
whether an adsorption system is favorable or unfavorable. For this purpose, Langmuir isotherm can be
expressed in terms of equilibrium parameter RL, defined in the following equation:

temperatures and the results obtained are given on
(Fig. 2 and 3). Generally, adsorption capacity of
resin increases with initial metal concentration up to
the equilibrium formed because, the initial metal
concentration provides a driving force to overcome
mass transfer resistance between the aqueous and
solid phase. As seen on (Fig. 2 and 3), the adsorption
equilibrium capacity was increased by increasing the
initial concentration and decreased with increasing
temperature up to 30 mg/L. So, equilibrium concentration was taken as 30 mg/L and used in determining the adsorption kinetics.
In order to explain the experimental results, the
adsorption isotherms were formed showing the
equilibrium relationship between adsorbent and adsorbate. For this purpose, Langmuir and Freundlich
isotherm models were used in doing the analysis.
Langmuir Isotherm. Langmuir adsorption
isotherm is ordinarily used in adsorption of solute
from a solution. The basic assumption of this theory
is that adsorbent until the saturated monolayer adsorption to be achieved. The saturated monolayer
Langmuir isotherm equation is as follows:


ଵ
ൌ
 
(2)


ಽ 

ܴ ൌ 

ଵ
ଵାಽ బ

(4)

:KHUH&ೊLVWKHLQLWLDOFRQFHQWUDWLRQRIFRSSHU
(mg/L) and KL, the Langmuir constant described
above. There are four probabilities for the value RL:
(i) favorable adsorption 0<RL<1, (ii) unfavorable adsorption RL>1, (iii) linear adsorption RL=1, and (iv)
irreversible adsorption RL=0 [16]. In this study, all
RL values calculated for all initial concentrations (150 mg/L) and all temperatures are between 0 and 1.
This shows that the adsorption of copper on S.
subtilis at each defined temperature is favorable.



such that, Ceq is the equilibrium concentration
(mg/L), qeq the amount of metal ion adsorbed (mg/g),
qm, the monolayer adsorption capacity of adsorbent
(mg/g), and KL the Langmuir adsorption constant
(L/mg) related with the free energy of adsorption.
The plot Ceq/qeq versus Ceq indicates a straight line of
slope 1/qm and an intercept of 1/KLqm (Fig. 4).
Freundlich Isotherm. Freundlich isotherm
model assumes heterogeneous adsorption active

FIGURE 4
The linearized Langmuir isotherm at 298 K (pH: 5.5)
TABLE 1
The Isotherm parameters of Cu (II)
Temperature
(K)

qexp
(mg/g)

298
308
318
328

8.8
7.3
6.3
3.8

Langmuir model
qm(mg/g)
8.6
7.2
6.3
3.7

Freundlich model

KL(L/mg)
0.081
0.073
0.061
0.058

5771

R2
0.9910
0.9885
0.9890
0.9903

KF
1.27
1.66
1.40
1.34

n
1.68
2.19
2.14
2.29

R2
0.8812
0.8381
0.8290
0.8010
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TABLE 2
Kinetic parameters for the adsorption of Cu(II) at different temperatures
Temperature
(K)
298
308
318
328

Pseudo-first order
qe
k1
mg/g
min-1
6.486
0.0207
6.261
0.0210
6.008
0.0225
3.815
0.0233

R2
0.9700
0.9810
0.9881
0.9792

Pseudo-second order
qe
k2
mg/g
g/min.mg
20.06
2.13x10-4
18.48
2.34x10-4
16.30
2.41x10-4
15.64
2.73x10-4

R2
0,8276
0,7985
0,8118
0,8665

Thermodynamic study. Adsorption capacity
of S. subtilis for Cu (II) ions was decreased with
increment in the temperature of solutions. This
reveals that the adsorption of Cu (II) ion by S. subtilis
surfaces is an exothermic process. The amounts of
adsorption of Cu (II) ions by S. subtilis was
measured in the temperature range of 298±328 K.
7KHUPRG\QDPLFSDUDPHWHUVLHIUHHHQHUJ\ ǻ* 
HQWKDOS\ ǻ+  DQG HQWURS\ ǻ6  FKDQJHV ZHUH
determined using the following relations:
οு 

οௌ 

ο ܩ ൌ  െܴܶ  ܭ (8) ܭ ൌ
െ
(9)
ோ்
ோ
where T (K) is the absolute temperature, R
(kJ/mol K) is the ideal gas constant, and Kc° (L/mol)
is the Langmuir equilibrium constant.
)URPHT  LWDSSHDUVWKDWERWKǻ+DQGǻ6
of adsorption of Cu (II) by S. subtilis can be
determined plotting ܭ versus 1/T. The Gibbs free
HQHUJ\FKDQJH ǻ* ZDVFDOFXODWHGXVLQJHT  DW
different temperatures. The thermodynamic
parameters are shown on Table 3. The -ǻ*V
demonstrated the feasibility of the process and the
spontaneous nature of the adsorption with a high
affinity of Cu (II) to S. subtilis at lower temperatures.
The -ǻ*V FKDQJH -7.37 kJ/mol) showed the
exothermic nature of the adsorption. The decrease in
adsorption capacity with increase in temperature was
seen to be due to the weakening adsorptive forces
between the active sites on the Stichococcus subtilis
and the metal ions species and also, between Cu (II)
ions on the adsorbed phase as in other studies [17].
7KH ORZ DQG QHJDWLYH YDOXH RI ǻ6 UHIOHFWV WKH
decreased randomness at the solid±solution interface
during adsorption.
TABLE 3
Thermodynamic parameters for the
adsorption of Cu(II)

FIGURE 5
Pseude-first order kinetic model
/DJHUJUHQ¶V SVHXGR-second order kinetic
model was also applied to the experimental data
which is given in the following form:
1
1
( )t
2
k 2.ad q eq
q eq

0.8661
0.8773
0.8581
0.8779

Second order
qe
k3
mg/g
g/min.mg
16,6
0.0102
24.3
0.0118
41.5
0.0210
36.25
0.0185

very high against the R² values of the pseudo-second
order kinetics (0.8581-0.8779) and the R² values of
the second order kinetics (0.7985-0.8665).

Adsorption Kinetics. To determine the adsorption kinetics of copper ions on S. subtilis, 50 mL
10 mg/L Cu (II) solution (50 mL) containing adequate amount of adsorbent (0.01 g) was stirred at
various time intervals (15-120 min) at the desired
temperature at a fixed speed of 15USP/DJHUJUHQ¶V
pseudo-second and pseudo-first order kinetic models
[16], were applied to the experimentally obtained
data. The linearized form of the pseudo-first order
rate equation is given as:
N
log(qeq ± qt) = log qeq -  W (5)
Ǥ
such that, qeq and qt (mg/g) are the metal ions
adsorbed equilibrium with time t (min), respectively,
and k1 the rate constant of the process (min-1). The
adsorption rate constants were determined experimentally by plotting log (qeq-qt) versus t (Fig. 5) as
given on Table 2.

t
qt

R2

(6)

Where, k2 (g/mg.min) is the rate constant of the
second order kinetic. The t/qt values were plotted
againts t and the rate constant calculated were given
in Table 2.
Second order kinetic model was also applied to
the experimental data given in the following form:

Temperature (K)
298
308
318
328

(7)
that, k (g/mg.min) is the rate constant of the
second order kinetic. The 1/(qeq±qt) values were plotted versus t and the rate constant calculated were
given in Table 2.
It is clear from these results that the adsorption
of copper by S. subtilis fit the pseudo-first order kinetics, because its R² values (0.9700-0.9881) are

ǻ*0 kJ/mol
-0.689
-0.816
-0.973
-2.082

ǻ+0
kJ/mol

ǻ60
J/mol.K

- 4.57

- 3.19

Most of the cell walls of green algae are made
up of cellulose and a large percentage of proteins are
bonded to polysaccharides in the form of
glycoproteins. These compounds with functional
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[6] Fraile, A., Penche, S., González, F., Blázquez,
M.L., Muñoz, J.A., Ballester, A. (2005) Biosorption of copper, zinc, cadmium and nickel by
Chlorella vulgaris. Chemistry and Ecology 21,
61-75.
[7] El-Sheekh, M.M., El-Naggar, A.H., Osman,
M.E.H., El-Mazaly, E. (2003) Effect of Cobalt
on growth, pigments and the photosynthetic
electron transport in Monoraphidium minutum
and Nitzchia perminuta. Braz J Plant Physiol 15,
159-166.
[8] Anne, H.L.J., Marie, C., Veronique, D., JeanFrancois, B., Jean-Franc, L. (2006) Effect of
copper sulphate treatment on natural phytoplanktonic communities. Aquat Tox 80, 267280.
[9] Afkar, E., Ababna, H., Fathi, A.A. (2010) Toxicological Response of the Green Alga C.vulgaris, to Some Heavy Metals. American Journal of
Environment Sciences 6 (3), 230-237.
[10] Khani, M.H. (2011) Statistical analysis and isotherm study of uranium biosorption by Padina
sp. algae biomass. Environ Sci Pollut Res
18,790±799.
[11] CSIRO (Commonwealth Scientific and Industrial Research Organisation) (2016) Availale via
DIALOG. http://www.csiro.au/ Accessed 15
February 2016.
[12] UTEX (Culture Collection of Algae at The University of Texas) (2016) Availale via DIALOG.https://utex.org/pages/algal-collections
Accessed 15 February 2016.
[13] Duygu, D., Udoh, A.U., Ozer, B.T., Akbulut,
A., Erkaya, A.I. <ÕOGÕ], K., Deniz, G. (2012)
Fourier transform infrared (FTIR) spectroscopy
for identification of Chlorella vulgaris Beijerinck 1890 and Scenedesmus obliquus (Turpin)
Kützing 1833. African J of Biotech 11(16),
3817-3824.
[14] Katircioglu, H. $VOÕP, B., Tunçeli, A. (2012)
Chromium (VI) Biosorption from aqueous solutions by free and immobilized biomass of Oscillatoria sp. H1 isolated from freshwater. ISIJ International 52(7), 1173±1178.
[15] Ozcan, A.S. 7XQDOÕ, S., Akar, T., Özcan, A.
(2009) Biosorption of lead(II) ions onto waste
biomass of Phaseolus vulgaris L.: estimation of
equilibrium, kinetic and thermodynamic parameters. Desalination 244, 188-198.
[16] Ho, Y.S., McKay, G. (1999) Pseudo-second order model for sorption proceses. Process Biochem 34, 451-465.
[17] Tan, I.A.W., Ahmad, A.L., Hameed, B.H.
(2008) Adsorption of basic dye on high-surfacearea activated carbon prepared from coconut
husk: Equilibrium, kinetic and thermodynamic
studies. J Hazard Mater 154, 337-346.
[18] Romera, E., González, F., Ballester, A., Blázquez, M.L., Muñoz, J. (2007) Comparative

groups such as amino, carboxyl, sulphate and
hydroxyl play an important role in the biosorption
step [18]. The efficiency of algal (Chlorella sp.,
Scenedesmus
obliquus,
Stichococcus
sp.,
Phormidium sp.) and bacterial species associations
in the remediation of industrial wastewater of a pond
in Russia, was investigated [19]. The results showed
that Stichococcus and Phormidium cells had
DGVRUSHG FRSSHU XS WR ௗ 7KH XVH RI Chlorella
vulgaris and Scendesmus sp. which is a Chloropyta
genus, algal cells for copper biosorption was studied
different researchers. ,Q D )UDLOH¶V VWXG\ RYHU WKH
heavy metal biosorption of microalgae, it is
expressed that the adsorption of isotherm has best
fitted to Langmiur Model [6]. As a result of our
study, Langmiur model has proven to be the best
adsorption isotherm model again. N. R. Bishnoi
found that Spirogyra species carried out Cu (II)
biosorption better at pH 6.0-7.0 and at contact time
of 30 min [20].
Stichococcus species have been studied by
researchers regarding heavy metal adsorption, but
there are not much work on S. subtilis for copper
adsorption. S. subtilis was applied as efficient
adsorbent for the removal of Cu (II) ions from
aqueous solutions. The effects of influential
parameters such as pH, initial Cu (II) ion
concentration and temperature were investigated
under optimized conditions. A. Fraile have indicated
that pH is an important factor in the sorption process
due to competition between protons and metal
cations for the active sites of the biomass [6].
Monolayer adsorption capacity of S. subtilis was
found for Cu (II) ions as 8.8 mg/g at 298 K. The
kinetic data revealed that the adsorption of Cu onto
S. subtilis followed pseudo first-order kinetics. The ¨Gs support the spontaneous and favorable
adsorption of Cu (II) ions while -¨+ FDXVHV
H[RWKHUPLFQDWXUHRIDGVRUSWLRQ7KH¨6LQGLFDWHV
increased randomness at solid-liquid interface.
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EFFECT OF NUTRITIONAL NEEDS ON THE YIELD OF
LIGNIN-DEGRADING ENZYME AND DYES
DECOLOURIZATION USING HETEROBASIDION INSULARE
Yue-Hua Zhang1,*, Jing-Ni Yu2, Jia-Lin Li2, Zhi-Wen Luo2
1

Institute of Agricultural-Environmental Biotechnology, Jiamusi University, Jiamusi, Heilongjiang Province, China, 154007
2
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have the potential for bioremediation [3]. This capability is degraded by the extracellular lignin as well
as non-stereo-selective and nonspecific enzyme from
the paint system formed by lignin peroxidase and
manganese peroxidase (MNPs), hydrogen peroxide
enzymes and secondary metabolites together. Whiterot fungi need one enzyme or more to degrade lignin
synthesis. Maybe this is the only reason for nonspecific mechanism, which can also degrade lignin degradation and a variety of contaminants, including
chlorinated phenols, dyes and dioxin, polychlorinated biphenyls, as well as insecticide and explosives.
The purified laccase, lignin peroxidase and MnPs
with different chemical structures can undergo a dyebleach process [4]. Previous studies are focused on
lignin-degrading enzymes Phanerochaete chrysosporium and Coriolus versicolor. Recently, the interest in the study of white-rot fungi and ligninase has
been increasing. The biological points of view have
been compared, and a better system has been found
for the biotechnological applications of lignin degradation [5]. Although the study of white-rot fungi
rarely gets attention, it can increase the ability of laccase to degrade pollutants. For example, PCBs,
PAHs degradation of dyes and polycyclic aromatic
compounds have been demonstrated recently [6].
Economic cost is one of the main factors affecting
the wide application of enzymes. The optimization
of industrial fermentation medium may reduce operating costs. These statistical methods are more powerful than the practical method of controlling a single
variable. The objective of the present study was to
assess the effect of various nutrients on H. Insularein
submerged fermentation and their relative importance for the production of lignin-degrading enzymes. Besides, we studied the culture medium of
different synthetic textile dyes and bleaching effect
of lignin-degrading enzymes. Lecter-Burman (PB)
designed experiments [13] for enzyme production
and the maximization of decolorization efficiency
[7].

ABSTRACT
A research was made on glyoxal oxidase, manganese peroxidase and laccase produced under the
impact of Heterobasidion Insulare (HIJ-2234) medium components. The change in the concentrations
of copper could positively affect the secretion of lignin-degrading enzyme. H. Insulare extracellular
fluid would enable the maximum production of lignin (161mU/ml glyoxal oxidase, 46.01 U/ml laccase
and 241.6 mU/ml MnP), which demonstrates the
maximum capabilities of decolorizing dyes Ponceau
2R, anthraquinone blue, malachite green and Ponceau 2R (a xylidine derivative) (at a velocity of 2.41,
1.53 and 3.0 mg ml-1 h-1, separately). Simultaneously, the decolonization rate of the lignin and the
activities of the enzyme were analyzed through multivariate regression. The experimental results meet
the linear acceleration mode of interaction. Response
surface was obtained through comparison, which
manifests that manganese peroxidase activity plays a
main role in malachite green decolorization even
though laccase is of greater importance in dimethyl
aniline degradation.
KEYWORDS:
laccase-producing; nutrient requirements; biochemical
properties; Heterobasidion Insulare: decolorization;

INTRODUCTION
There are 10 million different kinds of dyes and
dyestuffs widely and extensively applied in dyeing
and printing industry all over the world each year.
Synthetic dyes and commonly used industrial dyes
with diverse chemical structures can be turned into
insoluble azo dyes with triphenylmethane or heterocyclic polymer structure [1]. This product processing
process tends to produce a large amount of waste water, which accounts for 10-15% of dye sewage. Some
dyes are impacted by light irradiation and temperature. The performance of micro-organisms is fairly
stable, and they could form a stable compound [2].
White-rot fungi belong to basidiomycetes, which secrete a group of lignin degradation enzymes. They
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Design of experiments and statistical analyses. Plackett Burman designed experiments to assess the H. Insularein submerged fermentation of
various nutrients for the production of lignin-degrading enzymes and their relative importance. The planning assumption is that there is no interaction among
the media with different components, taking the
scope of the parameters into consideration. In a linear manner, it is considered as an adequate screening.
Y E 0  6E i F i (i 1,2,3.......,ki ) (1)

MATERIALS AND METHODS
Microorganism. Heterobasidion Insulare
(HIJ-2234) was obtained from the Key Laboratory of
Forest Protection, Northeast Forestry University,
Heilongjiang Province, China. White-rot fungal
strains were grown in modified PDA (potato-dextrose) at 28ć for 7 days. Then, cell blocks of equal
quantity and size were inoculated in modified PDB
(potato-dextrose-) for liquid inoculation.

:KHUHLQYDULDEOH³<´ LVDQHVWLPDWH IXQFWLRQ
RIWKHREMHFWDQG³ȕi´ is the regression analysis coefficient. 7KHȕLVGHVLJQHGDVWKHIUDFWLRQRIUHDVRQ
and analysis experimental schema. Significant impact (control coefficient, b) can be analogous to a
simple calculation method, which is generally measured with a value coefficient and a high level of average (+1). The difference between the designs of the
high assessment construction is at a low level (1).
The determination of the effectiveness of the control
coefficient permits every component. A massive
control coefficient is a positive or negative factor that
can indicate a significant impact on potency; nevertheless, the near-zero coefficient implies a factor that
GRHVQRWZRUNRUKDVOLWWOHHIIHFW7KHYDOXHRI³P´LV
the probability of a comparison, because coefficient
value suggests the variability of stochastic processes.
Low-YDOXH3VSHFLILHV³UHDO´DQGPHDQVVLJQLILFDQW
results. Discussion the variables are through the application of learning "t" test to detect [8]. Seven variables were used to represent 6 nutritional compositions and the original pH of the culture medium. Test
results of variable parameters of high (+1) and low (1) concentrations are shown in Table 1. Table 2 presents 2 distinct experimental representative lines,
with each column representing the different variables. The experiment was run in three consecutive

Culture media. Synthetic liquid medium was
produced. (The compositions included: HK2PO4,
0.6g; MgSO4·7H2O, 0.5g; KH2PO4,0.5g; zinc chloride, 3.5 mg; ferric chloride, 1.0 mg; thiamine hydrochloride, 0.1 mg; H3BO3, 0.07 mg; Na2MoO4·2H2O,
0.02mg; glucose concentration gradient (l), 10.020.0g; concentration gradient 2-Amino-3-carbamoylpropanoicacid, 0.50-4.0g; concentration gradient CuSO4·5H2O, 1.50-700mg; concentration gradient MnCl2·4H2O, 0.54-667mg; concentration gradient veratridine (3,4-dimethoxyphenyl) ethanol,
0.00-2.00mg; Tween-40 concentration gradient, 0.02.0 mg; double distilled water, 1 l) The starting pH
of the medium was HCl 1.0N, which was adjusted by
NaOH 1.0N. After autoclaving, the value was 4-6.5.
The content of Bacto-agar was 2%.
Culture conditions. Cultures were incubated
at 18-28ć in 250ml erlenmeyer flask containing
25ml of medium under a stationary condition. The
bacteria were grown in 2% agar for 5-day-old colonies. 2 agar blocks (per 0.25 cm2) were inoculated.
On the 23rd day, the fungal culture was screened out
by using a Buchner funnel, and the culture supernatant was used as an enzyme source of filter paper.

TABLE 1
Plackett-Burman programming for optimized of medium, individual variable
parameters the level used in the test
Experimental variables
Asparagine
Cu2+ (mM)
(g/l)
1.8
3.9
0.1
0.6

Parameter
Design
High factor
Low levels

Glucose (g/l)

Mn2+ (mM)

pH

226
10

321
4.9

6.5
3.9

Tween
(mM)
3
1.7

80

VA
(mM)
671
0.39

TABLE 2-1
Plackett-Burman as media optimized and planning for the detect of response
Test parameters
L-asparagine(g /l)
Cu2+ (mM)
Glucose (g/l)
Mn2+ (mM)
pH
Tween (mM)
VA (mM)

groups
1
0.4
667
10
667
4.0
0.0
2.0

2
0.4
667
10
0.54
6.0
1.6
2.0

3
5
667
20
0.54
6.5
0.0
2.0

4
5
1.6
10
667
6.5
0.0
0.0

5
5
1.6
20
0.54
4.0
0.0
2.0
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6
0.4
1.6
10
0.54
4.0
0.0
0.0

7
5
667
20
667
4.0
1.6
0.0

8
0.4
1.6
20
0.54
6.0
1.6
0.0

9
0.4
667
20
667
6.5
0.0
0.0

10
5
1.6
10
667
6.0
1.6
2.0

11
0.4
1.6
20
667
4.0
1.6
2.0

12
5
667
10
0.54
4.0
1.6
0.0
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TABLE 2-2
Plackett-Burman Model Construction respond to media optimization and measured
groups
Equal enzyme
activity
Decolorized
arguments
(DA/(min)

Laccase (U/ml)
MnP (mU/ml)
GLOX (mU/ml)
Ponceau2R
Malachite-green
Anthraquinone blue

1
17.20
48.00
31.50
1.69
7.10
530

2
2.20
10.49
36.15
0.49
3.48
450.1

3
45.90
215.5
117.0
1.79
7.58
677.5

4
1.10
3.9
5.29
0.43
2.25
94.53

5
2.21
59
25.4
0.59
3.39
508.6

replicates. Statistics analyses were conducted using
software Minitab v13.1, and regression analysis was
carried out with Primary V 2.2 through multiple regression and variance amount [9].

7
18.40
104.5
0.48
0.68
4.67
544.7

8
0.30
3.0
0.0
0.10
0.50
13.50

9
1.41
4.0
6.49
0.19
2.19
38.26

10
0.79
10.0
6.79
0.21
0.89
24.76

11
0.65
3.0
2.10
0.16
0.78
29.26

12
2.51
19.95
21.89
0.39
2.40
182.32

RESULTS AND DISCUSSION
Results. Statistical methodology for optimizing
the culture medium has been proven to be a perfect
and biotechnologically useful tool. Accordingly, it
attempts to compare the several factors between the
two stages, and optimizes the formulations of the
medium applications using Plackett-Burman trial design simultaneously. Factors detected comprised medium components of varying concentrations, including asparagine, cupric ions, glucose, bivalent manganese ion, and tween-80. Their reservation was
properly done, and initial pH values were calculated.
Besides, they were sterilized. These factors were the
most promising in maintaining strains based on previous research on the optimization of strain fermentation [14]. Cultures were harvested on the 23 rd day,
which were previously detected in different media;
H. Insulare culture began fermentation during the
breeding period. Although it peaked before laccase
and mycelium activity showed GLOX (i.e. they existed in principal growth stage), they began to take
on the greatest activity in the secondary metabolic
stage. From another aspect, manganese peroxidase
activity was primarily detected during the breeding
season. Dextrose in the culture medium was depleted
with the decrease in the dry weight of mycelia [15].
Sampling time was set at 23 days to ensure that the
significant levels of three enzymes could be tested.
Variable data experiments and their varying
levels given are summarized in Table 1. The productions of lignin dye decolorization enzyme in different
media were compared in Table 2-1 and Table 2-2.
According to the experimental design, medium ''3''
had most significant laccase production. In media
³´DQG³´WKHLQFUHDVHLQSURGXFWLRQZHUHQRWDEOH
Maximum conditions were suitable and supplementary to the culture medium generated regarding incorporation. GLOX potency increased 500 times in
laccase. LiP was utilized to detect whether the experiment was successful or not. Negative LiP test results
indicate various fungi growing conditions for this enzyme or no significant production needs. LiP concentration could be detected earlier, if the target
strains were grown in the medium containing lignocellulose [16]. The finest enzymatic activity reached
a peak value (44.89 U/ ml laccase, 220.40 mU/ml
MnPs and

Enzymatic analysis. The activity of laccase
was measured with 2, 2 O-azino bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) in 0.1 M acetate
buffer (pH 4.0) at 28ć. ABTS oxidation reactions
were detected and elevated in A410 Ǽ410= 40
mM/cm) [10]. The activity of MnPs in manganese
peroxidase, was measured in 0.1M sodium dim ethyl
succinate buffer (pH 4.0) at 28 ć Ǽ600=22.20
mM/cm) [11]. Phenolsulfonphthalein was used as a
reference substrate GLOX assay used peroxidase
conjugated with methylglyoxalsynthase, the GLOX
as the reference substrate, and the phenolsulfonphthalein determination as reference peroxidase subVWUDWH Ǽ600= 22.20 mM/cm) [12]. The LIP was tested
using the Resazurin with sodium salt-B determination method [13]. Activity represents the culture filtrate as per U/ml in international enzyme unit (U)
(mmol product / min).
In vitro microbial cells decolorization.
The reaction of decoloration mixture was observed
in a monitor tube at 28ć. The reactant system contained sodium acetate buffer (10.0 mM; pH 4.0). The
crude filtrate aliquots of enzyme were dispensed in a
test tube with a total volume of 4.0 ml, to determine
whether it is an azo dye Ponceau 2R (7.5mg/l), triphenylmethane dyestuff of malachite green (3.0
mg/l), anthraquinone or anthraquinone blue dyeware
(50.0 mg /l). The dyes were adjusted to have an identical initial absorbance in 1.0 units. Their near-infrared wavelengths were in the visible ligut spectral
range. Bleaching vitality reduced the visible wavelength of the specified dyes with a maximum absorbance (500, 616 and 625 nm, respectively). Nonetheless, the extracellular fluid with distilled water
was in the control of duplicate samples. The results
are displayed at DA / (min).
Chemicals reagents. All the standard dyes involved in the experiment were purchased from
Sigma Co., Ltd, Shanghai, China.
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TABLE 3
Experimental design of based on various media components Plackett Burman experimental
design degrading enzyme secretion of lignin H. Insulare
Glucose

Constant

b
P-value
b
P-value
b
P-value
b
P-value
b

Asparagine
7.89
NSIs
56.97
0.085
24.13
0.087
0.26
Is
1.21

7.31
Isb
50.11
0.112
15.12
Is
0.08
Is
0.49

P-value

Is

Is

parameter
Laccase activity
MnP
activity
GLOX
activity
Ponceau 2R
decoloration
Malachite
green
decolorization

Mn2+

pH

VA

Cu2+

7.21a
0.110
36.89
0.021
25.11
0.012
0.58
0.011
3.21

Tween60
7.32
Is
29.97
Is
13.04
Is
0.46
0.089
1.77

2.12
Is
24.43
Is
18.14
Is
0.02
Is
0.19

1.49
Is
0.98
Is
9.41
Is
0.08
Is
0.28

7.60
Is
35.11
Is
24.13
0.058
0.56
0.086
1.79

14.11c
0.082
52.97
0.067
34.86
0.021
0.68
0.031
3.21

<0.002

0.087

Is

Is

0.068

0.010

Note: The main influencing of factors (b) (laccase activity (U / ml), MnP vitality (MU / ml), GLOX vitality (mu / ml), malachite green
and Ponceau 2R decolorizing (DA / (dl), and significance level (P-values) for experimental groups) the main effect (b) (paint activity). A
Constant is expressed as presumption constant. The step bIs is: P <0.1. C expressed significant positive role.

Whether MnP induce or inhibit production in basic
medium was affected by different fungi with different functions [20]. VA production increased the concentrations of enzyme production and level of toxicity [21].
LiP is usually utilized for the production under
the best conditions of nitrogen starvation; when the
concentration of N in the medium is large enough,
many white-rot fungi generate a large number of laccase and manganese peroxidase [22]. Previous studies have demonstrated that H. Insulare produces the
highest amount of laccase, a high concentration of
nitrogen in the medium and the presence of carbon,
manganese peroxidase and GLOX of expression in
accordance with its constitutive lignin system expression [23].
The breakdown of lignin peroxidases in the participation extracellular H2O2 production was required. GLOX vitality for producing extracellular
and secondary metabolism was illustrated, while lignin was also expressed in P. chrysosporium. It has
been demonstrated to lead to the synthesis of hydrogen peroxide major enzyme [18]. GLOX depends on
the high level expression of active H. Insulare (high
up to 0.09 U/ml). Only a small portion of sample
strains of were analyzed and measured . Degradative
enzyme activity attained to 0.004 U/ ml. Kersten usually optimized a liquid medium to obtain 0.023 U/ml
of GLOX activities in P. chrysosporiumv [24]. Previous profiles indicate that the oxidized process of
white-URW IXQJL¶V V\QWKHWLF [HQRELRWLF FRPSounds
yielding peroxide cannot be improved without increasing the endogenously produced H2O2 [25].
Therefore, H2O2 produced had high lignin and vitality. Those crude culture filtrates produced by the H.
Insulare (HIJ-2234) had different chemical structures capable of decoloration of dyes. Based on the
order of magnitude of the resulting colorant, it can
be used in the bioremediation of textile processing
wastewater as a good candidate.

121.05mU/ml GLOX). The culture medium contained 20.0g/l of glucose, 4.0g /l of asparagine, 766.0
mM of copper, 0.54 mM of Mn-ion and 2.0 mM of
resveratrol. The initial pH value was 6.0. This kind
of media formulation was also obtained to measure
the maximum dye-decolorizing capacity.The crude
enzyme solution was obtained in a medium. Such
conditions also demonstrated the ability to measure
the decolorization degree. The P value was a powerful tool to check each significant factor. Their analysis results show that only a significant positive impact on the factors tested may due to copper on laccase, manganese peroxidase and GLOW. MnP of the
secretion also had higher influence on glucose and
asparagine concentration. The GLOX production in
the culture medium was increased by asparagine and
resveratrol stimulus. Resveratrol, Cu2+ concentration
of methyl aniline and malachite green decolorizing
showed significant positive influence. Other factors
were not proven to be statistically significant (P <
0.1).
Cu2+ consistently demonstrated in several species enjoyed a strong laccase inducer. It is known
that the Cu2+ the intervention of laccase would induce transcription activities in DNA. Cu2+ concentration increased in proportion to the increase in activity. Under experimental conditions, H. Insulare
manganese peroxidase and GLOX-inducing activity
were previously observed [17]. Aromatic alcohols
such as resveratrol (from white-rot fungi, it is well
known for participating in the use of lignin and secondary metabolites LiP xenobiotic contaminants lignin degradation cofactors culture produced) have
been reported to induce the production of laccase
[18]. Within the range of measurement, the H. Insulare laccase and manganese peroxidase production
had no significant effect either with or without VA,
though it induced LOX production. On the contrary,
VA was recognized to reduce the activity of extracellular GLOX [19, 22] in P. chrysosporium.
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TABLE 4
Reveal of variance (ANOVA) for the Specified linear together interactive model for malachite Ponceau
2R (B) and green (A)decolonization by H. Insulare
Group A
Model
Linear
Interaction
Residuals
Total

Sum of
squares
63.43
49.40
14.03
0.83
64.26

Degrees
freedom
6
3
3
5
11

Mean
squares
10.57
9.67
4.68
0.17
±

F-ratio

P-value

63.23
58.23
28.15
±
±

<0.001
<0.001
0.001
±
±

Sum of
squares
Model
4.121
Linear
3.361
Interaction 0.760
Residuals 0.028
Total
4.148
Group A

¦

Wherein, Yi predicts the reactions. Xi and Xj are
the variables in response to the impact of the input
variable parameter Y. ȕ0 and ȕi, represent the regression parameters. ȕij means model. Quadratic term
was not statistically obvious. Accordingly, they are
denied. (ANOVA) Variance corresponding analyses
are summarized in Table 4. Determination (R2) of
the coefficient values provides how the observed
variability of response by experimental factors with
the interaction between them to explain the measure.
The model R2 (0.987 to Ponceau 2R bleaching,
0.978 and 0.976 malachite green and blue anthraquinone decomposition) is demonstrated in Table 4.
Recommend fitting the linear model can explain and
communicate, respectively accounting for 99.4%,
97.8% and 97.0% of the change. This means the expressed satisfaction by procedure model in the Fvalue (64.12, 125.12 and 24.98); P <0.001 Ponceau
2R, P<0.001 malachite green and similar anthraquinone blue discoloration respectively indicate optimism prediction of the model of the research conclusions. The P-value indicates the coefficients laccase
and manganese peroxidase activity with nonlinear
effects (MnP having a value of 0.049 and 0.019, respectively) of/between laccase (0.009) and the interaction). Manganese peroxidase / GLOX (0.041) and
laccase/GLOX (0.076) activity suggest significant
decolorization of malachite green. In other words,
the active GLOX cannot significantly influence the
decolorization of such dyes. Nevertheless, the activity does not linearly affect GLOX significantly in the
decolorization of malachite green. In the detection
scope, its impact cannot be entirely negative, because interaction affects laccase and manganese peroxidase activity. Despite the interaction between
laccase and manganese peroxidase activity between
the Ponceau 2R decolorized statistical significance
(P=0.008), other factors indicate that the data are not
statistically obvious (P <0.1).
Differences in the results gained in sample dyes
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Mean
squares
0.687
0.496
0.253
0.006
±

F-ratio P-value
124.87
90.18
46.04
±
±

<0.001
<0.001
<0.001
±
±

indicate that this fungus strain achieves different react mechanisms to split the various chemical structure of the dye. Factors anthraquinone blue decolorized analysis demonstrates no statistical significance
as P <0.01. Similar structure of anthraquinone blue
could easily be decreased by H. Insulare. Participating in its degrading enzyme activity is probably not
in a limited quantity. It means obvious difference
based on the analysis of variance expression. From
another aspect, an anthraquinone blue decolorized
without considering the impact may be affected by
other variables in this exercise. Malachite green decolorized by fitting regression model equation is
given below:
Y 0.905  1.448A  0.20B  0..12AB  0.026AC  0.01BC (3)
Ponceau 2R decolorization enables optimum
prediction based on the model:
(4)
Y 0.085 - 0.002AB
Wherein, Y is the decolorization (DA/ (dl)). A
denotes laccase, B signifies MVP and C represents
GLOX activity. The 3D surface regression is the
equation for Ponceau 2R (Fig. 1A), and malachite
green decolonization has a graphical representation
(Fig. 1B-D). The groups of pair-wise interactions describe the effect parameters.
After restricting the third parameter trends, the
primary purpose is the efficient use of response surface grabs variables. Consequently, the best maximizes numerical values accordingly. Fig.1A illustrates
the effect of the coordinating role on decolorization
in laccase and manganese peroxides titers of Ponceau 2R. Fig.1B describes the degradation of malachite green and complementary role of two activities.
Comparison of the obtained reaction surface demonstrates that laccase activity is of greater importance
for dimethyl-aniline derivative decolorization, and
MnP effect plays a primary role in the malachite
green decolorization. Higher manganese peroxidase
activity and GLOX were observed and increased in
the dye decolorization (Fig. 1 C). This is consistent
with the manganese peroxidases involved malachite
green decolorization major enzyme, and the GLOX
provides necessary H2O2 activity. That is to say, the
high secretion of laccase by centrifugation liquid
shrink their efficiency in splitting the molecular
structure of malachite green, especially in the apparent expression of concentration GLOX existence

The relationship between lignin and decolorization enzyme activity was obtained in the experiments
through multivariate linear regression analysis (Table 3). The decolorizations of Ponceau 2R and malachite green obtained obey the following equation:
Yi E 0 
E i X i  E ij X i X j (2)

¦

Degrees
freedom
6
3
3
5
11
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FIGURE 1
(A) Lecter-%XUPDQ¶VGHVLJQIRU3RQFHDX5GHJUDGDWLRQE\PHWDEROLWHRIH. Insulare production in
laccase and MnP activities; (B) Lecter-%XUPDQ¶VGHVLJQIRUPDODFKLWHJUHHQGHJUDGDWLRQE\PHWDEROLWHRI
H. Insulare in laccase and MnP activities The vitality of GLOX was maintained at level 0 (47 mU/ml); (C)
capability of MnP and GLOX function, with the activity of in laccase maintained at level 0 (22.075 U/ml);
(D) capability of laccase and GLOX activities, with the activity of MnP maintained at level 0
(97.85 mU/ml)
Note: The capability of laccase is expressed in U/ml. MnP and GLOX capability are expressed in mU/ml. The
decolorization values of dyes are demonstrated in DA/(min).
grading enzyme in the enzymatic system of wood decay.
It is also used as lignin decolorization activity
indicators for assessment. Anthraquinone, azo dyes
and indigo dye T.versicolor laccase were discoloUDWHG>@+RZHYHUODFFDVH¶VFDWDO\WLFGHFRPSRVL
tion of mechanism depends on the structure of the
dye, which is different. The anthraquinone direct enzymatic oxidation paint, substrate interactions and
small molecule metabolites insoluble azo dye and indigo paint are not mediated between the enzyme and
dye. The decolorization rate of non-base dye is mediated by the compound rather than laccase concentration in solution [29]. Scholars have reported that
the decolorization rate obtained with other white-rot
fungi previously reported is comparable to the decolorization rate of azo dye Congo red, i.e. 2.9 and 3.9
mg/ml respectively [30]. P. chrysosporium and P.
ostreiformis were cultivated in liquid media. Congo
red, Ponceau 2R and methyl red including and regarding anthraquinone RBBR triphenylmethane bromophenol blue show a rate of 10, 20 and 35 mg/ml
respectively in culture medium I. lacteus is described. T. versicolor decolorization of anthraquinone dye acid green 27 has a speed of 156 mg / (ml.h)
[28].
The experimental results have revealed that H.
Insulare strain may be utilized to remove color from

(denoted with B and D in Fig. 1). The possible reason
lies in the competition between the two oxidizations:
GLOX and paint enzymes present in the medium of
active oxygen.
The outer H. Insulare at the highest production
of lignin obtained H. Insulare cell laccase decolorization Ponceau 2R ideal efficiency. The sample of
dyes in anthraquinone blue and malachite greenwere
decolorized at rates of 1.53mg and 2.8mg dye/
(ml.h), correspondingly. Different proportions represent different efficiency characteristics in H. Insulare crude product culture filtrates. The dyes with a
different chemical structure were removed. There are
documents that demonstrate anthraquinone dye is insoluble by the fungus whereas decolorization of
azoic dyes is easier and faster [26]. The decolorization of insoluble azo dyes has a low efficiency, compared with other types of dyes, according to another
report about P. chrysosporium and I. lacteus [27].
Natural microbial degradation of insoluble azo
dye is formidable due to sulfo group, and an azo
group is xenobiotics. Therefore, sulfonated azo dyes
fight enzyme attacks. Insoluble azo biodegradation
is dependent on the existence of extremely accurate
changes in a functional group in the molecule structure. Dyes include those anthraquinone derivatives,
Ponceau 2R, and some derived from RBBR and synthetic polymer, white-rot fungi act as the lignin-de-
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industrial wastewater in biological processes. Furthermore, this does not require rigorous secondary
metabolites to create lignin-degrading enzyme. This
enzyme needs non-stringent regulation than other
extensively researched decolorization by white-rot
fungi such as P. chrysosporium. Moreover, it has
more other advantages. In the industrial decolonization of dye wastewater, nutrients and carbon source
may remain present.
The degradation capability of white-rot fungi in
allusion to a variety of environmental POPs manifests their potential uses in the treatment of pollution.
Better exploration of the mechanism of these fungi
secreting laccase system allows the development of
technology and application of these microorganisms
in cleaning both aquatic and land environments.
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2

1 Sonatrach/R&D Center, 1th November Avenue, Boumedes, 35000, Algeria
Environment Department, Ecole Nationale Polytechnique, Avenue Hassen Badi BP 182 El Harrach 16200 Algiers, Algeria

vironmental considerationshand in hand with technical efficiency have led to a lot of research to develop green CIs[8]. Several studies had been carried
out to develop eco-friendly CIs based on seed extracts[9],leaves[10] and other non-toxic natural compounds. It is worth to noting the huge volumes of CIs
needed in the oil&Gas industry, this is why a serious
economic and environmental study has to be done
before using green CIs at large scale. Recently, many
researchestargeted forthe prediction of chemical
products environmental behaviour based on their
physicochemical properties or on theirchemical
composition [11-14].
Biodegradability is an essential parameter to be
considered before introducing CIs into natural environment at large scale. However, biodegradability
lab test is time consuming. To overcome this shortcoming, and to meet technical, economical, and environmental requirements, it is better to correlate the
biodegradability of these products with their intrinsic
properties at lab stage and to generalize subsequently
the concept for swift and accurate product selection
via consistent mathematical formulations, depending
on the availability of intrinsic properties data. Thus,
this study is devoted to provide a new vision for predicting biodegradability of CIs used in oil & gas industry based on their physicochemical properties.

ABSTRACT
Corrosion inhibitors (CIs) are widely used in
petroleum industry for protecting equipment from
deterioration and hence reducing the enormous cost
losses. In this context, extensive efforts have been
made in R&D domain to look for green and cost effective CIs, because the common used CIs are toxic
and not biodegradable. The main goal of this study
is to develop a methodology for selecting friendly
environmental CIs that can be used in oil and gas
fields on the base of their physicochemical properties
taken from the Material Security Data sheets
(MSDS) and their chemical composition. More than
twenty CIs are selected wherein the biodegradability,
is determined experimentally under international
standard ISO9408 (equivalent to OECD 301F). Several correlations are developed, the generated data
indicates that some developed correlations can be
used efficiently to predict the biodegradability of CIs
at short time and at low cost. Therefore, a great benefit can be achieved for environment protection and
petroleum industry.

KEYWORDS:
Corrosion inhibitors, biodegradability, correlation, physicochemical properties

MATERIALS AND METHODS
INTRODUCTION
The twenty two (22)CIs commonly used are selected from a group of commercial products largely
applied in Algerian oil&gas fields.These products
contain lots of componentsfrom which, solvents, alcohols and other chemical products. Because the
products are not pure; we have assessed our study on
the classification and the study of CIs based on their
active matter which belongs to the quaternary ammoniumgroup (10-60 % of active matter),or tothe fat
amines with long hydrocarbon chains (20-50% of active matter)that are largely used to prevent foam formation. Their physicochemical properties are taken
from their MSDSas shown in Table 1.

Oil & gas remain nowadays the main source of
supply to cover energy demand, this industry consumes a big amount of materials made with steel
(tubing, pipelines, well construction materials
«etc), corrosion problems causing leaks are thus unavoidable [1-3].Companies use different strategies to
minimizecorrosion reactions, one of which is the use
of CIs[4], which act by forming a protective layer on
the metal[5].Among all, oil&gas companies are the
most important CIs consumer [6]. However, these
products have the big disadvantage of being harmful
to both human beings and environment [4, 5, 7]. En-
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TABLE 1
Chemical family and physicochemical properties of the corrosion inhibitors
Product

Chemical Family of active matter

Viscosity (cSt)

pH

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Quaternary Ammonium
Fat amines with long hydrocarbon chains
Quaternary Ammonium
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Quaternary Ammonium
Fat amines with long hydrocarbon chains
Quaternary Ammonium
Quaternary Ammonium
Quaternary Ammonium
Quaternary Ammonium
Quaternary Ammonium
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains
Fat amines with long hydrocarbon chains

4,231
7,98
2,27
NA
2,39
NA
2,869
5,494
11,03
7,6711
2,098
7,98
21,52
8,1038
11,4
7,947
11,88
4
18,1
NA
NA
NA

NA
12,5
NA
11,4
10,6
9,5
9,5
NA
8,61
4,58
9,7
12,5
5,19
8,8
4,8
NA
4
4
4,62
8,7
4,2

Flash Point
(°C)
57
80
50
-18
NA
27,2
32
NA
60
NA
NA
80
100
62
80
NA
65
65
63
22,2
22
57,8

Density
(g/cm3)
0,92
0,97
0,84
1,1
0,89
0,87
0,92
0,95
0,89
1
0,87
0,97
1,07
1,02
1
0,99
0,98
1
1,1
0,88
0,88
0,99

indicate that the test duration is extended by two
weeks for the chemical products that have a poor solubility as mentioned in the standard method.
The automatic barometric device,OxitopC
(WTW, Weilheim) calculates the oxygen consumption.
Each sample container is related to a barometric
system. This system is proportional to the amount of
oxygen that is consumed by micro organisms.
The percentage of biodegradation is calculated
via the OECD 301F guideline (OECD, 1992) [16].

Biodegradability test. In our study the ready
biodegradability of CIs are assessed using the standard ISO 9408 (1999) [15] equivalent to OECD 301 F
(respirometry test), from the OCDE guideline (1992)
[16],these tests are duplicated. This method is chosen
by the authors to allow a generation of data in a reasonable time. The Biological Oxygen Demand
(DBO) is determined for a period of 28 days using
DBO-System with incubator-agitator (WTW OXITOP).
Mineral media are prepared from stock solutions:
1. 100 mL of solution A (8.50 g/L KH2PO4,
21.75 g/L K2HPO4, 33.40 g/L Na2HPO4 × 2H2O,
0.50 g/L NH4Cl),
2. 10 mL of solution B (27.50 g/L CaCl2),
3. 10 mL of solution C (22.50 g/L MgSO4
×7H2O), and
4. 10 mL of solution D (0.25 g/L FeCl3
×6H2O) are mixed, the volume is adjusted to 10 L
with demineralised water, and the pH is adjusted to
7.4.
The used inoculum is brought from an activated
sludge which is collected from the sewage plant or
Waste Water Treatment Plant (WWTP) in Boumerdes city, Algeria, which is dedicated to the treatment of domestic waste water. The sample is diluted
and aerated at room temperature until its use, within
24 hours.
The test material is dispersed directly in the final volume of medium (100 ml) to give a test concentration around 100 mg/L and then it is inoculated
in the test flask with 30 mg/L dry weight of
sludge.The samples are magnetically stirred and incubated under diffusing light at 22±1 °C. On day
28,all barometric data arecollected. It is important to

RESULTS AND DISCUSSION
The generated experimental data are examined
in order to predict under numerical correlation development the following target:
 The CIs environmental fate from their properties based on the biodegradability versus viscosity,
flash points, pHand density. In details, the analysis is
as follow:
Linear correlations are sought-after between
corrosion inhibitors biodegradability and their physicochemical properties; the products are divided into
four groups:
1. Biodegradable products
2. Non biodegradable products,
3. Quaternary ammonium
4. And fat amines.
This categorization assists us to find selective
relationships in specific group or subgroup of products. The goodness of the fitting is assessed statistically as shown in Table 2, Table3, Table 4 and Table
5 : R (correlation coefficient), R2 (Coefficient of de-
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those two tendencies are so high; 21.87 % for the
products considered all together and 23.82 % for the
fat amines group. The corresponding model is :

termination), SD (Standard Deviation), RMSE (Residual Mean Standard Error) and the slope.
TABLE 2
Statistical parameters calculated for
Biodegradability vs Viscosity
R
0.079

R2
0.006

RMSE
22.066

Biodegradable products
Non biodegradable
products
Fat amines

0.024

0.000

7.739

0.276

0.076

15.251

0.150

0.022

30.364

quaternary
ammonium

0.512

0.262

6.316

All Products

Slope
0.311
0.034

%DOOSURGXFWV ൌ Ǥሺ)3ሻ  Ǥ(3)
For the products considered all together and as
follows for the fat amines group:

SD
5.492
5.309

0.579

6.554

0.589
1.039

7.161

%)DWDPLQHV ൌ Ǥሺ)3ሻ  Ǥ (4)
TABLE 4
Statistical parameters calculated for
Biodegradability vs flash point

3.578
All Products
Biodegradable products
Non biodegradable
products
Fat amines

Biodegradability vs Viscosity. For the case of
viscosity versus biodegradability, there is no correlation except for the quaternary ammonium group
which is possible to propose the following model:
% ൌ Ǥሺሻ  Ǥ(1)
A priori, this model would indicate that all quaternary ammonium corrosion inhibitors are biodegradable, the literature reports that quaternary ammonium compounds (QACs) are biologically degraded under aerobic conditions up to 90%[17, 18].
Furthermore, as indicated by Tezel, (2009)[19], The
alkyl chain length also may have a decisive role in
the fate and effect of QACs in the environment.

quaternary
ammonium

All Products
Biodegradable products
Non biodegradable
products
Fat amines
quaternary
ammonium

R2
0.022
0.393

RMSE
27.238
5.720

Slope
1.275
1.141

SD
3.111
3.736

0.295

0.087

16.090

1.741

2.674

0.299
0.457

0.089
0.209

27.117
6.564

2.681
0.819

2.966
3.689

R2
0.448

RMSE
21.873

Slope
0.821

0.115

0.013

8.567

0.061

0.508

0.258

13.649

0.257

0.621

0.386

23.828

0.682

0.462

0.213

8.551

0.346

SD
23.1
73
15.1
50
27.0
36
26.1
07
11.4
96

TABLE 5
Statistical parameters calculated for
Biodegradability vs density
R
0.266

R2
0.071

RMSE
25.697

Slope
92.281

Biodegradable
products
Non
biodegradable products
Fat amines

0.291

0.084

7.406

35.250

0.431

0.185

14.218

69.610

0.339

0.115

28.240

112.873

quaternary
ammonium

0.685

0.470

5.995

83.489

All Products

TABLE 3
Statistical parameters calculated for
Biodegradability vs pH
R
0.148
0.627

R
0.669

SD
0.0
75
0.0
60
0.0
92
0.0
86
0.0
62

Biodegradability vs Density. For the study of
density versus biodegradability, there is no correlation except for the quaternary ammonium group, this
group presents a good correlation, where it is possible todevelop a mathematical model between density
and biodegradability. The suggested model is as follow:
%TXDWHUQDU\DPPRQLXP ൌ Ǥሺ)3ሻ  Ǥ(5)

Biodegradability vs pH.Concerning pH-biodegradability relationship, there is no correlation except for the biodegradable products group, where the
following model is proposed:

Case study. The previous developed models
are applied to some CIs products to confirm the feasibility of the estimate tests biodegradability through
these models without recur to laboratory biodegradability tests which varies according to the used
method[20-22].
The physicochemical properties of products are
shown in table 6.
The values of the physicochemical parameters
of the corrosion inhibitors are integrated into different models developed above. The biodegradability
results calculated using the model, linking

% ൌ ǤሺS+ሻ  Ǥ(2)
Biodegradability vs Flash Point. For this case
(Flash Point versus biodegradability), the whole
products considered together presents a good correlation (r = 0.67) between Flash Point versus biodegradability .The flash point consideration of fat
amines group also presents a good correlation with
biodegradability (r = 0.62)
However, the weak point is that RMSE for
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TABLE 6
Chemical family and physicochemical properties of the corrosion inhibitors
Product
01
02
03
04
05
06
07
08
09
10
11

Chemical family
quaternary ammonium
quaternary ammonium
quaternary ammonium
fat amines
fat amines
fat amines
quaternary ammonium
quaternary ammonium
quaternary ammonium
quaternary ammonium
fat amines

Viscosity (cSt)
5
12
50
6
250
10
25
/
86
100
/

property

measured Biodegradability
(%)

Quaternary Ammonium

viscosity

Product 1:
64,92
Product 2:
92,84
Product 3:
63,76
Product 7: 50
Product 9: 37
Product 10:
84

Flash point (°C)
-20
100
63
24
100
62
100
57.8
/
100
100

Density (g/cm3)
1.05
1.38
1.3
0.88
1.04
0.92
1.00
0.99
1.02
0.99
1,04

condition. According to Haus et al., (2004) [23], viscosity is found as a key parameter in predicting the
ready biodegradability of mineral based oils.
From literature review, biodegradability prediction based on flash point, density or pH seems to
be scarce.
It is always necessary to compare the results
found with these models with others found before,
but the major inconvenience is that the existing models in the literature are generally made on the basis
of pure products, however,in the petroleum industry
much of complex products are used in very large
quantities, which necessitates the search for model
predictionof biodegradability by group such as: corrosion inhibitor, biocides, surfactants, etc. In
fact,with increasing degree of substitution and complexity of the structures, biodegradation in a screening test becomes less likely [22],which is in accordance with knowledge on generalrules of biodegradability for different classes of industrial chemicals
[24].
Since, complex structures are described to be a
problem for predictions [25], for CIs being very
complex, it would perhaps be more appropriate to increase the incubation period of these products to 60
days as proposed by thecurrent REACH chemicals
legislation [26](European Chemicals Agency,
2014a) and then use the generated data to predict biodegradability.

TABLE 7
Estimated vs measured biodegradability
Chemical
family
Group

pH
3
6
5
10
6.6
1.7
9.5
4.2
8.8
7
12

Estimated
Biodegradability (%)
(Eq.1)
76,33
83,60
123,09
97
160,5
175,04

biodegradability to viscosity, and those measured in
the laboratory are summarized in Table 7.The following figure illustrates a comparison between the
biodegradability values found experimentally and
those evaluated by the model, where both generated
data are relatively acceptable.

CONCLUSIONS
On the basis of experimental and statistical
analysis, the following conclusions can be stated:
1) There is no clear relationship between physicochemical parameters and biodegradability except
for viscosity of CIs that does not exceed 25 cSt.
2) Biodegradability and viscosity of quaternary ammonium based corrosion inhibitors are related with a linear function with a certain limitation.
3) Further experiments using an extended set
of CIs and different laboratory techniques are required to confirm this conclusion and to look after
other models predicting biodegradability based on

FIGURE 1
Experimental vs calculated biodegradability
The population is randomly distributed and
there is no clear relationship between physicochemical parameters and biodegradability except for viscosity of CIs that does not exceed 25 cSt where a linear function between viscosity and biodegradability
of quaternary ammonium based corrosion inhibitors
is developed. Though biodegradability and viscosity
of quaternary ammonium based corrosion inhibitors
are related with a linear function with a boundary
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[9] Zucchi, F., Omar, I. (1985) Plant extracts as corrosion inhibitors of mild steel in HCl solutions,
Surf. Technol. 24 391±399.
[10] El-Etre, A.Y.(2007) Inhibition of acid corrosion
of carbon steel using aqueous extract ofolive
leaves, J. Colloid Interface Sci. 314 578±583.
[11] Raymond J.W., Rogers,T.N.,Shonnard, D.R.,
Kline,A.A. (2001) review of structure-based biodegradation estimation methods, USA.
[12] Pizzo, F., Lombardo, A.,Manganaro, A.,
Benfenati,E. (2013) In silico models for predicting ready biodegradability underREACH: A
comparative study, Science of the Total Environment463±464 161±168.
[13] Syaichurrozi, I., BudiyonoSumardiono, S.
(2013) Predicting kineticmodel of biogas production and biodegradabilityorganic materials:
Biogas production from vinasse at variation
ofCOD/N ratio, Bioresource Technology 149 p
390±397.
[14] Jimenez, J., Gonidec, E., Cacho Rivero, J.A.,
Latrille, E., Vedrenne, F.,Steyer, J.P.(2014) Prediction of anaerobic biodegradability and bioaccessibility of municipal sludge by coupling sequential extractions with fluorescence spectroscopy:Towards ADM1 variables characterization, water research, 50, p 359- 372.
[15] ISO 9408:1999, Water quality -- Evaluation of
ultimate aerobic biodegradability of organic
compounds in aqueous medium by determination of oxygen demand in a closed respirometer.
[16] Oecd Guideline For Testing Of Chemicals
Adopted By The Council On 17th July 1992
[17] Boethling, R.S. (1994) Environmental aspects
of cationic surfactants. In J.Cross and E.J. and
Singer (ed.), cationic surfactants: Analytical and
Biological Evaluation, vol. 53. Marcel Dekker,
Inc., New York, USA.
[18] Van Ginkel,C.G.(1996) Complete degradation
of xenobiotic surfactants by consortia of aerobic
microorganisms. Biodegradation,7: 151-164.
[19] Tezel, U.(2009) Fate And Effect Of Quaternary
Ammonium Compounds In Biological Systems,
A Dissertation Presented to The Academic Faculty In PartialFulfillment of the Requirements
for the Degree Doctor of Philosophy in the
School of Civil and Environmental Engineering,
Georgia Institute of Technology.
[20] Painter H.A., Reynolds,P., Comber,S. (2003)
Application of the headspace CO2 method (ISO
14 593) to the assessment of the ultimate biodegradability of surfactants: results of a calibration exercise, Chemosphere, 50 pp 29±38.
[21] Pedrazzani, R., Ceretti, E.,Zerbini, I., Casale, R.,
Gozio, E., Bertanza, G., Gelatti, U. (2012) Donato, F., Feretti, D., Biodegradability, toxicity
and mutagenicity of detergents: Integrated experimental evaluations, Ecotoxicology and Environmental Safety, 84, 274±281.
[22] Dick, C., Rey, S. (2016)Boschung, A., Miffon,

other physicochemical properties.
4) As indicated by Dick et al, (2016) [22],
There is an obvious shortcoming in predicting models which are based on data from one specific test,
because biodegradabilityvary when changing the
used methods, through varying test duration, inoculums and product concentration.
5) The Use of different screening tests to generate experimental data will not solve definitely the
problem, so that further improvements in these tests
are required such as increasing incubation time to 60
days, especially for complex products such as corrosion inhibitors.
Nomenclature:
B: biodegradability
μ: viscosity
ȡ: density
FP :Flash Point
R : correlation coefficient
R2: Coefficient of determination
SD :Standard Deviation
RMSE:Residual Mean Standard Error
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ADSORPTION BEHAVIOR OF 17ǹ-ETHINYLESTRADIOL
ONTO ACTIVATED SLUDGE DERIVED FROM MEMBRANE
BIOREACTOR
Hai-Liang Song1,2,*, Xiao-Li Yang3, Tong-Qing Chen3
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species including human even when their concentrations are as low as 1 ng/L[2]. Removal of estrogen
compounds from the aqueous phase can be achieved
through three pathways: biodegradation, adsorption
onto solids and discharge with secondary effluent or
excess sludge. Photodegradation is also an emerging
technology of treating SEs in aqueous solution [3,4].
EE2 is more persistent than natural estrogens [5],
and it is a kind of nonpolar and hydrophobic compound, has a higher octanol-water partition coefficient of 4.15 than E1 of 3.43 and E2 of 3.94 [6], so
it can be strongly adsorbed onto activated sludge particles in wastewater treatment plant and might be an
important way for EE2 removal in wastewater treatment systems [7]. Acting as the preamble of degradation process, adsorption played an important role
in the biodegradation of EE2 [8].
The adsorption behavior of EE2 onto both activated and inactivated sludge was affected by pH,
temperature, coexisting organic matters and so on
[9]. The adsorption mechanisms of EE2 onto activated sludge are diverse due to different characteristics of sludge and usually being affected by environmental conditions. Ren et al. [10] and Xu et al. [11]
investigated the thermodynamics of EE2 adsorption
onto activated sludge biomass, and suggested that it
was an exothermic process. Membrane bioreactor
(MBR) may be well suited to remove EE2 via high
adsorption because of the hydrophobic properties of
activated sludge from MBR [12, 13], and providing
the chance for further biodegradation. Therefore, this
study was conducted to investigate the influence of
the different properties of activated sludge, such as
MLSS, particle size, sludge constituents (suspended
solids, colloids, soluble materials), and the influence
of initial EE2 concentration on adsorption behaviors
of EE2. In addition, the adsorption effect was evaluated by the comparison experiment between EE2 adsorption of inactivated sludge and biodegradation of
activated sludge. This study would be helpful for understanding the removal pathway of EE2.

ABSTRACT
The adsorption behavior of 17Į-Ethinylestradiol (EE2) onto activated sludge from a membrane
bioreactor (MBR) was investigated. The effect of
mixed liquor suspended solids (MLSS), sludge particle size and initial EE2 concentration on adsorption
efficiency and the contributions of different sludge
components to EE2 adsorption were discussed. Results showed that when initial EE2 concentrations
were 1-500 μg·L-1, the time to reach adsorption equilibrium was 4h and the adsorption profiles matched
both Langmuir and Freundlich isotherms. The EE2
adsorption rate displayed an inverse relationship
with its initial concentration. With the increase of
MLSS, the EE2 concentration in the sludge decreased remarkably. The total EE2 adsorption efficiency exhibited a linear correlation with MLSS concentrations. In addition, the EE2 adsorption effect
decreased with the increase of sludge particle size.
The contributions of each sludge component to EE2
adsorption were revealed to be positively correlated
with their abundance. It was confirmed by reaction
kinetics analysis that both adsorption and biodegradation contributed to the removal of EE2 in activated
sludge system, and adsorption provided the prerequisite conditions for further biodegradation.
KEYWORDS:
17Į-Ethinylestradiol, Adsorption, Biodegradation, Sludge
components, Membrane bioreactor

INTRODUCTION
Steroid estrogens (SEs) may enter the aquatic
environment via direct discharge of sewage or effluents from sewage treatment plants (STPs) [1]. The
acknowledged principal SEs are naturally occurring
endocrine disrupting compounds such as estrone
(E1) and 17ȕ-estradiol (E2), as well as the synthetic
17Į-ethynylestradiol (EE2), which have 105-106
times higher activity than other suspected endocrine
disrupting compounds, posing a serious risk to the
reproductive and nervous system of various animal
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The adsorption experiments were performed on
a shaking bed (125 r/min) at 25ć. The sampling intervals were carefully determined on 5 min, 15min,
30 min, 1 h, 2 h, 4 h, 6 h, 24 h and 48 h after the spike
of EE2.

MATERIALS AND METHODS
5HDJHQWVDQGFKHPLFDOV(( SXULW\! 
ZDVSXUFKDVHGIURP6LJPD$OGULFK86$6WDQGDUG
VDPSOH ZDV GLVVROYHG LQ DFHWRQLWULOH WR SUHSDUH WKH
VWRFNVROXWLRQVDQGIXUWKHUGLOXWLRQZDVUHTXLUHGWR
DFKLHYHWDUJHWFRQFHQWUDWLRQVIRUWKHVWXG\&KURPD
WRJUDSKLFJUDGHPHWKDQRODQGDFHWRQLWULOHZHUHSXU
FKDVHGIURP&KLQHVH3KDUPDFHXWLFDO*URXS&KHPL
FDO 5HDJHQW &R /WG 5HPDLQLQJ UHDJHQWV ZHUH DOO
DQDO\WLFDOJUDGH +LJKSXULW\ ZDWHU ZDV SURGXFHG
XVLQJD0LOOL4V\VWHP 0LOOLSRUH86$ 

'HJUDGDWLRQ H[SHULPHQW ,Q RUGHU WR UHYHDO
WKHSDWKZD\RI((UHPRYDOLQWKHDFWLYDWHGVOXGJH
V\VWHP WKH FRPSDULVRQ H[SHULPHQWV EHWZHHQ DG
VRUSWLRQ DQG GHJUDGDWLRQ ZHUH IXUWKHU FRQGXFWHG
7KHGHJUDGDWLRQH[SHULPHQWZDVRSHUDWHGZLWKLQL
WLDO((FRQFHQWUDWLRQRIJā/0/66RI
Jā/DQGSDUWLFOHVL]HRIP

$GVRUSWLRQ H[SHULPHQWV 7KH DFWLYDWHG
VOXGJH ZDV WDNHQ IURP D 0%5 ZLWK WKH V\QWKHWLF
ZDVWHZDWHUXVHGDVWKHLQIOXHQW7KH0%5RSHUDWHG
ZLWKD+57RIKDQGD657RIGDQGDFKLHYHG
WKH SROOXWDQWV UHPRYDO HIILFLHQFLHV ZLWK &2' 71
DQG1+1RIDQGUHVSHFWLYHO\$V
ZHNQRZERWKDGVRUSWLRQDQGELRGHJUDGDWLRQRIDF
WLYDWHGVOXGJHZHUHFRQWULEXWHGWR((UHPRYDO7R
DYRLGWKHLQIOXHQFHRIELRGHJUDGDWLRQWKHDFWLYDWHG
VOXGJHZDVKHDWHGDWćIRUPLQWRPDNHLWLQ
DFWLYDWHG>@
A series of adsorption experiments were performed as shown in Table 1. The influence of initial
EE2 concentration, MLSS and particle size on adsorption efficiencies were investigated, and the contributions of sludge components were also evaluated.
The different MLSS were obtained by diluting with
ultrapure water. The particle sizes were changed by
mechanical stirring and ultrasonic described by
Duong et al. [15]. The sludge components were obtained according to aluminum sulfate flocculation
separation method provided by Bouhabila et al. [16].

6DPSOH FROOHFWLRQ DQG SUHWUHDWPHQW )RU
HDFKVDPSOHP/PL[HGOLTXRUZDVSXWLQWR
WKH JODVV FHQWULIXJH WXEH DQG FHQWULIXJHG LPPHGL
DWHO\ DW  UPLQ IRU  PLQ DQG WKHQ ILOWUDWHG
WKURXJKDSUHZDVKHGPJODVVILEHUILOWHU *)&
:KDWPDQ ,QWHUQDWLRQDO /WG 0DLGVWRQH (QJODQG 
LQWRDZDWHUSKDVHDQGDVOXGJHSKDVH 6ROLGSKDVH
H[WUDFWLRQ 63(&DOLSHU&RPSDQ\ ZDVXVHGWRFRQ
FHQWUDWHWKHVDPSOHVZKLFKZHUHXQGHUWKHGHWHFWLRQ
OLPLWV7KH&63(FDUWULGJH $JLOHQW&RUSRUDWLRQ 
ZDV SUHFRQGLWLRQHG ZLWK  P/ DFHWRQLWULOH  P/
PHWKDQRODQGP/ZDWHUZLWKWKHORDGLQJUDWHRI
P/āPLQ$IWHUZDUGV 63( FDUWULGJH ZDV ULQVHG
ZLWKP/GHLRQL]HGZDWHUIROORZHGE\P/
PHWKDQRO DQG GULHG XQGHU QLWURJHQ JDV )LQDOO\
VDPSOHVZHUHUHGLVVROYHGLQP/DFHWRQLWULOHDQG
WKHQ EH GHWHUPLQHG DIWHU EHLQJ ILOWHUHG WKURXJK D
JODVVILEHUILOWHUSDSHU P 
The extraction procedure of EE2 from sludge
samples followed the method described by
wastewater examination methods (JSWA, 2002)
[17]. Taking 50 mL mixed liquor sample as example.
After decanting the supernatant, 40 mL of methanol/
acetate buffer (pH = 5) (9:1; v/v) was added to the
precipitate, and it was shaken for 30 min. After centrifugation at 1800 r/min for 15 min, the supernatant
was collected. Moreover, 40 mL of methanol/ acetate buffer (pH = 5) (9:1; v/v) was added to the precipitate, and it was shaken for 5 min. After centrifugation at 1800 r/min for 15 min, the supernatant was
collected and mixed with the former supernatant.
The mixture was then filtered through a glass fiber
filter paper (0.22μm). After homogenized by sonication, SPE-HPLC analysis was carried out in the
same procedure as the water phase described above.
The sample recovery rate was 80.5-88.4%.

TABLE 
The design of DGVRUSWLRQH[SHULPHQWV
,QLWLDO((
FRQFHQWUDWLRQ
 Jā/

0/66

Jā/

$YHUDJHSDUWLFOH
VL]H
P

&RPSR
QHQWV





FRPSOHWH
VOXGJH









FRPSOHWH
VOXGJH









FRPSOHWH
VOXGJH











$QDO\WLFDOPHWKRGV((FRQFHQWUDWLRQVZHUH
GHWHUPLQHG E\ +3/& 6KLPDG]X &RUSRUDWLRQ 
ZKLFKHTXLSSHGZLWK/&$%JUDGLHQWSXPS6,/
$DXWRPDWLFVDPSOHU63'XOWUDYLROHWGHWHFWRU
5)$;/ IOXRUHVFHQFH GHWHFWRU DQG /& VROXWLRQ
FKURPDWRJUDSK\ZRUNVWDWLRQ&KURPDWRJUDSKLFVHS
DUDWLRQZDVDFKLHYHGRQDQ$JLOHQW=RUED[([WHQG
& FROXPQ   PP ȝP  *UDGLHQW HOXWLRQ
ZDV XVHG LQ WKLV VWXG\ ZLWK D IORZ UDWH RI 

VXVSHQGHG
VROLGV






FROORLGV
VROXEOHPD
WHULDOV
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P/āPLQ%HJLQQLQJUDWLRRIPRELOHSKDVHZDWHUDF
HWRQLWULOHZDV YY WKHUDWLRZDVFKDQJHGOLQ
HDUO\ YY IURPPLQDQGWKHQWKHUDWLR
ZDVLQFUHDVHGOLQHDUO\ YY ZLWKLQPLQDQG
WKH V\VWHP ZDVFRQWLQXHGDWWKHVDPHUDWLRIRUDQ
RWKHUPLQ7KH89GHWHFWLRQZDYHOHQJWKZDV
QP &ROXPQ WHPSHUDWXUH ZDV ć LQMHFWLRQ YRO
XPHZDVȝ/H[WHUQDOVWDQGDUGPHWKRGZDVXVHG
IRUFDOLEUDWLRQDQGSHDNDUHDZDVXVHGIRUTXDQWLWD
WLYH LQ FKURPDWRJUDSK\ FDOLEUDWLRQ V\VWHP ,QVWUX
PHQWGHWHFWLRQOLPLWVZDVJā/DQGPHWKRGGH
WHFWLRQOLPLWVZDVQJā/
MLSS and pH value were recorded according
to Chinese NEPA standard methods [18]. Particle
size distribution was determined by a BT-9300z Laser particle size analyzer (Dandong Baxter instrument co., LTD, China) with a measurement range of
0.02-760 μm.
1Pg/L
200Pg/L

120

10Pg/L
500Pg/L

DQGWKHIXUWKHUELRGHJUDGDWLRQRI(($QGHUVHQHW
DO>@DQG%UDJDHWDO>@IRXQG6(VDGVRUEHGRQWR
DFWLYDWHGVOXGJHUHDFKHGLQSULPDU\VHZDJH
WUHDWPHQW
At adsorption equilibrium, the adsorption
amounts of EE2 onto sludge biomass with five initial
EE2 concentrations were 0.17 μg/g, 2.00 μg/g, 19.54
μg/g, 42.64 μg/g and 102.29 μg/g, respectively. The
adsorption capacity was positively correlated with
initial EE2 concentration. It was because the higher
initial EE2 concentration, the larger concentration
difference between water phase and sludge phase,
and the stronger adsorption capacity of sludge.
Data of EE2-removal and equilibrium EE2concentration obtained from the isotherm studies
were fitted to Langmuir and Freundlich isotherm
equations as shown in Eqs (1) and (2), respectively.
The Langmuir isotherm has a theoretical basis,
which relies on a postulated chemical or physical interaction (or both) between solute and vacant sites on
the adsorbent surface, and it can be described as follows:



(1)


100Pg/L

100



qt (Pg/gMLSS)

80

30
20
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0
50

100

150

200

 

Where, qmax is the maximum amount EE2 adsorbed onto inactivated sludge (μg·g-1), qe is the
amount of EE2 absorbed onto inactivated sludge at
equilibrium (μg·g-1), Ce is EE2 equilibrium concentration in liquid phase (μg·L-1), b is a coefficient related to the affinity between EE2 and adsorbent.
Freundlich isotherm, on the contrary, has an
empirical basis. The empirically derived Freundlich
isotherm is defined as follows:

40

0

  

500 1000 1500

Time (min)

),*85(
$GVRUSWLRQRI((RQWRLQDFWLYDWHGVOXGJHZLWK
GLIIHUHQWLQLWLDO((FRQFHQWUDWLRQV



    

(2)

Where, qe and Ce have the same above-mentioned meaning, KF and 1/n are Freundlich isotherm
constants related to adsorption capacity and adsorption intensity, respectively.
Table 2 summarized the constants obtained
from Langmuir and Freundlich isotherm. From Table 2, it was found that both Langmuir and Freundlich isotherm models fitted well with the adsorption
of EE2, which indicated that the adsorption of EE2
occurs through combined mechanisms onto a heterogeneous surface.

RESULTS AND DISCUSSION
,QIOXHQFH RI LQLWLDO (( FRQFHQWUDWLRQV
)LJ VKRZHG WKH FRQFHQWUDWLRQV RI (( LQ VOXGJH
ZLWK WKH LQLWLDO (( FRQFHQWUDWLRQV RI  J/ 
J/J/J/DQGJ/UHVSHFWLYHO\
7KHWLPHWRUHDFKDGVRUSWLRQHTXLOLEULXPZDVKIRU
DOO WKH WHVWHG FRQFHQWUDWLRQV DQG WKH UHPRYDO HIIL
FLHQFLHV ZLWK ILYH LQLWLDO (( FRQFHQWUDWLRQV ZHUH
DQGUH
VSHFWLYHO\7KHUHVXOWKDVWZRLPSOLFDWLRQVILUVWLQ
LWLDO (( FRQFHQWUDWLRQV KDG OLWWOH LQIOXHQFH RQ DG
VRUSWLRQ HTXLOLEULXP WLPH DQG VHFRQG WKH DGVRUS
WLRQRI((ZDVDUDSLGSURFHVV7KHDGVRUSWLRQUDWH
RI((RQWRLQDFWLYDWHGVOXGJHELRPDVVLQWKHLQLWLDO
 PLQ ZDV     DQG
 ZLWK LQFUHDVH RI LQLWLDO FRQFHQWUDWLRQV
ZKLFK DFFRXQWHG IRU    RI WKH HTXLOLEULXP
DPRXQW7KHUHIRUHWKHDGVRUSWLRQRIVOXGJHFDQUH
GXFH((FRQFHQWUDWLRQVLQDTXHRXVTXLFNO\ZKLFK
LVEHQHILFLDOIRUWKHFRQWURORIZDWHUHFRORJLFDOVDIHW\

TABLE 2
Comparison of the constants obtained from
Langmuir and Freundlich isotherm at different
EE2 concentrations
Langmuir isotherm
qmax(μg/g)
B(L/μg)
11.85
0.0239

R2
0.9983

Freundlich isotherm
KF(L/g) 1/n
R2
0.3323
1.1288 0.9974

Kd is the adsorption equilibrium constant,
which also called distribution coefficient, and was
usually used to reflect the function of adsorption, as
indicated by Eq.3. [20]
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7$%/(
6XPPDU\RI((DGVRUSWLRQSURFHVVHYDOXDWHGE\GLIIHUHQWNLQHWLFPRGHOV
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TABLE 4
Comparison of the constants obtained from Langmuir and Freundlich isotherm at different MLSS
Langmuir isotherm
qmax(μg/g)
B(L/μg)
105.63
0.0039

Freundlich isotherm
KF(L/g)
1/n
0.3927
1.0584

R2
0.9108

R2
0.9079

7$%/(
6XPPDU\RI((DGVRUSWLRQHYDOXDWHGE\WKHSVHXGRVHFRQGRUGHUNLQHWLFPRGHO
0/66˄J/˅
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k p t 0.5

(4)

    

(5)

    

(6)





5






adsorption time, min; qe, qt for adsorption amount at
adsorption equilibrium and adsorption time of t, respectively, μg·g-1. The results of the kinetic regression were shown in Table 3.
From Table 3, the particle diffusion model cannot well describe the adsorption process with the regression line did not pass the origin, which indicated
that the intra-particle diffusion was not the only adsorption rate-limiting step. The boundary layer diffusion of EE2, such as surface adsorption and liquid
film diffusion, was also an important step of the adsorption process. They might be affected by the surface area of the inactivated sludge which mainly controlled by particle size, agitation velocity, adsorption
temperature or solute concentration. Therefore, the
adsorption process was the result of a variety of dynamic processes [23, 24].
The pseudo-first-order kinetics cannot describe
the adsorption process of EE2 onto inactivated
sludge with R2 of 0.5838-0.9612. However, the
pseudo-second-order kinetic model could best fit the
adsorption of EE2 at different initial concentrations.
Adsorption rate K was decreased with the increase of
the initial EE2 concentrations. This might due to the
higher initial EE2 concentration, more molecules
collided possible with each other, and more time requirement. Feng et al. [9] also confirmed this when

(3)

By calculating, the average logKd of EE2 was
2.68 ± 0.14 at 25ć in this study, which was consistent with the previous literature. Xu et al. [11]
achieved the LogKd of EE2 were 2.8 and 2.5 at 18ć
and 30ć, respectively. Andersen et al. [6] concluded
that logKd of EE2 was 2.77. The adsorption of EE2
in solution was a complicated process. The regression profiles of the adsorption process at different initial EE2concentrations was conducted with three kinetic models, including the intra-particle diffusion
model [21], the pseudo-first-order kinetic model [11]
and the pseudo-second-order kinetic model [22], see
formula (4), (5), (6) .

qt

DGVRUSWLRQUDWH.






Where, kp for particle rate constant, μg·g-1·min; k1 for adsorption pseudo-first-order reaction rate
constant, μg·g-1·min-1; k2 for adsorption pseudo-second-order reaction rate constant, g·μg-1·min-1; t for
0.5
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they investigated the adsorption of EE2 onto the inactivated sludge.

caused by micro-organic pollutants including
SEs.

,QIOXHQFH RI 0/66 7KH LQIOXHQFH RI VOXGJH
FRQFHQWUDWLRQ RQ WKH DGVRUSWLRQ RI (( ZDV GLV
FXVVHGDQGWKHDGVRUSWLRQSURFHVVZDVH[SUHVVHGE\
/DQJPXLUDQG)UHXQGOLFKLVRWKHUPDQGWKHLVRWKHUP
FRQVWDQWVZHUHVKRZQLQ7DEOH7KHUHVXOWVDOVRLQ
GLFDWHGWKDWWKHDGVRUSWLRQRI((DWGLIIHUHQW0/66
FRXOGEHZHOOGHVFULEHGE\/DQJPXLUDQG)UHXQGOLFK
LVRWKHUP
Like the influence of initial concentrations of
EE2, the pseudo-second-order adsorption kinetic
model can also better describe the adsorption process
of EE2 at different MLSS, as shown in Table 5.
Fig.2 showed the variation of EE2 adsorption
capacity with different sludge concentration. It was
seen that EE2 in unit sludge was dropped with the
increase of MLSS, and the solid concentration effect
was observed. This phenomenon may be due to the
higher presence of tiny particles, which in the form
of dissolved, large molecules or particles in the solution. A part of EE2 was adsorbed onto them and was
still kept in solution as it was not easy to be removed
by solid-liquid separation, and therefore resulted in
the decrease of EE2 in solid phase [21]. Another possible reason was that EE2 segregation in water was
reduced with MLSS increasing, and the actual specific surface area decreased, resulting in a decrease
of adsorption capacity.

,QIOXHQFHRIVOXGJHSDUWLFOHVL]H6OXGJHSDU
WLFOHVL]HZRXOGDIIHFWWKHVXUIDFHDUHDRIVOXGJHGL
UHFWO\DQGIXUWKHUFKDQJHWKHDGVRUSWLRQFKDUDFWHULV
WLFV$GVRUSWLRQLVRWKHUPVDQGNLQHWLFPRGHOVZHUH
XVHGWRFKDUDFWHUL]HWKHDGVRUSWLRQRI((ZLWKGLI
IHUHQW VOXGJH SDUWLFOH VL]HV ,W ZDV DOVR IRXQG WKDW
ERWK /DQJPXLUDQG)UHXQGOLFKLVRWKHUP ILWWHG ZHOO
WKHDGVRUSWLRQRI((DQGSVHXGRVHFRQGRUGHUNL
QHWLFPRGHOZHOOGHVFULEHGWKHDGVRUSWLRQSURFHVVRI
(( 5HJUHVVLRQFRHIILFLHQW 5!  7KHGLVWUL
EXWLRQFRHIILFLHQWORJ.G GHFUHDVHGZLWKWKHLQFUHDVH
RISDUWLFOHVL]H ZLWKWKH YDOXHVRI
 DQG  UHVSHFWLYHO\ 7KLV ZDV EHFDXVH WKH
JUHDWHUWKHSDUWLFOHVL]HWKHVPDOOHUWKHVSHFLILFVXU
IDFH DUHD WKH OHVV RI DGVRUSWLRQ SRLQW DQG WKH GH
FUHDVHGDGVRUSWLRQHIIHFW7KHUHIRUHLWFDQEHFRQ
FOXGHGWKDW0%5ZDVVXSHULRULQDGVRUSWLRQEHFDXVH
RIWKHVPDOOHUVOXGJHSDUWLFOHVL]HE\DLUVFRXULQJIRU
PHPEUDQHIRXOLQJFRQWUROLQWKHV\VWHPV

30
qe

65

removal rate

60
55

20

50
15

45

removal rate (%)

70

25

qe ȝJJ

,QIOXHQFH RI VOXGJH FRPSRQHQWV 7KH PDLQ
FRPSRQHQWV RI VOXGJH FDQ EH FODVVLILHG LQWR VXV
SHQGHGVROLGVFROORLGVDQGVROXWHVDFFRUGLQJWRWKHLU
VL]HV7KHVOXGJHFRPSRQHQWVZRXOGYDU\ZLWKGLI
IHUHQWZDVWHZDWHUWUHDWPHQWSURFHVVHVDQGRSHUDWLRQ
FRQGLWLRQV7KH FRQWULEXWLRQ RI VOXGJH FRPSRQHQWV
RQDGVRUSWLRQZDVHYDOXDWHGIRUEHWWHUXQGHUVWDQGLQJ
WKH DGVRUSWLRQ HIIHFW :KHQ 0/66 FRQFHQWUDWLRQ
IURP0%5ZDVJā/WKHVXVSHQGHGVROLGVFRO
ORLGVDQGVROXWHVZHUHJā/Jā/DQG
Jā/ UHVSHFWLYHO\ DQG WKH\ DFFRXQWHG IRU 
 DQG  RI WKH WRWDO VOXGJH7KH VXVSHQGHG
VROLGVZHUHWKHPDLQLQJUHGLHQWVRIWKHVOXGJHDQG
WKH SURSRUWLRQ RI FROORLGV DQG VROXWHV ZDV VPDOOHU
0DF1LFROHWDO>@FRQFOXGHGWKDWVXVSHQGHGVROLGV
DFFRXQWHG IRU  FROORLGV DQG VROXWHV DFFRXQWHG
IRU7KHUHODWLYHO\KLJKHUFROORLGVLQWKLVUHVHDUFK
PLJKWEHUHODWHGWRWKHV\VWHPRI0%50%5DOZD\V
RSHUDWHGZLWKDORQJVOXGJHDJHDKLJK0/66DQG
PDLQWDLQHGDWDORZHUVOXGJHORDGLQJ([WUDFHOOXODU
SRO\PHUV (36 VROXEOHPLFURELDOSURGXFWV 603 
DQGVRPHRWKHUPLFURELDOPHWDEROLWHVZHUHSURGXFHG
LQ WKH SURFHVV RI ELRGHJUDGDWLRQ7KHVH VXEVWDQFHV
H[LVWHGLQWKHJHOVWDWHDURXQGPLFURELDOFHOOVRU LQ
GLVVROYHGVWDWHLQWKHVXSHUQDWDQWLQFUHDVLQJWKHFRO
ORLGVSRUWLRQ
The concentrations of EE2 in the three components were 20.5 μg·g-1, 37.8 μg·g-1 and 33.2 μg·g-1,
respectively, at adsorption equilibrium. The adsorption ability of colloids was greater than the other two
components. It was seemed that the electric charge
property of colloids make it easier to adsorb molecules in solution by electrostatic interactions, so as
to improve its adsorption capacity. Because of the
different contents of various components, the adsorption rate of EE2 onto suspended solids reached
54.5%, while which were 11.0% for colloids and

40
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35
5

1
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4
MLSS (g/L)

5

6

30

),*85(
7KHLQIOXHQFHRI0/66RQ((DGVRUSWLRQFD
ćDJLWDWLRQUāPLQ
SDFLW\ WHPSHUDWXUHć

LQLWLDOFRQFHQWUDWLRQJā/S+
Although there was the solid concentration effect, the total adsorption removal rate of EE2 was increased with the increase of MLSS. The adsorption
amount with MLSS of 5.86 g/L was about 1.78 times
over that of 1.50 g/L. One-way ANOVA analysis indicated that the total EE2 adsorption rates displayed
a linear correlation with MLSS concentrations, the
correlation coefficient was 0.9504 (p < 0.05). Therefore, the higher MLSS was helpful to enhance EE2
adsorption effect. Thus, the extension of sludge age
can not only reduce excess sludge, but also can
greatly reduce the potential risk to the environment
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was because the EE2 adsorbed onto activated
sludge can be biodegraded continuously, and then
the adsorption effect was enhanced in activated
sludge process.

2.6% for solutes. Thus, the contributions of each
sludge component on EE2 adsorption were positively correlated with their abundance.
)DWHRI((LQ0%5,WZDVVXJJHVWHGWKDWWKH
UHPRYDO RI HVWURJHQV DQG LWV FRQMXJDWHV IURP
ZDVWHZDWHULQDFWLYDWHGVOXGJHSURFHVVHVPDLQO\YLD
DGVRUSWLRQDQGGLIIXVLRQLQWRDFWLYDWHGVOXGJHIORFV
DQG VXEVHTXHQW ELRGHJUDGDWLRQ E\ PLFURRUJDQLVPV
>@7KHUHIRUHWKHHIIHFWRIDGVRUSWLRQZDVLP
SRUWDQWQRWRQO\IRUDGVRUSWLRQUHPRYDOEXWDOVRIRU
WKHSUHUHTXLVLWHFRQGLWLRQVIRUELRGHJUDGDWLRQ
As indicated in Fig.3, about 60% of the spiked
EE2 was transformed from water phase to sludge
phase in 5 min, but the total amount of EE2 in the
water phase and in the sludge phase was little different from the initial amount of EE2. No clear degradation of EE2 was observed in 4h and the degradation process presented a lag period. Following that,
the concentrations of EE2 in both water phase and
sludge phase decreased, and 91.9% of the initial
spiked EE2 was removed in 48 h.
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CONCLUSIONS
Adsorption, as the preamble of degradation
process, transferred EE2 from water phase to sludge
phase and played an important role in the removal of
EE2. The adsorption of EE2 onto inactivated sludge
was a rapid process with the adsorption amount accounted for 69 - 90% of the equilibrium amount during initial 5 minutes. EE2 adsorption matched well
both Langmuir and Freundlich isotherms at different
initial EE2 concentrations, MLSS and particle sizes,
and pseudo-second-order kinetic model could well
described the adsorption profiles of EE2 onto inactivated sludge biomass. The initial concentrations
were little related to the equilibrium time. The adsorption amount of EE2 by inactivated sludge was
positive to the initial EE2 concentration while the adsorption rate displayed an inverse relationship with
the initial concentrations. The adsorption capacity of
EE2 by unit sludge decreased remarkably and the
solid concentration effect was observed with the increase of MLSS. However, the total EE2 adsorption
amount displayed a linear correlation with MLSS
concentrations. The smaller sludge particle size was
positive for the increase of adsorption equilibrium
constant Kd and the enhancement of adsorption capacity. The adsorption ability of colloids was significantly greater than suspended solids and solutes because of the electric charge property of colloids.
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SHULPHQW
In this study, first-order reaction kinetics was
used to characterize both the biodegradation removal
of EE2 (expressed by the variation of total amounts
of EE2 in the two phases) and the total removal of
EE2 (expressed by EE2 remains in water phase). The
biodegradation of EE2 obeyed first-order reaction
kinetics with degradation rate constant of 0.042h-1
when initial EE2 concentration of 100μ g͑ L-1.
As expected, the total removal of EE2 didn¶t
obey the first-order kinetic model (R2 = 0.5221), further indicating that EE2 removal was not only by biodegradation but also related to the adsorption of activated sludge. The total removal of EE2 by inactivated sludge (mainly adsorption) was 64.3%, as indicated in Fig.2, while which by activated sludge
was 91.9%. The total removal of EE2 by activated
sludge was much higher than that of inactivated
sludge. In contrast, from Fig.4, one can see that the
residual EE2 in activated sludge was much less than
that of inactivated sludge at the equilibrium state. It
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4% after treatment of 50 freeze-thaw cycles, and the
corresponding loss rate of compressive stress were
respectively 10.2%, 6.5% and 4.9%, indicating that
compressive strength was more sensitive in freezethaw condition. Therefore, when W-OH is used in
sand fixation, its concentrations should be considered and selected to guarantee the effect and durability.

ABSTRACT
The utilization of new polymeric materials as
sand-fixing agents has become very popular in desertification control. These materials have relatively
better performance in protecting sand from wind and
water erosion, but the durability in aggressive environments is highly important. Therefore, with this
important factor in mind, a novel hydrophilic polyurethane has been developed and studied in this research which presents a significant effect on sand
fixing. In this study, the aging performance under
sunlight, corrosion behaviour under the conditions of
acid, alkali, salt, freeze and thaw are considered.
Specimens, consisting of sand-fixing bodies solidified by hydrophilic polyurethane (W-OH), were exposed to Xenon Lamp, freeze-thaw cycles and immersed in acidic, alkali, salt solutions. Mechanical
properties of compressive strength and hardness
were chosen as the indexes to evaluate the performance. The results demonstrated that in all conditions the loss rates for compressive strength and
hardness of sand fixation body decreased with the increase of W-OH concentrations, the higher concentrations, and the bigger cohesion force were observed. The concentration of W-OH had a relatively
large effect on hardness and comprehensive strength,
the increased rates could reach 16% and 50%, respectively. When the specimens were exposed in
simulation irradiation and immersed in the acid, and
alkali solutions after 5 weeks, creep occurs in the
surface and structure. The loss rate of hardness was
relatively big exceeding 10% when the concentration
of W-OH is 3%, while the loss rate is smaller and
insignificant in the condition of 4% and 5% W-OH
and salt solutions. Moreover, the loss rates of compressive strength also decreased less in all above
conditions less than 5%, so the decrease in mechanical performance was negligible. However, the corrosion resistances were slightly different and the results demonstrated that the resistance to salt was
higher compared with the one for acid and the resistance to alkali was the weakest. Moreover, loss
rate of hardness in concentrations of 3%, 4% and 5%
W-OH sand-fixing specimens were 6.5%, 5.2% and

KEYWORDS:
Corrosion resistance; Hydrophilic polyurethane; Sand-fixing body; Hardness; Compressive strength

INTRODUCTION
,QUHFHQW\HDUVWKHJOREDOFOLPDWHFKDQJHDQG
GLVWXUEDQFHRUDOWHUDWLRQVGXHWRKXPDQDFWLYLW\KDV
FRQWLQXHGWRIXUWKHUGHVHUWLILFDWLRQODQGGHJUDGDWLRQ
DQG FRQVHTXHQWO\ WKUHDWHQLQJ WKH HQYLURQPHQWDO
VDIHW\ DQG VXVWDLQDEOH GHYHORSPHQW 7KHVH WKUHDWV
DUH FDXVLQJ DGYHUVH VRFLDO HFRQRPLF SROLWLFDO DQG
LQVWLWXWLRQDO HIIHFWV >@$FFRUGLQJ WR ³'HVHUWLIL
FDWLRQVWDWXVEXOOHWLQLQ&KLQD´LQWKHDUHDRI
GHVHUWLILFDWLRQ KDV UHDFKHG DERXW  PLOOLRQ
VTXDUHNLORPHWHUVDFFRXQWLQJIRURIWKHWRWDO
ODQG DUHD 7KXV WKH DUHD RI GHVHUWLILFDWLRQ LV YHU\
ODUJH DQG PDNHV WKH HFRORJLFDO V\VWHP IUDJLOH >@
7KHUHIRUH WKH FKDOOHQJH RI SUHYHQWLQJ GHVHUWLILFD
WLRQLVGLIILFXOWDQGWKHSURSRVHGSODQVKDYHQRW\HW
RIIHUHGDQ\YLDEOHVROXWLRQV
'HVHUWLILFDWLRQ FRQWURO KDV GUDZQ JUHDW DWWHQ
WLRQ ZRUOGZLGH VLQFH WKH SUHYLRXV FHQWXU\ DQG QX
PHURXV PHDVXUHV KDYH EHHQ SURSRVHG DQG LPSOH
PHQWHG&XUUHQWO\WKHPDLQPHDVXUHVIRUVDQGIL[D
WLRQDUHHQJLQHHUHGSURGXFWVYHJHWDWLRQQHZPDWH
ULDOVDQGDGYDQFHGVROLGLILFDWLRQWHFKQRORJLHV>@
$VDQHIILFLHQWDQGHIIHFWLYHPHDVXUHQHZSURWHFWLYH
PDWHULDOV KDYH EHHQ ZLGHO\ XVHG ,Q SDUWLFXODU ELR
DQG FKHPLFDO PDWHULDOV KDYH EHHQ GHYHORSHG DQG
KDYHEHFRPHWKHIRFXVRIGHVHUWLILFDWLRQFRQWUROUH
VHDUFK &KHPLFDO PDWHULDOV FDQ IRUP D VDQGIL[LQJ
OD\HURQWKHVXUIDFHRIWKHVDQGUHVXOWLQJLQZDWHUUH
WHQWLRQDQGVROLGLILFDWLRQ7KHVHPDWHULDOVKDYHFKDU
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DFWHULVWLFVRIVLPSOHIRUPDWLRQSURFHVVDQGUHPDUND
EOHHIIHFWRQSUHYHQWLQJVDQGIURPZLQGHURVLRQ>
@ +RZHYHU PRVW GHVHUWLILFDWLRQ UHJLRQV KDYH
DERPLQDEOH FRQGLWLRQV DQG RUJDQLF PDWHULDOV DUH
VHQVLWLYHWRDJJUHVVLYHHQYLURQPHQWVLHVXQOLJKWLU
UDGLDWLRQDFLGLILFDWLRQDONDOL]DWLRQVDOLQL]DWLRQDQG
IUHH]HWKDZF\FOHV7KHVHKDUVKHQYLURQPHQWDOIDF
WRUVFDQHDVLO\FDXVHXQGHVLUDEOHFKDQJHVLQSK\VLFDO
FKHPLFDODQGPHFKDQLFDOFKDUDFWHULVWLFVRIWKHSUR
WHFWLYHPDWHULDOV>@)RULQVWDQFHIRUDPDWHULDO
WREHHIIHFWLYHIRUVDQGIL[DWLRQLWVSURWHFWLYHFKDU
DFWHULVWLFVVKRXOGQRWFKDQJHXQGHUDODUJHQXPEHU
RIIUHH]HDQGWKDZF\FOHV7KHUHIRUHWKHGXUDELOLW\
DQG VWDELOLW\ RI WKH PDWHULDO DQG WKH FRQVROLGDWLRQ
OD\HUDUHYHU\LPSRUWDQW
$W\SHRIFRPSRVLWHRUJDQLFSRO\PHUPDWHULDO
:2+  WKDW PDLQO\ FRQWDLQV K\GURSKLOLF SRO\XUH
WKDQHKDVEHHQGHYHORSHGDQGVWXGLHGDVDVXVWDLQD
EOH FKHPLFDO VDQG IL[DWLRQ PDWHULDO IRU SUHYHQWLQJ
GHVHUWLILFDWLRQ>@DQGVDOLQHDONDOLVRLOHURVLRQLQ
FROGUHJLRQV>@7KLVPDWHULDOXVHVZDWHUDVWKH
FXULQJDJHQWDQGZKHQLWUHDFWVZLWKZDWHUDIOH[LEOH
DQGSRURXVJHOLVIRUPHGLQaPLQXWHV>@
$FFRUGLQJWRHDUOLHUUHVHDUFKUHSRUWHGLQWKHOLWHUD
WXUHWKH:2+VROXWLRQKDVDQH[FHOOHQWSHUPHDELO
LW\RQVDQGDQGWKHFRQVROLGDWLRQOD\HUKDVUHDVRQD
EOH PHFKDQLFDOVWUHQJWKDQG QHWZRUN VWUXFWXUH >
@ ,W DOVR KDV D GHVLUDEOH SHUIRUPDQFH IRU ZDWHU
KHDWDQGIHUWLOL]HUVUHWHQWLRQDQGIRUSURPRWLQJYHJ
HWDWLRQJURZWK+RZHYHUWKHOLPLWDWLRQRIGXUDELOLW\
DQGVWDELOLW\LVVWLOODVLJQLILFDQWSUREOHPIRUDSSOL
FDWLRQ7KXVWKHVWXG\RIFRUURVLRQEHKDYLRURIFRQ
VROLGDWLRQOD\HULQGLIIHUHQWDJJUHVVLYHHQYLURQPHQWV
KDVFRQWLQXHGWRDWWUDFWFRQVLGHUDEOHDWWHQWLRQ
,QWKLVVWXG\WKHVDQGIL[DWLRQVSHFLPHQVZLWK
GLIIHUHQW FRQFHQWUDWLRQV RI:2+ ZHUH H[SRVHG WR
VLPXODWHGVXQOLJKWLUUDGLDWLRQLPPHUVHGLQWRDFLGLF
DONDOLDQGVDOWVROXWLRQVIRUZHHNVDQGZHUHVXE
MHFWHGWRIUHH]HWKDZWHVWIRUF\FOHVLQRUGHUWR
HYDOXDWH WKHLU FRPSUHVVLYH VWUHVV DQG KDUGQHVV
FKDQJHV 7KHUHIRUH WKLV UHVHDUFK DQG WKH DFKLHYHG
UHVXOWV SURYLGH WKHRUHWLFDO EDVLV IRU HYDOXDWLQJ DQG
DGYDQFLQJ:2+GXUDELOLW\DQGIRUSURYLGLQJJXLGH
OLQHVIRUSUDFWLFDODSSOLFDWLRQV

the annual maximum temperature is 26ć with
the lowest temperature of -35.8ć. The average annual rainfall is about 300~400 mm and the annual
average solar radiation reaches to 6,000~6,400
MJ/m2 for one year [26, 27].
The particle size distribution is shown in Table
1.
W-OH utilized in this study is from Jiangsu
JCK New Material Technology Co. Ltd. It has a
color of faint yellow and its viscosity is about
300~600 mPa·s (20ć). The specific weight of this
materials is about 1.18 g/cm3. The main constituent
materials include performed polymer (74%), toluene
diisocyanate (10.5~11%), methyl ethyl ketone
(15%) and sterically hindered amines (W-US 0.5%).
Sample preparation procedure. Specimens:
Sand was placed into a cylindrical mold with a diameter of 5 cm and height of 10 cm. W-OH solution
was prepared by adding W-OH into water. Then the
solution with different concentrations (3, 4 and 5%)
was sprayed on the surface of the sand specimens until the solution penetrated to the bottom and the entire sand sample was fixed in 10 minutes. The specimens were then placed in an electric oven with thermostat blast (DHG-9246A, manufactured by Shanghai Jing Hong Experimental Equipment Co., Ltd.)
for one day to dry. The mold was then removed and
the specimens were maintained for 28 days in the
room condition to dry.
Simulation test methods. Simulated sunlight
irradiation tests: To simulate solar outdoor exposure,
the natural irradiation around Qinghai lake was used,
which is about 6,000~6,400 MJ/m2. The accelerated
irradiation-testing machine (Solarbox 1500e, manufactured by CO.FO.ME.GRA) was used in this experiment. The irradiation setting was 0.55
W/m2/340nm and the radiation power was measured
according to ASTM G155. To simulate and accelerate weathering process [28], the irradiance between
290 ~1,100 nm was set 1000 W/m2. Therefore, the
total solar radiation emitted was about 3.6 MJ/m2/h.
The time needed to produce radiation corresponding
to outdoor solar exposure in Qinghai Lake in one
year is about 1667 h or 69 d. However, considering
the limitation in the life cycle of the lamps, the test
lasted for 35 d or the simulation time was equivalent
to half year in Qinghai Lake.
The specimens were first placed in the test machine and the temperature was set at 65ć. The drying-wet cycle composed of 27 min dry phase, and 3
min flooding phase, respectively. The weight of the
degraded sand and the hardness of W-OH sand-fixing layer were measured every week, in which hardness was measured by Yamanaka typed soil penetrometer (manufactured by Fujiwara Seisakusho of
Japan) with the unit of mm (Fig. 1), and the compressive stress was tested by the AG±X plus universal

TABLE 1
The particle size distribution of sand in Qinghai
Lake basin (in weight percent)
Grain size distribution(μm)
Percent (%)

>350
2.04

350250
17.96

250150
51.44

150100
26.91

<100
1.65

MATERIALS AND METHODS
Sand and sand fixation material. The sand
utilized in this study comes from the area around
Qinghai Lake ƍ-ƍ( ƍ-ƍ1 .
The region belongs to a semi-arid area where the annual average temperature is about -1.0~1.5ć, and
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testing machine (manufactured by Shimadzu Corporation, Japan) following the standard of GB501072010 [25].
Freeze and thaw test: Freeze and thaw cycles
were carried out using a climatic cabinet (MIT-6831, manufactured by MARUI Company, Japan) in
which the samples were totally immersed in water
and were frozen to -20ć for 3 h and then thawed to
20ć for 1 h. This process was effectively similar to
ASTM C666-75 for freeze and thaw [29]. After 10,
20, 30, 40 and 50 freeze-thaw cycles, the specimens
were removed and kept at the room temperature until
a constant weight were achieved, and then hardness
and compressive stress tests were carried out.
Corrosion simulation test: The specimens were
immersed into acidic, alkali, salt solutions with concentration of HCl, NaOH and NaCl being 0.01 and
0.1 mol/L. The hardness and compressive stresses
were tested in 1, 2, 3, 4 and 5 weeks, respectively
[30, 31].

(a)

26

W-OH:3%

W-OH:4%

W-OH:5%

Hardness (mm)

24

22

20

18

0

1

2

3

4

5

Weeks

(b)

0.8

Compressive stress (MPa)

W-OH:3%

W-OH:4%

W-OH:5%

0.7
0.6
0.5
0.4
0.3
0.2

0

1

2

3

4

5

Weeks

FIGURE 2
Effect of W-OH concentrations on mechanical
performances: (a) Hardness; (b) Compressive
strength
Effect of simulated sunlight irradiation on
mechanical performances. In the condition of solar
radiation, the W-OH would be degraded and the
hardness and compressive stress of sand fixation
body are decreased with time. The results showed
that in the concentration of 3%, the hardness of WOH sand-fixing specimens decreased from 21.5 to
19.1 mm with a loss rate of 11.1% after five-day solar radiation exposure (Fig. 3a), and the corresponding compressive stress decreased from 0.360 to
0.335 MPa with a loss rate of 7.0% (Fig. 3b). While
the UV degradation resistance showed an increasing
trend with the increase of concentrations of W-OH.
Therefore, in concentration of 4% and 5%, the hardness and compressive stress had a smaller loss rate
in the same exposure time, which are 5.8%, 3.2% and
4.3%, 2.0%, respectively.
This is due to the fact that W-US mainly contains HALS, one kind of UV stabilizer, which is capable of trapping the free radicals that have been
formed and thereby interrupts the chain reaction of
photo-oxidation. Under photo-oxidative conditions,
W-US seizes free radical of peroxy and hydroxyl,
and it largely transforms into the corresponding stable nitroxyl radical. The stable nitroxyl radical also
reacts with free radical of alkyl to form stable alkyl

FIGURE 1
Schematic diagram of hardness test

RESULTS AND DISCUSSION
Effect of W-OH concentrations on mechanical performances. From Fig.2, it could be seen that
concentration of W-OH had a relative large impact
on both hardness and comprehensive strength of
sand fixing body. Hardness increased from 21.5 to
25 mm from 3% to 5% with the increasing amplitude
is about 16.3. Comprehensive strength increased
from 0.36 to 0.72 MPa from 3% to 5% with the increased rate of 50%. While when the specimens were
placed in the laboratory for 5 weeks without sunlight
and without water immersion (25ć), the hardness
DQGFRPSUHKHQVLYHVWUHQJWKDOPRVWZRXOGQ¶WFKDQJH
(loss rates are less than 1%), this is because W-OH
materials is stable in indoor conditions but sensitive
to strong light (especially UV) and corrosion. So the
adhesive effect of W-OH on sand particles still
worked and the structure of sand fixing body still remains integrated and unchanged.
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compound and therefore, degradation reaction is prevented [32]. Simultaneously, the nitroxyl radical
transfers to form HALS and enters into cyclic mode
of action and the velocity of degradation would be
reduced (Fig. 4). Thereby, with extending radiation
time, this degradation reduces, which results in inhibiting decreases of hardness and compressive
stress with time. When the concentration of W-OH
increases, the strength of the solid increases and the
adhesive force between W-OH gel and sand particles
increases. Furthermore, the concentration of W-OH
also had effects on the mechanical properties as the
content of HALS was less and the adhesive force between particles was less weak.
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FIGURE 3
Effect of simulated sunlight irradiation on mechanical performances, (a) Hardness; (b) Compressive strength
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FIGURE 5
Effect of acidic corrosion on mechanical
performances: (a) hardness in 0.01 mol/L HCl;
(b) hardness in 0.1 mol/L HCl; (c) compressive
strength in 0.01 mol/L HCl; (d) compressive
strength in 0.1 mol/L HCl
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FIGURE 4
Functional mechanism of hindered amines
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yurethane is not significantly sensitive to the
acid solution as the decrease of mechanical strength
is not dramatic [33].
(a)
26

Effect of acidic corrosion on mechanical performances. The molecular surface of W-OH initiated strand breaks under the action of H+ when it is
in acidic environment. This effect becomes more and
more serious with an increase of acid concentration
and corrosion time, thus, the hardness and compressive stress would be decreased. As shown in Fig. 5,
corrosion in the first week was the most serious and
the hardness and compressive stress of the W-OH
sand-fixing specimen decreased greatly. With extending immersing time in acid solution, more and
more acid penetrated into inner specimens, and the
corrosion occurred from the outside to the inside,
which resulted in further decrease of hardness and
compressive stress. The hardness for a concentration
of 3% W-OH sand-fixing specimen decreased from
21.5 to 19.6 mm with a loss rate of 8.8% when it was
immersed in HCl solution at a concentration of 0.1
mol/L for 5 weeks. The corresponding compressive
stress decreased from 0.36 to 0.3382 MPa.
The stronger the acidity was the more serious
of the corrosion would be. When the concentration
of HCl increased from 0.01 to 0.1 mol/L, the specimens was treated for 5 weeks, the hardness for a concentration of 3% W-OH sand-fixing specimen decreased to 19.3 mm, with a loss rate of 10.2%, and
compressive stress decreased to 0.3282 MPa with a
loss rate of 8.8%. The acid corrosion resistance of
W-OH advanced with an increase of concentrations.
It was then concluded that the strength of W-OH
solid increased and the adhesive force between WOH solution and sand particles increased, which resulted in improving difficulty for acidic solution
penetrating into sand-fixing specimen and W-OH
molecular. Thereby, the hardness for concentrations
of 4% and 5% W-OH sand-fixing specimen decreased from 23.0 to 21.3 mm and from 25.0 to 23.8
mm with loss rates of 7.4% and 4.8%, respectively,
when they were immersed in HCl solution at a concentration of 0.01 mol/L for 5 weeks. Moreover, the
corresponding compressive stress decreased from
0.52 to 0.4974 MPa and from 0.72 to 0.7002 MPa,
with loss rates of 4.3% and 2.7%. As acid increased
to 0.1 mol/L and the specimens were treated for 5
weeks, the hardness for concentrations of 4% and
5% W-OH sand-fixing specimen decreased to 21.3
and 23.5 mm, with loss rates of 7.4% and 6%, and
corresponding compressive stress decreased to
0.4861 and 0.6912 MPa, with a loss rate of 6.5% and
4.0%.
Loss rate of hardness was greater than that of
compressive stress under same treatment, due to the
fact that hardness is the surface strength and compressive stress is the entire strength, the effect of
acidity on the surface is greater than that on the entire
structure. Moreover, in acidic condition, the sand
fixing layer is eroded and the adhesive-bonding is
decreased, so the mechanical properties of sand fixing layer can be reduced. However, this type of pol-
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FIGURE 6
Effect of alkali corrosion on mechanical performances: (a) hardness in 0.01 mol/L NaOH; (b)
hardness in 0.1 mol/L NaOH; (c) compressive
strength in 0.01 mol/L NaOH; (d) compressive
strength in 0.1 mol/L NaOH
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Effect of alkali corrosion on mechanical performances. It is well known that the condition in desert is saline-alkaline, and the resistance of alkali
corrosion for sand-fixing materials is an important
evaluation factor for durability. Because of urethane
bond in W-OH polymer molecules being attracted by
OH-, it initiated strand breaking. Decrease in adhesive force between W-OH solution and sand particle
was presented by the decrease of hardness and compressive stress. Compared with the acidic corrosion,
alkali corrosion was much greater. As shown in Fig.
6, corrosion in the first week was the most serious
and the hardness and compressive strength of the WOH sand-fixing specimens decreased most significantly With extending immersing time in alkali solution, more and more OH- penetrates into inner
specimens, and the corrosion proceeds from the outside to the inside, which resulted in further decrease
of hardness and compressive stress. The hardness for
a concentration of 3% W-OH sand-fixing specimen
decreased from 21.5 to 19.2 mm with a loss rate of
10.7%, when they were immersed in NaOH solution
at a concentration of 0.01 mol/L for 5 weeks. The
corresponding compressive stress decreased from
0.36 to 0.3312 MPa, with a loss rate of 8.0%. The
stronger the alkali was, and the more serious the corrosion was, as alkali increased to 0.1 mol/L and the
specimen was treated for 5 weeks, the hardness for a
concentration of 3% W-OH sand-fixing specimen
decreased to 18.5 mm, with a loss rate of 14.0%, and
compressive stress decreased to 0.3239 MPa, with a
loss rate of 10.0%. The alkali corrosion resistance of
W-OH advanced with concentration. It was concluded that the strength of W-OH gel increased and
the adhesive force between W-OH gel and sand particles increased, which resulted in improving difficulty for OH- penetrating into sand-fixing specimen
and W-OH molecules. Thereby, the hardness for
concentrations of 4% and 5% W-OH sand-fixing
specimens decreased from 23 to 21 mm and from 25
to 3.2 mm, with loss rates of 8.7% and 7.2%, respectively. The corresponding compressive stress decreased to 0.4934 and 0.6912 MPa, with loss rates of
5.1% and 4.0%, when they were immersed in NaOH
solution at a concentration of 0.01 mol/L for 5
weeks. As alkali increased to 0.2 mol/L and the specimens were treated for 5 weeks, the hardness for concentrations of 4% and 5% W-OH sand-fixing specimen decreased to 20.3 and 23.0 mm, with loss rates
of 11.7% and 8%, and corresponding compressive
stress decreased to 0.4876 and 0.6852 MPa, with a
loss rate of 6.2% and 4.8%, respectively. Similar to
acidic corrosion, loss rate of hardness was greater
than that of compressive stress under the same condition, and the effect of alkali on the surface was
greater than that on the entire structure.
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FIGURE 7
Effect of salt corrosion on mechanical performances: (a) hardness in 0.01 mol/L NaCl; (b)
hardness in 0.1 mol/L NaCl; (c) compressive
strength in 0.01 mol/L NaCl; (d) compressive
strength in 0.1 mol/L NaCl.
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Effect of salt corrosion on mechanical performances. Because of water evaporation, more and
more salt was left, salt content in water accumulated
greater and greater in desert. So the evaluation on
salt corrosion of sand-fixing materials was also very
important. By simulation experiments, W-OH sandfixing specimens was immersed into NaCl solution
at concentrations of 0.01 and 0.1 mol/L. The results
demonstrate that W-OH had excellent salt corrosion
resistance (Fig. 7). Even when immersed in NaCl solution at a concentration 0.2 mol/L for 5 weeks, rate
of hardness loss was less than 6%, with 6.0% for WOH 3%, 3.9% for W-OH 4% and 3.2% for W-OH
5%. The corresponding rate of compressive stress
loss was 6.2%, 4.2% and 3.1%, respectively. The
loss of hardness was almost the same with that of
compressive stress.
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Effect of freeze-thawing cycles on mechanical performances. Some deserts are distributed in
the cold region, such as in the north western region
of China, and the weather is characterized by
drought, cold and great difference in temperature between day and night. The lowest temperature in these
regions is up to -30ć. The adhesive force between
sand-fixing material and sand particle decreases in
freeze-thaw cycles which results in damaging the
sand-fixing layer. Thereby, a sand-fixing material
applied in these regions is necessary to have good
performance under freeze-thaw cycles. The W-OH
gel is a type of elastic material which has excellent
freeze and deformability-resistance. It can be expanded or contracted with the change of external
temperature, and it maintains a good adhesion with
sand particles. By freeze-thaw test in laboratory environment, the performance of W-OH freeze-thaw
resistance was studied. The results are shown in Fig.
8.
The hardness for a concentration of 3% W-OH
sand-fixing specimen decreased from 21.5 to 20.1
mm with a loss rate of 6.5%, after 50 freeze-thaw
cycles. Moreover, the corresponding compressive
stress decreased from 0.36 to 0.3233 MPa, with a
loss rate of 10.2%. With increase of W-OH concentration, the strength of W-OH gel increased and the
adhesive force between W-OH gel and sand particles
increased. Deformability also increased which results in advancement of freeze-thaw resistance.
Therefore, the hardness for concentrations of 4% and
5% W-OH sand-fixing specimens decreased from 23
to 21.8 mm and from 25 to 24 mm with a loss rate of
5.2 % and 4%, respectively, and the corresponding
compressive stress decreased to 0.4861 and 0.6844
MPa, with loss rates of 6.5% and 4.9% after treatment under 50 freeze-thaw cycles. Loss of compressive stress was greater than that of hardness under
the same treatment, and the effect of freeze-thaw on
the entire structure was greater than that on the surface.
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FIGURE 8
Effect of freeze-thawing cycles on mechanical
performances: (a) hardness; (b) compressive
strength

CONCLUSIONS
Corrosion experiments were carried out under
simulated sunlight, acidic, alkali, salt and freezethaw conditions in order to evaluate the effectiveness
of W-OH in different concentrations, and the hardness and compressive strength were the indexes. The
following conclusions were drawn. With the increase concentrations of W-OH, hardness and comprehensive strength increased significantly with rate
of 16% and 50% from 3% to 5%, respectively. One
type of UV stabilizer-W-US in W-OH, which mainly
contains HALS, is capable of trapping the free radicals and thereby interrupt the chain reaction of
photo-oxidation. W-OH has excellent resistance
against light/UV degradation. With extending radiation time, rate of degradation slows which results in
inhibiting decrease of hardness and compressive
stress further. Loss rate of hardness for concentrations of 3%, 4% and 5% W-OH sand-fixing specimens were respectively 11.1%, 5.8 % and 3.2% after
UV radiation for 5 weeks. And the corresponding
loss rate of compressive stress were respectively
7.0%, 4.3% and 2.0%. Moreover, with extending immersing time and increasing concentrations of acidic,
alkali and salt solution, this corrosion is more and
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[5] /L6<7DQJ4//HL-4:DQJ<'
 $QRYHUYLHZRIQRQFRQYHQWLRQDOZDWHU
UHVRXUFH XWLOL]DWLRQ WHFKQRORJLHV IRU ELRORJLFDO
VDQGFRQWUROLQ;LQMLDQJQRUWKZHVW&KLQD(Q
YLURQPHQWDO(DUWK6FLHQFHV  
[6] +RRNH-6DQGHUFRFN3  8VHRIYHJHWD
WLRQWRFRPEDWGHVHUWLILFDWLRQDQGODQGGHJUDGD
WLRQ5HFRPPHQGDWLRQVDQGJXLGHOLQHVIRUVSD
WLDO VWUDWHJLHV LQ 0HGLWHUUDQHDQ ODQGV /DQG
VFDSHDQG8UEDQ3ODQQLQJ  
[7] *XR =/ +XDQJ 1 'RQJ =% 9DQ 3HOW
56 =REHFN70  :LQGHURVLRQLQ
GXFHGVRLOGHJUDGDWLRQLQ1RUWKHUQ&KLQD6WD
WXV PHDVXUHV DQG SHUVSHFWLYH 6XVWDLQDELOLW\
  
[8] &DR 6; =KDQJ -= &KHQ / =KDR 7<
  (FRV\VWHP ZDWHU LPEDODQFHV FUHDWHG
GXULQJHFRORJLFDOUHVWRUDWLRQE\DIIRUHVWDWLRQLQ
&KLQD DQG OHVVRQV IRU RWKHU GHYHORSLQJ FRXQ
WULHV -RXUQDO RI (QYLURQPHQWDO 0DQDJHPHQW

[9] )DUVKDG$'HLUGUH'  &RPEDWLQJGHV
HUWLILFDWLRQ LQ ,UDQ RYHU WKH ODVW  \HDUV DQ
RYHUYLHZ RI FKDQJLQJ DSSURDFKHV -RXUQDO RI
(QYLURQPHQWDO0DQDJHPHQW  
[10] :DQJ <0 &HQ ::   ([SHULPHQWDO
VWXG\RQSURSHUWLHVRIDQHZFKHPLFDOPDWHULDO
LQVDQGIL[DWLRQ%XOOHWLQRI6RLODQG:DWHU&RQ
VHUYDWLRQ  
[11] :DQJ+-)ULWV3'-LQ<&  $ZLQ
ZLQWHFKQLTXHRIVWDELOL]LQJVDQGGXQHDQGSXUL
I\LQJSDSHUPLOOEODFNOLTXRU-RXUQDORI(QYL
URQPHQWDO6FLHQFHV  
[12] <DQJ - &DR + :DQJ ) 7DQ7:  
$SSOLFDWLRQDQGDSSUHFLDWLRQRIFKHPLFDO VDQG
IL[LQJDJHQWSRO\ DVSDUWLFDFLG DQGLWVFRPSR
VLWHV(QYLURQPHQWDO3ROOXWLRQ  
[13] =DQJ<;*RQJ:;LH+/LX%/&KHQ
+/   &KHPLFDO VDQG VWDELOL]DWLRQ D UH
YLHZRIPDWHULDOPHFKDQLVPDQGSUREOHPV(Q
YLURQPHQWDO 7HFKQRORJ\ 5HYLHZV    

[14] 0D*)5DQ)7)HQJ(.'RQJ=%/HL
=4   (IIHFWLYHQHVV RI DQ HFRIULHQGO\
SRO\PHU FRPSRVLWH VDQGIL[LQJ DJHQW RQ VDQG
IL[DWLRQ:DWHU$LU 6RLO3ROOXWLRQ  

[15] *RQJ:=DQJ<;/LX%/&KHQ+/:X
)6+XDQJ5+:DQJ6.  (IIHFWRI
XVLQJSRO\PHULF PDWHULDOVLQ HFRORJLFDO VDQG
IL[LQJRI.HUTLQ6DQG\/DQGRI&KLQD-RXUQDO
RI$SSOLHG3RO\PHU6FLHQFH   

[16] <DQJ-:DQJ)7DQ7:  &RQWUROOLQJ
GHJUDGDWLRQDQGSK\VLFDOSURSHUWLHVRIFKHPLFDO
VDQGIL[LQJDJHQWSRO\ DVSDUWLFDFLG E\FURVV
OLQNLQJGHQVLW\DQGFRPSRVLWHV-RXUQDORI$S
SOLHG3RO\PHU6FLHQFH  
[17] %RXEDNUL $ *XHUPD]L 1 (OOHXFK .)

more serious. Loss rate of hardness in 3% concentration of W-OH is much larger than that in 4% and 5%
and compressive strength loss was similar, which
showed that concentration was an important factor in
evaluating the durability of sand fixing body. Furthermore, the loss rate of hardness is greater than that
of compressive stress under same treatment, and the
effect of acidic, alkali and salt corrosion on the surface is greater than that on the entire structure. The
performance of W-OH resistance of acidic, alkali
and salt corrosion demonstrates that it performs better under salt as compared with resistance under acidy environment. The resistance under alkali is the
worst. W-OH gel is a type of elastic material, which
has excellent freeze-resistance and deformability. It
can be expanded or contracted with the change in external temperature and it is effective in maintaining
adhesion with sand particles. With increase of WOH concentration, the strength of W-OH solid increases and the adhesive force between W-OH solid
and sand particles increases. Moreover, deformability also increases which results in increasing the
freeze-thaw resistance. Loss of hardness for concentrations of 3%, 4% and 5% W-OH sand-fixing specimens is 6.5%, 5.2% and 4% after treatment of 50
freeze-thawing cycles. The corresponding loss rate
of compressive stress is respectively 10.2%, 6.5%
and 4.9%. Therefore, when W-OH is used in sand
fixation, the concentration is an important factor to
be considered in order to guarantee the comprehensive effect and durability.
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PHFKDQLVPRIWKH:2+VDQGIL[DWLRQ-RXUQDO
RI(QYLURQPHQWDO3URWHFWLRQ  
[25] /LDQJ=6:X=5  3HUIRUPDQFHVDQG
PHFKDQLVPRIVDQGIL[DWLRQDQGJURZWKSURPR
WLRQ EDVHG RQ PRGLILHG K\GURSKLOLF SRO\XUH
WKDQH 7UDQVDFWLRQV RI WKH &KLQHVH 6RFLHW\ RI
$JULFXOWXUDO(QJLQHHULQJ &6$(   
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NITROGEN MINERALIZATION VARIATION AMONG
TREE SPECIES, INCUBATION METHOD AND INTRINSIC
SOIL PROPERTIES
Soner Oktay1, Huseyin Baris Tecimen2,3,*
1
University Institute of Sciences 34116 %H\D]ÕWøVWDQEXO7XUNH\
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2

portant nutrient element for plants and serve a determinant role on forest health and plant nutrition. Nitrogen mineralization under similar climatic conditions and edaphic factors but measured using different incubation methods have been investigated in the
current study. Porosity and soil water saturation
which are substantially efficient of soil N mineralization have been proved by Jensen et al. [10] who
indicated contrasting net N mineralization vs denitrification at well aerated and highly dense soils, respectively. We sought correlation between nitrogen
mineralization and soil properties such as; total nitrogen, organic carbon, pH, electrical conductivity
and soil moisture for understanding their effects on
N mineralization.
Nitrogen mineralization may be in part regulated by tree species and soil properties are subsequently then altered by tree species. Transplanted
tree species introduced to any region as an exotic
plant may generates unexpected outcomes in terms
of biogeochemical cycling compared to native tree
species. For example, lignin:N composition of leaf
OLWWHU FDXVHG DOWHUDWLRQ RI XSSHU VRLO¶V SK\VLFDO
chemical and biological properties [11]. Tree species
have considerable influence on nitrification by causing changes in upper soil with differences in the
quantity and quality of litterfall decomposition byproducts which in turn regulates microbial activity
[12-14].
Within the current study, (i) the effects of tree
species on soil nitrogen cycle; (ii) the nitrogen transformation under controlled (in vitro) and uncontrolled (in situ) conditions and; (iii) relations between nitrogen forms and other soil properties have
been dwelled.

ABSTRACT
Evaluation of soil nitrogen mineralization under different tree species using various analytical
methods under unique conditions (same climate, topography and soil genotype) were investigated to understand the tree effects on N mineralization. Tree
species were introduced Monteri Pine (MP) and a native Oak-Beech mixed stand (OBM). A data matrix
was formed from the parameters of tree species, period and incubation type, and we aimed to demonstrate how tree species induced changes in soil nitrogen mineralization under both laboratory and in situ
conditions, and its relationship with intrinsic soil
properties. The highest (26 mg N/kg/60 d ± Tube;
MP) and lowest (1.5 mg N/kg/60 d Bag; OBM) ammonium-N accumulation was detected April 2014
and June 2013, respectively. Mineral N accumulation (NH4 + NO3) was apparently 2 times higher at
MP than OBM, while N mineralization was 1.4 times
higher for MP than OBM. Ammonium-N values
were 1.3 times higher with using the buried bag
method than the tube method whilst we found 1.3
times higher nitrification with tube method than the
buried bag method. Total N (R2: 0.27; p<0.005) and
organic C (R2: 0.15; p<0.005) were positively related
to ammonium-N accumulation, and there was also a
positive relation with nitrate-N accumulation and pH
(R2: 0.20; p<0.001).

KEYWORDS:
Ammonium, Mineralization, Monteri Pine, Nitrate, OakBeech.

INTRODUCTION
MATERIAL AND METHODS
Nitrogen budgets in soil are controlled by several agents such as microbial communities [1], climate [2], soil properties [3] and organic matter content [4]. The effect of plant species on soil nitrogen
cycling and N mineralization was highly focused [59]. Mineral N (NH4 + NO3) is one of the most im-

The study the area is at cross section of
41o10'70'' northern latitude and 28o59'00'' eastern
longitude near Istanbul Belgrade forest (Atatürk Arboretum). The study area is under the Mediterranean
climate with dry summers according to Köppen-Geiger with the code Csa. Its altitude above sea level is
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TABLE 1
Descriptive statistical data for soil properties per incubation type.
Tree Species

Incubation Type*

Measured Parameter
N
Min.
Max.
Total Nitrogen (%)
45
0.001
0.223
Ground
Organic Carbon (%)
70
0.823
5.692
pH
68
4.32
6.08
EC μS/cm
68
35.7
348.0
Total Nitrogen (%)
32
0.003
0.181
Tube
Organic Carbon (%)
44
0.018
3.353
Oak-Beech
pH
48
4.37
5.61
EC μS/cm
48
40.3
333.4
Total Nitrogen (%)
35
0.010
0.717
Bag
Organic Carbon (%)
53
0.003
9.255
pH
48
4.08
5.82
EC μS/cm
48
64.0
722.0
Total Nitrogen (%)
44
0.001
0.395
Ground
Organic Carbon (%)
69
0.367
7.043
pH
60
4.24
5.66
EC μS/cm
60
60.2
167.8
Total Nitrogen (%)
35
0.008
0.225
Tube
Organic Carbon (%)
44
0.169
4.408
Monteri Pine
pH
50
4.35
5.96
EC μS/cm
50
49.7
256.0
Total Nitrogen (%)
35
0.002
0.371
Bag
Organic Carbon (%)
53
1.241
6.395
pH
50
4.15
5.40
EC μS/cm
50
66.0
408.0
*Laboratory incubation samples were sub samples of ground samples so they are omitted here.

Mean
0.038
2.027
4.83
92.6
0.042
1.904
4.87
99.8
0.105
3.008
4.95
162.7
0.049
2.318
4.83
98.3
0.049
2.208
4.80
140.4
0.108
3.114
4.70
140.7

Std. Dev.
0.047
0.952
0.39
49.8
0.050
0.704
0.28
48.7
0.139
1.493
0.46
118.0
0.069
1.348
0.27
23.3
0.058
0.891
0.29
56.6
0.105
1.298
0.28
63.0

that allows the gas transfer but prevents the entrance
of water and left for in situ incubation for 60 days.
Additionally, sealed soil bags were prepared and
buried and incubated for 60 days SHU ³EXULHG EDJ
PHWKRG´[15]. Immediately after initiation of the in
situ incubations, another 10 tripled ground sub samples as reference were taken from near the sub sampling points. Subsamples of soils were collected and
stored in polyethylene bags until reaching the laboratory in a cooler (2-5 oC) to impede biological activity.
Soils from cores were composited in the laboratory for extraction and analysis (10 composite samples for the sampled area per incubation type).
Coarse fractions from each soil sample were removed and fine fractions were saved for analysis.
These soil samples provided the initial (to) concentrations of NH4+-N and NO3--N for the incubation.
Then, 10 g equivalent soils were weighed to the plastic vials and covered with thin plastic wraps to allow
gas exchange but minimize water loss, and incubated
for 30 days at room temperature (21oC). Separate soil
samples were used to determine gravimetric soil water content to calculate net soil weights subjected to
mineral N content analyzes.

131 m and has a peneplain topography. The study
site located at the ridge of a smooth hill, receiving
888 mm annual precipitation and annual average
temperature is 13.4oC. Soil is formed on plyosen accumulation material and the texture is sandy clay.
Sampling area and sub-plots. The sampling
plots are constituted from Monteri Pine (MP) and a
native Oak-Beech mixed stands (OBM) in Istanbul
Belgrade forest (Atatürk Arboretum). The plots were
square shaped 50 × 50 m2. Ten subsampling plots
were taken from each stand for in situ incubations.
The samplings were started in April 2013 and been
continued until April 2014.
In situ and in vitro incubations. Soil sampling
was carried out from April 2013 to 2014 for field and
laboratory incubation per 2 months from 20 cm depth
of soil. Within the current study, we compared 3 different incubation methods which are: (i) Closed top
F\OLQGHUPHWKRG H[SUHVVHGKHUHDIWHUWKH³WXEHVDP
SOHV´  LL  %XULHGEDJ PHWKRG H[SUHVVHGKHUHafter
WKH³EDJVDPSOHV´  LLL /DERUDWRU\LQFXEDWLRQVDQG
the reference samples and we also took samples from
the forest soils which are expressed hereafter the
³JURXQGVDPSOHV´The sampling points were chosen
to exclude the rhizosphere effect of trees. At the beginning of the study, 210 pvc tubes per sampling area
(50 mm inner diameter and 250 mm length) were
hand driven into the soil to collect 10 tripled sub
samples at each sampling period. 3HU³FORVHGWRSF\O
LQGHUPHWKRG´[15], at the first sampling date (10th of
April 2013) the tops of the three pvc tubes at each
sub-sampling plot were covered with stretch film

Mineral N (NH4+-N + NO3--N) and soil chemical analyzes. Net N mineralization was calculated
by subtracting the initial quantity of soil inorganic-N
from the post-incubation quantity of soil inorganic
N. Similarly, net nitrification is calculated as the
change in NO3--N pool size over the incubation period [15]. A well-mixed and 4 mm mesh sieved size
10-g dry-soil equivalent subsample was extracted
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result, the nitrate-N accumulation at tube samples
were 1.25 times higher than bag incubation type.
In total view of the results, the amounts of ammonium and nitrate have a contrasting progress
along the annual period. From the point of this view,
we may deduce that, ammonium amounts stimulate
the increase of nitrate amounts (compare the Figs. 1
and 2).

with 50 ml of 2 M KCl. The suspensions were shaken
on a mechanical shaker for 1 h and centrifuged for 5
min. at 10 000 rpm. The filtered extracts were analyzed for NH4+-N and NO3--N with a Foss Fiastar
5000 Auto Analyzer system. Soil samples were airdried and then the skeleton and coarse woody debris
containing the roots were removed, ground and
sieved through a 2 mm-sized mesh for soil analysis.
Four soil samples were collected for soil physical
analysis per plot. Separate soil sub-samples were
oven-dried at 105oC for 24 h (at hygroscopic moisture). The soil particle distribution was determined
according to the Bouyoucous hydrometer method
and soil texture composition measured using the International Particle Size Distribution triangle. Soil
pH was determined in a suspension of 1:2.5 of sample in distilled water with pH meter. Soil organic carbon (SOC) was determined by Walkley-Black
method, the total N with a Buchi Auto Kjeldahl Unit
K-370.
The data collected from laboratory incubations
were subjected to statistical evaluation. As much as
the assumptions of normality and homogeneity of
variances were met, then the ammonium-N and nitrate-N budgets were analyzed with ANOVA Tukey
HSD, the data with unequal variance were subjected
WR 'XQQHWW¶V 7 DQDO\VLV 7KH VLJQLILFDQFH OHYHOV
were applied at p<0.05 and 0.01 in convenience.
Analysis of variance and descriptive statistics were
executed with anova and summary functions under
Stats package version 3.2.2. in free software R statistical program version 3.2.2 and in Minitab statistical
analysis software v17.

FIGURE 1
Comparison of ammonium-N distribution along
incubation period per tree species with
corresponding incubation types.

RESULTS
According to year round distribution of soil
sampling, the lowest ammonium-N was detected in
June-13 and the highest in April 14 period for both
tree species. For the tube incubation method, ammonium-N in MP stand was 2.8 times higher than OBM
stand at October 13 while it was 1.5 times higher in
OBM stand than in MP stand in February 14 (Fig. 1).
Amongst the incubation types, the highest NH4+-N
was detected at laboratory incubations which are between 0.35 to 55 mg N/kg/60 d. The results of ground
samples showed the similar synodical pattern during
one year incubation period (Fig 1 NH4+-N Ground
section). The 60-day mineral N accumulation values
at bag incubations were 1.2 times higher than the
tube incubation type.
The nitrate amount pattern indicated congruity
between ground, tube and laboratory incubations
while there was a contrast at buried bag incubations.
Nitrate-N amounts for ground samples showed significant differences between tree species at all sampling periods (Fig. 2). When we compare incubation

FIGURE 2
Comparison of nitrate-N distribution along
incubation period per tree species with corresponding incubation types within t-test (p<0.05).
Ammonium-N mineralization and nitrification
amounts were compared between tree species per
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TABLE 2
NH4+-N mineralization amounts per incubation type mg/kg/60 d.
Jun-Apr13
Aug-Jun13
Oct-Aug13
Dec-Oct13
Feb14-Dec13
Apr-Feb14

Tube
Monteri
5,90
10,88
13,66
-1,08
-15,10
-0,31

Oak-Beech
9,61
14,97
5,58
17,88
-3,32
-9,41

P value
0,24
0,17
0,04
0,14
0,03
0,00

Bag
Monteri
4,20
13,30
2,58
4,87
-17,01
7,71

Oak-Beech
15,50
20,70
9,05
15,54
9,59
-19,51

P value
0,04
0,01
0,06
0,34
0,12
0,00

TABLE 3
Nitrification amounts per incubation type mg/kg/60 d.
Jun-Apr13
Aug-Jun13
Oct-Aug13
Dec-Oct13
Feb14-Dec13
Apr-Feb14

Monteri
18.90
23.29
30.06
41.05
-2.74
-1.84

Tube
Oak-Beech
1.43
6.19
1.21
38.23
-2.34
0.57

P value
0.00
0.00
0.00
0.79
0.94
0.48

Monteri
26.09
21.48
0.75
13.51
16.64
8.56

Bag
Oak-Beech
1.97
0.19
0.04
23.84
-0.48
0.22

P value
0.00
0.00
0.56
0.33
0.09
0.16

TABLE 4
Relation and p value table between ammonium and nitrate-N amounts and Nt, Corg and pH
per incubation type at Monteri pine plot*.
Ground
Tube
NH4
NO3
NH4
NO3
Nt
r2
-0.025
-0.019
-0.015
0.060
p value
0.811
0.634
0.462
0.099
2
Corg
r
-0.013
0.012
0.189
0.226
p value
0.605
0.187
0.002**
0.001**
pH
r2
0.085
0.133
-0.022
0.204
p value
0.020*
0.003**
0.872
0.001**
*The asterisks for p values imply that; *:p<0.05; **: p<0.005; ***: p<0.0005.

Bag
NH4
0.147
0.021
0.027
0.145
-0.023
0.747

NO3
0.232
0.005**
0.142
0.007**
0.126
0.014*

Laboratory
NH4
0.024
0.180
0.112
0.005**
0.101
0.014*

NO3
-0.010
0.431
0.244
0.000***
0.066
0.040*

TABLE 5
Relation and p value table between ammonium and nitrate-N amounts and Nt, Corg and pH
per incubation type at Oak-Beech plot*.
Ground
Tube
NH4
NO3
NH4
NO3
Nt
r2
0.122
0.124
0.268
-0.042
p value
0.012*
0.041*
0.002**
0.881
Corg
r2
0.147
0.068
0.146
-0.024
p value
0.001**
0.046*
0.011*
0.701
pH
r2
0.007
-0.024
-0.017
0.007
p value
0.238
0.958
0.580
0.254
*The asterisks for p values imply that; *:p<0.05; **: p<0.005; ***: p<0.0005.

Bag
NH4
0.041
0.154
-0.013
0.523
-0.024
0.778

NO3
0.245
0.004**
-0.023
0.954
0.067
0.059

Laboratory
NH4
0.011
0.231
0.001
0.304
-0.010
0.568

NO3
-0.022
0.717
0.002
0.115
0.020
0.145

increased towards the middle of the observation period and then we observed some microbial immobilization of nitrate at both tree species for tube incubation type.
Soil properties such as total nitrogen, organic
carbon and pH values presented relations with ammonium and nitrate-N at various significance. At MP
stand, we found very strongly established positive
relations between both ammonium and nitrate-N and
organic carbon and pH. However, we detected significant relation only at bag incubation which is between nitrate-N and total nitrogen (Table 4). Adversely, there were significant relations between am-

tube and bag incubation types and the results showed
that; the mineralization amounts did not differ between tree species at tube incubations until January
14 ± December 13 period. The buried bag incubations showed significant differences at first two incubation periods at OBM stand. We detected microbial immobilization of mineral N at both tube and
bag incubation types at the periods following autumn
for both tree species (Table 2).
The nitrification amount differences between
tree species at both incubation types (tube and bag)
were dramatic and the differences were significant
with p values <0.000 (Table 3). The nitrification
amounts initially were lower at both tree species and
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early and late summer periods (Fig. 3) might have
been stimulated the microbial activity with the result
of higher significance and better correlation (Table
4). This result also has been supported by De Boer et
al. [31,32] who suggested that changes in nitrification rates were dominantly conducted by pH sensitive nitrifiers.
More light allowing structure of Monteri Pine
stands with higher herbaceous plant accompany may
explain the slightly higher total nitrogen and organic
carbon content in soil (Table 1). Herbaceous understory provides a denser abandoned fine root in upper
soil [33, 34]. Carbon content of soils is assumed to
stimulate an excessive competition for available N in
the soil, causing to create a strong competition for
exchangeable NH4+-N, and thus reducing the ammonium-N content in the soil [35]. Even though, Yu et
al. [36] stated that over accumulation of total nitrogen may be a suppressing agent, Yan et al. [37] found
higher net N mineralization at forest litter when the
N content is greater. Slightly higher soil total nitrogen content in Monteri pine soils with a higher ammonium and nitrate-N accumulation (Fig. 1 and 2)
are in concordance with the previous researches.
Measuring sequential soil mineral nitrogen
change in prevented (root uptake of N obstructed)
and allowed soil permit to calculate net N mineralization, microbial immobilization and nitrogen leaching. Incubation procedures that cause to soil disturbance has been argued whether it provide a reliable or
unreliable N-flux estimates in soils. According to
Raison et al. [38] the sequential coring and in situ
exposure techniques minimize the effects of the assay procedure on mineralization rates and appears to
give a quantitative measure of N mineralization and
uptake in surrounding undisturbed soil. The results
on comparison of incubation methods showed that
regardless of tree species, lower mineral nitrogen accumulation at ground samples were attributed to
leaching. The values of ground samples provided us
the year-round pattern of mineral nitrogen accumulation and removal. Besides, we reached to contrasting results concerned to mineral nitrogen accumulation values, when we compared the tube and
bag incubation types (Table 2 and 3).
Jensen et al. [10] observed that NNM in
meadow soils is in correlation with the soil moisture.
They detected decreases NNM due to denitrification
at clayey soils [10]. According to results obtained in
this study, NNM and nitrification amounts have increased until October 13 from the beginning of the
incubation periods. The difference should have been
occurred from the blocked water content in sealed
bag incubation while the excess water has been
leaked at tube samples (Fig. 3). According to study
executed on Quercus robur forest by Guntinas et al.
[39], temperature and humidity are efficient on
NNM to a specific extend such as they obtained the
highest NNM at field capacity and over this level.

monium and nitrate-N and total nitrogen for all incubation types (Table 5). Nonetheless, no significant
relation between pH and ammonium and nitrate-N
values has been detected.

DISCUSSION
The amounts of ammonium formation for a certain period reported by other studies vary due tree
species, soil temperature, soil total nitrogen, soil organic carbon and soil microbial biomass. Kooch et
al. [16] reported almost 7-fold higher net nitrogen
mineralization (NNM) than our results under nitrogen fixing species (Alnus subcordata), while they
could detect net microbial immobilization under oak
species (Quercus castaneifolia). They attributed the
difference to the tree species effect where alder species boosted the nitrogen pool in the soil and also difference between net ammonium-N formation to
higher organic carbon content under the latter tree
species. According to the study results of Urakawa
et al. [17] daily ammonium-N formation is 0.26
mg/kg/day which is almost half of the results reached
by Kooch et al. [16]. Arslan et al. [18] who made a
comparative study like the current study under corresponding conditions found 0.41 mg NH4+-N
kg/day accumulation under Quercus robur species
while 0.2 mg NH4+-N kg/day under Pinus pinea and
Pinus brutia which are the opposite ratios according
to our results. The results obtained by Arslan et al.
[18] were based upon the high carbon and nitrogen
content in the soil which caused to high nitrogen
mineralization potential of oak forests. From the
studies stated above it can be extracted that, besides
the tree species, one of the main factor responsible
on NNM can be claimed as soil carbon and nitrogen
contents [19]. The results found by other studies are
generally higher than ours. This could also be caused
from C:N ratio of the soils we investigated, which
are between 28-53. Tree species charge to uppermost
0±10 cm layer owing to its higher nutrient content,
higher microbial biomass and activity as well as the
largest fine root biomass [20-25].
NNM is profoundly related to tree species, pH
and organic matter in soil. According to Raath and
Saayman [26] both release of ammonium and nitrate
were higher at pH 7.3 than pH at 4.9. In contrast
Cheng et al. [27] found relatively decline at N mineralization at higher pH at forest soil, attributing the
decline to increased gross NH4+-N immobilization.
Many studies have shown that increasing soil pH
could enhance microbial activity and increase soil
respiration [28-30]. In our study soil pH has revealed
a strong relation with both ammonium-N and nitrateN formations at Monteri Pine stand while no significant relation has been detected at Oak-Beech stand
(Table 4 and 5). This might be attributed to the micro-climate induced differences. Slightly higher humidity content at Monteri Pine stands during the
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FIGURE 3
Change of soil moisture according to incubation type (a) and according to tree species (b).

[2] Aponte, C., Marañón, T. and García, L.V.
(2010). Microbial C, N and P in soils of Mediterranean oak forests: influence of season, canopy cover and soil depth. Biogeochemistry,
101(1-3), 77-92.
[3] Arnold, G., Van Beusichem, M.L. and Van Diest, A. (1994). Nitrogen mineralization and H+
transfers in a Scots pine (Pinus sylvestris L.) forest soil as affected by liming. Plant and soil,
161(2), 209-218.
[4] DeLuca, T.H., Zackrisson, O., Gundale, M.J.
and Nilsson, M.C. (2008). Ecosystem feedbacks
and nitrogen fixation in boreal forests. Science,
320(5880), 1181-1181.
[5] Binkley, D. and Valentine, D. (1991). Fifty-year
biogeochemical effects of green ash, white pine,
and Norway spruce in a replicated experiment.
Forest Ecology and Management, 40(1), 13-25.
[6] Compton, J.E., Boone, R.D., Motzkin, G. and
Foster, D.R. (1998). Soil carbon and nitrogen in
a pine-oak sand plain in central Massachusetts:
role of vegetation and land-use history. Oecologia, 116(4), 536-542.
[7] Ste-Marie, C. and Paré, D. (1999). Soil, pH and
N availability effects on net nitrification in the
forest floors of a range of boreal forest stands.
Soil Biology and Biochemistry, 31(11), 15791589.
[8] Côté, L., Brown, S., Paré, D., Fyles, J. and Bauhus, J. (2000). Dynamics of carbon and nitrogen
mineralization in relation to stand type, stand
age and soil texture in the boreal mixedwood. Soil Biology and Biochemistry, 32(8),
1079-1090.
[9] Zhu, S.X., Chang, J., Ge, Y., Wang, H., Wang,
F.Y., Zhang, J.M. and He, H.Z. (2012). Positive
effects of plant species diversity on substrate nitrogen mineralization in a full-scale constructed
wetland. Fresen. Environ. Bull., 21(6b), 16891694.
[10] Jensen, L.S., McQueen, D.J., Ross, D.J. and
Tate, K.R. (1996). Effects of soil compaction on

CONCLUSION
We can conclude that; ammonium and nitrateN accumulation were significantly higher at Monteri
pine plots than Oak-Beech plots, as well similar status at mineralization and nitrification amounts have
been observed. The comparison of incubation type
within the tree species, the results showed higher accumulation of nitrate-N at tube incubation types,
while the opposite for ammonium-N accumulation.
High regression between organic carbon, total nitrogen and ammonium-N vs nitrate-N took our results
to think on differing microbial populations effects. In
their study Taylor and Townsend [40] found that; nitrate bacteria in the soil environment can be claimed
for their stimulated activity, because of organism
specific substrates.
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cause of its mobility, bioaccumulation, methylation
process and transport in the atmosphere [8, 11]. The
estimated amount of Hg released into the atmosphere and water supply is approximately 2x104 to
7x104 tones/year. Naturally occurring mercury in
soils is 0.003-4.6 mg kg-1 [12]. However the concentration of Hg ranging from 11500-14000 mg kg1
of soil has been reported from the contaminated
sites [13]. The estimated atmospheric Hg-emission
was 2190 tons in the year 2000. The largest contribution to this emission was from Asian countries
(67%) [14]. India ranks 2nd after China and the primary sources are fossil fuel burning and smelting
industries [15].
Consumption of mercury-contaminated foods
like fish, and other marine mammals, rice and rape
grown on Hg polluted areas cause adverse effects
on living beings [16, 17]. It adversely affects the
human health leading to neurological, renal, cardiovascular, reproductive disorders [18].
Abelmoschus esculentus (L.) Moench, commonly known as ladies finger/okra, is a member of
Malvaceae family. It is an annual, erect herb cultivated as a garden crop or a mixed field crop in tropical and sub-tropical regions of the world. India
tops the list in its production followed by Nigeria,
and Sudan. The area under okra cultivation in India
is around 498 thousand hectares and the production
lies around 5784 thousand tons a year [19]. This
plant can be cultivated on any type of soil, but
thrives best on well-manured loamy soil. The seeds
are stimulant, cordial and antispasmodic [20], but
the plant is also nutritionally important summer
vegetable and an excellent source of potassium,
calcium and unsaturated fatty acids. In vitro fresh
watery extract of its seeds restrict growth of cancerous cell [21]. Some studies have been undertaken on this plant on water stress and gas exchange
[22], but no report involving effects of Hg has been
published uptill now. Therefore, present study was
undertaken to evaluate the effects of Hg toxicity on
growth, pigments, biochemical and nutritional responses of A. esculentus during different developmental stages.

ABSTRACT
The objective of this study was to evaluate the
impact of HgCl2 (0.05, 0.10, 0.50, 1 and 2 mM) on
growth, pigment, biochemical attributes, nitrogen
and phosphorous contents in Abelmoschus esculentus. The shoot and root length decreased by 36.12
and 36.26 percent respectively after post-flowering
stage under 2 mM HgCl2 application. Chl. a
showed a maximum decrease of 63.90 percent at
flowering stage when 2 mM HgCl2 were applied to
the experimental plants. Chl. b, total chl. and carotenoids also showed a significant decrease with an
increase in the HgCl2 concentration. HgCl2 with 2
mM showed a maximum decrease of 83.52 and
20.60 percent in protein and sugar content respectively. The plants exposed to 2 mM HgCl2 also
showed an increase in the proline content (35.95%)
during post-flowering stage. NR activity decreased
during pre- as well as post-flowering stages at all
stress levels. The nitrate, nitrogen and phosphorous
values also decreased with an increase in the HgCl2
concentration during all growth stages. The accumulation of Hg in roots was synergistic with increase in the concentration of Hg throughout the
stages of growth. The maximum accumulation of
41.4 percent was observed at flowering stage under
2 mM HgCl2 application.

KEYWORDS:
Mercury; accumulation; toxicity; growth; pigmentation;
okra.

INTRODUCTION
Plants try to thrive under excessive noxious
elements, which in higher concentrations are actually very toxic to living beings. Some of these are
highly detrimental soil pollutants [1-10]. One of the
heavy metals is mercury (Hg) which is nondegradable and with no beneficial role in the regulation of growth and development. It is toxic be-
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MATERIALS AND METHODS

spectrophotophometer against toluene [26].

Sampling and preparation of samples. The
experiments were carried out using earthen pots
arranged in randomized block design and filled with
10 kg soil. Five healthy seeds were sown in each
pot but, after germination only three healthy seedlings per pot were allowed to grow for twenty days.
The application of different concentrations of
HgCl2 i.e., 0.05 mM, 0.10 mM, 0.50 mM, 1 mM
and 2 mM was started after a growth period of 20
days. The control as well as HgCl2 treated pots
were irrigated with equal quantities of distilled water to avoid desiccation. The plants were sampled at
pre-flowering, flowering and post-flowering stages.
Shoot length was measured using a manual scale.
The length from ground level to the upper most
growing tip of the main axis was recorded, whereas
for root length only measurements of the main taproot were recorded.

Estimation of Nitrate. For estimation of nitrate 300 mg fresh plant samples were boiled in test
tubes containing 50 mg charcoal and 10 ml DDW.
The samples were filtered and volume was made to
50 ml by DDW. To 1 ml extract, 0.5 ml CuSO4ZnSO4 solution, 0.25 ml hydrazine sulphate, 0.25
ml NaO4 and 1.5 ml DDW were added and mixture
kept in a water bath for 10 min at 33°C. Reaction
was terminated in ice followed by the addition of
0.5 ml chilled acetone and 1 ml sulphanilamide and
NED. Absorbance was recorded spectrophotometerically at 540 nm [27].
Nitrate Reductase Activity (NRA). NRA activity was determined according to Heuer and Plaut
[28]. Leaf samples were infiltrated for 5 min under
vacuum in 3 ml of phosphate buffer (0.2M, pH 6.8)
containing 3 mM KNO3. Vials with samples were
transferred into a water shaker for 60 min at 33 0C
and reaction was terminated by keeping vials on hot
water bath for 5 min. To 0.2 ml aliquots, 1 ml of
each sulphanilamide and NEDD (0.02%) were added and final volume was made up to 6 ml using
DDW. After 20 min absorbance was determined
spectrophotometrically at 540 nm.

Determination of Chlorophyll. Fresh material (100 mg) was extracted in dimethyl sulphoxide
(DMSO) and subsequently incubated at 650C for 40
min. Thereafter, 1 ml supernatant was vortexed
with 2 ml DMSO and absorbance determined at
480, 510, 645, 663 nm using Beckman 640 D spectrophotometer against DMSO [23].

Estimation of Nitrogen. Nitrogen content in
the leaves was determined by the method of Linder
[29]. 100 mg of finely powdered and thoroughly
sieved leaves were taken in digestion tubes. 2 ml of
conc. H2SO4 added to each test tube. Tubes were
kept in ice for 15 min for cooling. 0.5 ml hydrogen
peroxide (30%) was added drop wise and tubes left
in the GLJHVWHU IRU  PLQ¶V WLOO WKH VROXWLRQ GHYHloped yellow colour. The tubes were again kept in
ice for 5-10 mins for cooling. Again 3-4 drops of
H2O2 were added in tubes and kept in digester for
15 mins till transparent clean solution was obtained.
Volume of digested material was made up to 100
ml using DDW and 10 ml was mixed with 2 ml of
NaOH (2.5 N), 1 ml of sodium silicate (10%) was
added and the volume was made up to 50 ml using
DDW. 0.5 ml of 1HVVOHU¶V UHDJHQW was added to 2
ml aliquots and volume made up to 10 ml with
DDW, it was kept for 5 min for colour development
and the absorbance read at 525 nm.

Estimation of Protein. The method of Bradford [24] was followed. Fresh plant material (0.5 g)
was macerated using 1 ml phosphate buffer (pH
7.0) followed by centrifugation at 5000 x g for 10
min. Thereafter equal amount of 20% trichloroacetic acid (TCA) was added to the 0.5 ml of the supernatant and again centrifuged at 8000 x g for 15
min. The pellet was dissolved in 0.1 N NaOH (1
ml) and 5 ml Bradford reagent was added to it and
absorbance recorded at 595 nm using the same
spectrophotometer. The calculations were done
using standard of bovine serum albumin.
Estimation of Sugar. Leaf sample (0.5 g) was
extracted in hot 90 percent ethanol and extraction
was repeated twice and supernatants were pooled
together. Final volume was made to 25 ml with
double distilled water (DDW). A known volume of
extract was mixed with 1 ml phenol (5%) and 5 ml
concentrated sulphuric acid and volume was made
to 10 ml by DDW. The absorbance was measured at
485 nm [25].

Estimation of Phosphorus. Phosphorous was
estimated according to the method of Fiske and
Subbarow [30]. 0.1 g oven dried (80 ºC) plant material was put into digestion tubes of 100 ml capacity, 2 ml of concentrated H2SO4 was added to each
digestion tube containing 1.5 g potassium sulphate
and 0.075 g selenium. After digestion volume was
made up to 100 ml using DDW and 0.5 ml was
mixed with 1 ml molybdate reagent and 0.4 ml 1, 2,
4-amino-napthol sulphonic acid and final volume
was made up to 10 ml by using DDW. Samples

Estimation of Proline. 300 mg of plant sample was extracted in 10 ml of aqueous sulfosalicylic
acid (30%) and centrifuged at 9000 xg for 15 min. 2
ml of the supernatant was mixed with acetic acid
and acid ninhydrin reagent. Samples were incubated
for 1 h at 100 0C and the reaction was terminated by
keeping the samples on ice. Proline was separated
using toluene (4 ml) and read at 520 nm on UV-VIS
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TABLE 1
Effect of different concentrations of HgCl 2 on the Root length and Shoot length (cm plant -1) in
Abelmoschus esculentus at three different growth stages.
Root
length

0.00
0.05
0.10
0.50
1.0
2.0

Shoot
length

0.00
0.05
0.10
0.50
1.0
2.0

Preflowering
23.540±0.852
(0.0)
20.100±1.020
(14.61)
19.160±1.576
(18.60)
17.140±1.504
(27.18)
17.060±1.176
(27.52)
11.780±1.294
(49.95)
31.300±1.020
(0.0)
28.260±1.015
(9.71)
27.040±0.852
(13.61)
24.660±0.833
(21.21)
24.020±1.386
(23.25)
23.700±1.166
(24.28)

Flowering
24.560±0.935
(0.0)
22.980±1.220
(6.43)
19.420±0.886
(20.92)
18.980±0.621
(22.71)
17.320±1.003
(29.47)
11.800±1.166
(51.95)
44.180±1.353
(0.0)
44.165±0.970
(0.03)
44.140±0.650
(0.09)
36.340±0.599
(17.74)
33.880±0.531
(23.31)
30.340±1.001
(31.32)

Postflowering
26.420±1.003
(0.0)
25.880±0.676
(2.04)
23.680±0.417
(10.37)
23.300±1.151
(11.80)
18.920±0.952
(28.38)
16.840±0.723
(36.26)
44.960±1.359
(0.0)
30.800±1.166
(31.49)
30.520±0.719
(32.11)
29.980±0.483
(33.31)
29.480±0.643
(34.43)
28.720±0.445
(36.12)

3
CD at 5%
S*

0.6028

T*

0.8525

SxT

1.4766

T*

0.7665

SxT

1.3276

S* = Stages
T* = Treatments
SxT = Interaction

3
CD at 5%
S*

0.5420

S* = Stages
T* = Treatments
SxT = Interaction

The values (Mean ± SE) are based on five individual readings. Parentheses include percent variation.

were left for 5 min for colour development and absorbance recorded at 620 nm using Beckmann-DU
640B spectrophotometer. The amount of phosphate
was calculated with the help of a calibration curve
with a series of K2SO4 solutions treated with similar
to that of aliquots, as given above. The phosphorous
content was expressed in g-1 dry wt.

respectively. Shoot length also showed a decrease
24.28, 31.32 and 36.12 percent at preflowering,
flowering and post flowering stages respectively.
The differences in the root and shoot lengths between the growth stages, treatments and their interactions were statistically significant over control.
These findings fully corroborate with those of Lerda [32] for Allium cepa. The reason for this can be
due to reduction in the rate of mitosis in the meristematic tissues. Sharma [33] has reported that there
is an inhibition in the mobilization of nitrogen and
phosphorous during germination and seedling
growth of Cucurbita following mercury treatment.
This inhibition in the seedling growth might be due
to the fact that Hg has a strong affinity with -SH
groups in living cells and is likely to form S-Hg-S
bridges and thus affect the growth of seedlings.
A decrease in the chlorophyll content was recorded following an increase in the concentration of
HgCl2 at different growth stages. The maximum
reduction in chl a and b was observed at flowering
stage under all stress levels. Application of HgCl2
showed a maximum reduction of 57.74 percent in
chl. a at pre-flowering followed by 63.90 percent at
the flowering stage. The effect was least during the
post-flowering period (25.66%) (Table 2). Chl. b
decreased by 19.78 and 44.38 percent at 0.05 mM
and 2 mM HgCl2 respectively at pre-flowering
stage. A decrease of 59.88 percent at flowering
stage and 31.21 percent at post-flowering stage in
chl. b was recorded at 2 mM HgCl2 (Table 2). Total
chlorophyll content decreased under all stress levels
and the maximum decrease was observed at 2 mM
HgCl2 after pre-flowering stage (Table 2). The results of the reduced chlorophyll content are in con-

Estimation of Hg. 0.3 gm of dried root samples (80 0C) were digested in concentrated H2SO4
and HClO4. The digested clear solution was diluted
to 100 ml with DDW [31]. The mercury content
was estimated using a flame atomic absorption
spectrometer (Video 11, Thermo Jarrell Ash Corporation), using cathode lamp as a source and an airacetylene flame. The measurements were made at
253.7 nm.
Statistical Analysis. Data presented is mean
of five replications. It was statistically analyzed
following ANOVA. Least significant differences
were calculated at 0.05 percent level of
significance. P YDOXHV   ZHUH FRQVLGHUHG DV
significant.

RESULTS AND DISCUSSIONS
The results regarding the effect of HgCl2 on
root length in different cultivars of Okra are given
in Table 1. HgCl2 leads to a significant decrease in
root length at all growth stages as compared to control. Maximum reduction of 49.95, 51.95 and 36.26
percent was recorded in 2 mM HgCl2 application at
preflowering, flowering and post-flowering stages
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flowering, flowering and post-flowering stages with
2 mM HgCl2 application (Table 2). The difference
in the chlorophyll a, chlorophyll b, total chlorophyll
and carotenoid contents among the stages, treatments and their interactions were statistically significant as compared to the control. Carotenoids
have a special relevance as scavengers as reported
by Demmig-Adams et al. [41] and they are responsible for the scavenging of toxic radicals and hence
protect plants from oxidative damage [42]. Any loss
in the carotenoid protection is followed by oxidation of the chlorophyll molecules and a quantitative
reduction, which lead to a decrease in the photosynthetic ability of plants and thereby protective functions of carotenoids cannot be maintained. The ability of plants to bring modulation in the levels of
carotenoids is essential for mitigation of abiotic
stress effects through their role in protecting photosynthetic tissues from oxidation [43, 44].

firmation with the findings of Cho and Park [34]. A
reduction in photosynthetic pigments due to mercury has been reported earlier as well in Lemna trisulca [35]. Moreover, similar findings have been published by Cho and Park [34], Nagajyoti et al. [36]
and John et al. [37] in Lycopersicum esculentus,
Arachis hypogaea and Brassica juncea. They report
that heavy metals induce a reduction in the chlorophyll content. According to Stobart et al. [38] the
activity of enzymes responsible for chlorophyll
biosynthesis is down regulated under stress conditions. Other major reasons could be the photooxidative damage to chloroplast, reduction in size
and density of chloroplasts, and deficiency of minerals like iron, magnesium and phosphorus [39, 40].
A significant increase in the carotenoid content was observed with an increase in the concentrations of HgCl2. The maximum increase was 57.39,
44.20 and 35.65 percent respectively at pre-

TABLE 2
Effect of different concentrations of HgCl 2 on WKHFKORURSK\OOµa¶FKORURSK\OOµb¶WRWDOFKORUophyll and
carotenoid contents (mg g-1FW) in Abelmoschus esculentus at three different growth stages.
3
Preflowering
Flowering
Postflowering
CD at 5%
0.762±0.010
0.967±0.004
0.300±0.025
(0.0)
(0.0)
(0.0)
S*
0.0142
0.741±0.011
0.866±0.017
0.273±0.030
0.05
(2.75)
(10.44)
(9.00)
0.678±0.002
0.722±0.061
0.260±0.009
S* = Stages
0.10
(11.02)
(25.33)
(13.33)
T* = Treatments
0.599±0.007
0.691±0.026
0.254±0.027
SxT = Interaction
0.50
(21.39)
(28.54)
(15.33)
0.594±0.009
0.611±0.037
0.250±0.040
1.0
(22.04)
(36.81)
(16.66)
0.322±0.008
0.349±0.007
0.223±0.016
2.0
(57.74)
(63.90)
(25.66)
0.187±0.022
0.361±0.003
0.189±0.005
3
&KOµb¶
0.00
(0.0)
(0.0)
(0.0)
CD at 5%
0.150±0.001
0.360±0.024
0.189±0.005
0.05
S*
0.0087
(19.78)
(0.27)
(0)
0.136±0.004
0.287±0.010
0.188±0.001
0.10
S* = Stages
(27.27)
(20.49)
(0.52)
T* = Treatments
0.135±0.003
0.231±0.051
0.148±0.006
0.50
SxT = Interaction
(27.80)
(36.01)
(21.69)
0.115±0.007
0.152±0.003
0.147±0.002
1.0
(38.50)
(57.89)
(22.22)
0.104±0.003
0.145±0.008
0.130±0.002
2.0
(44.38)
(59.83)
(31.21)
0.865±0.011
0.869±0.018
0.470±0.061
3
Total
0.00
(0.0)
(0.0)
(0.0)
chl.
CD at 5%
0.763±0.010
0.868±0.017
0.455±0.037
0.05
0.0187
S*
(11.79)
(0.11)
(3.19)
0.739±0.021
0.739±0.007
0.417±0.019
0.10
(14.56)
(14.95)
(11.27)
0.537±0.011
0.689±0.021
0.407±0.022
0.50
(37.91)
(20.71)
(13.40)
S* = Stages
0.403±0.093
0.595±0.007
0.400±0.047
1.0
T* = Treatments
(53.41)
(31.53)
(14.89)
SxT = Interaction
0.400±0.008
0.563±0.021
0.387±0.006
2.0
(53.75)
(35.21)
(17.65)
0.239±0.002
0.332±0.043
0.166±0.026
3
Carote0.00
(0.0)
(0.0)
(0.0)
noids
CD at 5%
0.336±0.001
0.402±0.031
0.202±0.036
0.05
(28.86)
(17.41)
(17.82)
S*
0.0200
0.412±0.002
0.438±0.054
0.205±0.008
0.10
(41.99)
(24.20)
(19.02)
S* = Stages
0.432±0.002
0.561±0.087
0.236±0.010
0.50
T* = Treatments
(44.67)
(40.81)
(29.66)
SxT = Interaction
0.519±0.001
0.592±0.040
0.255±0.035
1.0
(53.94)
(43.91)
(34.90)
0.561±0.001
0.595±0.049
0.258±0.005
2.0
(57.39)
(44.20)
(35.65)
The values (Mean ± SE) are based on five individual readings. Parentheses include percent variation.
&KOµa¶

0.00
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T*

0.0201

SxT

0.0347

T*

0.0123

SxT

0.0213

T*

0.0265

SxT

0.0458

T*

0.0283

SxT

0.0490
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TABLE 3
Effect of different concentrations of HgCl 2 on the Protein content (mg g-1FW), Sugar content (mg g-1FW)
and Proline content (μg g-1FW) in Abelmoschus esculentus at three different growth stages.
Protein
content

0.00
0.05
0.10
0.50
1.0
2.0

Sugar
content

0.00
0.05
0.10
0.50
1.0
2.0

Proline
content

0.00
0.05
0.10
0.50
1.0
2.0

Preflowering

Flowering

Postflowering

18.764±0.415
(0.0)
18.724±0.548
(0.21)
15.226±1.009
(18.85)
14.926±0.414
(20.45)
13.232±0.343
(29.48)
9.332±0.040
(50.26)
15.612±0.627
(0.0)
14.246±0.726
(8.74)
13.722±0.166
(12.10)
11.212±0.715
(28.18)
10.904±0.188
(30.15)
9.846±0.210
(36.93)

21.960±0.050
(0.0)
13.726±0.164
(37.49)
10.956±0.314
(50.10)
7.410±0.054
(66.25)
6.318±0.326
(71.22)
4.026±0.030
(81.66)
13.684±0.761
(0.0)
9.850±0.769
(28.01)
9.102±0.263
(33.48)
8.884±0.114
(35.07)
8.374±0.112
(38.80)
7.846±0.459
(42.66)

15.166±0.544
(0.0)
10.084±0.552
(33.50)
8.792±0.084
(42.02)
6.756±0.333
(55.45)
3.862±0.535
(74.53)
2.498±0.347
(83.52)
10.648±0.293
(0.0)
10.544±0.068
(0.97)
9.558±0.466
(10.23)
9.292±0.541
(12.73)
8.786±0.167
(17.48)
8.454±3.591
(20.60)

3.382±0.222
(0.0)
3.466±0.015
(2.42)
3.672±0.013
(7.89)
3.738±0.012
(9.52)
4.020±0.019
(15.87)
4.410±0.014
(23.31)

9.446±0.120
(0.0)
9.604±0.010
(1.64)
9.792±0.022
(3.53)
9.820±0.014
(3.80)
10.868±0.012
(13.08)
10.916±0.010
(13.46)

14.594±0.348
(0.0)
15.282±0.670
(4.50)
17.016±0.507
(14.2)
22.434±0.017
(34.94)
22.596±0.124
(35.41)
22.786±0.010
(35.95)

3
CD at 5%
S*

0.2479

T*

0.3506

SxT

0.6072

T*

1.1007

SxT

1.9065

T*

0.1843

SxT

0.3191

S* = Stages
T* = Treatments
SxT = Interaction

3
CD at 5%
S*

0.7783

S* = Stages
T* = Treatments
SxT = Interaction

3
CD at 5%
S*

0.1303

S* = Stages
T* = Treatments
SxT = Interaction

The values (Mean ± SE) are based on five individual readings. Parentheses include percent variation.

Protein content was found to be maximum at
flowering stage as compared to pre-flowering and
post-flowering stages. A significant decrease was
observed in all stages of growth as the concentration of HgCl2 increased. Maximum reductions were
noticed to be 50.26, 81.66, and 83.52 percent with 2
mM HgCl2 at pre-flowering, flowering and postflowering stages respectively (Table 3). Reduced
protein content in Hg treated plants may be due to
enhanced oxidation rates induced by H2O2 and upregulated proteolytic activity. ROS induced protein
degradation and the enhanced proteolytic activity is
widely accepted criteria for measuring the intensity
of oxidative stress [45]. Metals interfere with sulfur
containing amino acids and proteins resulting in
decreased protein content [46]. Similar findings
have been reported in duckweed [47] and Brassica
[37].
Sugar content dropped markedly as a consequence of HgCl2 treatments at all stages of the
growth showing a maximum decrease of 42.66 percent with 2 mM HgCl2 at flowering stage. A minimum decrease of 20.60 percent was observed after
post-flowering stage at 2 mM HgCl2 (Table 3). The

decreased sugar content due to Hg stress corresponds to enhanced photosynthetic inhibition and
heavy metals reduce carbon metabolism by reducing the activity of ribulose bisphosphate carboxylase as discussed by Stiborova et al. [48].
Proline content was observed to increase with
increase in the concentrations of HgCl2. The maximum increase of 35.95 percent was recorded with 2
mM HgCl2 at post-flowering stage (Table 3), and
minimum increase of 13.46 percent was observed at
flowering stage. Metal induced accumulation of
free proline is one of the key stress responses
among plants [10]. Proline accumulation increases
stress tolerance by maintaining osmoregulation,
protecting enzymes and stabilizing protein synthesis
[43, 44, 49, 50]. Our observations are concomitant
with previous research reports by John et al. [37]
and Ahmad et al. [10].
Results showing effect of HgCl2 on nitrate
content are presented in Figure 1. Nitrate content
significantly decreased as the concentration of
HgCl2 increased during all stages of growth. The
maximum reduction was observed with 2 mM
HgCl2 showing a decrease of 73.89 percent at pre-
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TABLE 4
Effect of different concentrations of HgCl 2 on the nitrogen (mg g-1DW) content, phosphorous (mg g-1DW)
content and Mercury content (ppm) in Abelmoschus esculentus at three different growth stages.
Nitrogen
content
in leaves

0.00
0.05
0.10
0.50
1.0
2.0

Phosphorous
content
in leaves

0.00

0.05

0.10
0.50
1.0
2.0
Mercury
content
in roots

0.00
0.05
0.10
0.50
1.0
2.0

Preflowering

Flowering

Postflowering

67.200±1.166
(0.0)
40.000±2.280
(40.47)
36.800±0.748
(45.23)
36.800±0.748
(45.23)
27.000±2.280
(59.82)
24.800±3.868
(63.09)
187.474±1.21
4
(0.0)
149.864±1.00
3
(20.06)
77.180±1.170
(58.83)
26.100±0.658
(86.07)
8.878±0.439
(95.26)
3.904±0.313
(97.91)
107.7±0.553
(0.0)
113.7±0.595
(5.27)
123.2±1.459
(12.58)
132.3±0.747
(18.59)
158.6±0.694
(32.09)
171.2±0.713
(37.09)

79.800±0.748
(0.0)
42.200±2.482
(47.11)
32.600±4.176
(59.14)
30.600±2.15
(61.65)
21.200±2.638
(73.43)
20.400±2.245
(74.43)
286.664±0.85
1
(0.0)
162.386±1.06
8
(43.35)
65.928±1.232
(77)
51.816±0.691
(81.92)
30.796±0.744
(89.25)
18.258±0.516
(93.63)
132.2±0.728
(0.0)
152.6±1.073
(13.36)
184.1±0.653
(28.19)
194.1±1.146
(31.89)
212.4±0.963
(37.75)
225.7±0.796
(41.42)

90.200±0.748
(0.0)
83.800±0.748
(7.09)
78.600±1.356
(12.86)
76.000±1.095
(15.74)
38.400±3.007
(57.42)
21.400±4.030
(76.27)
351.760±1.128
(0.0)
62.308±0.610
(82.28)
26.336±0.558
(92.51)
24.840±0.651
(92.93)
12.864±0.438
(96.34)
9.538±0.348
(97.28)
237.1±2.405
(0.0)
248.2±0.607
(4.47)
264.7±1.194
(10.42)
282.5±1.256
(16.07)
314.0±0.989
(24.49)
334.7±1.134
(29.16)

3 0.05
CD at 5%
S*

0.9710

T*

1.3732

SxT

2.3784

T*

0.6771

SxT

1.1728

T*

0.7389

SxT

1.2798

S* = Stages
T* = Treatments
SxT = Interaction

3
CD at 5%
S*

0.4788

S* = Stages
T* = Treatments
SxT = Interaction

3
CD at 5%
S*

0.5225

S* = Stages
T* = Treatments
SxT = Interaction

The values (Mean ± SE) are based on five individual readings. Parentheses include percent variation.

conditions [51-54]. Hg induced enzyme inhibition
may have resulted due to altered mobilization of
nitrate between storage and the metabolic pool.
The nitrate reductase activity of the control
plants increased upto flowering stage but decreased
with the plant age. A marked decrease with increasing concentration of HgCl2 was observed under all
stress levels. The maximum reduction of 77.93 percent was recorded at 2 mM HgCl2 at post-flowering
stage (Figure 1). This reduction in nitrate reductase
activity (NRA) by heavy metals is in close agreement with the reports of Buczek [55] and Hakeem
et al. [56]. Stress induced down regulation of NRA
activity may be due to a reduced supply of NADH
and the destruction of chloroplast in addition of the
reduced NO3- supply to the sites of enzyme synthesis. Metals interfere with the protein synthesis and
share a strong affinity for functional -SH group of
enzymes [57]. Similar inhibitory effect on NRA by
Hg was also observed by Vyas and Puranik [58] in
beans. The cytosolic concentration of nitrate has
been reported to regulate the expression of NR
genes, hence the activity [59]. So in the present
study Hg induced reduction in NR activity might be

FIGURE 1
Effects on different concentrations of HgCl 2 on
the nitrate (μ mole g-1 fr.wt.) and nitrate reductase activity (NRA) (μ mole g-1 fr.wt.hr-1) content
in leaves at three different growth stages.
flowering stage. Growing plants on the Hg supplemented medium has been reported to show reduced
NO3- content in the leaves. This indicates that less
NO3- accumulation in the leaves may be due to Hg
induced reduction in NO3- transport from root to
shoot. The activity of NR, the first enzyme of nitrate assimilation, is generally susceptible to stress

5819

© by PSP

Volume 26 ± No. 10/2017 pages 5814-5823

Fresenius Environmental Bulletin


wards a reduction in biomass accumulation as well
as the dry weight of root and shoots [64].

due to its impact on nitrate concentrations in the
plant tissue.
A significant linear decrease of nitrogen content of leaf was observed with increasing concentrations of HgCl2 at all growth stages (Table 4). Maximum reductions of 63.09, 74.43 and 76.27 percent
were observed in pre-flowering, flowering and postflowering stages respectively with 2 mM HgCl2.
The nitrogen metabolism impairment must be the
primary determinant for the growth of plants grown
under heavy metal stress. Decreased nitrogen content reported in our study due to Hg treatment corroborates with the finding of Buczek [55]. It seems
that metal toxicity involves reduction in the mobilization of the endogenous nitrate, thus affecting the
nitrogen metabolism. Generally heavy metals bind
with free amino acids and form complexes that alter
the initiation process of translation and thus drastically affect the enzyme synthesis and functioning of
the cell [43, 44].
Phosphorous content of the leaves showed a
gradual decline with respect to control at all growth
stages. The maximum reduction of 97.91, 93.63 and
97.28 percent was observed with 2 mM HgCl2 at
pre-flowering, flowering and post-flowering stage
respectively (Table 4). The differences in phosphorous content of leaf among the stages, treatments
and their interactions were statistically significant
over control. Effect of heavy metals on phosphorus
can be attributed to phosphorous solubilizing micro-organisms and/or insufficient phosphorous uptake. The decrease in phosphorus content of the
plants due to heavy metals is mainly due to the
harmful effects on root colonization with arbuscular
mycorrhizal (AM) fungi [60]. The heavy metals can
also affect the phosphate solubilising activity as
reported in the halophylic phosphobacteria [61].
The results related to the accumulation of Hg
in the roots of A. esculentus at different growth
stages are given in Table 4. The maximum accumulation of Hg in the roots was observed in postflowering stage under all stress levels as compared
to the pre and flowering stages. The maximum accumulation of 37.09, 41.42 and 29.16 percent was
observed at pre-flowering, flowering and postflowering stages respectively at 2 mM HgCl2. Increased concentrations of mercury showed increased accumulation in the plant. This is more
prominent in roots as compared to shoots as reported by Greger et al. [62]. These findings are also in
conformity with the studies of Wang and Greger
[63]. Lower accumulation of Hg in shoots as compared to the roots may be due to higher affinity of
Hg for root tissues, resulting in maximal possible
trapping of Hg within the roots [63]. This has been
reported in A. esculentus as well by Wang and
Greger [63]. In addition Hg has been reported to
impede with water uptake by affecting plasma
membrane aquaporins in higher plants and this effect of Hg on water transport can contribute to-

CONCLUSION
Hg is dangerous for the plant growth and a
mitigation of its stress is important for the growth
and development of the plants in areas polluted by
higher concentrations of this element. Present study
confirmed that exposure of A. esculentus to HgCl2
increases proline content and decreases chlorophyll,
sugar, and protein content and NRA activity. In
addition, N and P uptake is also hampered by HgCl2
treatments. Future research studying the effects of
mercury at the molecular level can be useful in understanding the mechanisms involved.
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ABSTRACT
The level of sustainability of animal production
depends on the use of modern housing systems
which ensure high productivity and quality of milk
and meat, with the possibility of robotization of
work, by simultaneously minimizing the negative
impact on the environment, including energy inputs
by using renewable energy sources and ensuring
livestock animals¶ welfare. Livestock production,
especially milk production, is a source of significant
amounts of harmful gases such as carbon dioxide and
ammonia. The main aim of the research was a multicriterial investigation of free-stall cattle barns for
dairy cows taking into account sustainability of production. Twelve free-stall cattle barns were tested
with boxed litter and non-litter systems, and with
deep litter, four barns in each system. Original methodology was elaborated which allowed for the technological, economic and environmental assessment
of cattle barns and their elements of infrastructure.
The methodology scheme consisted of the following
stages: stage 1 ± choice of objects for research, stage
2 ± characteristics of objects tested, stage 3 ± identification of key elements characteristic of the objects
tested which are helpful for technical, technological,
quality and economic assessment, stage 4 ± determination of these parameters, stage 5 ± model of final
assessment and choice of the best, most convenient
technological-functional solutions, stage 6 ± designing exemplary models.
The parameters obtained from tests allowed the
selection of the best solutions, to be applied in new
designs which comply with the requirements of
standards, including welfare, environmental protection and minimization of energy inputs. Based on research results, three model proposals of functionaltechnological solutions for cattle barns were elaborated. The first proposed example was a free-stall
boxed cattle barn with litter. The second best solution was a non-littered boxed cattle barn. The third
model proposed was a cattle barn with deep litter. All
three barns are considered to have very good microclimate parameters, by dint of the proper construction of the adjustable ventilation system. Also, investment costs and energy inputs could be at a level
acceptable by investors thanks to high automation
and robotization.

INTRODUCTION
Striving for sustainable animal production results primarily from the necessity of fulfilling EU
and Polish law regulations which protect the environment. Concerning animal welfare, cattle and
calves in particular, the regulations of the Ministry
of Agriculture and Rural Development should be adhered to [20, 21, 22]. The idea of sustainable development is considered around the intensification of
production while ensuring proper animal welfare
conditions, and minimizing energy and labour inputs, which go together with the automation and robotization of technological treatments in milk and
meat production [Fig.1].
According to research by Jankowiak and
%LHĔNRZVNLGDLU\DQGPL[HGW\SHs farms fulfil the
relatively highest level of sustainable development,
and farms with plant production have the lowest
level of sustainability [31].
Directions of scientific-research activities for
the future:
- analysis of state of the art and needs in the
scope of technology and buildings in animal housing
and production safety,
- research into minimizing economics inputs,
including energetic inputs in milk and other animal
materials production,
- research into environmental conditions in
housing buildings and definition of directions for improving their state,
- complex elaboration and implementation of
model solutions of livestock objects with different
mechanization, automation and robotization level
fulfilling particular criteria: economic, energetic,
ecological, animal welfare and others.
Taking into account the problems mentioned
above, an attempt was made to evaluate existing
buildings for dairy cows in the scope of exploitation
costs of buildings, machines and equipment, human
labour inputs, energetic inputs and microclimate
conditions.
Many researchers have dealt with exploitation
and investment costs and labour inputs,
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Sustainable development in technique and technology of livestock buildings 

Economy

x designing and

realization of
buildings, based on
the latest
knowledge
concerning
available
information and
legal regulations
x application of
unconventional
energy sources
compatible with the
elements of
conventional
energy supply
x minimizing of the
exploitation costs



Animalwelfare

Society

x functional and
innovative
technologies of
animal housing,
structural elements
inclusive
x application of the
animal keeping
systems ensuring
the basic
requirements of
the animals and
operating staff to
be satisfied,
including the
equipment to
create
microclimate and
environmental
conditions

x mechanization of
the production
processes with
reliable machines
and devices of high
automation level,
as well as with the
installations
creating the
microclimate

Environme

x application ± in
accordance
with the environment
protection
requirements and
the EU standards
(BAT inclusive) ±
of techniques and
technologies for
the storage and
management of
organic fertilizers
(dung, slurry, liquid
manure, poultry
droppings) by
composting and
methane
fermentation
x application of
ecological systems
for the preparation,
storage and
distribution of the
roughage and
concentrated feeds





FIGURE 1
Elements shaping the development of a modern animal production system [24].

- how do mutual relationships between elements of functional-technological solutions of cattle
barns influence the costs in milk production?
The Main aim was a multi-criterial evaluation
of free-stall cattle barns for dairy cows.
Detailed aims:
- evaluation of technological±functional elements of free-stall cattle barns for dairy cows,
- definition of the mechanization level of objects tested and the influence of housing systems on
energetic inputs in milk production,
- definition of the evaluation model of technological±functional solutions in order to describe the
most advantageous solutions,
- choice of the best solutions.

including mechanical and electrical energy inputs.
Exploitation costs were tested by authors [18, 12,
16]. The questions connected with electrical energy
inputs in milk production were discussed in publications by such researchers [30, 11, 16]. Costs of milk
production and energetic inputs were also researched
[7, 8, 9]. Labour inputs were tested, for example, by
authors [29, 17, 13, 28].
Besides, many authors only describe housing
systems or methods of designing functional- spatial
solutions [4, 5, 24].
Microclimate and animal welfare were described by authors [15, 2, 3, 19].
MRVWDXWKRUVSUHVHQWLQGLYLGXDOLQYHVWLJDWLRQ¶V
results of particular elements. But there is a lack of
complex testing of constructional, technologicalfunctional solutions of free-stall cattle barns in Poland.
The Scientific problem was formulated as three
questions:
- how do technological solutions influence the
mechanization level and energetic inputs in cattle
barns?
- how do technological solutions influence the
formation of microclimatic conditions in cattle
barns?

MATERIAL AND METHODS
The detailed scope of research included: technical, technological, qualitative and economic analysis.
- technical elements characterizing buildings
tested (description of buildings, construction) such
as: dimensions of resting, walking and feeding areas,
manure corridors, cubage, ventilation, openings,
mechanization of technological treatments in milk
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production ± machinery and equipment, including
three robots for milking, feed scraping and cleaning
of slatted floor;
- technological elements such as: labour inputs on four technological treatments (milking, milk
cooling, feeding, manure removal, other works),
electrical and mechanical energy inputs in milk production and mechanization level of cattle barns;
- qualitative assessment, including: microclimatic parameters such as temperature, relative humidity of air, amount of air exchange, amounts of
greenhouse and harmful gases (carbon dioxide, ammonia), as well as illumination;
- calculation of investments in buildings,
equipment and machines, investment costs, electrical energy costs, mechanical energy costs, labour
costs and exploitation costs;
- evaluation of objects tested, and choice of
the most advantageous solution taking account of
limitations.
The field tests were conducted by the direct
moderated interview method and photography of the
working day, as well as the timing scheme directly
on farms. The equations (1) to (9) show the method
of these costs¶ calculation.
Twelve out of about forty cattle barns were
chosen and tested, fulfilling the following preliminary criteria:
- at least 4th level of mechanization;
- average annual milk yield of herd above 6200
litres;
- number of animals above 39.
These cattle barns were in the loose housing
system, with and without litter (4 with deep litter, 4
boxed with shallow litter, and 4 boxed with the slurry
system and channels). The objects tested were described in the scope of technological-architectural
solutions, including ways of mechanisation of four
technological treatments (milking and milk cooling,
forage preparing and feeding, manure removing and
storaging, and other works).
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anemometers TESTO, lux meter SONEL.
Exploitation costs were calculated according to
0X]DOHZVNL¶VHODERUDWLRQ>16].
Twelve cattle barns for dairy cows in the loose
housing system were surveyed and in field tested.
These barns were located in Podlaskie, Mazovieckie
and Varmia-Mazury provinces, and they were family
farms. The number of cows was from 39 to 170 LU
Limitations to the choice of the best solution
were the criteria for the final function as follows:
7HUPLQDOLQYHVWPHQW¶VLQSXWV
k invest. d k limit. invest>3/1ÂLU-1]
Permissible labour inputs on 4
technological treatments

I
II

(2)

n labour. d n limit. labour >ZRUNLQJPLQXWHVÂGD\-1Â/8-1] (3)

III

Permissible concentrations of harmful
gases (CO2 and NH3)

S CO2 d S limit. CO2 [ppm]
(4)
SNH3 d S limit.NH3 [ppm]
(5)
IV
Terminal energy inputs (electrical and mechanical)
e elimit. >N:KÂGD\-1ÂLU-1 , +3ÂGD\-1·LU-1] (6)
The method of choice for the best solutions
with the maintenance of all limitations is shown in
the diagram below (Fig.2). All solutions were set in
order of exploitations costs straining to minimum.




൘൘൘
൘൘൘











FIGURE 2
Choice of best solutions according to target function- exploitation costs.

Measuring microclimate parameters. Temperature and relative humidity of air, NH3 and CO2
concentration in 3-4 day periods in each barn in the
animal area were measured. Temperature and relative humidity of the air outside the barn were also
measured. Values (averages) from every 5 minutes
were obtained.
The following apparatus was used to measure
microclimatic conditions according to Polish Norm
BN-86/880-03 [BN/86]:
- 4 thermo-, hygro-, barometers;
- 4 thermo - hygrometers with transfer to the
data-concentrator were used, and all data were finally transported to a PC and elaborated in STATISTICA 10 PL;
- 4 gas multi-meters (ammonia, carbon dioxide
concentrations, with infra-red sensors and with internal memories) MX6iBird Industrial Scientific, thermo-

Model of final multi-criterial evaluation. The
final evaluation was made on the basis of the following target function ± minimization of exploitation
costs (1):

c eu

Cm  Cus
o
N

minimum (1)

where: ceu ± unitary exploitation costs
[3/1Â\HDU-1ÂLU-1]
Cm ± FRVWVRIPDLQWHQDQFH>3/1Â\HDU-1]
Cu± FRVWRIXVH>3/1Â\HDU-1]
N ± number of LU
Exploitation costs were calculated according to
equations described by Gazzarin and Lips [9], as
well as Muzalewski [16]
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ceu

Cm  Cus [PLNLU-1Â\HDU-1]
N

buildings >N:KÂ\HDU-1]
NeV ± electrical energy usage for ventilation
[kWhyear-1]
PkWh ± unitary price of electrical energy

(7)

c eu ± XQLWDU\H[SORLWDWLRQFRVWV>3/1Â\HDU-1]
C m ± FRVWVRIPDLQWHQDQFH>3/1Â\HDU-1]
C us ± FRVWVRIXVH>3/1Â\HDU-1]

[PLNkWh-1]

C ib [PLNyear-1] (11)
Tb
where: Rb = 0,2-0,5 ± coefficient of repair costs

Costs of maintenance. Costs of maintenance
were the sum of amortization costs of buildings and
machinery, and their insurance (eq.2)

Costs of electrical energy for machinery and
equipment.

N ee ± electrical energy inputs machinery and

C kWh ± costs of 1 kWh of electrical energy

Tb ± the assumed stability of the building

>3/1ÂN:K-1]

[number of years]

Ci m ± price (value) replacement of machinery

Costs of mechanical energy for machinery
and equipment

or equipment [PLN]

>3/1Â\HDU ]
N em ± annual mechanical energy inputs

-

-1

1

]

C mins ± costs of insurance of

(13)

± annual costs of mechanical energy

C em

± insurance costs of building [PLNyear

N em  Cem

Cem

the assumed stability of the machinery

[number of years]

C

(12)

equipment [kWh·year-1]

Cib ± investment costs of buildings [PLN]

b
ins

N ee  CkWh [PLNyear-1]

m
Cee

C
C ib
b
m [PLNyear-1]
(8)
 ¦ i m  C ins
C
ins
Tb
Tm

Tm ±

Rb 

C br

N ± number of Livestock Units

Cm
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>N:KÂ\HDU-1]

machinery and

C em ±

equipment [PLNyear-1]

unitary costs of mechanical energy

>3/1ÂN:K ]
-1

Costs of usage.

Cu

b
C ee
 C br  C mee  C me  C mr  C L

Costs of repair of machinery and equipment

>3/1Â\HDU-1] (9)
Cu ± costs of usage [PLNyear-1]
b
C ee
± costs of electrical energy of buildings

where:

[PLNyear-1]

(14)
repair

costs, depending on kind of machinery or equipment

C br ± costs of repairs in buildings [PLNyear-1]
C mee ± costs of electrical energy for machinery

Labour costs

CL N L  PL >3/1Â\HDU-1] (15)
N L ± labour inputs [working houryear-1]

and equipment for mechanization [PLNyear-1]

Cme ± costs of mechanical energy [PLNyear-

PL ±

1

]

cost of 1 working hour (labour)
-1

[PLNhour ]

C mr ± costs of repair of machinery and equipment [PLNyear-1]

CL ±
b
C ee

§C ·
R mn  ¨¨ im ¸¸ >3/1Â\HDU-1]
© Tm ¹
R mn = 0,2-1,1± coefficient of

C mr

RESULTS AND DISCUSSION

costs of labour inputs [PLNyear-1]

The overall characteristics of the tested cattle
barns are shown in table 1. Ways of mechanization
in barns are shown in Table 2.
The annual average milk yield of cows was
from 6200 litres to 9600 l of milk with extra class.

Costs of electrical energy in buildings.
b
( N eL
 N e V )  PkWh [PLNyear-1] (10)
b
N eL
± electrical energy usage for lighting of
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TABLE 1
Overall characteristics of farms tested.
No
of barn
LU
Breed

1

2

93
87
phf ± cb phf ± cb
simental jersey
7300

3

4

5

100
simental
PRQW¶
beliarde
phf ± cb

100
44
phf ± phf- cb
cb
7000
9000

6

7

8

9

10

11

12

81
39
phf- cb phf- cb
7000
6500

144
phf- cb
7500

170
phf- cb

83
phf- cb

87
phf- cb

109
phf- cb

boxed,
without
litter
8500

boxed,
without
litter
9500

boxed,
without
litter
9600

boxed,
without
litter
9600

housing deep lit- deep
system ter
litter

deep litter deep
litter

boxed,
litter

boxed,
litter

boxed,
litter

boxed,
litter

average 7300
milk
yield

6200

7000

7000

6500

7500

8000

9000

TABLE 2
Mechanization in barns tested.
No
of
barn

1

Mechanization of main treatments
1st treatment:
milking and milk cooling
Milking unit (type)
Capacity of milk tank [dm3]//
Power vacuum aggregate /aggregate of milk tank [kWh]
FB 2x6(12)
6000// 3/ 4.2

2

FB 2x4(8)
6700//2.2/ 4.2

3

FB 2x5(10)
2500// 2.6/1.25

4

FB 2x5(10)
8100/ 2.2/1.25

5

FB 2x4(8)
1600//2.2/2
FB 2x5(10)
800// 2.2/1.25
FB 2x3(6)
2500//3.0/3.0
Tandem 2x4(8)
2700/1500// 3.0/6.0 and 4.0
2 milking robots 10000//
3.0/2.2

6
7
8
9

10

VMS
5000// 3.0/2.2

11

FB 2x4(8)
2600//3.0/1.5
FB 2x5(10)
4000// 2.6/4.0

12

2nd treatment:
preparing of
feed and feeding

3rd treatment:
manure removal and storage
amount of litter
kg·day-1·LU-1

feed mixer 17 m3+ tractor 140 tractor 120 HP + loader, manure
HP + loader; TMR
spreader
7
3
feed mixer 10 m + tractor tractor 82 HP + loader, manure
82HP + loader, TMR
spreader
5
feed mixer 18m3+ tractor tractor 120HP+ loader, manure
80HP + loader; TMR
spreader
6
feed mixer 13m3+ tractor tractor loader 120HP, manure
120HP+ loader; TMR
spreader
7
feed mixer
7m3+ tractor solid floor, manure scrapers,
55HP+ loader; TMR
tractor 90 HP + loader ; 2
tractor 100 HP + loader
solid floor, manure scrapers,
tractor 100HP + loader; 2
tractor 80HP + loader
solid floor in alleys, tractor 52HP + shovel; 2
feed mixer 20m3+ tractor - solid floor, manure scrapers,
loader120HP ;TMR
tractor 100HP + loader; 2
feed mixer 14 m3+ tractor deep slurry, robot-scraper, trac95HP+ loader; TMR
tor 160 HP, slurry spreader

4th treatment:
other works

swinging
cow
brush,
electric
hoof knife
electric hoof knife;

2
swinging
cow brush, electric
hoof knife
ventilator, electric
hoof knife
electric hoof knife
electric hoof knife
electric hoof knife
electric hoof knife

3 swinging cow
brushes, electric
hoof knife
feed mixer 11m3+ tractor deep slurry, robot-scraper, trac- swinging
cow
110HP + loader, TMR
tor 74 HP, slurry spreader
brushes, electric
hoof knife
feed mixer 12,5 m3+ tractor slurry in channels, trac- electric hoof knife
126HP + loader; TMR
tor 126HP + slurry spreader
feed mixer 12m3+ tractor slurry in channels
electric hoof knife
75HP, loader TMR
tractor 77,2 HP +slurry spreader

was fed directly by tractor and loader. Tractors cooperated with the loaders in ten cattle barns, and in
two autonomous loaders with power from 60 HP to
100 HP, and they were used for loading forage onto
the feed mixer. In two robotized cattle barns forage
on the feeding table was pushed by a feed pusher - a
kind of robot which can drive and push the forage in
the direction of the feeding corridor. Natural manure
from the deep litter system was removed by loaders
and tractors.

Milking was done in milking parlours: herring-bone
2x4 (three barns), 2x3 (one barn), 2x5 (four barns),
one 2x6 herring-bone, one tandem 2x4, and in two
barns there were automatic systems. The power of
milking pumps was 0.55 kW. Milk tanks had capacities from 1600 litres to 10 000 litres, and their power
was from 1.25 kW to 6 kW. Roughage mixed with
concentrates was fed by a feed mixer with capacities
from 7 to 20 m3. The feeders worked with tractors
from 52 HP to 160 HP. In two cattle barns forage
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TABLE 3
Microclimatic and building characteristics.
No
of
barn

1

Building
construction

Cubage

m3ÂDJ
P-1
three bay construc- 40.67
tion with pillars

Ventilation

Concentration/
average min.-max.
[ppm]

inflow//outflow

NH3

CO2

Temperature/average
min.-max min.
±
outside
max. ino
o id
C
C

Relative
humidity
%

Relative
humidity
%

outside

inside

22.87
25.82
16.7- 31.6 20.632.08
18.52
18,29
16-23
14.3323.7

73.34
40.8-94.6

73.29
46.4-94.43

83.38
71.5-93.6

79.54
59.3-95.57

21.05
16.1925.84
1.88
0.69-3.06

18.26
11.4125.24
65.15
26.7-78.2

64.01
47.9-78.87

23.92
19.9526.80
14.82
9.1022.37
21.41
17.4725.43
12.10
9.6314.63
23.69
18.5917.60
13-21.03

73.86
38.6-96.7

gravitational/win4.07
dows//roof
ridge 1-8.3
gap
gravitational/win10
dows//roof
ridge
gap

737.13
300-1400

715.2
400-1200

18.26
11.4-25.2

626.47
475- 900

0.84
0.01-2
22.36
15.0834.24
16.61
11.9-22.6

2

three bay construc- 53.2
tion with pillars

3

three bay construc- 68.41
tion with pillars

4

one room spaced
126.1
without supporting
pillars

gravitational/windows//roof
ridge
gap
gravitational/windows//roof
ridge
gap

5

two bay construc- 107.8
tion with pillars

gravitational/wall
8.79
gaps//roof ridge gap 1-17

6

three bay construc- 51.02
tion with pillars

gravitational/wall
10.26
gaps// roof ridge gap 5-15

792.5
3001733.3
1313.42
770-2190

7

three bay construc- 66.59
tion with pillars

13.84
2-17

922.17
480-1810

20.28
11.5-29

8

three bay construc- 42.25
tion with pillars

4.5
1.3-7

941.70
500-1750

9

three bay construc- 70.64
tion with pillars
three bay construc- 74.43
tion with pillars

gravitational/windows//roof
ridge
gap
gravitational/windows//roof
ridge
gap
gravitational/mobile
curtains// roof ridge
gravitational/windows// roof ridge
gap
gravitational/windows//roof
ridge
gap
gravitational/windows//roof
ridge
gap

11.97
0.6-20
6.1
2.313.6
9.48
4-15

845.50
472- 1380
665.51
300-1500

5.33
1.7310.93
23.07
16.8018.32
12-23

835.99
540-1400

15.50
11.6-19

1500.89
920-1850

8.16
4.63-10.7

10

11

12

one room spaced
36.7
without supporting
pillars
39.74
one room spaced
without supporting
pillars

3.23
1.676.6
1.82
0.753.4

10.6
3.717.5

1360.29

14,4
9.8318.83
10.92
7.8-13.5

76.21
53.7-95.2
62.38
26.8097.5
71.91
39- 90.3
48.14
18.4-67.6
59.25
38.10-91
81,21
51.7-93.8
92.97
82.697.55

77.01
61.8 -81.17
73.30
54.3586.40
75.87
46.5695.73
70.92
35.9094.47
58.48
36.9069.37
58.31
21.2866.47
46.97-83.5
73.70
45.8289.98
80.00
81-96.6

TABLE 4
Unitary labour inputs, investment costs, electrical and mechanical energy inputs.
No
of barn

Unitary labour inputs
working-minutes
day-1ÂLU-1

1
2
3
4
5
6
7
8
9
10
11
12

6.97
4.14
6.62
5.92
6.00
3.54
7.25
4.52
0.78
1.93
3.54
2.96

Unitary investment
costs of technical
equipment and building
3/1Â/8-1
27 747.58
16 131.69
15 864.59
18 510.65
20 494.61
13585.15
22203.93
11556.69
22193.09
26648.38
16410.34
14992.86

In three cubicle cattle barns with litter manure was
removed by a manure scraper with total power (longitudinal and cross scraper) from 4 kW (2 barns) to
4.5 kW directly on the manure plate. In one cubical,
littered cattle barn, manure was removed by shovel
installed on a tractor with 52 HP. Slurry from four
non-littered cattle barns was stored in deep channels

Unitary electrical energy inputs
kWh day-1 LU-1

Unitary mechanical energy inputs
HPh day-1ÂLU-1

0.569
0.215
0.364
0.397
0.301
0.257
0.274
0.400
0.826
0.816
0.208
0.269

3.427
1.351
1.400
2.131
2.006
1.235
3.423
1.170
1.435
1.282
2.437
1.88

under a slatted floor and periodically applied on
fields.
In addition, in two of the buildings there were
robots for cleaning the slatted floors. Table 3 shows
the constructional characteristic of the barns tested,
The buildings tested were one-room spaced con-
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number 1) - Cattle barns which comply with
requirements for the 4th criterion (average unitary
daily mechanical HQHUJ\LQSXWV+3h day-1·LU-1):
2, 3, 6, 8, 9,10 and 12.

structions or with pillars. The ventilation was gravitational, with the outlet of air by roof ridge gap.
Average ammonia concentration amounted to
from 1.82 ppm in a cowshed with deep litter (number
4) to 13.84 in a boxed cattle barn with litter (number
7). The average carbon dioxide concentration
amounted to from 626.47 ppm in a cattle barn with
deep litter (number 4) to 1500.8 ppm in a cattle barn
without litter (number 12). The average temperature
inside almost all cattle barns (with the exception of
one ± with deep litter) did not exceed the recommended temperature of 25 o C.
Table 4 contains economic and energetic values
measured in the cattle barns tested. The highest unitary investment costs of buildings and technical
equipment for the mechanization of technological
treatments were in a barn with deep litter (number 1)
and amounted to 27,747. 3/1Â/8-1. In second
place, regarding unitary investments costs of equipment and building was cattle barn number 10, with
three robots (one for milking, one feed-pusher, one
floor scraper) and amounted to 26,648.3/1Â/8-1.
The lowest unitary investment costs were in a boxed
cattle barn with litter (number 8), and amounted to
11,556. 3/1Â/8-1. Cattle barns which comply
with requirements for the 1st criterion (unitary investment costs, both building and equipment 
3/1Â/8-1) : 2, 3, 4 ,6, 8, 11 and 12.
Average unitary daily labour inputs amounted
to from 0.78 for a robotised barn with robots for
milking, feed pushing and removing manure from
slatted floors, to 7.25 working-PLQXWHVÂGD\-1ÂLU-1 in
a barn with the lowest number of cattle. In 7 barns
they were below 5 working-PLQXWHVÂGD\-1ÂLU-1 (5th
level of mechanization), and in 5 they did not exceed
10 working-PLQXWHVÂGD\-1ÂLU-1 (4th level of mechanization).The highest human labour inputs occurred
for technological treatment, milking, and milk cooling. However, the lowest unitary daily labour inputs
were in a cattle barn with two milking robots, and
one feed pusher and a slatted floor cleaner robot
(number 9), and amounted 0. ZRUNLQJ PLQXWHVÂ
day-1 LU-1. Cattle barns which comply with requirements for the 2nd criterion (average unitary daily laERXULQSXWV.ZRUNLQJPLQXWHVÂGD\-1ÂLU-1): 2, 6,
8, 9, 10, 11 and 12.
Cattle barns which comply with requirements
for the 3rd criterion (average ammonia concentration
.SSPDYHUDJHFDUERQGLR[LGHFRQFHQWUDWLRQ
1500.8 ppm): 1, 3, 4, 5, 6, 8, 10, 11 and 12.
Average electrical energy inputs for four technological treatments were from 0.208 kWh·day1
·LU-1 (cowshed number 11) to 0.827 kWh·day1
·LU-1 (number 9). Cattle barns which comply with
requirements for the 4th criterion (unitary electrical
HQHUJ\LQSXWV.40 kWh): 2, 3, 4, 5, 6, 7, 8, 11,12.
Average mechanical energy inputs amounted to
from 1.172 HPhÂday-1·LU-1 (a boxed cattle barn with
litter - number 8) to 3.427 HPhÂday-1·LU-1 (cowshed

TABLE 5
Unitary exploitation costs of building and equipment in growing order.
Number of Large
barn
Unit

Unitary
costs

6
8
2
3
12
11
7
5
9
10
4
1

3/1Â\HDU-1LU-1
1589.17
1710.98
1859.67
2036.24
2088.57
2190.69
2379.85
2504.66
2671.49
2887.15
3065.01
3519.88

81
144
87
100
109
87
39
44
170
83
100
93

exploitation

Table 5 shows the final results of field research
in barns. The best solutions were a boxed cattle barn
with litter (number 8) and a boxed cattle barn without litter (number 12). They are barns which fulfilled
all limitations. The robotized cattle barns (number 9
and 10) had the highest electrical energy inputs and
investments costs, with the lowest human labour inputs.
Field tests showed that technological-functional solutions have an impact on investment costs,
energy inputs and the environment.
There are many examples of publications with
evaluations of each individual factor (costs of investments, exploitation costs, energy inputs, labour inputs, animal welfare). Methods for the planning of
functional-technological solutions of cattle barns are
multifarious. Nowadays, electronic media are used
for planning the layout of cattle barns and also for
cattle housing, including electronic control of microclimate conditions [27].
The lowest labour inputs among 12 cattle barns
were in two buildings with robotic milking. According to Schick, the use of robots in comparison with
traditional milking systems leads to significant reductions, and even halved labour inputs for its treatment [28, 18, 7, 10], and an observed meaningful reduction of human labour inputs in cattle barns with
robotic milking. Sonck writes that labour inputs are
reduced in robotic milking buildings (RMB) by
about 37% to 66.1% [29]. According to de Koning,
compared with the conventional twice daily milking,
there is an average of 20%-30% reduction in total labour with robotic milking [13, 14]. Our tests showed
reductions of 62 to 74% of labour inputs compared
to traditional milking.
Burton and Turner indicated there are over one
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hundred different gases and substances emitted from
housing buildings for farm animals [2]. According to
Polish regulations, concentrations of harmful gases
should be at levels which should be safe for animals.
For calves it should not exceed 3000 ppm of carbon
dioxide and 20 ppm of ammonia [20, 21]. Average
concentrations of both gases in the 12 cattle barns
tested were below half of the values allowed by these
regulations.
Ngwabie investigated the correlation between
methane and ammonia emissions and the internal
temperature of cowsheds. There was a high correlation (r=0.66) between these factors [19]. Dairy cattle
are sensitive to heat stress because of the high metabolic heat production and feed intake associated with
rumen fermentation and milk yield [3].
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EXPERIMENTAL STUDY ON THE EFFECTS OF
ULTRA-LOW SULFUR DIESEL FUEL TO THE EXHAUST
EMISSIONS OF A FERRY
Murat Durmaz, Saliha Saadet Kalender, Selma Ergin*
Istanbul Technical University, Faculty of Naval Architecture and Ocean Engineering, Maslak 34469 Istanbul, Turkey.

the ships. The emissions are generated by the combustion of the fuel in these engines. The exhaust
emissions of diesel engines primarily include carbon
dioxide (CO2), carbon monoxide (CO), sulphur oxides (SOx), nitrogen oxides (NOx), hydrocarbons
(HC) and particulate matters (PM). CO, NOx and
PM originate from engine technology whereas CO2,
SOx, heavy metals and further PM (sulphur compounds) become from fuel property [8]. Therefore,
the sustainability of the shipping can be improved by
utilizing the ultra-low sulfur diesel fuel for the propulsion [9, 10].
Due to the essential contribution of sea
transport to global air pollution, ship based
emissions have become a great concern in many
studies recently. For example, Corbett et al. [3], Yau
et al. [11] and Adamo et al. [12] were carried out
detailed emission inventory studies for the merchant
ships. Bilgili and Celebi [13] calculated the annual
emissions of three different cargo ships by using
annual cruise data. These studies show that maritime
transport is the most energy efficient and clean mode
of transport in terms of the load and distance
transported. However, when the ships passing close
to the shore, their emission can affect the human
health and enviroment adversely. Ergin [14]
calculated the exhaust emissions from ships sailing
through Turkish Straits and Marmara sea using 2010
AIS data and national statistics. The number of ships
passing through the Turkish Straits are respectively,
50871 and 46686 in 2010. The estimated emissions
from these vessels were 56.49 ktonnes/year of NOx
emissions, 18.57 ktonnes/year of SO2 emissions,
2518.2 ktonnes/year of CO2 emissions, and 18.57
ktonnes/year of PM emissions. In this study, the cost
and benefit analysis of reducing emissions were also
carried out for different scenarios. The results show
that a substantial improvement in the air quality for
Marmara region could be achieved by applying the
ECA (Emission Control Area) emission limits for the
ships passing through Turkish straits and Marmara
region [15]. Also, Viana et al. [16] show that the
implementation of ECA emission limits for ships in
Bosphorous Strait would reduce the ship sourced PM
and SO2 ambient concentrations in Istanbul by 67%
and 90%, respectively. Previous emission
inventories of Marmara Sea were presented in the
studies of Kesgin and Vardar [17] and Deniz and

ABSTRACT
Ship emissions have a significant contribution
to the global emissions and have adverse effects to
the environment and human health. This study
investigates the effects of ultra-low sulfur diesel fuel
on the gaseous and PM emissions of a ferry,
experimentally. On-board emission measurements
were carried out both for the main and auxiliary
engines which are four-stroke medium speed diesel
engines. The concentrations of NOx, SOx, CO, CO2,
O2, PM and HC were measured for various engine
loads. The shaft power measurements were also
performed. The weighted emission factors, monthly
and annual emissions of the ferry are calculated
using the experimental data. The weighted emission
factors of NOx, SOx, CO, CO2, HC and PM
emissions for the main engine are found to be 11.91
g/kWh, 0.10 g/kWh, 0.67 g/kWh, 611.14 g/kWh,
0.62 g/kWh and 0.079 g/kWh, respectively. For the
auxiliary engine, the weighted emission factors of
NOx, SOx, CO, CO2 and HC are respectively, 13.01
g/kWh, 0.11 g/kWh, 2.19 g/kWh, 641.69 g/kWh and
1.31 g/kWh. The amount of emissions from the ferry
is found to be maximum in the summer season. The
results show that the emission factors are the major
parameter in the emission inventory studies and
should be defined carefully. It is seen that the ship
emissions, especially SO2 and PM emissions can be
reduced substantially by using the ultra-low sulfur
diesel fuel. Therefore, the sustainability of the
maritime transport can be improved by utilizing the
ultra-low sulfur diesel fuel for the propulsion of
ships.

KEYWORDS:
ship emissions; emission measurements; ultra-low sulfur
diesel; ferry; marine diesel engine; air pollution.

INTRODUCTION
Emissions generated by the maritime transport
represent a significant contribution to the global
emissions and they have adverse effects to the environment as well as human health [1-7]. The marine
diesel engines are mostly used in the propulsion of
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'XUPXúR÷OX [18]. These studies show that the
shipping activity in the Marmara Sea has increased
substantially in the last fifty years and the ships in
this region have a significant contribution to the local
emissions.
In addition to emission inventory studies there
are also experimental studies about ship emissions.
However, there are a few number of experimental
studies. For example, Winnes and Fridell [19]
carrried out on board emission measurements at a
product tanker by using HFO and MGO for various
engine loads. Change of fuels and their effects on
exhaust gas composition and emission factors were
investigated. Uriondo et al. [20] compared the NOx
mesurements of a marine diesel engine taken in the
laboratory with the measurements taken during the
operation of the ship at sea. Recently, Kowalski [21]
examined the relation between exhaust emission of
marine engine and malfunctions of a fuel pump such
as fuel injection timing delay and fuel leakages in
one of the fuel pump. As a result of measurements,
fuel injection timing delay caused increase of CO2
emissions and decrease of NOx emissions. CO
emissions increase only at high engine loads. Fuel
leakage in the fuel pump caused changes in CO
emissions. CO2 emissions increased and NOx
emissions decreased, based upon the fuel leakage.
The main aim of this study is to investigate the
effects of ultra-low sulfur diesel fuel on the gaseous
and PM emissions of a ferry sailing at Marmara sea,
experimentally. This study extends the previous
works of authors ([22, 23]) by considering the effects
of the ultra-low sulfur diesel fuel on the emissions of
both the main and auxiliary engines, different engine
loads, monhtly emissions of the ferry, annual
emissions of the ferry and different emission factors.
Therefore, this study presents an original research
results and it has novelty. In the study, on-board
measurements of NOx, SOx, CO, CO2, HC and PM
emissions of the main and auxiliary engines were
carried out for various engine loads. In order to
obtain the weighted emissions, the shaft power is
also measured. The emission factors for different
loads, the weighted emission factors, monthly
emissions and annual emissions with different
emission factors are presented and discussed. The
results show that the ship emissions, especially SO2
and PM emissions can be reduced substantially by
using the ultra-low sulfur diesel fuel for the
propulsion of the ships.
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with 883 kW at rated speed of 750 rpm. The specific
fuel consumption of the main engine is 198 g/kWh.
On the other hand, the ferry has three four-stroke medium speed auxiliary engines, each with 175 kW at
rated speed of 1500 rpm.
During the experimental study, the ultra-low
sulfur diesel fuel (ULSD) were used in the main and
auxiliary engines. Table 1 presents the fuel
properties.
TABLE 1
Properties of the ultra-low sulfur diesel fuel
Fuel Property
Density, kg/m3
831.1
Water content, mg/kg
48
Sulfur, mg/kg
4.4
Cetan Index
58.6

FIGURE 1
Experimental set-up

FIGURE 2
Exhaust temperatures and velocities for the
main engine
The emission sampling was performed in the
stacks of both main and auxiliary engines in the
engine room at different engine loads. The
measurements were done in accord with the IMO
MARPOL Annex VI. E2 test cycle for the main
engine and D2 test cyle for the auxiliary engine were
employed [15].
Figure 2 presents the experimental set-up,
schematically. The sampling port were placed after
the turbocharger. The shaft power, exhaust
temperature, exhaust humidity and differential
pressure were measured. Furthermore, the ambient

EXPERIMENTAL METHODOLOGY
The gaseous and particle emission measurements were carried out on a ferry sailing at Marmara
Sea. The ferry was built in 2000 with a tonnage of
1600 GRT and it is 81 m long. Therefore, it should
comply with the NOx emission limits, Tier I. She has
two four-stroke medium speed main engines, each
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pressure, temperature and humidity were also taken.
During the measurements, shaft power
measurement system was monitored continuously.
The engine brake power was measured on shaft by
fixing strain gauges for different loads. Reduction
gear losses were considered to be 5%.
The concentrations of NOx, SO2, CO, CO2 and
O2 were measured in raw exhaust gas using Horiba
PG-250 gas analyser at the engine loads of 25%, 50%
75%, and 100% for the main engine and at the engine
loads 10%, 25%, 50% and 75% for the auxiliary
engine. According to D2 test cycle used for the
auxiliary engine, the engine loads of 10%, 25%,
50%, 75% and 100% should be considered. During
the measurements, it was not possible to load the
auxiliary engine with 100% load. Therefore, the
measurements for 100% load are absent for the
auxiliary engine. Unburned HCs were measured by
Horiba Mexa 1170. The particles were collected only
for the main engine by using Tecora Isostack Basic
Equipment. Particle mass was collected by using 47
mm glass-micro fibre filters that was analyzed
gravimetrically, weighted before and after sampling
using a micro balance in the laboratory. The
sampling took around 30 minutes at nearly steady
state conditions ensuring isokinetic flow rate. During
the sampling, isokinetic deviation was around 10%
that was acceptable value regarding the ISO 9096
standard [24].
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ESTIMATION OF THE EMISSONS
The annual emissions of the ferry were
calculated by using bottom-up approach and the
methodology given in Refs. [14, 25 and 26]. The
ferry sails between Gebze and Yalova at Marmara
Sea in Turkey. A trip of the ferry consists of two
docking, two maneuvering and the cruising phases.
The voyage durations for each phases of the trip are
shown in Figure 3. As can be seen from the Figure
that the total duration of a trip is about 50 minutes.
Figure 3 also shows the measured shaft power for
each phases of the trip. Firstly, the emissions for the
docking, maneuvering and cruising phases of a trip
were calculated, and then they are summed to find
the total emissions for the trip.
The voyage numbers per month are given in Table 2. The ferry had a total of 8725 voyages or trips
in 2015. There are 18 similar ferries sailing at the
same route in this region. These information was
taken from the ferry company, Istanbul Sea Buses
Co., IDO. During the calculations, firstly, total emissions for the trip was multiplied with the voyage
numbers per month to obtain the monthly emissions
and then they are summed to obtain the annual emissions of the ferry. The annual emission calculations
were also carried out by using the emission factors
given in references [27, 28].
TABLE 2
The voyage numbers
Month
Voyage Number
January
646
February
575
March
710
April
714
May
748
June
720
July
833
August
835
September
763
October
751
November
717
December
713

FIGURE 3
The voyage durations for different phases of a
trip
The exhaust temperature and velocity
distributions at different loads are shown in Figure 3.
The temperarture and velocity values increases as the
engine load increases. The samples at different loads
were taken at the exhaust gas temperatures between
250°C and 350°C. The velocity values are between
about 10 m/s and 17 m/s for the engine loads
considered. The weighted emission factors for gas
pollutants and particulate matters were calculated
using the methodology given in IMO NOx Technical
Code [15].

RESULTS AND DISCUSSION
The measured emission factors of nitrogen oxides (NOx), sulfur dioxide (SO2), carbon dioxide
(CO2), carbon monoxide (CO), hydracorbons (HC)
and particulate matters (PM) for different loads are
presented in Figures 4-9 for the main engine. The
overall weighted emission factors are also showed in
these figures.
It can be seen from Figure 4 that the measured
NOx emission factors are between about 11.0 and
16.0 g/kWh. The emissions of NOx mainly depend
on the engine combustion temperature, so, the emission values of NOx increase with the engine load.
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However, NOx emissions are highest at 25% engine
load due to the lean mixture of air/fuel ratio [29]. The
overall weighted NOx emission factor is found to be
11.91 g/kWh which is just under the limit value
11.97 g/kWh set by the IMO regulations [15].

temperature, heat losses from combustion chamber
and etc. As can be seen from Figures 5-7, the overall
weighted emission factors for CO, CO2 and SO2 are
0.67 g/kWh, 611.14 g/kWh and 0.10 g/kWh,
respectively.

FIGURE 4
NOX emissions for the main engine

FIGURE 7
SO2 emissions for the main engine

FIGURE 8
HC emissions for the main engine

FIGURE 5
CO emissions for the main engine

FIGURE 6
CO2 emissions for the main engine

FIGURE 9
PM emissions for the main engine

CO emissions occur as a result of incomplete
combustion of fuel. Mostly they increase with engine
load due to the lack of oxygen. As seen from Figure
5, the highest value of CO emission is at the engine
load of 25%. This is due to the low temperatures in
the combustion chamber which affect the fuel
atomization [30]. The emissions of CO2 and SO2 are
related to fuel properties [8]. However, there are
some differences in the distributions of the emissions
with this behavior as seen from Figure 6 and 7. The
reason may be related to the performance of the
engine at partial loads which is worse due to cold
start up, inadequate atomization, low combustion

In general, the emissions of unburned HC occur
as a result of incomplete combustion of the
hydrocarbon fuel [31]. The results presented in
Figure 8 show that unburned HC emissions increase
at partial loads. The overall weighted emission factor
for the HC emission is obtained as 0.62 g/kWh.
Particulate matter emissions mostly depend on
sulfur content in the fuel [32, 33, 34]. In this study,
ultra-low sulfur diesel fuel is used. Therefore, the
particulate emissions are quite low as seen from
Figure 9. The overall weighted PM emission factor
is obtained as 0.079 g/kWh. As can be seen from
Figure 9, the highest PM emissions were observed at
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the 25% engine load. This may be due to the low
combustion efficiency that may influence the
particle formation.
The uncertainty analysis of the measurements
is carried out. The results show that the uncertainties
of the gaseous emission measurements are in the
range of 10-12%. The uncertainties in PM
measurements are less than 13%.
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highest emission factor is about 27.0 g/kWh and occurs at the engine load of 50%.
Figure 11 shows CO emission factors of the
auxiliary engine for different engine loads. The CO
emission factors decrease as the engine load increases. The highest value of CO emission is at the
engine load of 25%. This is as a result of the low
temperatures in the combustion chamber which affect the fuel atomization. In general, the CO emissions occur as a result of incomplete combustion of
fuel.

FIGURE 10
NOX emissions for the auxiliary engine
FIGURE 13
SO2 emissions for the auxiliary engine

FIGURE 11
CO emissions for the auxiliary engine
FIGURE 14
HC emissions for the auxiliary engine
In general, the emissions of CO2 and SO2 depends on the fuel properties. As seen from Figures
12 to 14, the CO2, SO2 and also HC emission factors
decrease with increasing engine load. The highest
values of emission factors occur at 10% engine load.
Since, the combustion performance of the engine at
partial loads is worse due to cold start up, inadequate
atomization, low combustion temperature, heat
losses from combustion chamber and etc.
The overall weighted NOx, SO2, CO, CO2 and
HC emission factors of the auxiliary engine are obtained as 21.07 g/kWh, 0.12 g/kWh, 1.4 g/kWh,
942.75 g/kWh, and 1.05 g/kWh, respectively (see,
Figures 10-14). Considering the operation profile of
the ferry, the more realistic weighted emission factors can be calculated by modifying the weighting
coefficients given for D2 test cycle from 0.1, 0.3, 0.3
and 0.3 to 0.3, 0.5, 0.15 and 0.05. In this case, the
overall weighted emission factors for NOx, SO2, CO,
CO2 and HC emissions are obtained as 13.01 g/kWh,
0.11 g/kWh, 2.19 g/kWh, 641.69 g/kWh and 1.31

FIGURE 12
CO2 emissions for the auxiliary engine
Figures 10-14 show the measured emission factors of the auxiliary engine for the engine loads of
10%, 25%, 50% and 75%. The overall weighted
emissions are also presented in these Figures.
As can be seen from Figure 10, the NOx emission factors for different loads are between 14 and 21
g/kWh. The emissions of NOx mainly depend on the
engine combustion temperature, so, the emission
values of NOx increase with the engine load. The
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g/kWh, respectively. Furthermore, the results show
that the overall weighted NOx emission value (13.01
g/kWh) for the auxiliary engine is about 25% higher
than the limit value (10.42 g/kWh) set by the IMO
regulations [15].
The SO2 and PM emissions both for the main
and auxiliary engines are found to be quite low. This
indicates that the sustainability of the maritime
transport may be improved by using the ultra-low
sulfur diesel fuel for the propulsion of the ships.

Fresenius Environmental Bulletin

the CO and HC emissions are respectively, 42% and
41% higher than the results obtained with available
emission factors. The annual CO2 emissions are
almost the same for both cases. On the other hand,
the annual SOx emissions are quite high for the
results obtained using the available emisson factors.
The reason for this, the emission factor from the
literature was for the fuel type with higher sulfur rate.
The results show that the emission factors in the
literature may give quite different emission values.
Therefore, they should be used with care in emission
inventory studies.

CONCLUSIONS
The effects of the ultra-low sulfur diesel fuel on
the emissions of a ferry are investigated,
experimentally. The NOx, SOx, CO, CO2, HC and
PM emissions from the main and auxiliary engines
are measured on-board ferry sailing at Marmara Sea.
The annual emissions of the ferry are estimated by
using experimental emission factors and bottom-up
approach. The overall weighted emission factors for
NOx, SOx, CO, CO2, HC and PM emissions from the
main engine of the ferry are obtained as 11.91
g/kWh, 0.10 g/kWh, 0.67 g/kWh, 611.14 g/kWh,
0.62 g/kWh and 0.079 g/kWh, respectively.
According to the results, the overall weighted NOx
emission value for the main engine is just under the
IMO limit value of 11.97 g/kWh. On the other hand,
the overall weighted NOx emission value of 13.01
g/kWh for the auxiliary engine is higher than the
limit value of 10.42 g/kWh. The SO2 and PM
emissions are obtained to be quite low. This is a
result of using ultra-low sulfur diesel fuel for the
engines. The results also indicate that the emissions
at partial loads have the highest values. Furthermore,
the uncertainty analysis are also carried out. The
uncertainties of the emission measurements are
obtained less than about 13%.
The monthly emissions of the ferry show that
the highest emission values are obtained for August
and for the summer season. This can be attributed
mainly to the high voyage numbers during the
summer season. The annual emissions of the ferry
were obtained as 100.7 tonnes of NOx, 0.8 tonnes of
SO2, 4709.8 tonnes of CO2, 6.8 tonnes of CO and 6.2
tonnes of HC. Comparisons between the annual
emissions of the ferry and the results obtained using
the available emission factors show that the
estimations of the annual emissions can be quite
different. Therefore, the emission factors for the
emission inventory studies should be chosen
carefully.
The study show that the emissions from ships
may have an important impact on the public health
and regional air quality in the Marmara Sea.
Considering the increasing shipping activity at the
Marmara sea, the ship emissions are becoming

FIGURE 15
The monthly emissions of the ferry

FIGURE 16
The comparison of the annual emissions
of the ferry
Figures 15 and 16 present the estimated
emissions of the ferry based on the experimental data
of the main engine. The monthly emissions of the
ferry for NOX, SO2, CO2, CO and HC are presented
in Figure 15. It can be seen that the highest emission
values are obtained for the month of August. It can
be said that the amount of emissions emitted from the
ferry is highest for the summer season. This can be
attributed mainly to the high voyage numbers during
the summer season.
Figure 16 compares the annual emissions of the
ferry obtained with the experimental emission
factors of this study and the emission factors from
the literature. The emissions of the ferry were
calculated for NOX, SO2, CO2, CO and HC emissions
and the results are annually, 100.7 tonnes of NOx,
0,8 tonnes of SO2, 4709.8 tonnes of CO2, 6.8 tonnes
of CO and 6.2 tonnes of HC. The annual CO2
emissions per gross tonnage of the ferry is obtained
as 2.95 tonnes/GT. According to the results
presented in Figure 16, the annual NOx emissions is
about 11 % higher than the results obtained using the
emission factors available in the literature. Similarly,
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& Sørgård, E. (2008). The environmental
impacts of increased international maritime
shipping±Past trends and future perspectives.
Proc.of the Global Forum on Transport and
Environment in a Globalising World, Guadalajara, Mexico, November.
[8] Entec (2002). Quantification of emissions from
ships associated with ship movements between
ports in the European Community. Report for
the European Commission. Entec UK Limited,
Northwich, Great Britain.
[9] Winebrake, J., Corbett, J., Green, E., Lauer, A.,
& Eyring, V. (2009). Mitigating the health
impacts of pollution from oceangoing shipping:
an assessment of low-sulfur fuel mandates.
Environmental Science & Technology, 43(13),
4776-4782.
[10] Peksen, D.Y., Alkan, G., Bayar, S., Yildiz, M.,
& Elmas, G. (2016). LNG As Ship Fuel For SOx
Emission Reduction Target In The Sea Of
Marmara. Fresen. Environ. Bull., 25(5), 14061419.
[11] Yau, P.S., Lee, S.C., Corbett, J.J., Wang, C.,
Cheng, Y., & Ho, K.F. (2012). Estimation of
exhaust emission from ocean-going vessels in
Hong Kong. Sci Total Environ, 431, 299-306.
[12] Adamo, F., Andria, G., Cavone, G., De Capua,
C., Lanzolla, A.M.L., Morello, R., &
Spadavecchia, M. (2014). Estimation of ship
emissions in the port of Taranto. Measurement,
47, 982-988.
[13] Bilgili, L., & Celebi, U.B. (2015). Emission
Estimation Of Cargo Ships According To Ship
Main Dimensions And Annual Emisson
Footprint Calculation. Fresen. Environ. Bull.,
24(3b), 1054-1062.
[14] Ergin, S. (2011). Controlling of Ship-Source Air
Pollution, Final Report, Supported by Turkish
Ministry of Environment and Urban Planning.
[15] IMO (2009). Revised MARPOL Annex VI:
Regulations for the Prevention of Air Pollution
from Ships and NOx Technical Code 2008:
International Maritime Organization.
[16] Viana, M., Hammingh, P., Colette, A., Querol,
X., Degraeuwe, B., Vlieger, I. d., & Van
Aardenne, J. (2014). Impact of maritime
transport emissions on coastal air quality in
Europe. Atmospheric Environment, 90, 96-105.
[17] Kesgin, U. and Vardar, N. (2001). A study on
exhaust gas emissions from ships in Turkish
Straits. Atmospheric Environment, 35(10),
1863-1870.
[18] Deniz, C. DQG 'XUPXúR÷OX <  
Estimating shipping emissions in the region of
the Sea of Marmara, Turkey. Science of the total
environment, 390(1), 255-261.
[19] Winnes, H., & Fridell, E. (2009). Particle
emissions from ships: Dependence on fuel type.
Journal of the Air & Waste Management
Association, 59(12), 1391-1398.

dominant source of air pollution and the ship
emissions should be reduced. Therefore,
experimental studies on emissions are beneficial to
foresee and reduce the impacts of ship emissions on
the regional and global air quality.
The SO2 and PM emissions both for the main
and auxiliary engines are substantially reduced by
using the ultra-low sulfur diesel fuel. Therefore, the
sustainability of the maritime transport can be improved by using the ultra-low sulfur diesel fuel for
the propulsion of ships.
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NATURAL ANTIOXIDANTS OF HUMIC AND FULVIC ACIDS
AGAINST OXIDATIVE STRESS INDUCED BY
HYDROGEN PEROXIDE: IN-VIVO STUDIES
Abd El-Moneim M R Afify*, Osama K Konswa
Department of Biochemistry, Faculty of Agriculture, Cairo University, p.12613, Gamma St., Giza, Cairo, Egypt

for the increasing attention devoted to humic acids
can be explain by their antiviral, anti-inflammatory
and estrogenic activities [7]. The potential of humic
substances to form chelate complexes with heavy
metals (such as cadmium) enable them to be used for
the elimination of heavy metals from living organisms [8].
To prevent the damage caused by reactive oxygen specie, tissues had developed an antioxidant defense system that includes nonezymatic antioxidants
(e.g., glutathione, uric acid, bilirubin and vitamins C
and E) and enzymatic activities such as superoxide
dismutase, catalase and glutathione peroxidase [910].
Therefore, the objective of this work was to
±
evaluate, in vivo superoxide ion (O2 ), hydrogen
peroxide (H2O2), scavenging capacity by humic acid
and Fulvic acid against oxidative damage by administrated hydrogen peroxide to rats which affects prokaryotic growth and hydrolysis of specific components of the organic matter [12].

ABSTRACT
Fulvic acid (FA) and humic acid (HA) are
formed through the degradation of organic substances by chemical and biological process. Fulvic
acids and humic acid has been found to possess the
highest activity as antioxidant scavenging. Treatments of humic acid at different concentrations with
10,50 ,100 and 150 mg/ Kg showed a significant differences in kidney function and liver function. The
results exhibited a significant concentration-dependent manner of free radical scavenging activity as well
as significant reduction of MDA level. The lowest
lipid peroxidation has been reported with 150 mg/kg
B.W. Humic acid and fulvic acid showed a significant decrease in the enzymes activity of glutathione
peroxidase and superoxide dismutase indicating
their direct protective effects against induced hydrogen peroxide. The antioxidant properties of the FA
and HA partially support the health beneficial to enhance certain aspects of plant growth or mixed with
fertilizers/chemicals.

MATERIALS AND METHODS

KEYWORDS:
Fulvic acid, Humic acids, In vivo antioxidant scavenging
capacity, kidney function, liver function.

Extraction and purification of humic and
fulvic acids. (1) Extraction of humic substances.
Extraction of humic acids was run according to the
method described by [13] as follows: compost sample (25 gm) was taken and shaken with 500 ml of
dispersion agent 0.5 N NaOH solution. The freshly
prepared solution suspensions were left overnight
and centrifuged and hence the supernatant contain
humic and fulvic acids.

INTRODUCTION
Humic substances are structurally complex
large to macromolecules which occur in soils and
natural waters as a consequence of the breakdown of
plant and animal residues by microbial activity [1].
Oxidative stress occurs when pro-oxidant forces
such as hydrogen peroxide oxygen radicals are believed to be a primary factor in various degenerative
diseases, [2]. Some important antioxidant enzymes
such as superoxide dismutase, catalase, glutathione
peroxidase and glutathione reductase (GR) are involved in the reaction mechanism and work as antioxidants [3]. Humic acid is ubiquitous in the environment and has been found to influence physiological functions of aquatic organisms [4] as well as in
soil [5]. The application fulvic acids as antioxidant
substance has been described [6]. The main reason

(2) Sepration of fulvic acid. The method described by [14] was followed for isolating and purifying humic acid. The extract of organic substances
with alkali solution was adjusted first to pH 1.0 with
H2SO4 conc. Then, it was allowed to stand 24 h to
precipitate the humic acids. The supernatant contains
the fulvic acids. The fulvic acid was then separated
from the humic acid by centrifugation at 6000 rpm
for 20 minutes. The supernatant contains the fulvic
acid and the precipitate is identified as the humic
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The following scheme shows the separation of
humic and fulvic were as flows (Scheme 1, 2, nd3):

fraction of humus. The solution of fulvic acid passing through activated charcoal followed by elution
of the charcoal. The solution was concentrated to
small value by placing it inside an oven with a fan
and left at room temperature. The concentrated solution was transferred to the membrane filter and electro dialyzed until the dialysate was free from chloride.

natural compost

Extraction with NaOH 0.5 N
Overnight , Centrifugation

(3) Purification of Humic acid. The humic
acid precipitate was washed several times with cold
0.05 N H2SO4 until the filtrate was colorless. The humic acid was re-dissolved in a small amount of 0.05
N NaOH solution, and then was transferred to a
membrane filter. It was precipitated again by acidification to pH 1.0. The humic acid was transferred to
cellophane bags and dialyzed against distilled water
until the test for chloride in the distilled water outside the bags was negative [15] then humic acid was
air-dried)
In order to reduce the ash content of the purified humic acid and to increase its purity, 10 g of the
air dried humic acid were shaked with 100 ml of
Khan's mixture (0.5 ml Conc. HCl + 0.5 ml HF 48%
and 99 ml of H2O) at room temperature for 42 hr after shaking, the acid mixture was centrifuged, the supernatant was removed, and the humic acid gel was
dialyzed against distilled water until became Cl- free.
The precipitated humic acids gel was transferred to
petri dishes and dried at room temperature (scrme 2,

Supernatant

Residue

Humic + Vulvic acid

Acidification
H2SO4, pH 1.0
24 h + Centrifugation

Residue
Humic

Supernatant
Vulvic

SCHEME 1
The separation of humic and fulvic

Structure of humic and vulvic acids are as follows:

SCHEME 2
Humic acid structure

SCHEME 3
Fulvic acid structure
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into 9 groups (eight rats/ group). The first group represented the negative control, was administered 5%
dimethylsulphoxide (DMSO). Groups two, three,
four and five were treated with different concentrations of humic acid (10, 50 ,100 and 150 mg/Kg body
weight). Groups six, seven, eight and nine were
treated with analogous concentrations of fulvic acid.
After four weeks rats were decapitated, samples
were taken from various groups and prepared according to each method.

Hydrogen peroxide and superoxide radical
Scavenging Activity. (1) Assay of superoxide radical scavenging activity. Superoxide radical scavenging activity was carried out according to [16]
based on the inhibition of formazan formation. Each
3ml reaction mixture contained 50 mM sodium
phosphate buffer (pH 7.6), 20 mg riboflavin, and
12mM EDTA, and 0.1 mg Nirobluetetrzolium
(NBT) and 1ml sample solution. Reaction was
started by illuminating the reaction mixture with different concentrations of sample extract (10,50,100
amd 150 μg/ml) for 90 s. Immediately after illumination, the absorbance was measured at 590 nm. The
entire reaction assembly was enclosed in a box lined
with aluminum foil. Identical tubes with reaction
mixture were kept in the dark and served as blanks.
The percentage inhibition of superoxide anion generation was calculated using the following formula:

(1) Blood urea. It was estimated by the enzymatic method as described by [18].
(2) Serum creatinine. It was determined according to the method described by Faulkner and
King (1976) [18].
(3) Determination of aspartate transaminase
(AST) and alanine transaminase (ALT). Aspartate
transaminase (AST) and alanine transaminase (ALT)
were estimated according to the method described by
[20].

where A0 is the absorbance of the control, and A1 is
the absorbance of the samples/standard.
(2) Determination of H2O2 scavenging capacity. The ability of humic and fulvic acids extracts
to scavenge hydrogen peroxide was determined according to the method of [17].

In-vivo estimation of antioxidant enzymes
activity. Sprague - Dawley male rats (125-175 g)
were divided into 11 groups (eight rats/ group). The
first group represented the negative control, was administered 5% dimethylsulphoxide (DMSO). The
second group, the positive control, was administered
an oral dose of H2O2 + 5 % DMSO to induce oxidative damage. The single dose/week was 2 mL/Kg
body weight. Groups three, four, five and six were
treated with different concentrations of humic acid
(10, 50, 100 and 150 mg/ Kg body weight). Groups
seven, eight, nine and ten were treated with analogous concentrations of fulvic acid. Group eleven received an oral dose of Ascorbic acid 10 mg/ Kg body
weight + 5% DMSO. After four weeks rats were decapitated, samples were taken from various groups
and prepared according to each method.

In vivo Biological evaluation of humic acid
and vulvic acid. Rats Wistar used in this study were
procured from the animal house olony at the National Research Centre (NRC), Egypt. All animals
were housed under standard conditions of natural 12
h light and dark cycle with free access to food and
water. All animal procedures were performed after
approval from the Ethics Committee of The National
Research Centre- Egypt and in accordance with the
recommendations of the proper care and use of laboratory animals male rats (125-175 g) were divided

TABLE 1
Superoxide Radical Scavenging Activity expressed as % inhibition.
Compound number
Ascorbic acid
Humic acid
Vulvic acid

10 (μg/ml)
64.82
28.05
32.51

Superoxide scavenging activity 100 %
50 (μg/ml)
100 (μg/ml)
90.73
99.74
36.77
60.01
42.91
67.89

150 (μg/ml)
100
67.12
79.00

TABLE 2
Hydrogen peroxide scavenging activity expressed as % inhibition.
Compound number
Ascorbic acid
Humic acid
Vulvic acid

10 (μg/ml)
49.23
23.41
25.07

Hydrogen peroxide scavenging activity 100 %
50 (μg/ml)
100 (μg/ml)
70.41
80.32
29.47
51.66
33.51
57.39
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150 (μg/ml)
91.54
56.70
67.22
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FIGURE 1
Humic and vulvic acid represent superoxide radical scavenging activity expressed as % inhibition
    
  
  

FIGURE 2
Humic and fulvic acid scavenge hydrogen peroxide expressed as % inhibition.

(1) Assay of Glutathione peroxidase (GPx)
activity. Glutathione peroxidase was estimated by
the method of [20].

RESULTS
In vivo antioxidant activity of humic and vulvic acids. The analysis of the fulvic acid and humic
acids displays a scavenging activity compared to
ascorbic acid reference compounds; although it was
less efficient (P<0.0001). Scavenging activity of humic and vulvic acids were increased by increasing
the concentration used in the experiments, by using
150 μg/ml for both compound. Superoxide scavenging activity represented by 79 and 76 for vulvic and
humic compared to ascorbic acid (100 %) Table 2,
Figure 1.

(2) Assay of SOD activity. The activity of
SOD was assayed by measuring its ability to inhibit
the photochemical reduction of NBT using the
method of [21].
(3) Lipid peroxidation assay (MDA contents).Fresh liver samples (200 mg) were homogenized in 2 ml of 0.1% (w/v) trichloroacetic acid
(TCA), followed by centrifugation at 12,000×g for
20 min. The supernatant (1 ml) obtained was mixed
with an equal volume of TCA (10%) containing
0.5% (w/v) TBA (or no TBA as the blank), and
heated at 95°C for 30 min, then cooled in ice. The
reaction product was centrifuged at 12,000×g for 15
min and the supernatant absorbance was measured at
400, 532 and 600 nm. The MDA equivalent was derived from the absorbance according to [22].

Hydrogen peroxide (H2O2) scavenging activity. The scavenging ability of various treatments
with hydrogen peroxide is shown in Table 4 and illustrated in Figure 2 and used ascorbic acid as standards. It is noticed that all treatments are capable of
scavenging hydrogen peroxide in an amount-dependent manner. The percentage of scavenging hydrogen peroxide is determined with 150 μg/ml of the
humic acid and fulvic acid represented the highest
scavenging activity expressed as % inhibition is as
follows: humic acid (56.70%) and vulvic acid (67.22
%) against ascorbic acid standard at the same concentration (91.54%) (Table 1).

Statistical analysis. The results were analysed
by an analysis of variance (P < 0.05) and the means
were separated by Duncan's multiple range test. The
results were processed by CoStat computer program
(1986).
(Fig 2)
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more potent protective activity at a dose of 150
mg/Kg.
The data also revealed a significant decrease in
MDA level upon treatment with different concentrations of humic acid and fulvic acid. The best result
was shown by Fulvic acid at a dose of 150 mg/Kg,
which may be attributed to its higher antioxidant activity compared to humic acid. The data represented
that, the humic acid and vulvic acid exhibited a significant concentration-dependent free radical scavenging activity as well as significant reduction of
MDA level. Furthermore, both compounds, humic
acid and fulvic acid, showed protective effect against
lipid peroxidation in hepatic microsomes. This effect
may be due to their inhibitory effect on inducible nitric oxide synthase and scavenging effect on peroxynitrite formation. The lowest MDA level was observed with compound fulvic acid at a dose of 150
mg/Kg b.w., Table 4 and Figure 4.

In vivo activity of antioxidant defense enzyme activities affected by administrated humic
acid and fulvic acid under hydrogen peroxide oxidative stress. Hydrogen peroxide-induced damage
of liver cells results in oxidative damage through
free-radical generation. In this work, the rats were
treated with a single oral dose of hydrogen peroxide
(2 ml/Kg body weight / week) to induce oxidative
stress and liver damage. Humic acid and fulvic acid
were evaluated for their protective effect against oxidative stress and induced liver damage in rats by estimating SOD, GPx activity as well as MDA levels.
The results shown in Table 4 and illustrated in Figure
3 and Figure 4 revealed that, the administrated humic
acid and fulvic acid showed a significant reduction
in both enzymes indicating their protective effects
against induced oxidative damage, via GPx and SOD
defense enzymes modulation. Fulvic acid exhibited

TABLE 3
Cytotoxicity effect of various concentrations of humic and fulvic acids on urea, creatinine and AST and
ALT in rats
Compounds

Fulvic acid

Humic acid

Concentration
mg/kg
10
50
100
150
10
50
100
150

Control negative
LSD0.05

Urea
mg/dl
Mean ± SE
35.2d ± 0.88
39.2cd ±1.25
41.2bc ± 1.63
41.1bc ± 2.5
37.8cd ± 1.7
42.5abc ± 2.8
44.8ab ± 1.68
46.7a ±2.04
40.1bcd ±1.6
4.870

Creatinine
mg/dl
Mean ± SE
1.08d ± 0.03
1.16 cd ± 0.08
1.4 bcd ±0.08
1.59bc ±0.06
1.46 bcd ±0.18
1.57 bc±0.11
1.71ab ±0.14
2.1 a ±0.0.11
1.38 bcd± 0.28
0.4092

AST
U/ml
Mean ± SE
31.2d ± 1.3
32.1cd ±1.4
37.4abc ±2.3
40.6ab ±2.1
35.3bcd ±1.5
37.1abc ±1.2
40.4ab ± 1.8
41.4a ±1.63
36.2abcd ±1.9
5.132

ALT
U/ml
Mean ± SE
21.2d ±1.1
23.8cd ± 1.6
22.9cd ± 2.0
29.4ab ± 1
22.4cd ±1
25.6bcd ±1
27.2abc ±1
31a ±1.1
26.4abc± 1
4.332

Each value represents the mean ± SE (Standard Error) and mean of three replicates; Values in the same column
ZLWKWKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDW S
TABLE 4
The antioxidant activity of compounds fulvic acids and humic substances against MDA formation, SOD
and GPX in control and treated rats with H2O2 oxidative stress.

Compound

Concentration
(mg/kg)

Control (+)
Control (-)
Fulvic acid

Humic acid
Voltarine®
LSD0.05

10
50
100
150
10
50
100
150
10

SOD
u/ml
Mean ± SE
128.9a ± 31
35.77f ±2.8
116.4ab ±2
103.2abcd ±2
80.69cde ±1
70.97de ±2
104.1abc ±2
102.7abcd ±3
93.15bcd ±2
86.71bcd ±2
63.31ef ±3
29.097

The measured parameters
GPX
MDA
u/ml
nmol/ mg protein
Mean ± SE
Mean ± SE
5.69a ± 0.32
6.79a ± 0.3
2.59d ± 0.26
3.5de ± 0.13
5.27ab ± 0.21
4.89b ± 0.24
4.72bc ± 0.35
4.02cd ± 0.23
4.27c ± 0.2
3.88de ± 0.33
c
3.9 ± 0.18
3.27e ±0.16
5.2ab ± 0.15
5.08b ±0.07
4.7bc ± 0.25
4.65bc ±0.23
4.2c ± 0.29
3.99cd ±0.14
4.1c ± 0.12
3.82de ±0.13
d
3.01 ± 0.08
3.60de ±0.28
0.683
0.637

Each value represents the mean ± SE (Standard Error) and mean of three replicates; Values in the same column
ZLWKWKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDW S
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FIGURE 3
The modulating effect of administrated fulvic acids and humic substances on SOD activity under oxidative stress.

 


FIGURE 4
The modulating effect of administrated fulvic acids and humic substances on GPX activity and MDA
formation under oxidative stress.
cal and H2O2 into more reactive species, e.g., hydroxyl radical, has been thought to be one of the unfavorable effects caused by superoxide radicals [ 9].
The results data was in accordance with [ 26] who
found that, it has been known that phenolic hydroxyl
group is the main active group which scavenges OH
DQGIDYRU¶VWKHHQFDSVXODWLRQRIWKHSUR-oxidant iron
species, which generates OH through the Fenton reaction [26]. This suggests that the phenolic hydroxyl
group and metal-chelating ability by fulvic acid
could explain the ROS scavenging activity observed.
Low concentrations of humic Acid, such as 25
and 50 μg/ml, reveal no increase induced lipid peroxidation compared to control conditions (28-29].
Also, the data reflected that at high doses of humic
acid significantly affected the liver function and the
kidney function that is may be due to the toxicity
dose dependence of humic acid affecting the plasma
membrane integrity and toxicity. Nevertheless, [30]
reported that, the daily intake of humic acid by the
average resident in these areas has been estimated to
be as high as 400 mg. and has adversely affected the

Effect of humic acid and vulvic acid on kidney and liver functions. The data obtained from Table 3 revealed that, humic acid and fulvic acid were
tested for their possible effect on kidney and liver
functions to assess their safety in vivo investigation.
The results show that urea and creatinine levels as
kidney function did not shows any significant toxicity when using fulvic acid with concentration of
10,50 ,100 and 150 mg/ Kg compared to negative
control. On the other hand treatments of humic acid
of different concentration with 10,50 and 100 mg/
Kg show significantly differences in kidney function
Urea (mg/dl), Creatinine (mg/dl) and AST and ALT
(U/ml) enzyme activities of the liver by using 150
mg/ Kg b.w. (46.7, 2.1, 41.4 and 31) respectively.

DISCUSSION
Vulvic and humic act as an antioxidant like
other high molecular weight plant phenolics such as
tannins [22-25]. The conversion of superoxide radi-
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health of inhabitants. Radioisotope tracing with iodinated humic acid in rats indicated that up to 60%
of humic acid remained in the body 24 h after its administration. Humic acid disrupts intracellular calcium homeostasis and enhances the permeability of
cell membranes to extracellular Ca+2, resulting in
sustained elevation of cytosolic Ca +2/. These data
was in accordance with [31], who found that, the antioxidant properties of fulvic acid explain some of
the health beneficial effects of this compound since
the excessive production of O2±, HOCl, H2O2, OH,
ONOO± and O2 are involved in several pathologies.
In addition, humic acid and fulvic compounds were
able to prevent glutathione oxidation induced by
H2O2 [28]. These results clearly indicated that SOD
and GPx may play a role in the suppression of oxygen free radical formation in liver and kidney tissues
and may be connected to the H2O2-induced increase
in free radical generation or a decrease in amounts of
protecting enzymes against lipid peroxidation. The
decrease in SOD and GPx activity in the liver of
H2O2 treated samples may indirectly cause oxidative
DNA damage or mitochondrial damage in cells [32].
In accordance, the fulvic acids act as an antioxidant
like other high molecular weight plant phenolics
such as tannins. FA in vitro scavenged of O2± and
H2O2, in a concentration-dependent way. The presence of structural units O- functionalized, including
aromatic domains in fulvic acid, could explain their
tendency to form molecular aggregates (hydrogen
bridges, metal bridges and hydrophobic interactions)
[33]. Treatments with humic acids in saline soils
were associated with reduced soil electrical conductivity and reduced leakag as well as reducing potential as reported by double spraying with stimulator
[34].
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[2] Li, Z.H., Zlabek, V., Velisek, J., Grabic, R.,
Machova, J., Kolarova, J., Li, P. and Randak, T.
(2011) Acute toxicity of carbamazepine to juvenile rainbow trout (Oncorhynchus mykiss): Effects on antioxidant responses, hematological
parameters and hepatic EROD. Ecotoxicology
and Environmental Safety, 74, 319±327.
[3] Wang, C., Wang, Z., Peng, A., Hou, J. and Xin,
W. (1996) Interaction between fulvic acids of
different origins and active oxygen radicals. Sci.
China C. Life Sci., 39, 267-275.
[4] Andersson, C., Abrahamson, A., Brunstrom, B.
and Orberg, J. (2010) Impact of humic substances on EROD activity in gill and liver of
three-spined sticklebacks (Gasterosteus aculeatus). Chemosphere, 81, 156±160.
[5] Gajdo.ova, D., Novotna, K., Prosek, P. and Havel, J. (2003)Separation and characterization of
humic acidsfrom Antarctica by capillary electrophoresis andmatrix-assisted laser desorption
ionization time of-flight mass spectrometry inclusion complexes of humic acids with cyclodextrins.J. Chromatogr. A., 1014, 117-127.
[6] Ueda, J., Ikota, N., Shinozuka, T. and Yamaguchi, T. (2004) Reactive oxygen species scavenging ability of a new compound derived from
weathered coal. Spectrochim. Acta A. Mol. Biomol. Spectrosc., 60, 2487- 2492.
[7] Yamada, E., Ozaki, T. and Kimura, M. (1998)
Determination and behavior of humic substances as precursorsof trihalomethane in environmental water. Anal.Sci., 14, 327-332.
[8] Klocking, R. (1992) Humic substances in the
globalenvironment and implications in human
health.Monopoli, p. 129.
[9] Halliwell, B. (2001) Role of Free Radicals in the
Neurodegenerative Diseases: Therapeutic Implications for Antioxidant Treatment.Drugs Aging, 18, 685.
[10] Afify, A.E.M.M.R. Farahat, A.A., Al-Sayed,
A.A., Mahfoud, N.A.M. (2014b) Antioxidant
enzymes as well as oxidant activities involved
in defense mechanisms against the root-knot,
reniform and citrus nematodes in their host
plants. International Journal of Biotechnology
and Food Science, 2(6), 102-111.
[11] Stevenson F.J. (1982) Humus chemistry genesis, composition, reactions. 2nd Edition. F. J.
Stevenson. ISBN: 978-0-471-59474-1 .
[12] Kononova, M.M. (1966) Soil Organic Matter.
Pergmon Press, Oxford, London, Edinburgh,
New York, 544 p.
[13] Chen, Y., Senesi, N. and Schnitzer, M. (1978)
Chemical and physical characteristics of humic
and fulvic acids extracted from soil of the Mediterranean region. Geoderma, 20(2), 87-104
[14] Beauchamp, C. and Fridovich, I. (1971) Superoxide dismutase: Improved assays and an assay
applicable to acrylamide gels. Anal. Biochem.
Review, 44: 276-287.

CONCLUSION
The antioxidant properties of humic and vularic
acids explain some of the health beneficial effects
which increase immune system function since the
excessive production of free radicals are involved in
several pathologies. Moreover, they could be a good
candidate for use in pharmaceutical or food industries as an accessible source of natural antioxidants
and for the improvement of food quality by retarding
lipid oxidation. These substances may at times stimulate growth in both higher plants and soil microorganisms These compound could be applied directly
to the soil or as a foliar spray, by itself or mixed with
fertilizers/chemicals.
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this sense, Metronidazole (MTZ: 1-[2-hydroxyethyl]-2-methyl-5-nitroimidazole), which is a compound of 5-Nitroimidazole, is an agent likely to pose
a toxic effect. MTZ was accumulated in animals, fish
farm water, and effluents from meat industries. Waters and wastewater have approximately 1 ~ 10 ng/L
residual concentrations of MTZ. The toxic effects of
MTZ on aquatic organisms, such as algae and daphnids, in low mg/L concentrations were shown [4].
MTZ is nonbiodegradable and highly soluble in water; thus it can accumulate in the aquatic environment. Elimination of MTZ from water systems is an
important issue considering its toxicity, potential
mutagenicity and carcinogenity [5]. Genotoxic effects of MTZ in fish have been shown with Oreochromis niloticus, not just for the intestines but also
for other organs [6]. Clinically, biodegradation of
certain popular antibiotics, such as ciprofloxacin, ofloxacin, and MTZ, is known to be highly important
[7]. Moreover, It has been thought that MTZ continual entry into the environment may have significant,
long-term effects on the stability of ecosystems because MTZ and its metabolites possess mutagenic,
carcinogenic and toxic properties. For this reason,
the application of MTZ in food-producing species is
prohibited in developed countries. Measurement of
MTZ in water, sediment and fish tissue samples by
liquid chromatography-ion trap mass spectrometry
(LC-MS/MS) showed the highest concentrations in
water, sediment and tissue were 136.2 ng L(-1), 12.0
ng g(-1) and 1.5 ng g(-1), respectively [8].
Although MTZ is considered to be a rodent mutagenic and carcinogenous, it is a clinically important antibiotic used in the treatment of infections
caused by anaerobic bacteria and protozoa [9, 10].
Separately, MTZ is also said to have a negative effect on beneficial bacteria within a biofilter. The biological filtration in aquariums is the transformation
of nitrate into nitrogen gas, which is the final stage
of the nitrogen cycle, and this process is executed by
anaerobic bacteria. MTZ accumulation in water as
the result of not changing the aquarium water after
its usage inhibits the occurrence of nitrogen gas and
leads to nitrate accumulation. Nitrate taken in orally
is swallowed by being transformed into nitrite by the
bacteria in the mouth and then changed into Nitric
Oxide (NO) within the stomach [11]. It is reduced to

ABSTRACT
Metronidazole (MTZ) is commonly used as an
antibiotic for enterozoa; however, its side-effects
have not been fully characterized. In this study, the
toxic effect of a dose and time-dependent MTZ application on morphology of the intestinal tissue
of Oncorhynchus mykiss was examined.
Fish were exposed to 5, 10, and 20 mg/L of
MTZ in the aquariums for 2, 4 and 8 days. Samples
taken from the jejunum region of the small intestine
were for Gomori Trichrome, NOS and TUNEL.
A slight toxic effect that started with a dosage
of 5 mg/L for 2 days reached the maximum level
with a dosage of 20 mg/L for 8 days. Erosion, oedema, inflammation, disintegration in the epithelium, and necrosis were detected at the tips of the
villi. NOS staining had increased a great deal. Separately, a parallel TUNEL staining was monitored in
the process of NOS staining practices.
The toxic effect that increased in proportion to
the dosage and period had occurred due to oxidative
damage and that the cells had been induced to die
through apoptosis. It was thought that this toxic effect could be of significance because of food chain
and needed to be investigated by means of advanced
techniques.

KEYWORDS:
Metronidazole; Oxidative Stress; Cell Death; Fish; Intestine

INTRODUCTION
Toxic substances may distort animal physiology by causing stress in animals. These stress agents
may even lead to the death of a living organism by
affecting organs, tissues and cells. Fish are susceptible to acute and chronic environmental changes and
generate a classical stress response in this respect.
This stress response involves the changes in plasma
glucocorticoids and catecholamines. Environmental
changes may cause hypoxia, metabolic acidosis and
alkalosis, hypotension, and hypoglycaemia [1-3]. In
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Apoptosis in living cells is a cell death
mechanism that plays a role both in eliminating unwanted or unnecessary cells and in tissue homeostasis throughout the whole biological process. However, apoptosis is an essential biochemical mechanism for a healthy maintenance of vitality. The apoptosis mechanism in a cell is conducted in two ways.
One of these originates extracellularly and through
the tumour necrosis factor superfamily members and
their receptors, such as cell surface death receptors,
while the other is apoptosis originating intracellularly and is conducted through mitochondrial means
[26, 27]. Cell surface death receptors are the members of the transmembrane proteins belonging to the
Tumour Necrosis Factor Receptor (TNFR) superfamily. These receptors are found within the cysteine
rich domains recurring in extracellular regions.
Death receptors carry protein chains referred to as
³GHDWKGRPDLQV´LQWKHLQQHUSDUWRIWKHF\WRSODVP
Death domains, when ligandly bound to death
receptors, stimulate the apoptotic mechanism and
transmit the stimulus occurring extracellularly into
the intracellular region [28]. Oxidative stress in a living organism that occurs rather intensely and repeatedly exceeds the detoxification and endurance capacity of the trabecular meshwork cells, leading to
pathologies resulting in destruction of cytoskeleton
structures, decrease of viscousness/tenacity, as well
as cell losses and finally cell death [29]. Eventually,
loss of cell-matrix viscousness affects the cell cycle,
ceases growth and stimulates apoptosis.
The effects of MTZ practices on intestinal tissue are not clear because MTZ has not been studied
on healthy samples. The relationship between the
possible damage and the oxidative stress effect
mechanism has not been evaluated. In light of the
above mentioned information, the oxidative stress
occurring in healthy fish exposed to MTZ will be
evaluated according to the dosage, and the damagebased mechanisms will be associated in the way that
they involve apoptosis.

NO within the circulation system and in tissues, depending on hypoxia, anoxia and acidosis by being
transformed into nitrite that has a rather reactive and
toxic effect [12] rapidly within the gastrointestinal
system [13, 14].
NO is synthesized through L-Arginine, a semiessential amino acid catalysed by the NOS enzyme
[15]. NOS has three isoforms; neuronal NOS
(nNOS, NOS 1), inducible NOS (iNOS, NOS 2) and
endothelial NOS (eNOS, NOS 3). A Ca2+ /calmodulin-dependent enzyme, eNOS, is activated as the result of the temporary rise of the intracellular Ca 2+
concentration within physiological boundaries
through various stimulators and leads to NO synthesis in essential amounts. iNOS is functionally independent of Ca2+ and can generate a high amount of
NO. It is found particularly within smooth muscle
cells and macrophages, apart from endothelial cells
[2, 3, 16].
NO is a powerful molecule that plays a role
within the intracellular and intercellular messenger
system in every aspect of life [17]. It has two functional characteristics: (1) the antioxidant effect over
the detoxification of reactive oxygen metabolites,
and (2) exhibiting a free radical activity through the
formation of redox couples. NO forms NO2 and
ONOO- (peroxynitrite) by interacting with O2- and
forms ONOO- and a conjugated acid referred to as
ONOOH (peroxynitrose acid) by interacting with O2(superoxide anion). These formed molecules are the
compounds that are far more toxic than NO [18], and
they can modify the structural proteins through the
nitrozilation of the sulfhydryl groups in proteins [19,
20]. This phenomenon is the case considered among
the indirect effects of NO, ensuring a long-term effect. It has been shown that there is a relationship between both histologic and biochemistry parameters
on oxidative stress where there were alterations in
iNOS and eNOS staining similar to alterations in superoxide dismutase, catalase and malondialdehyde
levels [21].
Long periods of exposure of cells to nitric oxide
donors at high concentrations cause necrosis (cell
death) through necrotic and apoptotic mechanisms
[22]. Necrosis is often observed as cell swelling and
then decomposition in the plasma membrane. On the
other hand, in apoptosis, the cell membrane is strong.
The density of the nuclear chromatin increases,
while the DNA is enzymatically broken down and a
budding process occurs at the cell surface. Then,
phosphatidylserines come out into the open over the
cell membrane and are phagocytosed by cell macrophages [23]. Depending on the amount of S-nitrozilation occurring in the cell, apoptosis is either stimulated or inhibited [24, 25]. NO shows several effects, such as enhancing cytotoxicity and DNA damage under oxidative stress and affecting the enzymes
containing iron sulphide, impairing the mitochondrial respiration and thus triggering apoptosis.



MATERIALS AND METHODS
Oncorhynchus mykiss/Rainbow trout (O.
mykiss) is a species preferred in aquaculture due to
its characteristics, such as high adaptability and feed
conversion capability, ability to tolerate high water
temperatures (26oC) and the oxygen content dissolved at lower levels, as well as their egg capacity
through artificial methods along with their short incubation period and their resistance to diseases.
All experiments were conducted in accordance
with the animal research protocol of Ege University
Ethical Committee (2011-038).
The salmon/trout species, referred to as O.
mykiss, were purchased from the trout breeding
farms and brought to the laboratory with controlled
environmental conditions and were kept at 12-hour
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light and 12-hour dark photoperiods for 10 days in
glass aquariums (100x30x50 cm) containing stabilized tap water at a constant temperature of (19±2°C)
to allow for environmental adaptability. The fish
were separated into three groups: positive (cyclophosphamide (CP)-Baxter, Malta), negative (Serum
physiologic) and control application groups. The fish
of the application group were also separated into
three groups, each of which was respectively subjected to MTZ mixed into the aquarium water in the
form of 5, 10, and 20 mg/L for 2, 4 and 8 day durations. Next, a small intestine dissection was performed on the fish belonging to each group (n=10)
subjected to MTZ at different doses, and the tissue
samples were taken from the jejunum region.

method was applied to determine apoptotic
cells. After the sections taken onto the laminae with
lysine had been deparaffinized in the incubator of
Û& WKH SHOOXFLGLW\ SURFHVV ZLWK [\ORO ZDV SHU
formed. In the wake of practicing rehydration with
the decreasing alcohol series, the tissues were treated
with physiological saline solution. The tissues were
VXEVHTXHQWO\VXEMHFWHGWRWKHSURFHVVZLWKȝJPO
of proteinase K. Following the washing process
through PBS, the endogenous peroxidation was
blocked with 3% hydrogen peroxide. After 4% paraformaldehyde, the treatment with the equilibrium
buffer was performed. The sections then were subjected to incubation with TdT enzyme. In the wake
of the peroxidase practice of anti-dioxygen, DAB
staining was performed. Washing processes were
performed at intervals with PBS washing solution.
The background staining was performed by means of
0D\HU¶V+HPDWR[\OLQDQGWKHVHFWLRQVZHUHFORVHG
via Entellan. The preparations were examined under
a Leica (DM 4000B) bright field microscope, their
images taken via an Olympus (DP 71) camera at various magnifications, and then they were evaluated
for scoring in a digital environment [32].

Histological examination. The tissue samples
were taken and evaluated with a 10% of buffered
neutralized formalin for 24-48 hours. In the wake of
the dehydration process by means of alcohol, they
were made pellucid with xylol and then were embedded in paraffin, and then 5 Pm of sections were taken
from the tissues and were spread over the laminae
with lysine. Sections were stained with Gomori Trichrome (GT) [30] histochemistry and eNOS, iNOS
immunohistochemistry and TUNEL. The preparations were examined under a Leica (DM 4000B)
bright field microscope, and their images were taken
via an Olympus (DP 71) camera at various magnifications, and then they were evaluated for scoring in
a digital environment.

Statistical analysis. Immunohistochemical
staining was scored as 1: no or weak staining, 2:
moderate staining, 3: moderate-strong staining, 4:
strong staining and 5: very strong staining. The results were evaluated by using the mean+SD of oneway ANOVA statistical method and Graphpad program. The statistical significance was accepted as p
< 0.05 [32].

Immunohistochemical stains. In order to determine the oxidative damage immunohistochemically, eNOS (1:100 diluted, SCBT, sc-654, St. Louis,
USA) and iNOS (1:100 diluted, SCBT, sc-651, St.
Louis, USA) immunohistochemistry were applied.
After the sections were deparaffinized in the incubaWRUVDWÛ&WKHSHOOXFLGLW\SURFHVVZLth xylol was
performed. Next, rehydration through the decreasing
alcohol series was performed, and they were subsequently kept waiting in distilled water. 3% H2O2 was
applied to the sections with 0.5% of trypsin solution.
The sections were washed by means of phosphate
buffer solution (PBS) and were treated with the
blocking solution. The sections incubated with primary antibodies and washed through PBS were
stained with anti-hydrogen peroxidase secondary antibody. The sections washed through PBS once again
and then were stained with Diaminobenzidine tetrahydrochloride (DAB) to identify the visibility of the
immunohistochemical reaction. After background
staining was performed through Mayer¶s Hematoxylin, the sections washed with distilled water were
closed by means of the closure/mounting medium
[31].

RESULTS
Even at higher doses and during long periods of
time, there was no death or macroscopic pathology
observed in other organs. The small intestine that
constitutes a broad occlusion/absorption surface of
the gastrointestinal system is composed of 4 layers
as mucosa, sub-mucosa, muscular layer and serosa.
In GT staining, the small intestine mucosal epithelium in the control groups was of simple cylindrical epithelial structures, the boundaries of which
were prominent and comprised of microvillus at the
surfaces facing the lumen, as well as having almostbasal oval nuclei. The connective tissue cells showed
a GT positive reaction and the intraepithelial lymphocytes with small, oval and dark-coloured nucleus
were scattered amidst the epithelium. The lamina
propia mucosa was of a ligament structure, and GT
positivity was observed on the muscular part. The tunica muscularis covers a wide area, being circular internally and longitudinal externally (Figure 1 A).
Cell death in the form of necrosis, as well as dilations
and degradations, depending on the dosage and time
of the samples exposed to MTZ, were observed at

TUNEL. The TUNEL (Terminal deoxynucleotidyl transferase mediated dUTP nick end labeling)
(1:100 diluted, Millipore, S7101, Temecula, CA)
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the tips of the villi, which face the lumen. The degradation, on the other hand, was in the form of the
integration and breakdown of the villi at the tips and
then in the form of taking a smooth shape. Separately, there was dissociation in the epithelium, deterioration in the basal membrane and a decrease in the
sub-mucosal region along with the lamina propria.
There was a lymphocytic infiltration in the mucosal
epithelium and lamina propria. In all the regions,
there was a decrease in GT staining compared to the
control group (Figure 1 C-D). Among the villi, there
were viscosities/adherences in the microvilli (Figure
2, (+) Control). It was also observed in the positive
control group to which CP was applied, and some
damage similar to that of the control group was observed.
When the experimental groups were compared
with the negative control groups, it was determined
that the damage in question had started during the 5
mg/L of MTZ dosage for 2 days and that it came
close to the positive control group by increasing in
time and dosage. This damage occurred in the form
of a slight degeneration of the villi heading towards
necrosis, and the process had taken place by starting
from the cell infiltration in the submucosal layer towards the cell death in the muscular layer. GT staining was diminished in relation to the pathology (Figure 1). As the oxidative stress indicator/marker, there
was a basal staining in the controls in the eNOS

staining, which was more prominent in the
sub-epithelial and connective tissues (ligaments). It
was also observed in the muscular and connective
tissues in the inter-epithelial areas, in particular during the stainings that increased in every area in the
positive samples to which CP was applied. On the
other hand, MTZ groups had higher staining than the
control group but decreased staining according to CP
application in the form of increasing dosage. eNOS
staining diminished in the connective tissue, particularly in the necrotic regions at high doses (Figure
2).
As another marker/indicator of oxidative stress,
there was less basal staining in iNOS staining compared to that in eNOS staining. It also occurred in the
muscular and connective tissues, in particular during
the stainings that increased in every area in the positive samples to which CP was applied. In MTZ
groups, staining was higher than that of the control
group but decreased according to the CP application
in the form of increasing dosage. iNOS staining was
diminished in the connective tissue, particularly in
the necrotic regions at high doses. This staining was
denser in the muscular tissue when compared with
eNOS. With a lower dose of MTZ, eNOS was
stained more than iNOS (Figure 2). It was also found
in the control groups and was located up to the tips
of the villi in the TUNEL staining for apoptosis, one
of the

FIGURE 1
The effect of MTZ on the intestine depending on dose and time. E; cili columnar epitelium with cilia, v;
villus, S; submucosae, Æ; str. compactum, ¡; str. granulosum, n; necrosis of epithelia, Æ; defects of basal
part of epithelia. A: Control (-), B: Control (+), C: MTZ 5 mg/L days 2, D: MTZ 20 mg/L days 8. Staining:
*RPRULWULFKURPH %DUȝ 
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eNOS
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Control
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FIGURE 2
Immunocytochemistry of O. mykiss intestine after MTZ application. Histopathologic alterations due to
MTZ depending on dose and duration can be observed due to oxidative stress (NOS) and apoptotic cell
GHDWK 781(/  %DUȝ 

mechanisms of cell death. However, in the positive
samples to which CP was applied, TUNEL positivity
was less in the necrotic regions at the villus tips.
In MTZ practices, staining was higher than in
the control group but decreased according to the CP
application in the form of increase with dosage and
was also observed in the epithelium and connective
tissues. The TUNEL positive cells observed at the
bases of the villi but less in the epithelium were distributed heterogeneously. Villus bases at high doses
were compared to low doses, and more apoptotic
cells in the connective tissue were found as well
(Figure 2).
During the scoring performed for eNOS, iNOS
and TUNEL markers/indicators in the fish intestine
subjected to the effect of MTZ for 2 days, a similar
sham case at 5 mg doses was determined, where
quite a significant increase (p<0.001) at 10 and 20
mg doses similar to CP was also found. Similar results were also achieved on the 4th and 8th days (Figure 3, 4, 5).



FIGURE 3
Scoring of two days application of MTZ with
pathologic parameters. There were significant
(p<0,001 including eNOS: Sham vs CP, Sham vs
MTZ20, MTZ5 vs MTZ20; iNOS and TUNEL:
Sham vs CP, CP vs MTZ5, MTZ5 vs MTZ20) alterations due to dosage, between sham and CP
application controls.

5853

© by PSP

Volume 26 ± No. 10/2017 pages 5849-5857

Fresenius Environmental Bulletin


idative stress was shown. The increasing free
radicals were found to have driven a cell to death
through apoptosis.
NO is an important molecule that plays a role
within the intracellular and extracellular messenger
system that exits in all living organisms, extending
from bacteria to mammals. NO acts as a mediator in
the activation of cGMP synthesis over signal pathways, in the changes occurring in cytosolic Ca2+ concentration and in protein-kinase activation [20]. NO
has an anti-oxidant effect over the detoxification of
reactive oxygen metabolites, as well as free radical
activity with the formation of redox couples. When
cells are confronted with this medium, their response, depending on the dose and time period, is
death through either necrotic or apoptotic mechanisms [22]. In our study, we investigated the relationship between the damage that occurred in the intestines on which MTZ was applied and these mechanisms. It was determined that the damage had occurred through oxidative stress, whereas in the areas
where the damage was serious, the regions which
were necrotically moderate, the cells were determined to have died through apoptotic mechanisms.
While inflammation and erosion in damaged
intestines, particulary the epithelium, was monitored, integrations were observed at the tips of the
villi and vacuoles in the epithelium [35, 36]. Similar
forms of these findings detected through indomethacin were also observed via the MTZ practice. While
MTZ provides tissue health with an immunomodulator effect, some damage occurs along with the dosage increase. The oxidative stress and ROS level on
a basal level in intestines showed an antioxidant effect in normal doses in healthy rats. Such an effect,
however, was shown on a different level in the intestines during the MTZ administration, and oxidative
stress occurred.
In a study conducted previously, similar oxidative damage occurred in the intestines through the titanium dioxide nanoparticle (TiO2 NP) practice and
showed histopathological changes similar to those in
our study. In this sort of damage, the findings in the
intestines also indicate erosion in the villi, integration and mucosal vacuoles [37]. On the other hand,
in another study, when high doses of indomethacin
were used, an increasing toxic effect depending on
the dose and time period was also observed, in addition to which this toxic effect was said to be likely to
occur in mammals as well [38]. In this sense, the
findings in our study also seem to be significant for
mammals.
One of the findings obtained in fish intestines
with the toxic effect is related to cells using apoptotic
mechanisms. The moderate reaction in the cell injury
due to oxidative stress is apoptosis, and in a former
study, apoptotic cells were encountered in the intestines that underwent gastroenteritis, along with the
findings determined in our study [39]. More promi-

FIGURE 4
Scoring of four days application of MTZ with
pathologic parameters. There were significant
(p<0,01 including eNOS and iNOS: Sham vs CP,
Sham vs MTZ20, CP vs MTZ5; p<0,05 including
TUNEL: Sham vs CP, CP vs MTZ5) alterations
due to dosage, between sham and CP application
controls.

FIGURE 5
Scoring of eight days application of MTZ with
pathologic parameters. There were significant
(p<0,01 including eNOS and iNOS: Sham vs CP,
Sham vs MTZ20, CP vs MTZ5; TUNEL: Sham
vs CP, Sham vs MTZ20) alterations due to dosage, between sham and CP application controls.

DISCUSSION
The agents used for therapeutic purposes are
potentially harmful. It is reported that the increasing
nitrate rate has a negative effect on aquatic organisms, such as infection, various physiological
stresses, stimulation of the immune system and tissue injury. Separately, nitrate is also reported to
cause the development of renal failure and the failure
in the oxygen-carrying capacity within the bloodstream [3, 33, 34]. While the corticotrophin releasing
factor, cortisone and the secretion of ACTH increase
under acute stress conditions, it may also lead to the
secretion of reactive oxygen metabolites, such as cytokines, chemokines, growth factors, arachidonic
acid and nitric oxide, when the central immune system cell population is activated. In this study, the
toxic effects of MTZ used as an antibiotic was examined, and the presence of its association with the ox-
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nent in the epithelial cells, apoptotic cells were detected also in the Goblet cells and in the connective
tissue both in the former study and in ours.
In the previous study, several apoptotic figures
were found, such as vascular dilatation, ruptured enterocytes, mucosal desquamation, as well as cell
roundnesses--which are characteristic changes--eosinophilic cytoplasm, chromatin condensation and
apoptotic particles, which were also found in our
findings. Immunohistochemistry revealed that
caspase 3 was positive in these cells, the morphology
of which was identified above. In the previous study,
apoptotic cells in small quantities were also determined in the control groups [39]. That those necrotic
regions depended on high doses of antibiotics is different from what was observed in our study and
changes our interpretation of apoptosis. The TUNEL
staining we used as an indicator/marker was lower in
some regions, and this was attributed to the death of
cells through necrosis. Some results obtained from
chromaffin cells in culture are examples of cases
where necrosis is confused with apoptosis. In this
study, we showed that signals regarding cell death,
which originate from different sources, develop different forms of death. It was found that the free radicals caused apoptotic cell death through NOS activation, whereas the super oxide formation over peroxynitrite led to necrotic cell death. The major difference between these two types of cell death is ATP
due to mitochondrial activation, in other words, the
state of energy. However, what regulates this relationship is the effect dose and time period of the oxidative factor [40, 41]. A similar mechanism can also
be considered to occur in the intestinal tissue.
In conclusion, the damage inflicted by MTZ application on the intestinal tissue and the extent of this
phenomenon are presented. These results are becoming quite important in terms of human and environmental health, which are important issues for the
quality of life and economic benefit of the public.
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precipitation in Europe has been analyzed using a series of annual areal precipitation sums described in a
different study [4].
Trend within a 64 year period (1929-1993) of
rainfall at 96 stations was examined in Turkey [5].
The overall result indicated that the trend in precipitation is a downward one, nonetheless, there are few
stations that showed increasing trend. Annual extreme precipitation for short duration rainfalls
(SDR), which ranges from 5 to 60 minutes, was studied using the Adana city station and Black Sea Region of Turkey in order to find possible trends [6, 7].
This study, determined the trend of the annual
total rainfalls by using Mann-Kendall test and SpearPDQ¶VUKRWHVWZKLFKDUHQRQSDUDPHWULFPHWKRGVDQG
WKHWUHQGVORSHVZHUHGHWHUPLQHGE\XVLQJWKH6HQ¶V
slope test, with the data that was obtained from the
precipitation stations in Eastern Anatolia Region.

ABSTRACT
In this study, a possible trend that may be occurring is being investigated, and the trend being investigated is the total annual rainfalls fall in Eastern
Anatolia Region of Turkey. For this reason, MannKendall teVW 6SHDUPDQ¶V 5KR WHVW DQG 6HQ¶V VORSH
method was applied to total annual rainfall data collected from 38 rainfall observation stations.
According to the study results; there has been a
significant decrease in rainfall in 4 observation stations: Baskil, Dogansehir, Ercis and Sivrice, with
95% confidence level. There is a 10% significance
level, that Agin and Elazig have also seen decreasing
WUHQGVLQUDLQIDOO$FFRUGLQJWR6HQ¶VVORSHPHWKRG
there has been a a decrease observed in 28 stations,
also there has been no significant increase in rainfall
being observed in 10 other observation stations.
There is a general increasing trend in rainfall that
GRPLQDWHV(DVWHUQ$QDWROLD5HJLRQ¶VQRUthern parts,
while a decreasing trend is occurring in the southern
and western region. These results could be due to regional climate changes and are consistent with projections related to climate change phenomena.

MATERIALS AND METHODS
The study area and data. Turkey is located at
the eastern corner of southern Europe, and is one of
the five regions selected by the Intergovernmental
Panel on Climate Change (IPCC) for rainfall and environmental studies. Eastern Anatolia Region, is the
roof of Turkey, and is the highest and most rugged
region of Turkey and it has a triangular shape. The
region contains 21% of the land mass of Turkey, is
163.000 km², and the widest region among the 7 geographical regions in Turkey. In the Eastern region
of Anatolia, the elevation of the mountains exceeds
2500-3000 m. Coldest temperatures range from 30°C to -38°C and are usually observed in the mountainous area of the east, and snow may lie on the
ground 120 days of the year.
In order to analyze the trend in rainfall in the
Eastern Anatolia Region, total annual rainfall records from 38 stations operated by Turkish State Meteorological Service (TSMS) were used in this study.
Further, the data collected from the 38 precipitation
stations, is between the years 1960 and 2013 in order
to try and find possible trends. Keban Precipitation
Station and Baskale Precipitation Station draw the
most attention, of the 38 precipitation stations being

KEYWORDS:
Eastern Anatolia Region; Trend analysis, Mann±Kendall
WHVW6SHDUPDQ¶VUKRWHVW6HQ¶VVORSHPHWhod

INTRODUCTION
Knowledge of trends and variations in current
and historical hydro-climatological variables has become pertinent to the future development and sustainable management of water resources in a given
region especially within the context of global warming, water and energy cycles and the increasing demand for water due to population and economic
growth [1, 2, 3]. Rainfall, is one of indicators of climate change, and a principal element of the hydrological cycle. Being able to detect trends in precipitation time series yields important information when
it comes to understanding the climate.
Many researchers have analyzed variability and
trends in rainfall across the world. Fluctuations of
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that changes randomly over time, researching a continuous decreasing or increasing inclination requires
the use of specific methods [8].

considered because they are 808 and 2286 meters
above the sea level respectivily. In the Figure 1, the
station numbers of the 38 stations being used for
evaluation in this study is shown, and the data being
used is shown in Table 1.

Mann ± Kendall test. Mann-Kendall test is a
statistical testing method that is commonly used in
defining the trend of the time series in hydrology and
climatology fields and it is recommended by the
World Meteorological Organization (WMO). MannKendall test has been used to determine trend analysis in several studies. The Mann-Kendall statistic S
is given as:

Methods. Since the rainfall trend analysis is
based on long-term examination, obtaining data on a
monthly or a seasonal basis will not affect the result
of the analysis. The trend can be linear or curvilinear.
However, the most significant characteristic to look
for in the rainfall trend is that it is consistent with
both conditions.
It can be discovered using statistical tests
whether a considerable decrease or an increment
(trend) increase has occurred in the measured values
over the course of time. Since the hydrological magnitudes (precipitation, flow) have a characteristic

n 1

S

n

¦ ¦ sgn( x
k 1 j k 1

FIGURE 1
Map of rainfall
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TABLE 1
Station locations and record duration (listed in alphabetical)

Stations
Agin
Agri
Arapgir
Baskil
Baskale
Bingol
Bitlis
Cemisgezek
Dogansehir
DogXEH\D]ÕW
Elazig
Ercis
Erzincan
Erzurum
Genc
Gevas
Hinis
Horasan
Igdir
Ispir
Karakocan
Keban
Maden
Malazgirt
Mazgirt
Muradiye
Mus
Oltu
Palu
Sarikamis
Sivrice
Solhan
Tatvan
Tercan
Tortum
Tunceli
Van
Varto

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

Positions
Latitude
(N)
38,94
39,73
39,04
38,57
38,04
38,88
38,47
39,05
38,09
39,55
38,64
39,02
39,75
39,95
38,73
38,29
39,37
40,04
39,92
40,48
38,94
38,79
38,23
39,13
39,02
38,99
38,75
40,55
38,69
40,33
38,45
38,96
38,50
39,78
40,30
39,10
38,47
39,17

Longitude
(E)
38,72
43,05
38,49
38,83
44,02
40,50
42,16
38,91
37,89
44,09
39,26
43,34
39,49
41,19
40,55
43,12
41,69
42,17
44,05
40,99
40,04
38,74
39,40
42,53
39,60
43,76
41,50
41,99
39,93
42,59
39,31
41,05
42,28
40,39
41,54
39,54
43,35
41,44

The application of trend test is done using a
time series xi that is ranked from L «Q-1 and xj,
which is ranked from M L«Q. Each of the data
point in xi is taken to be a reference point which is
compared to the rest of the data points xj so that,
where
 1 if T ! 0
°
(2)
sgn(T ) ® 0 if T 0
° 1 if T  0
¯
It has been documented that when Q  , the
statistic S is approximately normally distributed with
the mean.
E (S ) 0
The variance statistic is given as:

Z

Var ( S )

i 1

S !0
S

Record Duration
1979±2013 (35)
1960±2013 (54)
1964±2010 (47)
1979±2013 (35)
1964±2013 (50)
1963±2013 (51)
1965±2010 (46)
1969±2013 (45)
1965±2013 (49)
1963±2009 (47)
1960±2013 (54)
1965±2013 (49)
1960±2013 (54)
1960±2008 (49)
1980±2013 (34)
1982±2013 (32)
1964±2011 (48)
1969±2013 (45)
1960±2013 (54)
1965±2011 (47)
1980±2013 (34)
1963±2013 (51)
1980±2010 (31)
1963±2013 (51)
1982±2013 (32)
1964±2013 (50)
1964±2013 (50)
1966±2013 (48)
1966±2013 (48)
1963±2013 (51)
1979±2013 (35)
1965±2013 (49)
1965±2013 (49)
1964±2013 (50)
1963±2013 (51)
1964±2013 (50)
1960±2013 (54)
1977±2010 (34)

(4)

0

S 0

Z here follows a standard normal distribution.
A positive (negative) value of Z signifies an upward
(downward) trend. A significance level Į is also utilized for testing either an upward or downward monotone trend (a two-tailed test). If Z is greater than ZĮ
where Į depicts the significance level, then the trend
is considered to be significant.
6SHDUPDQ¶V5KRWHVW. A quick and simple test
LVWKH6SHDUPDQ¶VUDQNFRUUHODWLRQWHVWWRGHWHUPLQH
whether a correlation exists between two classifications of the same series of observations. In this test,
there is a significant trend only if the correlation between time steps and rainfall observations is found
to be significant. Account of the test statistic Z based
on rs was not presented here, since it can easily be
found in any statistical books.

q

n(n  1)(2n  5)¦ t p (t p  1)(2t p  5)

 S 1
° Var ( S ) ,
°
°
® 0,
° S 1
°
,
°̄ Var ( S )

Elevation
(m)
900
1646
1211
1300
2286
1177
1785
953
1223
1725
989
1678
1216
1758
1250
1694
1715
1540
856
1223
1090
808
1100
1540
1400
1706
1322
1312
869
2092
1240
1366
1687
1429
1576
981
1675
1510

(3)

18

The test statistics Z is computed as:
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TABLE 2
Station locations and record duration (listed in alphabetical)

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

Stations
Agin
Agri
Arapgir
Baskil
Baskale
Bingol
Bitlis
Cemisgezek
Dogansehir
Dogubeyazit
Elazig
Ercis
Erzincan
Erzurum
Genc
Gevas
Hinis
Horasan
Igdir
Ispir
Karakocan
Keban
Maden
Malazgirt
Mazgirt
Muradiye
Mus
Oltu
Palu
Sarikamis
Sivrice
Solhan
Tatvan
Tercan
Tortum
Tunceli
Van
Varto

Z
-1,704
-0,813
-1,174
-2,073
-0,435
-0,796
-1,042
0,538
-2,086
1,101
-1,895
-2,250
-0,254
0,086
-1,156
-0,892
0,364
0,655
0,962
1,229
0,000
-1,267
-1,360
0,244
-0,211
0,803
-0,435
0,693
-1,467
-0,211
-2,031
-0,233
-1,595
-0,368
-0,812
-1,121
0,358
0,000

Mann±Kendall
Į 
Ļ
Ļ
Ļ
Ļ
-

Į 
Ļ
Ļ
Ļ
Ļ
Ļ
Ļ
-

rs

(5)

Į 
Ļ
Ļ
Ļ
Ļ
Ļ
Ļ
-

6HQ¶V6ORSH
Q
-3,49
-0,78
-2,33
-3,58
-0,57
-1,36
-2,97
-0,82
-2,97
1,15
-1,66
-3,14
-0,24
0,05
-3,74
-2,70
0,54
0,71
0,67
1,21
-0,07
-1,48
-5,57
0,28
-1,11
1,11
-0,74
0,67
-2,17
-0,33
-4,48
-0,22
-3,61
-0,44
-0,88
-2,83
0,32
-0,05

Where n is the number of time periods. If N is
RGGWKHQ6HQ¶VHVWLPDWRULVFRPSXWHGE\
(9)
Qmedian Q( N 1)/2

For n>30, the distribution of rs will be normal,
so that the normal distribution tables can be used. In
this case, the test statistic rs is computed by
(6)
Z rs n  1

DQGLILVHYHQWKHQ6HQ¶VHVWLPDWRULVFRPSXWHGE\
(10)
Qmedian ª¬QN /2  Q( N 2)/2 º¼ / 2
The detected value of Qmedian is tested by a twosided test at the 100(1-Į FRQILGHQFHLQWHUYDODQG
true slope may be obtained by the non-parametric
test.

If Z ! ZD at a significance level of Į; then the
null hypothesis of no trend (in other words, values of
observations are identically distributed) is rejected.
6HQ¶V HVWLPDWRU RI VORSH If a linear trend is
present, the true slope (change per unit time) can be
estimated by using a simple non-parametric procedure. In computational procedures, the slope estimates of N pairs of data are first computed by
x j  xk
(7)
Qi

6SHDUPDQ¶V5KR
Į 
Ļ
Ļ
Ļ
Ļ
-

values of Qi LV6HQ¶VHVWLPDWRURIVORSH,IWKHUHLV
only one datum in each time period,
(8)
N n.(n  1) / 2

The test statistics rs is computed as:
ª n
º
1  6 « ¦ ( R( xi )  i) 2 » / (n3  n)
¬i 1
¼

Z
-1,717
-0,828
-1,305
-1,984
-0,539
-0,809
-0,965
-0,636
-2,216
1,061
-1,790
-2,158
-0,251
0,221
-0,984
-0,894
0,331
0,731
0,894
1,369
-0,189
-1,361
-1,500
0,171
-0,157
0,925
-0,516
0,652
-1,450
-0,171
-1,998
-0,381
-1,596
-0,334
-0,950
-1,200
0,244
-0,089

RESULTS AND DISCUSSION
In this trend analysis, the aim was to evaluate
the annual areal precipitation amounts using the date
from the stations. The annual areal precipitations of
each station has been analyzed with Mann-Kendall

jk

for L «1; where xj and xk are data values at times
j and k (j>k); respectively. The median of these N

5861

© by PSP

Volume 26 ± No. 10/2017 pages 5858-5864

WHVW6SHDUPDQ¶V5KRWHVWDQGWKH6HQ¶VLQFOLQDWLRQ
method and the results obtained are in Table 2 [9].
According to Mann±.HQGDOO DQG 6SHDUPDQ¶V
Rho trend analysis results; existence of significant
trend is observed at 4 of 38 rainfall observation stations those being Baskil, Dogansehir, Ercis and
Sivrice, annual total rainfalls is at 95% confidence
level. For 90% confidence level, the decreasing
trends were observed in Agin, Baskil, Dogansehir,
Elazig, Ercis and Sivrice rainfall observation stations, as shown in Figure 2.
The inclination of the trend in these stations becomes significant following the analysis if a considHUDEOHWUHQGH[LVWV7KH6HQ¶VLQFOLQDWLRQPHWKRGKDV

Fresenius Environmental Bulletin

been used in order to define the inclination of the
trend. As a result of the analyses carried out with
6HQ¶V LQFOLQDWLRQ method using the data obtained
from the 38 precipitation stations; it has been observed that the inclination was an increasing one at
10 precipitation stations and a decreases one at the
28 stations. It is showed that the increase occurred
generally in northern located stations of the Eastern
Anatolia Region. Trends in Baskil, Dogansehir, Ercis and Sivrice are shown in Figures 3-6 (for 95%
confidence level).

FIGURE 2
Results of Mann±.HQGDOODQG6SHDUPDQ¶V5KRWUHQGanalysis.

FIGURE 3
Trend analysis results for Baskil station.
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FIGURE 4
Trend analysis results for Dogansehir station

FIGURE 5
Trend analysis results for Ercis station

FIGURE 6
Trend analysis results for Sivrice station
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[3] Oguntunde, P.G., Abiodun, B.J., Lischeid, G.
(2011) Rainfall trends in Nigeria, 1901-2000.
Journal of Hydrology, 411, 207-218.
[4] Brazdil, R. (1992) Fluctuation of Atmospheric
Precipitation in Europe. GeoJournal, 27, 275291.
[5] Partal, T. and Kahya, E. (2006) Trend analysis
in Turkish precipitation data. Hydrol Process,
20, 2011-2026.
[6] Acar, R. and Senocak, S. (2008) Detection of
statistically significant trends in the short duration rainfalls (SDR) of Adana city. EGU General Assembly 2008: IS22-HS2.1 Session on
Climate, Water and Health, Vienna/Austria.
[7] Senocak, S., Acar, R. and Sengul, S. (2012) Annual extreme Short Duration Rainfall (SDR)
trends in Black Sea Region of Turkey. Fifth International Conference on Water Observation
and Information System for Decision Support
(BALWOIS 2012), Ohrid, Republic of Macedonia
[8] Helsel, D.R. and Hirsch, R.M. (1992) Statistical
methods in water resources. Elsevier Science
Ltd.
[9] Emek, M.F. (2014) Trend analysis of annual and
monthly rainfalls on Eastern Anatolia Region in
Turkey. Graduate School of Natural and Applied Sciences, Ataturk University.

CONCLUSIONS
In Eastern Anatolia Region, which is the widest
geographical region in Turkey, the precipitations
usually occur in form of snow and irregular rainfall,
which causes the flow regime to become irregular.
The precipitations being in the form of snow make it
an important factor in the rivers if they will flow rapidly in the spring or not. Moreover, the high elevations and the steep slopes of the region create a potential for hydroelectricity.
The highest precipitation with an average of
PPRFFXUVLQ%LWOLVDQGWKHORZHVWLQ,÷GÕU
with the average of 258,4 mm. In addition, the highest precipitation value was observed in Tunceli with
a total of 1992,8 mm in 1967, the lowest value was
observed in Igdir station with 114,5 mm in 1970.
When evaluated on average, between the years 1960
and 2013, the highest average yearly precipitation
occurred with an average of 796,6 mm is in 1967 and
the minimum precipitation with an average of 313,2
mm was in 2013.
According to Mann-Kendall trend analysis and
6SHDUPDQ¶V5KRWUHQGDQDO\VLVUHVXOWVH[LVWHQFHRI
the significant trend was observed at 4 of 38 units
rainfall Baskil, Dogansehir, Ercis and Sivrice, annual total rainfalls at 95% confidence level. For 90%
confidence level, decreasing significant trend was
observed at Agin, Baskil, Dogansehir, Elazig(UFLú
and Sivrice stations. According to the SHQ¶V VORSH
method a decreasing tendency occurred at 28 observation stations, also an increasing but not significant
tendency happened at 10 observation station is determined.
The stations which show an increasing inclination are generally located in the northern area of the
Eastern Anatolia Region. However, the increases in
these stations do not constitute a significant trend.
The results of the analyses performed by Mann.HQGDOOWHVWDQG6SHDUPDQ¶VUKRWHVWIRUWKHWRWDODQ
nual precipitations has shown that there has been significant decrease in the trend at the same stations,
with the confidence interval between 90% and 95%.
According to these results, the province of Elazig
and its surroundings is under risk, since it shows a
significant decreasing rainfall tendencies.
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AND FATTY ACID METHYL ESTERS (FAME) ANALYSIS OF
THERMOPHILIC BACTERIA
FROM HOT SPRINGS
Meral Yilmaz Cankilic1,*, Emine Celikoglu1, Umut Celikoglu2
2

1
Department of Biology, Faculty of Science, Anadolu University, Eskisehir, Turkey
Department of Chemistry, Faculty of Science, Anadolu University, Eskisehir, Turkey

activity when compared to microbial enzymes.
Therefore, microbial enzymes have great advantages
in terms of not creating unwanted side products, being more stable and cheaper. Protease constitutes
60% of commercial enzymes, and it is widely used
in the leather industry, food industry, pharmaceutical
industry and bioremediation processes. Amylase is
the other commercial enzyme responsible for the digestion of the starch used as food and food additives,
and it makes up 25% of commercial enzymes. Furthermore, starch is used as a substrate for ethanol
production. The importance of amylolytic enzyme
increases because ethanol is used as a starting material for fuel additives or chemicals [7]. Thermophilic
and hyperthermophilic enzymes are widely used in
the process of decomposition in the starch industry
[8]. The other enzyme, lipase converts ester via the
hydrolysis of fats and fatty acids. Lipases have specificity in terms of the chain length of the fatty acid,
the degree of saturation, the position of fatty acids
and the physical condition of the substrate [9]. Lipases isolated from various microorganisms including bacteria, fungi, yeasts, and actinomycetes are resistant to organic solvents [10, 11].
The lipid analysis is widely used both in ecologic and taxonomic studies. The species and types
of microorganisms can be determined by comparing
the diversity of fatty acid profiles, content, fatty acid
type and the amount of microorganisms with the microorganisms, of which fatty acids profiles have
been previously defined. For this purpose, previously created reference data are used [12-15]. However, there is also literature showing that these data
are not sufficient [16, 17].

ABSTRACT
Extremophilic enzymes can function with high
efficiency under extreme conditions. Thermophilic
bacteria constitute an important source in terms of
these extremophilic enzymes. The isolation and
identification of these bacteria and enzymes are very
important for industrial applications. Many methods
are used for the identification of microorganisms.
The Fatty Acid Methyl Esters (FAME) analysis that
enables the comparison of the methylated fatty esters
of microorganisms in addition to 16S rRNA-based
molecular identification also takes a significant
place in the taxonomy. In this study, we examined
the hydrolytic enzyme (protease, amylase, and lipase) production ability of our 65 thermophilic isolates, and the FAME analysis of some isolates was
performed. As a result of the study, 42 thermophilic
isolates exhibited a weak or strong protease, amylase
and lipase activity. However, 23 isolates showed no
activities for these enzymes when cultured on skim
milk, starch, and tributyrin agar. The fatty acid analysis data showed the presence of 35 different fatty
acids in 18 bacteria strains examined. 16:0 fatty acid
was found in all strains. As a result of the analyses
carried out based on the fatty acid profiles, it was determined that the bacteria strains were divided into
12 phenotypic groups, but these data did not match
the genotypic analysis results exactly.

KEYWORDS:
Hydrolytic Enzymes, FAME, Balikesir, Kutahya, Thermophilic

MATERIALS AND METHODS

INTRODUCTION

Thermophilic isolates. Thermophilic isolates
were obtained from Balikesir (Sindirgi, Gure, and
Havran) and Kutahya (Eynal) hot springs in February and August 2014. These isolates were identified
based on the 16S rRNA gene sequences [18].

The enzymes, such as amylase, protease, lipase, laccase, nuclease, and polymerase, obtained
from bacteria, actinomycetes, and fungi are used in
almost all areas of the industry, molecular studies
and bioremediation processes [1-6]. Plant or animalderived enzymes do not exhibit a very high catalytic
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TABLE 1
Protease, amylase, and lipase activity scores of thermophilic isolates
Isolates
S1 (Geobacillus thermoparaffinivorans)
S2 (Geobacillus thermoleovorans)
S5 (Geobacillus thermoparaffinivorans)
S6 (Geobacillus thermoleovorans)
SY2 (Geobacillus thermoparaffinivorans)
SY4 (Geobacillus thermoparaffinivorans)
G2 (Brevibacillus thermoruber)
G3 (Bacillus licheniformis)
G5 (Aneurinibacillus thermoaerophilus)
G8 (Bacillus licheniformis)
G9 (Bacillus licheniformis)
GY1 (Anoxybacillus sp.)
GY2 (Anoxybacillus sp.)
GY5 (Anoxybacillus sp.)
H3 (Anoxybacillus flavithermus)
H4 (Anoxybacillus flavithermus)
H5 (Anoxybacillus flavithermus)
H6 (Bacillus sp.)
H8 (Anoxybacillus flavithermus)
H10 (Anoxybacillus flavithermus)
H11 (Brevibacillus thermoruber)
H13 (Anoxybacillus flavithermus)
E2 (Geobacillus thermoleovorans)
E3 (Geobacillus thermoleovorans)
E4 (Geobacillus thermoleovorans)
E6 (Geobacillus kaustophilus)
EY2 (Bacillus sonorensis)
EY4 (Bacillus sonorensis)
EY5 (Bacillus sonorensis)
EY6 (Bacillus sonorensis)
EY7 (Bacillus sonorensis)
EY8 (Bacillus sonorensis)
EY9 (Bacillus sonorensi)
EY10 (Bacillus sonorensis)
EY12 (Bacillus licheniformis)
EY14 (Bacillus licheniformis)
EY15 (Geobacillus sp.)
EY16 (Bacillus licheniformis)
EY17 (Geobacillus sp.)
EY18 (Aeribacillus pallidus)
EY19 (Geobacillus thermoparaffinivorans)
EY21 (Bacillus licheniformis)

Protease Activity
+
+
+
++
+++
++
++
+++
++
++
++++
++++
+
++
+
+
++
+++
++
+++
+++
++
+
++++
++
+
-

Amylase Activity
++
+
++++
++
++
+
++++
++
++
++
++++
+
++
++
++++
+
++
++++
++
++
++++
+++
++
+++
++
+

Lipase Activity
+
+
++
+
+
++
+
-

-: No activity +: 0-10 mm ++: 10-20 mm +++: 20-35 mm ++++: >35 mm

FIGURE 1
Plate photograph of a) Protease positive isolate b) Amylase positive isolate c) Lipase positive isolate
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for 5 min [21]. Finally, the organic phase was transferred from the glass tube to a vial for the gas chromatography (GC) analysis using an Agilent Technologies 6890N gas liquid chromatograph with a
G2614A autosampler and a 6783 injector.

Screening of protease, amylase and lipase
activity of thermophilic isolates. For the screening
of protease, amylase and lipase activity, the isolates
were streaked on the Modified Basal Medium (MM)
that contained (per liter): 1 g glucose, 2.5 g yeast extract and 14 g agar±agar supplemented with 6.2 g/L
skim milk, [19, 20] modified starch and tributyrin
agar containing (per liter): starch/tributyrin 10.0;
peptone 5.0; yeast extract 5.0; 14 g agar±agar, respectively, and incubated at 55 °C for 24-48 h. To
observe the amylolytic activity*UDP¶VLRGLQHVROX
tion was added to the modified starch agar petri dish
following incubation. For each enzyme screening
method, a clear zone around the isolates indicated a
positive result, while no clear zone indicated a negative result. The zone diameter obtained was recorded
in mm.

RESULTS
Cultural identification. 65 pure thermophilic
bacteria were identified as genotypic-based according to the ARDRA (Amplified Ribosomal DNA Restriction Analyses) profiles and partial 16S rRNA
gene sequencing. As a result of the identification, it
was determined that the isolates obtained made up
20 different ARDRA profiles. Furthermore, it was
determined by the partial 16S rRNA gene sequencing that the isolates were the members of Geobacillus, Bacillus, Brevibacillus, Aneurinibacillus, Anoxybacillus, Aeribacillus species (Table 1) [18].

FAME (Fatty Acid Methyl Esters) Analysis.
The extraction and analysis of the fatty acid methyl
ester (FAME) profiles of thermophilic isolates were
performed according to the method described in the
PDQXIDFWXUHU¶V PDQXDO 6KHUORFN0LFURELDO,GHQWL
fication System version 4.0, MIDI, Inc., Newark,
DE, USA). Firstly, the isolates were grown on TSA
(Tryptic Soy Agar, SIGMA) at 55 °C for 24 h. Then,
for the extraction of whole lipids from the isolates,
40 mg of culture were transferred to a Teflon-lined,
screw-cap test tube and mixed with 1 ml of saponification solution containing 3.75 M NaOH in
MeOH:H2O (1:1). The test tubes were vortexed and
placed in a 100 °C water bath for 5 min, then, again
vortexed and placed in a 100 °C water bath for 25
min. Following the incubation period, the test tubes
were cooled immediately. Then, 2 ml of methylation
solution containing 6.00 M HCl:MeOH (1:0.85)
were added, vortexed and incubated in a water bath
for 10 min at 80 °C and immediately rinsed with cool
tap water. Afterwards, 1.25 ml of the extraction solution, which is hexane:methyl-tert butyl ether (1:1),
were added to the extract. In order to remove acidic
residual reagents, 3 ml of the washing solution containing 0.3 M NaOH were added and gently mixed

Protease, Amylase and Lipase Enzyme Profile Determination. According to the screening of
the protease, amylase and lipase enzymes of our
thermophilic bacteria, 42 thermophilic isolates exhibited a weak or strong protease, amylase, and lipase activity (Table 1; Figure 1). However, 23 isolates exhibited no activity for these enzymes when
cultured on skim milk, starch, and tributyrin agar.
The isolates labeled with EY10, H8, and H10
exhibited the highest protease activity (Figure 2).
These isolates were identified as Bacillus sonorensis
(EY10) and Anoxybacillus flavithermus (H8, H10)
(Table 1) [18].
Isolates labelled with EY2, G8, EY6 and EY12
exhibited the highest amylase activity (Figure 3) and
these isolates were identified as Bacillus sonorensis
(EY 2, EY6) and Bacillus licheniformis (G8, EY12)
(Table 1) [18]. Our isolates showed weak lipase activity (Figure 4). Isolate has the highest lipase activity was identified as Aeribacillus pallidus (EY18)
(Table 1) [18].

FIGURE 2
Protease activity of thermophilic isolates
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FIGURE 3
Amylase activity of thermophilic isolates

FIGURE 4
Lipase activity of thermophilic isolates
TABLE 2
Fatty acid concentration of the thermophilic isolates obtained from Sindirgi

Fatty Acid
14:0
14:0 ISO
15:0 ISO
15:0 ANTEISO
16:0
16:0 ISO
16:1 w7c
17:0 ISO
17:0 ANTEISO
18:0
18:1 w7c
19:0 CYCLO w8c

S2 isolate
10.63
50.67
7.37
10.18
15.52
5.63

Fatty Acid Concentration (%)
S5 isolate
10.92
47.60
7.90
9.27
17.56
6.75

FAME Analysis of Some Isolates. In this
study, the FAME analysis was applied to 18 thermophilic isolates. These isolates were selected according to their different ARDRA profiles [18]. The fatty
acid profiles of the isolates are presented in Tables
2-5.

SY5 isolate
0.59
37.02
27.51
3.30
3.43
14.47
13.02
0.67
-

The isolates were divided into 12 different phenotypic groups according to their fatty acid profiles
(Tables 2-5). 35 different fatty acids were determined to belong to all isolates. 16: 0 fatty acid was
present in all isolates. 15: 0 ISO, 15: ANTEISO 0,
16: 0 ISO, 17: 0 ISO and 17: 0 ANTEISO were common in most of them.

5868

© by PSP

Volume 26 ± No. 10/2017 pages 5865-5872

Fresenius Environmental Bulletin

TABLE 3
Fatty acid concentration of the thermophilic isolates obtained from Gure

Fatty Acid
10:0
12:0 ALDE
13:0 ISO
13:0 3OH
14:0
14:0 ISO
14:0 3OH
15:0 ISO
15:0 ANTEISO
16:0
16:0 ISO
16:1 ISO H
16:1 w5c
16:1 w7c
17:0
17:0 ISO
17:0 ANTEISO
17:1 ANTEISO A
ISO17:1w5c
ISO17:1w9c
18:0
18:0 3OH
18:1 2OH
18:1 w7c
19:0 CYCLO w8c
20:1 w7c
Unknown

G1
2.39
1.15
3.29
60.84
3.07
2.00
3.73
7.31
5.44
1.39
1.98
7.40
-

Fatty Acid Concentration (%)
G2
G5
G9
0.34
0.82
0.24
1.21
0.90
1.08
0.69
0.90
61.59
60.70
36.56
15.95
3.58
24.35
3.59
3.67
8.33
1.88
4.34
3.83
0.69
0.64
0.97
10.72
9.59
13.37
2.76
1.51
11.25
1.35
0.77
2.30
-

GY4
60.13
14.02
6.81
1.64
12.13
2.81
2.47
-

TABLE 4
Fatty acid concentration of the thermophilic isolates obtained from Havran

Fatty Acid
11:0 ISO
13:0 ISO
13:0 3OH
14:0
14:0 ISO
15:0 ISO
15:0 ANTEISO
16:0
16:0 ISO
16:1 ISO H
16:1 w5c
16:1 w7c
17:0 ISO
17:0 ANTEISO
17:1 ANTEISO A
17:1 ANTEISO B
ISO 17:1 w5c
ISO 17:1 w9c
18:0

H4
1.12
5.47
1.30
53.98
7.11
9.06
3.00
5.46
4.80
3.25
1.58
1.63
2.25

Fatty Acid Concentration (%)
H6
H7
0.43
0.43
1.57
1.06
0.98
31.23
67.13
26.24
3.29
13.54
3.65
3.41
3.07
0.47
0.50
0.70
10.39
7.36
11.65
1.13
7.48
0.75
3.54
-
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H13
0.98
1.44
0.56
55.16
3.91
11.10
2.84
0.97
10.06
1.89
6.89
0.92
3.27

© by PSP

Volume 26 ± No. 10/2017 pages 5865-5872

Fresenius Environmental Bulletin

TABLE 5
Fatty acid concentration of the thermophilic isolates obtained from Eynal

Fatty Acid
10:0
14:0
14:0 ISO
15:0 ISO
15:0 ANTEISO
16:0
16:0 ISO
16:1w7c alcohol
16:1 w11c
17:0 ISO
17:0 ANTEISO
17:1 ISO I
ISO 17:1 w10c
18:0
18:1 w9c

E4
31.83
26.29
5.53
4.62
16.79
14.94
-

E6
34.17
22.52
6.89
4.06
18.66
13.70
-

Fatty Acid Concentration (%)
EY5
EY12
EY18
0.25
3.43
0.77
36.23
38.81
19.50
27.39
30.00
8.77
8.18
3.82
14.29
3.72
3.50
10.88
1.44
6.09
12.87
12.89
8.56
11.61
10.98
21.40
1.38
2.02
0.90
0.32

EY21
0.60
37.62
24.47
3.58
4.22
16.61
12.30
0.61
-

from certain geothermal sources in Afyonkarahisar,
Denizli, Kütahya and Manisa provinces. The molecular diagnosis of 24 strains in total was performed
with the 16S rRNA sequence analysis as a few
strains with the highest protease, amylase and lipase
activity among the isolates and a strain for each not
producing these enzymes. Accordingly, the isolates
were defined at the species and type level as Geobacillus sp., Geobacillus kaustophilus, Geobacillus
thermoleovorans, Geobacillus lituanicus, Geobacillus stearothermophilus, Bacillus licheniformis,
Thermus sp., Thermus thermophilus, Anoxybacillus
flavithermus and Pseudoxanthomonas taiwanensis
[26].
As a result of the isolation study conducted in
42 different thermal sources in 6 provinces of Turkey, it was reported that 451 thermophilic bacilli
were isolated, and 67 of these isolates had a high amylase activity. As a result of the 16S rRNA sequence
analysis, it was determined that these isolates belonged to Geobacillus species [27].
The determination of a potential source for the
large-scale, cheap production of lipase, amylase and
protease enzymes, which have a great industrial importance, as a result of the enzymatic activity screening has become promising for future projects.
Furthermore, the FAME analyses of these isolates representing different ARDRA groups were
performed. It has been reported that thermophilic
bacteria have a high level of saturated fatty acids, to
keep membrane function stable at high temperatures
[28]. Upon comparing the fatty acid composition obtained, 70% of them were saturated. The greater
length of the carbon chain and branching fatty acids
increases the membrane stability and therefore
causes the higher boiling point of the lipid. Most of
our isolates have long and branching fatty acids, and
thus they can survive at high temperatures.

E4, E6, EY5, EY12, EY21, SY5, G2, G9 and
GY4 isolates had a more saturated fatty acid composition than the others.
11:0 ISO fatty acid was found only in the
isolate labeled with H7. Moreover, this isolate was
identified to be Aneurinibacillus according to the 16
S rRNA sequence analysis, and it had 67.13% of
15:0 ISO.
16:1 w7c alcohol, 16:1 w11c, 17:1 iso I, iso
17:1 w10c, and 18:1 w9c fatty acids were found only
in EY18 isolate. The majority of the fatty acids of
this isolate were composed of 15:0 ISO (% 19.50),
16:0 (% 14.29), 16:0 ISO (% 10.88), and 17:0 ANTEISO (% 21.40) fatty acids.

DISCUSSION
As a result of this study, the protease, amylase
and lipase enzyme production capacities of 65 thermophilic bacteria isolates obtained in the previous
study were investigated in the media containing a
suitable substrate. It was concluded that 42 isolates
produced amylase, protease or lipase enzymes, while
23 isolates could not produce any of these enzymes.
It was determined that the thermophilic isolates with
the capacity to produce these specified enzymes
were the members of Bacillus and Anoxybacillus
species.
Bacillus sp. bacteria are very important microorganisms for industrial applications. The types of
this species produce the enzymes and metabolites
that are widely used in many areas such as medicine,
pharmacology, and agriculture. There are numerous
studies on the production of commercial enzymes by
these bacteria and the purification of these enzymes
from these bacteria [21-25].
Similarly to our study, 311 thermophilic bacteria were isolated from the hot water samples taken
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11:0 ISO fatty acid was found only in the
isolate labeled with H7. In the other study investigating the fatty acids profiles of Aneurinibacillus genus,
15:0 ISO fatty acid was found to be the major fatty
acid. Similarly, in our study, H7 labeled isolate was
identified to be Aneurinibacillus, and it had 67.13%
of 15:0 ISO [29].
16:1 w7c alcohol, 16:1 w11c, 17:1 iso I, iso
17:1 w10c and 18:1 w9c fatty acids were found only
in EY18 isolate. The majority of the fatty acids of
this isolate were composed of 15:0 ISO (% 19.50),
16:0 (% 14.29), 16:0 ISO (% 10.88), and 17:0 ANTEISO (% 21.40) fatty acids. In our study, the EY18
isolate was identified to be Aeribacillus pallidus, and
the fatty acid composition of the isolate was consistent with the literature [30].
According to the FAME analysis results, it was
verified that most of our isolates had the types of
fatty acids frequently encountered in thermophilic
isolates. However, the fatty acid profiles obtained
were not directly compatible with the identification
results we obtained. According to the fatty acid analysis results, the isolates were gathered under 12 different phenotypic groups. However, they were not
compatible with the results of the 16S rRNA sequence analysis. For example, while the FAME profiles of the isolates coded E4, E6, EY5, and EY12
(Table 5) are similar to each other, they have different identification results (Table 1). Similarly, it is observed in Tables 3 and 5 that the isolates coded G9,
EY12 and EY21 have different FAME profiles although their identification results are the same, and in
Table 4, it is observed that the isolates coded H4 and
H13 have different FAME profiles although they
have the same identification results. From here, we
can infer that the FAME analysis may not be sufficient alone for the identification of thermophilic bacteria. This result is also supported by the similar literature [16, 17].
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(2009) Degradation characteristics and pathway
of fenpropathrin by Rhodopseudomonas sp.
strain PSB07-6. Fresen. Environ. Bull., 18,
2060±2065.
[4] Nadaroglu, H., Kalkan, E. and Celebi, H. (2014)
Equilibrium, kinetic and thermodynamic studies
on adsorption of Reactive Black 5 dye by
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solutions. Fresen. Environ. Bull., 23, 70-83.
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crystallization of two endonuclease III enzymes
from Deinococcus radiodurans. Acta Crystallographica Section F: Structural Biology Communications. 70(12), 1688-1692.
[6] Muthumari, G.M., Thilagavathi, S. and Hariram, N. (2016) Industrial Enzymes: Lipase Producing Microbes from Waste Volatile Substances. International Journal of Pharmaceutical
Sciences and Research. 7(5), 2201.
[7] Elleuche, S., Schroder, C., Sahm, K. and Antranikian, G. (2014) Extremozymes--biocatalysts with unique properties from extremophilic
microorganisms. Current Opinion in Biotechnology. 29, 116-123.
[8] Anitori, R.P. (2012) Extremophiles: Microbiology and Biotechnology: Horizon Scientific
Press.
[9] Abbas, H., Hiol, A., Deyris, V. and Comeau, L.
(2002) Isolation and characterization of an extracellular lipase from Mucor sp strain isolated
from palm fruit. Enzyme and Microbial Technology. 31: 968-975.
[10] Sharma, R., Chisti, Y. and Banerjee, U.C.
(2001) Production, purification, characterization, and applications of lipases. Biotechnology
Advances. 19, 627-662.
[11] Gunasekaran, V. and Das, D. (2005) Lipase fermentation: progress and prospects. Indian Journal of Biotechnology. 4, 437-445.
[12] Goldfine, H. (1972) Comparative aspects of
bacterial lipids. Advances in Microbial Physiology. 8, 1-58.
[13] Shaw, N. (1974) Lipid composition as a guide
to the classification of bacteria. Advances in
Applied Microbiology. 17, 63-108.
[14] Lechevalier, M.P. (1977) Lipids in bacterial
taxonomy - a taxonomist's view. CRC critical
Reviews in Microbiology. 5, 109-210.
[15] Bobbie, R.J. and White, D.C. (1980) Characterization of benthic microbial community structure by high-resolution gas chromatography of
fatty acid methyl esters. Applied and Environmental Microbiology. 39, 1212-1222.
[16] Surve, V.V., Patil, M.U. and Dharmadhikari,
S.M (2012) FAME and 16S rDNA sequence
analysis of halophilic bacteria from solar salterns of Goa: A comparative study. International
Journal of Scientific and Research Publications.
2(8), 209.

ACKNOWLEDGEMENTS
The authors would like to thank Anadolu University Research Project Department, Project No
1403F100 and 1705F332.

REFERENCES
[1] Pandey, A., Selvakumar, P., Soccol, C.R. and
Nigam, P. (1999) Solid state fermentation for
the production of industrial enzymes. Current
science. 77(1), 149-162.
[2] Pantazaki, A., Pritsa, A. and Kyriakidis, D.
(2002) Biotechnologically relevant enzymes
from Thermus thermophilus. Applied microbiology and biotechnology. 58(1), 1-12.
[3] Zhang, S.B., Zhang, D.Y., Liu, Y., Luo, X.W.,
Cheng, F.X., Luo, Y.H., Cheng, J.E., Ma, X.M.

5871

© by PSP

Volume 26 ± No. 10/2017 pages 5865-5872

[17] Cordova-Kreylos, A.L., Fernandez, L.E., Koivunen, M., Yang, A., Flor-Weiler, L. and Marrone P.G. (2013) Isolation and characterization
of Burkholderia rinojensis sp. nov., a nonBurkholderia cepacia complex soil bacterium
with insecticidal and miticidal activities. Applied and Environmental Microbiology. 79,
7669-7678.
[18] Celikoglu, E. and Yilmaz Cankilic, M. (2016)
Prokaryotic diversity of hot springs in Balikesir
and Kutahya, Turkey. Applied Ecology and Environmental Research. 14, 429-440.
[19] Perez Borla, O., Davidovich, L.A. and Roura,
S.I. (2010) Isolation and characterization of proteolytic microorganisms from fresh and fermented cabbage. LWT - Food Science and
Technology. 43, 298-301.
[20] Mazzucotelli, C.A., Ponce, A.G., Kotlar, C.E.
and Moreira, M.R. (2013) Isolation and characterization of bacterial strains with a hydrolytic
profile with potential use in bioconversion of
agroindustrial by-products and waste. Food Science and Technology (Campinas). 33, 295-303.
[21] Ferreira, A.M., Wait, R., Nobre, M.F. and da
Costa, M.S. (1999) Characterization of glycolipids from Meiothermus spp. Microbiology
(Reading, England). 145 (Pt 5), 1191-1199.
[22] Ferrero, M.A., Castro, G.R., Abate, C.M., Baigori, M.D. and Sineriz, F. (1996) Thermostable
alkaline proteases of Bacillus licheniformis MIR
29: isolation, production and characterization.
Applied Microbiology and Biotechnology. 45,
327-332.
[23] Declerck, N., Machius, M., Joyet, P., Wiegand,
G., Huber, R. and Gaillardin, C. (2003)
Hyperthermostabilization
of
Bacillus
licheniformis Į-amylase and modulation of its
stability over a 50 Υ temperature range. Protein
Engineering. 16, 287-293.
[24] Schallmey, M., Singh, A. and Ward, O.P.
(2004) Developments in the use of Bacillus species for industrial production. Canadian Journal
of Microbiology. 50, 1-17.
[25] Voigt, B., Schweder, T., Becher, D., Ehrenreich, A., Gottschalk, G., Feesche, J., Maurer,
K.H. and Hecker, M. (2004) A proteomic view
of cell physiology of Bacillus licheniformis.
Proteomics. 4, 1465-1490.

Fresenius Environmental Bulletin

[26] Akdas, H. (2013) Bazi jeotermal kaynaklardan
termofilik bakterilerin deizolasyonu ve endustriyel oneme sahip enzimlerin belirlenmesi, Suleyman Demirel Universitesi Fen Bilimleri Enstitusu, Isparta - Turkiye.
[27] Cihan, A.C., Ozcan, B. and Cokmus, C. (2009)
&KDUDFWHUL]DWLRQRIWKHUPRVWDEOHĮ-glucosidases
from newly isolated Geobacillus sp. A333 and
thermophilic bacterium A343. World Journal of
Microbiology and Biotechnology. 25, 22052217.
[28] Marr, A.G. and Ingraham, J.L. (1962) Effect of
temperature on the composition of fatty acids in
Escherichia coli. Journal of Bacteriology. 84,
1260-1267.
[29] Lee, K.C., Kim, K.K., Eom, M.K., Kim, J.S.,
Ko, S.H. and Lee, J.S. (2014) Aneurinibacillus
sp. nov., isolated from mountain soil. International Journal of Systematic and Evolutionary
Microbiology. 64, 3792-3797.
[30] Yasawong, M., Areekit, S., Pakpitchareon, A.,
Santiwatanakul, S. and Chansiri, K. (2011)
Characterization of thermophilic halotolerant
Aeribacillus pallidus TD1 from Tao Dam Hot
Spring, Thailand. International Journal of Molecular Sciences. 12, 5294-5303.

Received:
Accepted:

20.02.2017
11.07.2017

CORRESPONDING AUTHOR
Meral Yilmaz Cankilic
Anadolu University,
Faculty of Science,
Department of Biology,
Yunusemre Campus,
Eskisehir ± TURKEY
E-mail: meralyilmaz@anadolu.edu.tr

5872

© by PSP

Volume 26 ± No. 10/2017 pages 5873-5881

Fresenius Environmental Bulletin

RAPID DETERMINATION OF NITROGEN IN OVERLYING
RIVER WATER DURING INTERMITTENT AERATION
USING INTERVAL PARTIAL LEAST SQUARES AND
NEAR-INFRARED SPECTROSCOPY
Jian Huang1,2, Xiong Zhang1, Hua Zhang1, Qing-ye Sun2,*, Xian-huai Huang1,
Xiao-kun Yu1, Zhao-liang Wu1
1

Key Laboratory of Anhui Province of Water Pollution Control and Wastewater Reuse, Anhui Jianzhu University, Hefei, 230601, P.R. China
2
School of Resources and Environmental Engineering, Anhui University, Hefei, 230601, P.R. China

ABSTRACT

INTRODUCTION

Near-infrared spectroscopy analysis was used
in combination with interval partial least squares
method to rapidly determine the total nitrogen, ammonia nitrogen, nitrite nitrogen in overlying water
during intermittent aeration. Near-infrared spectroscopy was used to obtain absorbance data of water
samples. Interval partial least squares was used to
choose spectral region and establish calibration models (interval partial least squares calibration model)
of total nitrogen, ammonia nitrogen and nitrite nitrogen. The full-spectrum was 4000-12500cm-1 divided
into 20 sub-intervals with interval partial least
squares method. The best spectral region of total nitrogen, ammonia nitrogen and nitrite nitrogen were
respectively 7432-7824 cm-1, 10465-10860 cm-1 and
7854-8250cm-1. The interval partial least squares
calibration models were established in the selected
sub-interval. The established calibration models are
capable of better predictions. The interval partial
least squares calibration model of total nitrogen indicated that prediction coefficient of the prediction
value and actual value is 0.9554, with the root mean
square error of prediction being 0.1147. The interval
partial least squares calibration model of ammonia
nitrogen showed that correlation coefficient of the
prediction value and actual value is 0.9651, with the
root mean square error of prediction being
0.05437.The interval partial least squares calibration
model of nitrite nitrogen showed that correlation coefficient of the prediction value and actual value is
0.9616, with the root mean square error of prediction
being 0.03688. The results indicated that the proposed method was rapid, accurate, non-polluted, and
reliable in determining the concentration of total nitrogen, ammonia nitrogen and nitrite nitrogen in
overlying river water during biological nitrogen removal.

Excessive nitrogen is the main reason for the
pollution of river water. Nitrogen can make river water black, odorous and eutrophic [1-3]. Continuous
aeration technology is usually used to remove nitrogen from polluted river [4]. The concentration of ammonia nitrogen decreased in continuous aeration
process, which was achieved by biological nitrification reaction. However, the concentration of nitrate
and nitrite nitrogen increased in the process of continuous aeration. The removal efficiency of total nitrogen was not satisfactory [5-8]. Therefore, the
technique and method of nitrogen removal are researched and developed in polluted river.
Rapid determination of nitrogen is very important for regulating and controlling biological nitrogen removal process in polluted river. However,
chemical method for detecting nitrogen consumes
considerable time and may cause secondary pollution [9]. Near-infrared spectroscopy technology has
attracted much attention because it has advantages of
rapid determination, low cost, and zero-pollution
[10-11]. Recently, near infrared spectroscopy combined with chemometrics has been widely used in
many fields [12-13], such as agriculture, medicine,
chemical industry and so on [14-16].
Currently, quantitative correlation has been
found between the spectral data and the component
content [17-19]. Partial least squares (PLS) is a common quantitative analysis of component content
based on near-infrared spectral data [20-23]. However, in the range of full spectral region, calibration
model of component content is established with PLS.
The prediction ability of calibration model was affected by the over-lapping spectral bands, or even the
background noise in full spectral region. So these interfering regions should be excluded to establish a
better calibration model [24-25]. In order to reduce
these interferences, spectral region should be carefully selected before establishing calibration model.
Interval partial least squares (iPLS) is a novel
chemometric method based on PLS method [26].
Compared with PLS, it can select the spectral region

KEYWORDS:
near-infrared spectroscopy, interval partial least squares,
intermittent aeration, overlying water
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nitrogen and Nitrite nitrogen are analyzed by spectrophotometric method.

and exclude background noise [27]. The best spectral
region was selected by dividing the full-spectrum
into several sub-intervals with iPLS. The optimal
calibration model was established with iPLS [28-29].
Some studies have identified that calibration model
established with iPLS can improve the prediction by
selecting spectral region [30-32]. However, there is
little research on quick determination of nitrogen using near-infrared spectroscopy combined with iPLS.
In order to achieve effective biological nitrogen
removal in polluted rivers, intermittent aeration process is developed in this study. The intermittent aeration was achieved in overlying water, the removal
of total nitrogen in polluted rivers can be achieved.
The intermittent aeration process developed can
achieve the purpose of real nitrogen removal. In addition, near-infrared spectroscopy was used to obtain
absorbance data of water samples. The iPLS was
used to select spectral region and establish calibration models (iPLS calibration models) of total nitrogen, ammonia nitrogen, nitrite nitrogen. Furthermore,
the calibration models were tested against the prediction values (by iPLS calibration model) and actual
values (by chemical method). The method developed
in this study provides new technology for quick determination of nitrogen concentration in polluted
river.

FIGURE 1
Sampling site in Shiwuli River
Establishment of interval partial least
squares (iPLS) model. The experiment lasted for
138 d and a sample was taken every day. The 138
water samples were centrifuged and filtered with
0.45 um filter membrane. After pretreatment, the 138
water samples were analyzed by near-infrared spectrometer to obtain spectral data. In addition, the concentrations of ammonia nitrogen, total nitrogen and
nitrite nitrogen of the water samples were also analyzed by traditional chemical method to obtain the
actual value. The spectral data and actual values of
116 water samples were used as calibration set to establish calibration models. In addition, the spectral
data and actual values of 22 water samples were used
as test set to test the established calibration model.

EXPERIMENTAL MATERIALS AND
ANALYTICAL METHODS
Sample collection and experimental method.
Shiwuli River, located at the southwest of Hefei city,
China, is a major pollution source of Chaohu Lake.
It runs through Hefei city. The concentration of pollutants was higher in this river. Sediment samples
were taken with gravity cylinder sediment sampler.
Sediment is collected at a depth of 30 cm. All the
samples are shielded from sunshine and taken back
to lab at 4 Ԩ.The overlying water was also collected
simultaneously. The sampling spot is shown in Figure 1.
The plexiglass reactor was adopted to simulate
the river system. The length of the reactor is 21 cm,
the width is 20 cm and the height is 51 cm. The sediment and overlying water are kept at 9 cm and 27
cm in depth. The position of aeration is 5 cm above
the top of sediment. The dissolved oxygen was kept
at 5.5 mg·L-1 with float-type flow meter.

Evaluation index of model. The root mean
square error of cross validation (RMSECV) and the
correlation coefficient (R2) were used to evaluate the
accuracy of the calibration models. Root mean
square error of prediction (RMSEP) and the correlation coefficient (R2) were used to test the performance of the calibration models. They were defined
as Eq. (1)-(3) [33-35].
మ
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Where ݕ୧ was the actual value, ݕ୧ was the prediction value, ݕwas the average of actual value, n is
the number of calibration set, and m is the number of
test set.

Experimental method and equipment. Nearinfrared spectral data are measured with a near infrared spectrometer (Bruker, Germany), which scans
4000-12500 cm-1 with 32 scans and resolution of 8
cm-1. Total nitrogen is analyzed by alkaline potassium persulfate digestion ultraviolet spectrophotometric method; ammonia nitrogen is analyzed by
QHVVOHU¶VUHDJHQWVSHFWURSKRWRPHWU\ method; Nitrate

5874

© by PSP

Volume 26 ± No. 10/2017 pages 5873-5881

The near-infrared spectra of 116 water samples were
shown in Figure 3. The 2203 spectra data were recorded with near-infrared spectrometer in full-spectra
range of 4000-12500 cm-1. All the spectral data were
used to establish the iPLS calibration model. However, the accuracy of model was affected by background noises in raw spectra. Therefore, these 2203
raw spectral data were divided into several sub-intervals, and local regression model were established for
every sub-interval. The optimal sub-interval was selected with R2 and RMSECV of local regression
model. The local regression model established in optimal sub-interval was the optimal model.
In this study, these 2203 raw spectral data were
divided into 20 sub-intervals. The first 19 sub-intervals included, apiece, 110 raw spectral data, and the
20th sub-interval contained 113 raw spectra data. In
this study, the R2, RMSECV and RMSEP of calibration models were shown in Table 1.

RESULTS AND ANALYSIS
Change of nitrogen concentration in intermittent aeration period. The changes of total nitrogen, ammonia nitrogen, nitrate nitrogen and nitrite
nitrogen were shown in Figure 2. It can be seen that
all the nitrogen indexes in the overlying water were
effectively removed in intermittent aeration process.
60
Total nitrgen
Ammonia nitrogen
Nitrite nitrogen
Nitrate nitrogen

Concentration (mg·L-1)

50
40
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TABLE 1
Root mean square error and correlation coefficient of calibration set and test set

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time (d)

FIGURE 2
Changes of nitrogen in intermittent aeration
process

Project
Numbers
of sample

From Figure 2, it can be seen that total nitrogen
increased from 38.6 mg·L-1 to 54.25 mg·L-1 because
nitrogen released from the sediment during the first
38 d. After 38 d, total nitrogen decreases from 54.25
mg·L-1to 0.64mg·L-1 because denitrification occurred during intermittent aeration. Ammonia nitrogen slowly increased in the first 12 d due to transformation of organic nitrogen in the condition of nonaeration. However, ammonia nitrogen decreased
from 45.04 mg·L-1 to 0.57 mg·L-1 after 12 d because
nitrification reaction occurred in the condition of aeration. Nitrite nitrogen gradually increased in the first
aeration and gradually decreased later. However, the
concentration of nitrate nitrogen was lower and kept
at 0-0.37 mg·L-1 during the whole intermittent aeration reaction.

Parameter
Total nitrogen
Ammonia nitrogen
Nitrite
nitrogen

Test set

116

22

Correlation
coefficient

Root mean
square error of cross
validation

Correlation
coefficient

Root mean
square error
of prediction

0.9574

0.08309

0.9554

0.11470

0.9706

0.04709

0.9651

0.05437

0.9687

0.03129

0.9616

0.03688
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FIGURE 4
RMSECV of the PLS model of total nitrogen in
full-spectrum
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1.5
1.0

Establishment of iPLS calibration model of
total nitrogen. Figure 4 showed that RMSECV
changed with different number of principal component when the PLS model of total nitrogen was established using PLS method in the full-spectrum. It
can be seen from Figure 4, RMSECV was minimum
when the number of principal component was 6.
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FIGURE 3
Raw near-infrared spectra of water samples
Establishment of iPLS calibration model.
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was 0.9574, with the RMSECV being 0.08309.

Therefore, the minimum RMSECV was 10.91% during establishing PLS method of total nitrogen in the
full-spectrum.
Figure 5 indicated that full-spectrum was divided into 20 sub-intervals with iPLS method. The
curve in Figure 5 was raw near-infrared spectrum of
water sample. The dotted line represented the lowest
RMSECV establishing of PLS model of total nitrogen in full-spectrum. The number in each histogram
showed the optimal principal component number of
each sub-interval. The height of each histogram indicated RMSECV of each sub-interval. It can be seen
from Figure 5, the RMSECV was the lowest in the
12th sub-interval compared with the full-spectrum.
Therefore, the spectral information in 12th sub-interval was the best. So the 12th sub-interval was the
best interval to establish iPLS calibration model of
total nitrogen.

60

RMSECV (%)

Calibration value (mg·L-1)
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42
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Actual value(mg·L-1)
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FIGURE 7
iPLS calibration model of total nitrogen
Establishment of iPLS calibration model of
ammonia nitrogen. Figure 8 indicated that
RMSECV changed with different number of principal component when the PLS model of ammonia nitrogen was established using PLS method in the fullspectrum. As illustrated in Figure 8, RMSECV was
the smallest when the number of principal component was 5, RMSECV was the smallest, 10.88%. So
the minimum RMSECV was 10.88% when PLS
method of ammonia nitrogen was established in the
full-spectrum.
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FIGURE 5
RMSECV of each sub-interval in establishing
iPLS calibration model of total nitrogen
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FIGURE 8
RMSECV of each sub-interval in establishing
iPLS calibration model of ammonia nitrogen
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Wave Number (cm-1)

Figure 9 showed that full-spectrum was divided
into 20 sub-intervals with iPLS method. The curve in
Figure 9 was raw near-infrared spectrum of water
sample. The dotted line represented the lowest
RMSECV when PLS model ammonia nitrogen was
established in full-spectrum. The numbers in each
histogram showed the optimal principal component
number of each sub-interval. The height of each histogram indicated RMSECV of each sub-interval. It
can be seen from Figure 9, the RMSECV was the
lowest in the 5th sub-interval. Therefore, the spectral
information in 5th sub-interval was the best. So the
5th sub-interval was the best interval to establish

12000

FIGURE 6
Optimal wave number establishing iPLS calibration model of total nitrogen
In Figure 6, the gray column was the optimal
sub-interval selected in full-spectrum. The wave
number of the optimal sub-interval was 7432-7824
cm-1. The calibration model of total nitrogen was established using the optimal sub-interval, as shown in
Figure 7. It can be seen from Figure 7, the R2 between
calibration value and actual value of total nitrogen
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iPLS calibration model of ammonia nitrogen.

Establishment of iPLS calibration model of
nitrite nitrogen. Figure 12 indicated that RMSECV
changed with different number of principal component when the PLS model of nitrite nitrogen was established using PLS method in the full-spectrum. As
illustrated in Figure 12, when the number of principal component was 6, RMSECV was the smallest,
9.18%. So the minimum RMSECV was 9.18% when
PLS method of nitrite nitrogen was established in the
full-spectrum.
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FIGURE 9
RMSECVof each sub-interval in establishing
iPLS calibration model of ammonia nitrogen
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FIGURE 12
RMSECV of each sub-interval in establishing
iPLS calibration model of nitrite nitrogen
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Optimal wave number establishing iPLS calibration model of ammonia nitrogen
50
Calibration value (mg·L-1)

40

4
2

R2=0.9706
RMSECV=0.04709

45

6

0

35
30

1 2 1 3 1 1 1 1 1 1 4 1 1 1 1 3 1 1 1 1

1 2 3 4 5 6 7 8 9 1011121314151617181920
Number of intervals

FIGURE 13
RMSECV of each sub-interval in establishing
iPLS calibration model of nitrite nitrogen
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15

Figure 13 showed that full-spectrum was divided into 20 sub-intervals with iPLS method. The
curve in Figure 13 was raw near-infrared spectrum
of water sample. The dotted line represented the lowest RMSECV establishing PLS model of nitrite nitrogen in full-spectrum. The numbers in each histogram showed the optimal principal component number of each sub-interval. The height of each histogram indicated RMSECV of each sub-interval. It can
be seen from Figure 13, the RMSECV was the lowest (9.18%) in the 11th sub-interval compared with
the full-spectrum. Therefore, the spectral information in 11th sub-interval was the best. So the 11th
sub-interval was the best interval to establish iPLS
calibration model of nitrite nitrogen.
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FIGURE 11
iPLS calibration model of ammonia nitrogen
In Figure 10, the gray column was the optimal
sub-interval selected in full-spectrum. The wave
number of the optimal sub-interval was 1046510860 cm-1. The calibration model of ammonia nitrogen was established using the optimal sub-interval,
as shown in Figure 10. It can be seen from Figure 11,
the R2 between calibration value and actual value of
ammonia nitrogen was 0.9706, with the RMSECV
being 0.04709.
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nitrogen, ammonia nitrogen and nitrite nitrogen are
able to accurately predict the concentrations of total
nitrogen, ammonia nitrogen and nitrite nitrogen.
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FIGURE 14
Optimal wave number establishing iPLS calibration model of nitrite nitrogen
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FIGURE 16
Test result of iPLS calibration model of total nitrogen
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In Figure 14, the gray column was the optimal
sub-interval selected in full-spectrum. The wave
number of the optimal sub-interval was 7854-8250
cm-1. The calibration model of nitrite nitrogen was
established using the optimal sub-interval, as shown
in Figure 14. As shown in Figure 15, the R2 between
calibration value and actual value of nitrite nitrogen
was 0.9687, with the RMSECV being 0.03129.
R2=0.9687
RMSECV=0.03129
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FIGURE 17
Test result of iPLS calibration model of ammonia nitrogen
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FIGURE15
iPLS calibration model of nitrite nitrogen
Test of iPLS calibration model of total nitrogen, ammonia nitrogen and nitrite nitrogen. The
near-infrared spectral data of 22 water samples of
test set were measured with near-infrared spectroscopy. These spectral data were used as input of iPLS
calibration models of the total nitrogen, ammonia nitrogen and nitrite nitrogen. The predicted concentrations of the total nitrogen, ammonia nitrogen and nitrite nitrogen were predicted by iPLS calibration
model. Correspondingly, the actual values of the total nitrogen, ammonia nitrogen and nitrite nitrogen
were measured by chemical method. The test results
were shown in Figure 16, Figure 17, Figure 18 respectively. Figure 16-18 illustrated that the R2 of prediction value and actual value were 0.9554, 0.9651
and 0.9616 respectively, with RMSEP being 0.1147,
0.05437 and 0.03688. The results indicated that the
prediction value and actual value had a good correlation. It showed that the calibration model of total
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FIGURE 18
Test result of iPLS calibration model of nitrite
nitrogen
CONCLUSIONS
The iPLS calibration models were established
with the combination of iPLS method and the nearinfrared spectroscopy. The optimal sub-interval was
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firstly selected, and major interference in near-infrared spectrum was eliminated with iPLS method. The
wave number of the optimal sub-interval was 74327824 cm-1, 10465-10860 cm-1 and 7854-8250 cm-1
respectively.
The iPLS calibration model of total nitrogen,
ammonia nitrogen and nitrite nitrogen showed that
the R2 of calibration value and actual value were
0.9574, 0.9706 and 0.9687, with the RMSECV being
0.08309, 0.04709 and 0.03129. It showed that the
calibration models had higher accuracy.
The iPLS calibration model of total nitrogen,
ammonia nitrogen and nitrite nitrogen were tested by
test set. The R2 of prediction value and actual value
were 0.9554, 0.9651 and 0.9616 respectively, with
root mean square error of prediction (RMSEP) being
0.1147, 0.05437 and 0.03688. This indicated that
iPLS calibration models can better predict the concentrations of the total nitrogen, ammonia nitrogen
and nitrite nitrogen during intermittent aeration treatment of the overlying water. The proposed method
was accurate, rapid, non-polluted and cost-effective,
so it had good application prospects to monitor the
total nitrogen, ammonia nitrogen and nitrite nitrogen
in water.
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THE HIDDEN FRAGMENTATION AFTER LAND
CONSOLIDATION IN TURKEY
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Emeritus

single farm or ownership consists of numerous spatially separated parcels [2, 3, 4] which may be small
in size and have irregular shapes [5].
[2] characterise land fragmentation as a fundamental rural spatial problem concerned with farms
that are poorly organised at locations across space.
Similarly, many authors [6, 7, 8] consider land fragmentation as a serious obstacle to optimal agricultural development because it hinders mechanisation,
FDXVHV LQHI¿FLHQW SURGXFWLRQ DQG LQYROYHV ODUJH
costs to alleviate the adverse effects, resulting in a
UHGXFWLRQLQIDUPHUV¶QHWLQFRPHV
Land fragmentation is evident in many areas
throughout the world. In particular, whilst land fragmentation has been closely associated with Europe
and Mediterranean countries [8, 9] it is a topic that
has been studied in many other countries and regions
around the world [10, 11, 12, 13, 14, 15, 16].
Although the causes of land fragmentation vary
from country to country and from region to region,
there is general agreement that there are four main
factors that trigger fragmentation: inheritance; population growth; land markets; and historical/cultural
perspectives [1, 2, 17, 18, 19]. Other factors noted in
more specific situations include: social and administrative decrees [1]; long-established cultivation;
shortages of land and nucleated settlement; the
piecemeal conversion of forests and moorland to arable land [20]; and the privatization transition process, e.g. in ex-eastern block and central European
countries [4].
The size of landholdings gradually decreases
when they are fragmented into parcels. This process
becomes more problematic when a fragmented landholding is further fragmented into several parcels at
the same time. This is a typical phenomenon, which
is attributed to equal sub-division of different qualities of land parcels, for example, irrigated and nonirrigated, comprising a landholding among household heirs. Besides getting each land parcel smaller
and smaller over the time, such land fragmentation
leads to physical dispersion of parcels [17].
Land fragmentation also results in low efficiency in irrigation water management because of
the irregular shape of numerous plots, and also
causes time loss in travel and inconvenience in agricultural management [12]. Land consolidation is one
of the main instruments to counteract the ongoing

ABSTRACT
It is accepted that inheritance is the primary
cause of land fragmentation. The inheritance law is
the leading significant cause of fragmentation or
shrinking of land. Inheritance laws applied in most
countries facilitate or demand the subdivision of
holdings into equal parts among all heirs or in some
countries among only sons.
Intense fragmentation or shrinking of agricultural land is a significant problem in Turkey. Inheritance law in Turkey prescribes equal distribution of
agricultural land which is subject to heritage. When
there are disputes towards the inheritance distribuWLRQ WKH QHZ RZQHU¶V VXEPLVVLRQ RI GHHG LV QRW
done. This situation brings out the truth that an agricultural land which seems as one piece is used by
more than one person in reality.
In this study, it is aimed to evaluate public and
hidden joint ownership in the areas where land consolidation is done. As study field, the data related to
Bursa-Karacabey Plain villages were used where the
most intensive agricultural activities are done in Turkey. In the study area, in order to determine joint
ownership which is off the record Ismetpasa, Beylik
and Yenisaribey villages are chosen and survey
study was applied. After land consolidation in this
study area, heirs wanted to own agricultural lands
even if the plots are small and joint because the lands
gained value, production became easier and yields
increased, and alternative production opportunities
arose. As a result, it was concluded that, after land
consolidation hidden joint ownership is still going on
in parcels, real joint ownership condition is mostly
not recorded to registry of deeds.

KEYWORDS:
Inheritance law, land consolidation, one-way ANOVA
test, ownership, Turkey

INTRODUCTION
Agricultural land fragmentation, also known as
pulverization, parcellisation and scattering [1], is
GH¿QHG LQ WKH OLWHUDWXUH DV WKH VLWXDWLRQ LQ ZKLFK D
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drainage systems, and village settlement [22, 23, 33,
34]. Land consolidation studies are done according
to land consolidation of institution regulations by
General Directorate of Rural Services until the year
2005 on the fields where irrigated farming is implemented. In agricultural reform areas, in accordance
with law no. 3083, the studies of land consolidation
is carried out by General Directorate of Agricultural
Reform. Soil Conservation and Land Utilization Act
came into force in 2005. With this law, in agricultural reform areas according to law no. 3038 and in
other areas according to law no. 5403 land consolidation is continued to be implemented [35, 36]. In
recent years (2014-2015) tendered land consolidation projects instead of provisions of law no. 3083
are being tendered according to provisions of law no.
5403.
There are two different joint ownerships are in
question according to Turkish Civil Code. These are,
joint tenancy (joint partnership, joint-owned property) and collective ownership (joint property, coownership). Joint tenancy is defined as more than
one person is having an immovable property together in certain interest ratio that is not in fact divided into. In collective ownership co-partners have
no defined interests and right of each one embraces
whole of the goods included in partnership. The difference of collective ownership from joint tenancy;
in collective ownership interests are undefined but in
joint tenancy interests are defined. In collective ownership co-partners have to act together in order to
take any action. However in joint tenancy co-partners can take an action independent from each other
[37].
Owing to the inheritance law in Turkey, fragmentation continues after land consolidation as there
are no preventive measures against land fragmentation. Because of the disputes among the heirs about
division or the size of the parcel shrinks below 2 ha,
heirs continue to use the parcel commonly. In land
registers the land appears to be a single piece, as a
result of an informal agreement among heirs; the
land can belong to more than one party. Owing to
land consolidation these parcels are appealing to use
which transforms into a well geometrical shape and
has common usage facilities like roads, irrigation
and drainage facilities.
As a result, enterprises further downsize, investment in land by appropriation further decreases,
modernization of enterprises is obstructed, it is not
possible to make investments by taking out loans, inheritance conflicts among family members increase,
youth wishing to engage in agriculture are anxious
about the future, and villages are deserted.
The aim of this study was to examine the
change in land ownership pre- and post- consolidation in "Ismetpasa, Beylik, and Yenisaribey" villages
of Karacabey, Bursa, where land consolidation was
completed between the years 1990 and 2000s. In

fragmentation of the agrarian structure and to shape
the spatial structure of rural areas. The aim of land
consolidation is to improve the economic conditions
for agricultural and forestry activity pursued on
farms by improving the spatial structure of farms,
such as by decreasing the number of separate plots
that compose farms, and improving the location of
arable plots relative to dwellings [21, 22, 23].
The excessive fragmentation or dispersion of
landholdings is a major problem in Turkey. This is a
consequence of demographic pressure on land resources, as well as the laws of inheritance and endowment of patrimony. Consequently, farmland in
Turkey is divided into small farms, scattered over
numerous non-contiguous plots in which mechanized agriculture is not used extensively. Farming
activities such as sowing, planting, tillage, maintenance and harvesting require sufficient road systems
to access the plots. In areas where land consolidation
has not been implemented, farmers must travel long
distances to reach their plots, resulting in lost time
and increased expenditures for fuel oil and depreciation [23].
In Turkey, 23.2% of the population resides in
towns and villages. Although the percentage of those
living in rural areas seem to have decreased compared to previous years, the total sum accounts to 20
million people [24, 25]. According to the latest agriculture census (TS2001) there were 3 million agricultural enterprises in Turkey. Within the scope of
farmer register system (FRS) there were approximately 2.3 million agricultural enterprises, according to the assessments in 2011 [26]. Throughout Turkey there are approximately 30 million parcels and
40 million joint sharers. The continued fragmentation of parcels and continuous downsizing of enterprises lead to a decline in yield and productivity in
agriculture, and inadequate social development [27,
28]. This manifests a socioeconomic problem that
involves soil-human relationships and all physical
factors in the countryside [29]. A partial solution to
this problem entails enlargement of parcels and enterprises [30].
The fact that ownership structure is fragmented, and lands are small and dispersed in Turkey
moves agribusiness away from being economical
[31]. Furthermore, owing to such reasons as increase
in cost of irrigation projects, and decrease in irrigation rate, expected rural development cannot be realized and agricultural productivity cannot be increased [32].
With land consolidation, on the one hand, agricultural land is reshaped and new working conditions are brought about [24]. On the other hand, a
new ownership structure and new joint tenancy
premises are emerging. Land consolidation enables
both better working conditions for producers, and realization of activities to the benefit of local farmers
and public such as land leveling, a new rural landscape, and renewal of farm roads, irrigation and
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size into strata [39]. As a result of the calculations,
the survey study was carried out with a total of 152
people. The responses concerning the causes and effects of hidden fragmentation in land consolidation,
number-percent allocation, and differences according to villages were analyzed using one-way
ANOVA test [40] with SPSS (Statistical Package for
the Social Sciences) software package. Differences
that were statistically significant according to
ANOVA test results were evaluated.
ே
݊ ൌ 
(2)

these areas, land consolidation studies were done according to the land consolidation of institution regulations by General Directorate of Rural Services. In
this way, it was attempted to reveal positive and negative changes in ownership after land consolidation
projects.

MATERIALS AND METHODS
To determine and analyze the change in ownership structure in land consolidation areas, villages of
Ismetpasa, Beylik, and Yenisaribey within the borders of Karacabey, Bursa were selected.
The survey study was administered in February
2012 in the research area and constitutes the primary
data of the study. Besides, examination of owner
structure data in the records obtained from Land
Registry Office, Karacabey Irrigation Association,
General Directorate of State Hydraulic Works, and
Chamber of Agriculture was a significant data
source. Furthermore, secondary data were obtained
from the results of existing scientific studies that had
been carried out on the same field for analyzing ownership structure.
Stratified random sampling method was employed to determine the number of questionnaires to
be given in the survey study. Stratified random sampling method has two aims. The first one is to increase the accuracy of estimations about the population, and the second one is to enable enterprises, of
different qualities, in the population to be represented in the best way [38]. To determine the enterprises comprising sample for the study that would be
carried out in the villages of Karacabey Plain, the
following equation(1) proposed by Neyman [39].

n

( ¦ N S )2
h h
2
2
(N *D )  ¦ N S 2
h h

Where,

D2
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ே

RESULTS AND DISCUSSION
Ownership data obtained from Karacabey Land
Registry Office were analyzed and joint parcel use is
presented in Figure 1. These values are those that
were declared to the registry office. According to
Figure 1, the percentage of solely owned parcels is
81% in Beylik, 53.7% in Ismetpasa, and 49.8% in
Yenisaribey. The percentage of jointly owned parcels is 66.2% in Beylik, 46.3% in Ismetpasa and
50.2% in Yenisaribey.
Parcels that are registered as solely owned or
shared by few can be, in practice, shared by more
owners. Because the registry records of heritage and
changes in property cannot be carried out or postponed because of various reasons. For example, as
parcels smaller than 2 ha cannot be divided legally,
these parcels are used jointly or shared out and used
among heirs but their land registration cannot be
done.
The results of the survey reveal that sole or
joint parcel use is very different from land registers
(Figure 2). As can be seen, percentage of villagers
who are the title owners of all the lands cultivated is
10% in Beylik Village, 26% in Ismetpasa Village,
and 28% in Yenisaribey Village. In other words,
90% of the lands in Beylik, 74% of the lands in
Ismetpasa, and 72% of the lands in Yenisaribey are
jointly used. This situation reveals that on the one
hand with the negative effect of caused by heritage
law, family lands cultivated by producers are not devolved to their names.
One-Way ANOVA test was employed to study
the difference between the questions (Table 1) concerning causes and results of joint ownership in the
study area. In the Levene test table (Table 2), which
was performed for homogeneity of variances, equality of variances was not obtained when significance
value of Levene statistic was less than 0.05. Following this step, significance values that met the requirements in ANOVA table were studied. The results of
the questions having significant differences according to ANOVA test are given in Table 3.

(1)

d2
z2

In the formula;
n: number of samples,
N: total number of enterprises
Nh: number of enterprises in hth stratum
Sh: standard deviation of hth stratum
d: permissible margin of error
z: t value in confidence interval
The 95% confidence level and 10% margin of
error was used in determining the sample size for enterprises located in the villages in the plains of Karacabey. The formula (2) was used to partition sample
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FIGURE 1
Joint Ownership in the Study Area According to Land Registers (%)

FIGURE 2
Joint Ownership in the Study Area According to Survey Results (%)
TABLE 1
Survey Question
Abbreviation
Q3

Survey Question
,VDOOODQGV¶WLWOHRIGHHG\RXFXOWLYDWHEHORQJVWR
your name?

Abbreviation
Q19

Q5

Do you rent your land?

Q20

S6

Can you cultivate all of the parcels you have?

Q21

Q7

After land consolidation to whom lands belong to?

Q22

Q8
Q9

The parcels you have taken on you after land consolidation, before land consolidation to whom they
were belonged to?
Do you have a land that you do not use (abandoned)?

Q23
Q24

Q10

The lands you cultivate

Q26

Q11

How do you use your joint-owned property?

Q27

Q12

Do you have inherited land?

Q28

Q13

Title of deeds of inherited lands devolved to heirs?

Q29

Q15

How is the working conditions on land of agricultural production?
Is the income you obtain enough?

Q16

Do you cultivate second crop?

Q35

Q17

Do you do husbandry?

Q36

Q18

+RZIDULV\RXUDJULFXOWXUDOODQGV¶GLVWDQFHWRWKH
village?

Q14

5885

Q31
Q34

Survey Question
+RZIDUDUH\RXUSDUFHOV¶WRHDFKRWKHU"
Are there any new lands purchased after land consolidation?
Is there any land selling after land consolidation?
How do you assess your income level after land
consolidation?
To whom do you agree to turn over the enterprise?
Are there any shared lands to your children after
land consolidation?
Is there any land fragmentation again after land
consolidation?
Do you concern long-term investment to your own
land?
Do you invest to the lands that you do not have the
title of deed on you?
Is there any share outs that off the record on your
name on your land?
Is joint-owned property on your lands cause to uneasiness?
How joint-owned affects the usage of credit?
How joint-owned affects cultivation of land in a
best way?
How hidden joint ownership affects continuity of
production?
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TABLE 2
Levene's Test Results

Q3
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18

Levene Statistic
15.204
8.503
7.858
6.907
.234
3.513
1.473
4.691
.218
.124
2.193
8.655
30.093
101.831
.536

df1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

df2
136
136
136
133
133
136
134
131
134
83
134
137
136
136
136

Significance
.000
.000
.001
.001
.792
.033
.233
.011
.804
.884
.116
.000
.000
.000
.586

Q19
Q20
Q21
Q22
Q23
Q24
Q26
Q27
Q28
Q29
Q31
Q34
Q35
Q36

Levene Statistic
.943
15.697
.785
.516
.577
3.596
.135
12.146
2.699
42.205
8.751
8.631
1.285
2.355

df1
2
2
2
2
2
2
2
2
2
2
2
2
2
2

df2
134
136
137
135
137
137
134
135
80
81
64
61
57
58

Significance
.392
.000
.458
.598
.563
.030
.874
.000
.073
.000
.000
.001
.285
.104

TABLE 3
One-Way ANOVA test results

Q14

Q16

Q17

Q19

Q27

Q29

Q34

Q36

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

Sum of Squares
6.950
119.284
126.234
2.366
28.742
31.108
6.077
27.722
33.799
4.991
62.775
67.766
1.571
32.205
33.775
3.858
14.808
18.667
1.052
8.698
9.750
1.776
11.994
13.770

Degrees of Freedom
2
134
136
2
136
138
2
136
138
2
134
136
2
135
137
2
81
83
2
61
63
2
58
60

Mean Square
3.475
.890

F
3.904

Significance (p)
.023

1.183
.211

5.598

.005

3.038
.204

14.906

.000

2.496
.468

5.327

.006

.785
.239

3.292

.040

1.929
.183

10.553

.000

.526
.143

3.689

.031

.888
.207

4.295

.018

solidation. Fragmentation does not cause multiplication of parcel numbers however it reveals itself
jointly usage on parcel. The main reason of this joint
ownership is the unofficial division as a result of heritage. The point in question why joint ownership
cannot be abolished is the oldest family member is
still alive even s/he does not engage in farming and
does not allow sharing of land, a quite number of
shareholders, unanimity that cannot be achieved
while doing transactions and sharing, heirs do not
want to deal with this case because of the small size
of lands, conflicts between heirs and the passion to
have land in rural areas even though the heirs live in
the cities. When inherited lands are searched in the
study field, it is seen that most of the lands are inherited from the eldest in the family but because of various reasons they are not devolved to land registry
office. According the survey results, 72%, 65%, and

Differences between the responses to the answers among 3 villages were determined according
to significance values produced by ANOVA test. As
significance levels of working conditions in the
lands (Q14 p= 0.023 < 0.05), planting second crop
(Q16 p= 0.005 < 0.05), livestock raising (Q17 p=
0.001 < 0.05), distance between parcels (Q19 p=
0.006 < 0.05), long term investment in the lands
owned (Q27 p= 0.040 < 0.05), unregistered joint
ownership (Q29 p= 0.001 < 0.05), the effect of hidden joint ownership on loan usage (Q34 p= 0.031 <
0.05), and the effect of hidden joint ownership on
continuity of production (Q36 p= 0.018 < 0.05) are
less than 0.05, there is statistically significant difference between the villages in terms of these issues.
According to the survey results, it was found
that fragmentation continues even after the land con-
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the family (title owner) does want to engage in
farming activities and does not allow the sharing of
land, being a land owner is considered as reassurance
and is prestigious, parcels have multi sharers, it is
thought that shareholders not engaged in farming
might demand for invested land in the future, bank
credit is not supplied because of not having a property for his/her name. Especially when bank credit is
needed for investment to the land the banks do not
provide loans if all of the shareholders do not approve of the investment.
Hidden joint ownership affects cultivation of
land in the best way [12, 44]. According to the survey result of the current study, as shareholders cannot act independently they refrain from investment
and they cannot cultivate crops as they want, which
causes decreases in the income levels and affects the
crop production in a negative way [45]. Continuity
of hidden joint ownership results in cultivation of
land in a small sizes and this eventually raises the
need for land consolidation study on the same area
in a short time. The difficulties in the use of property
cause land owners to lose interest in farming activities and abandon the joint-owned land.
As seen in the survey results, the fragmental
lands are combined and their shapes are fixed, improving the production and working conditions. Under these conditions hidden and public ownership
cannot be hampered. After land consolidation, heirs
wanted to own agricultural lands even if the plots are
small and joint because the lands gained value, production became easier and yields increased, and alternative production opportunities arose. After the
land consolidation, fragmentation and shrinkage of
the lands continue. This in turn emerges a number
of social problems besides the inefficient use of
lands. In this case, land consolidation is inadequate
on its own while promoting sustainable production.
Along with land consolidation, property problems
have to be handled.
In Turkey while the number and ratio of people
who engage in farming keeps decreasing persistently, the number of land owners is also decreasing.
Agricultural lands divided by heritage reached such
small size that cannot supply subsistence of a family,
it causes desolation of lands and an intense domestic
migration takes place. Uneasiness caused by public
and hidden joint ownership accelerates the desolation of land.
Since the main subsistence of people living in
rural areas is farming, it is urgently needed that fragmentation and shrinkage of land be stopped in the
first place. To maximize enterprise of land, precautions should be taken, that is parcel sizes should be
increased and protected to provide sufficient conditions for sustainable production.
In Turkey, related articles in Civil Code, altered
on 15 May 2014 with The Law Amending the Law
on Soil Conservation and Land Use, causes fragmentation of agricultural lands. The aim of this law is to

80% of the lands are not devolved to the registry office, respectively in Beylik, Ismetpasa, and Yenisaribey. Three reasons were identified for the lack of
sufficient devolve percentage: 1) there are conflicts
of heritage share among the family members, 2) the
heirs cannot gather because they reside off the village and 3) the small parcels less than 2 ha cannot be
divided legally.
Although land consolidation is conducive to
agricultural development, particularly small farmers
may perceive it as interference in their internal matters leading to their reduced benefit [2]. The easy and
flexible policies for land transactions such as leasing-in, leasing-out, buying and selling of land could
also help to reduce the land fragmentation. As such
policies have also proved to be successful in China
and Japan [17,18]. Further, the extension agents
should play an active role in dissemination of suitable sustainable technologies to the different category
of farmers aiming for further reducing the inefficiency [41].
Another important issue is the process of further fragmentation. Land inheritance is generally a
key driver of land use [42]. As per the law of inheritance, individuals separating from a farm household
may get a few tiny parcels of land as their share from
the paternal property. They would still like to have
these because without them they are vulnerable to
the risk of starvation, as alternative income opportunities are scarce. Moreover, the greed for paternal
land is reinforced by a lack of progressive tax on inherited land. Irrespective of their landholding size or
economic status, eligible household members want
to have a share from their paternal property, as it
does not incur any cost to them [17]. In countries
where the equal inheritance system has been applied
for centuries, i.e. where land is not passed down to a
single heir but to all heirs in equal shares, the situation is particularly critical. In these countries, the
process of land fragmentation continues at an exponentially increasing rate. The tools for land-ownership defragmentation, i.e. the farmland sales market
and land consolidation programs, cannot keep up
with this pace. Therefore, within a few decades, the
symptoms of extreme farmland fragmentation will
be seen in countries and regions where the phenomenon has not yet occurred. In regions where these
problems currently exist, they will become significantly more acute [43].
Hidden joint ownership brings some problems.
Land ownership is obstructed especially because
there is no young generation willing to live in a village and engage in farming, and the uncertainties related to heritage in the long term is still a consideration. These causes serious impediments in the long
term investments and plans of these lands. According to the survey results, 86% of the farmers expressed that they did not consider long term investments. The reasons were that the eldest member of
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[3] McPherson, M.F. (1982) Land fragmentation: A selected literature review. Development discussion paper no. 141. Harvard Institute
for International Development, Harvard University.
[4] Van Dijk, T. (2003) Dealing with central European land fragmentation. Delft: Eburon.
[5] Demetriou D., Stillwell J. and See L. (2013) A
new methodology for measuring land fragmentation. Computers, Environment and Urban Systems 39, 71±80.
[6] De Lisle, D. (1982) Effects of distance on cropping patters internal of the farm. Annals of Association of American Geographers, 72(1), 88±
98.
[7] Jabarin, A.S. and Epplin, F.M. (1994) Impacts
of land fragmentation on the cost of producing
wheat in the rain-fed region of northern Jordan.
Agricultural Economics, 11(2±3), 191±196.
[8] Karouzis, G. (1971) Time-wasted and distance
travelled by the average Cypriot farmer in order
to visit his scattered and fragmented agricultural
holding. Geographical Chronicles: Bulletin of
the Cyprus Geographical Association, 1(1), 39±
58.
[9] Falah, G. (1992) Land fragmentation and spatial control in the Nazareth metropolitan-area.
Professional Geographer, 44(1), 30±44.
[10] Goland, C. (1993) Field scattering as agricultural risk management ± A case-study from
Cuyo-Cuyo, Department of Puno, Peru. Mountain Research and Development, 13(4), 317±
338.
[11] Kjelland, M., Kreuter, U., Clendenin, G., Wilkins, R., Ben, X., Afanador, G., Grant, W.
(2007) Factors related to spatial patterns of rural
land fragmentation in Texas. Environmental
Management, 40(2), 231±244.
[12] Nguyen, T., Cheng, E.J. and Findlay, C. (1996)
Land fragmentation and farm productivity in
China in the 1990s. China Economic Review,
7(2), 169±180.
[13] Ram, K.A., Tsunekawa, A., Sahad, D.K. and
Miyazaki, T. (1999) Subdivision and fragmentation of land holdings and their implication in
desertification in the Thar Desert, India. Journal
of Arid Environments, 41(4), 463±477.
[14] Soltow, L. (1983) Land fragmentation as an index of history in the Virginia military district of
Ohio. Explorations in Economic History, 20(3),
263±273.
[15] Verry, E.S. (2001) Land fragmentation and impacts to streams and fish in the Central and Upper Midwest. In Proceedings of the society of
American foresters, 2000 national convention
(pp. 38±44). National Convention of the Society
American-Foresters.
[16] Wan, G.H. and Cheng, E.J. (2001) Effects of
land fragmentation and returns to scale in the

enlarge the plots and hence the farm sizes by eliminating the shareholders not involved with farming
activities. This is achieved by paying these unattended shareholders for their land and enterprises
and allocating the land and the facilities to the shareholders currently engaged in the farming business.
This Law, from the date 15 May 2014, while
preventing drop of parcel sizes below a certain size,
the minimum land size is determined depending on
the region and district. It is fRUHVHHQWKDWHQWHUSULVHV¶
land existence by inheritance should not drop below
minimum land size. With this Law it is also aimed to
establish land acquisition offices that can realize
land alteration. On the date of issue of Law it is foreseen that conveyancing of agricultural lands which
have not shared yet among heirs, should be completed according to previous act of law. After the
date of issue, lands which will be subject of inherLWDQFHZLOOEHGHSHQGHQWRQWRWKH/DZ¶VSURYLVLRQV
This situation can be seen as a factor diminishing the
effect of Law. As it is explained above, if the implementation is carried out with multi-purposed land
consolidation, it will contribute to the solution of
property related problems and reforming the production and working conditions. The program should be
implemented in such a way that the land acquisition
offices should be found in advance to realize purchase and sale transactions and these offices should
play an active role during land consolidation studies.
In agricultural production, it is not enough for enterprises to have a land size that provides subsistence.
The system should be supported by various incentives to increase the production and to solve the marketing problems. Venture, difficulty and devotion in
agricultural production, living conditions and social
problems should be considered holistically, and incentives should also be devoted to producers to improve the social aspects.
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ASSESSMENT OF SULPHUR EFFICIENCY OF DURUM
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hough S requirement of wheat is low [9], S deficiency in agricultural soils significantly affects the
yield, quality of winter wheat [10-11], and some of
the yield components [12-13-14].
The application of S has significantly affects
the wheat yield and some of the yield components
[15-16]. The S application increases grain protein
concentration, particularly at low N fertilizer rates
[17] and affects the wheat N:S ratio [10]. The increasing N:S ratio with N application in case of S
deficiency can reduce crop yield [18-19]. The interaction between N and S revealed that an optimum
plant-available N:S ratio in soil was needed to avoid
yield restrictions in many plants [20-21]. Therefore,
optimum crop yields cannot be obtained without balancing the N:S ratio in soil [19-22].
Sulphur efficiency is the ability of a plant to
maintain good growth on S-limited conditions [1623]. The S efficiency value was used to determine
the tolerance to S deficiency. Assessment of genotypic variation in tolerance to other nutrient deficiency can be determined by the use of S efficiency
calculated with considerations for the growth of the
whole shoot. Some genotypes are more resistant to
low S conditions and their growth may not be affected by S supply. Ahmad et al. [24] indicated that
S content displayed 6±8-fold differences among the
genotypes grown under S-insufficient conditions.
Since limited reports could be found on potential differences among durum and bread wheat varieties on
S uptake and utilization, this greenhouse experiment
was designed to determine the effects of S-application on growth, spad value, S efficiency, S and N
concentrations and N:S ratio in shoots of bread and
durum wheat genotypes.

ABSTRACT
A greenhouse experiment has been carried out
to evaluate the effects of sulphur (S) applications on
shoot dry matter, spad value, S and nitrogen (N) concentrations of 35 bread and 18 durum wheat cultivars. Plants were grown with a control and 100 ppm
S soil treatments. Shoot dry matter of durum (63%)
and bread (74%) wheat cultivars significantly increased (P<0.01) with S application and the difference in S efficiency between wheat varieties was significant. Sulphur and N concentrations of shoot were
also increased with S application. The S applications
in bread wheat cultivars slightly affected the N concentrations of shoot, whereas N concentrations of
durum wheat cultivars significantly varied (P<0.01)
with S application. The results revealed that S deficiency lead to a significant decline in shoot dry matters of wheat cultivars, and deficiency can be eliminated by S application during planting.

KEYWORDS:
Sulphur, durum wheat, bread wheat, efficiency, N:S ratio,
spad value

INTRODUCTION
Sulphur (S), one of the six macro nutrients in
soil is essential for crop growth and has many common physiological functions with nitrogen (N) [1-23]. Sulphur deficiency was showed up at very early
growth stages of winter cereals that causes a significant reduction in yield components [4]. Several studies [5-6] have shown that S fertilization may increase
the efficiency of N use. Salvagiotti et al. [6] indicated that yield increase is associated with the increasing N efficiency of crops. The lack of adequate
S limits plant growth and results in severe reduction
in agricultural production throughout the world [7].
Depletion of S deposition from the industrial
sources and the use of fertilizers contain lower rate
of S led to significant S deficiencies in soils. Despite
depletion and importance of S as an essential element for plant growth, S-containing fertilizers have
not been used for wheat crops before 1980s [8]. Alt-

MATERIALS AND METHODS
A greenhouse experiment was conducted with
35 bread and 18 durum wheat cultivars with the application of two different S doses (0 and 100 mg S
kg-1). Seeds of durum (Triticum durum) and bread
wheat (Triticum aestivum) cultivars were sown in
plastic pots containing 1.75 kg soil, and grown under
greenhouse conditions at the University of Cukurova
Adana, Turkey. The extractable S concentration of
soils used in pot experiment was 12.2 mg SO4-S kg-
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shoot dry matter yield and spad values were
presented in Table 1 and 2. Significant positive shoot
dry matter yield responses (either P<0.01 or P<0.05)
of S application were obtained for bread and durum
wheat cultivars. Whereas, Zhao et al. [10] observed
that S mainly affected the number of grains per ear,
and other yield components were less affected by S
application. Since S application increased the shoot
N concentrations of most of wheat varieties, dry matter yield increase might be associated with the increased N efficiency of wheat cultivars. The improvements in crop yield for oilseed rape, barley,
rice, durum and bread wheat, sugar beet and grass
[12-16-4-33-34] have been reported from different
countries.
Average shoot dry matter yield of bread wheat
cultivars in control treatment was 0.60 g plant-1, and
increased to 1.04 g plant-1 with S100 application.
The yield increase in bread wheat cultivars with S
application was average 74% and the highest yield
increases were obtained for Sultan, Bayraktar, Aytin,
Yildiz and Kutluk varieties as 90%, 89%, 85%, 85%
and 84%, respectively. The lowest dry matter yield
increase (47%) was occurred at Seri cultivar (Table
1). Although dry matter yield increased up to 77%
with the addition of 100 mg S kg-1, Kirac variety
yielded the lowest dry matter in both S0 and S100
doses, and dry matter significantly (P<0.01) differed
from all other 34 bread wheat varieties evaluated.
The results indicated a distinct difference on responses to S application among the varieties of the
same species. The variation of dry matter yield of
different varieties in S-deficient soil was related to
the ability of a plant to maintain good growth on Slimited condition which is known as S efficiency
[24].
The results revealed that resistance of wheat
species to S deficiency was different even among the
different varieties of the same species. Hawkesford
[35] also stated that crops have various abilities to
respond to S-deficiency stress which is the goal for
the genetic improvement of S-utilization efficiency
studies. Average S efficiency in bread wheat varieties was 58% and it was 62% for the durum wheat
varieties (Table 1 and 2). The difference in S efficiency between durum and bread wheat varieties was
significant. Balint et al. [36] indicated significant
genotypic variations in growth and sulfur efficiency
among 84 canola germplasm which is particularly
sensitive to low S supply in soils. The lowest S efficiency value (53%) of bread wheat varieties was obtained for Sultan and Bayraktar while the highest
value (68%) was for Seri variety. The lowest S efficiency of durum wheat varieties was 52% for Altintas and the highest value was 78% for Yelken and
Selcuklu varieties. The relationship between S concentrations of seeds and the S-efficiency values of
durum and bread wheat varieties was not significant
(Figure 1). The results showed that factors such as S
absorption capacity of species, S use efficiencies and

, soil was clay loam-textured, CaCO3 content was
11.2%, pH was 8.02 and organic matter content was
1.1%. The analysis of chemical and physical properties of soils were carried out using standard methods
described by Bloem et al. [25], Bouyoucous [26],
Klute et al. [27] and Jackson [28], respectively.
Fifteen seeds were sown in each pot, and the
seedlings were thinned to seven per pot after the
emergence. Before potting, the soil was homogeneously treated with a basal application of 300 mg N
kg-1 in a form of Ca(NO3)2.4H2O, 100 mg P kg-1 in
KH2PO4 form, 2.5 mg Fe kg-1 in Fe-EDTA form and
2 mg Zn kg-1 in ZnCl2 form. Two doses of S (0 and
100 mg S kg-1) in the form of CaSO4.2H2O were applied. Pots were sustained almost at field capacity,
and distilled water was used in irrigations.
Plant growth was observed, and spad values
were recorded with a chlorophyll meter as an indication of S-deficiency symptom (Minolta Spad 502).
SPAD value is usually linked to chlorophyll concentration of plants [29], and increases with increasing
chlorophyll content. SPAD measurement on leaves
was performed just below the youngest full-grown
leaf. Harvest time was determined based on symptom intensity.
Plants were harvested at 46th day of growth.
Harvested plants were washed, dried at 70 ºC for 48
hours and dry weights were determined. Dry samples were milled, and became ready for laboratory
analysis. Shoot samples were treated with H2O2HNO3 acid mixture and burned in a microwave
(Mars X-Press) for S-analysis. Following the digestions, S was analyzed by using Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES;
Jobin Yvon) device at 182.562 nm wavelength [30].
Nitrogen was analyzed by Kjeldahl method [31].
Sulphur efficiency of wheat varieties were calculated as;
SE (%) = (dry matter yield at S0 conditions/dry matter yield at S100 conditions)*100 [24].
Standard variance analyze techniques were
used to assess the significance of treatment means.
The data presented in the tables are mean values of
replications. The homogeneities of bread and durum
wheat varieties in response to S0 (0 mg S kg-1) and
S100 (100 mg S kg-1) treatments in terms of dry matter yield, spad value, S and N concentrations and N:S
ratios were determined by the Duncan`s test at 0.05
probability level. The differences for S0 and S 100
applications were compared using the paired t-test.
The statistical analyses were performed with SPSS
version 21.

RESULTS AND DISCUSSION
Shoot dry matter yield, S efficiency and
Spad value. The responses of 35 bread and 18 durum wheat cultivars to two sulphur (S) doses on
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the rate of S transport in plant other than S concentration of seeds are active in the resistance of durum
and bread wheat varieties. Similarly, Barutcular et al.
[37] indicated that genotypes, environmental factors
and their interactions significantly affects the quality
traits of wheat. Therefore, S supply may not always

correct the S deficiency due to the effects of
agronomic, environmental and economic factors.
However, cultivation of S-efficient genotypes may
substitute to S fertilizer application in some edaphic
environments [24].

FIGURE 1
Relationship between S concentrations of durum and bread wheat varieties and S efficiency
TABLE 1
Effects of S treatments on dry matter production (g plant -1), S-efficiency and spad value in bread wheat
varieties.
Genotypes
Golia
Bal Atilla
Dogu 88
Sultan
Bayraktar
Sonmez
Aytin
Katea
Kutluk
Yildiz
Suzen
Soyer
Dagdas
Atay
Bagci
Yakar
BDME 00/55
BDME 02/01
Gerek
Izgi
Aksel
BDME 0014
Bezostaja
Demir
Konya
Kirac
Altay
Goksu
Pehlivan
Kinaci
Karahan
Seri
Zencirci
Ikizce
Cetinel
Mean

Dry Weight (g plant-1)
S0
S 100
t-test
0,55bcd
0,99bcd
**
0,63IJKÕL
1,05cde
**
0,59FGHIJKÕ
1,08cdef
**
0,60GHIJKÕ
1,14efg
*
0,60GHIJKÕ
1,14efg
**
0,56bcd
1,01bcd
*
1,00bcd
**
0,54abc
0,57bcde
0,99bcd
**
0,56bcde
1,04bcde
**
a
abc
0,98
**
0,53
0,60GHIJKÕ
1,01bcd
**
0,59cdefgh
0,98abc
*
0,98abc
**
0,63IJKÕL
0,59cdefgh
1,01bcd
*
0,59cdefgh
1,01bcd
**
0,56bcde
0,98abc
**
0,60GHIJKÕ
1,06cde
**
1,06cde
*
0,66i
0,58bcdefgh
1,05cde
*
HIJKÕL
efg
0,62
1,11d
**
0,60GHIJKÕ
1,08cdef
**
0,59FGHIJKÕ
1,05cde
**
HIJKÕ
cdef
0,6d
1,07
**
1,20f
**
0,66i
1,09cdefg
*
0,65ÕL
0,50a
0,88a
**
0,63KÕL
1,14efg
**
0,58bcdefgh
1,00bcd
*
0,67i
1,18fg
**
bcdefg
ab
0,57
0,92
*
0,58bcdefgh
1,07cdef
**
0,63JKÕL
0,92ab
*
0,62IJKÕL
0,99bcd
*
0,63IJKÕL
0,99bcd
*
0,65ÕL
1,07cdef
**
0,60
1,04

S Efficiency
(%)
56
60
55
53
53
56
54
58
54
54
59
60
64
58
58
58
56
63
55
56
56
56
56
56
60
57
56
58
56
62
55
68
63
63
61
58

*P<0.05; **P<0.01; ±: Standard Error
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Increase (%) in
dry weight by S
80
68
82
90
89
80
85
72
84
85
69
67
56
71
71
74
77
59
82
79
79
78
78
80
68
77
79
74
77
62
83
47
59
58
65
74

S0
22abcd
24bcdefgh
20a
21ab
19a
23bcde
25FGHIJKÕ
26HIJKÕLM
27KÕLMN
22abc
28ijk
24bcdefgh
28ÕLMN
24bcdefgh
24bcdefgh
25FGHIJKÕ
24bcdefg
27JKÕLMN
24bcdefgh
26HIJKÕLM
25FGHIJKÕ
23bcdef
24bcdefgh
25FGHIJKÕL
26GHIJKÕLM
29jk
25FGHIJKÕL
25FGHIJKÕ
26GHIJKÕLM
26HIJKÕLM
27KÕLMN
27IJKÕLMN
26HIJKÕLM
27KÕLMN
30k
25

Spad Value
S 100
44ab
45abcd
44abc
46abcde
44a
49GHIJKÕL
48FGHIJKÕ
55j
53ij
50HIJKÕL
51JKÕL
47abcdefg
53ÕLM
50IJKÕL
48FGHIJKÕ
49GHIJKÕL
52KÕLM
49GHIJKÕL
47abcdefg
49GHIJKÕL
50HIJKÕL
49GHIJKÕL
51IJKÕL
48bcdefgh
49GHIJKÕL
47abcdefg
49HIJKÕL
49HIJKÕL
48FGHIJKÕ
50HIJKÕL
50HIJKÕL
50IJKÕL
49HIJKÕL
47abcdef
50IJKÕL
49

t-test
**
*
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
*
**
**
**
*
**
**
**
**
**
**
**
**
**
**
**
**
**
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TABLE 2
Effect of S treatments on dry matter production (g plant -1), S-Efficiency and spad value in durum wheat
varieties.
Genotypes
Gokgol
Yelken
Vatan
Mirzabey
Durnadili
Zenit
Altintas
Yilmaz
Kiziltan
C-1252
Altin
Meram
Cakmak
Kunduru
Selcuklu
)ÕUDW-93
Balcali2000
Kiziltan
Mean

Dry Weight (g plant-1)
S0
S 100
t-test
0,64cd
0,99cde
**
0,63cd
0,81ab
ns
0,63cd
0,95bcde
**
0,60cd
0,93abcd
**
1,21f
**
0,72d
0,67cd
1,10ef
**
0,57abcd
1,10def
**
0,96cde
*
0,68d
0,52abc
0,87abc
**
0,56abcd
0,97bcde
**
0,95bcde
**
0,57abcd
0,56abcd
1,04de
**
0,95abcde
**
0,62cd
0,66cd
1,08def
**
cd
a
0,78
**
0,61
1,04de
**
0,59bcd
0,45ab
0,83abc
**
0,44a
0,82ab
**
0,60
0,96

S Efficiency
(%)
65
78
66
64
59
61
52
71
60
58
60
54
66
61
78
57
54
54
62

Increase (%) in
dry weight by S
54
28
52
56
69
64
93
42
66
72
67
85
53
63
27
75
85
85
63

S0
30bcde
29bcde
28abcd
31cdef
33ef
27abc
29bcde
29bcde
27abcd
31cdef
31def
24a
26ab
30bcde
38g
26ab
28abcd
28abcd
29

Spad Value
S 100
50bc
53cd
51bcd
50bc
51bc
49b
53bcd
51bcd
55d
53cd
58e
51bcd
51bcd
51bcd
52bcd
45a
50bc
53bcd
52

t-test
**
**
**
**
**
**
**
**
*
**
**
**
**
**
**
**
**
*

*P<0.05; **P<0.01; ±: Standard Error

TABLE 3
Effect of S treatments on S and N concentration (%) and N:S ratio bread wheat varieties.
Genotypes
Golia
Bal Atilla
Dogu 88
Sultan
Bayraktar
Sonmez
Aytin
Katea
Kutluk
Yildiz
Suzen
Soyer
Dagdas
Atay
Bagci
Yakar
BDME 00/55
BDME 02/01
Gerek
Izgi
Aksel
BDME 0014
Bezostaja
Demir
Konya
Kirac
Altay
Goksu
Pehlivan
Kinaci
Karahan
Seri
Zencirci
Ikizce
Cetinel
Mean

S Concentrations (%)
S0
S 100
0,10e
0,44k
0,09abcd
0,38KÕLM
0,30ab
0,09abcd
0,09abcd
0,32abcde
0,28a
0,09abcd
0,09abcd
0,33bcdefgh
0,09bcde
0,32abcde
abcd
0,09
0,36GHIJKÕL
0,39ij
0,09cde
0,09cde
0,37IJKÕL
0,36HIJKÕL
0,08abc
0,31abcd
0,09cde
0,09abcd
0,32abcdef
0,09abcd
0,37IJKÕL
0,32abcdefg
0,09cde
0,09cde
0,36HIJKÕL
0,09abcd
0,33abcdefg
0,08abc
0,34EFGHIJKÕ
0,31abcd
0,08abc
0,08ab
0,36GHIJKÕL
0,09bcde
0,34bcdefgh
0,10de
0,35FGHIJKÕ
0,29ab
0,09cde
0,09abc
0,30abc
0,10de
0,30abc
0,35FGHIJKÕL
0,12f
0,08abc
0,31abc
bcde
0,35FGHIJKÕL
0,09
0,08a
0,31abc
0,09bcde
0,39ÕLM
0,37JKÕL
0,10cde
0,09cde
0,42jk
0,09abc
0,36GHIJKÕL
0,42jk
0,09bcde
0,33abcdefg
0,09cde
0,09±0,008
0,35±0,004

t-test
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
*
**
**
**
**
**
**
**
**
**

N Concentrations (%)
S0
S 100
t-test
3,25cdefg
3,74GHIJKÕL
*
3,18bcdef
3,63FGHIJKÕL
*
3,41HIJKÕL
3,09a
ns
3,85jk
3,28abc
ns
2,97ab
3,16a
*
3,42HIJKÕL
3,63EFGHIJKÕ
ns
ij
abcdef
3,69
3,45
ns
3,11abcd
3,63EFGHIJKÕ
ns
3,58KÕL
3,36abcd
ns
3,16abcde
3,65FGHIJKÕL
ns
2,99ab
3,65FGHIJKÕL
*
3,58KÕL
3,87IJKÕL
ns
3,43HIJKÕL
4,39j
*
2,88a
3,77HIJKÕL
*
3,15abcde
3,43abcdef
ns
3,39HIJKÕL
3,92JKÕL
*
3,45IJKÕL
3,62FGHIJKÕL
ns
3,02abc
3,69FGHIJKÕL
ns
3,63ÕLM
3,50abcdefg
ns
abc
abcdef
3,02
3,46
ns
3,29cdefgh
3,71FGHIJKÕL
ns
3,91k
3,63FGHIJKÕL
ns
3,36defgh
3,48abcdef
ns
2,89a
3,19ab
*
3,35GHIJKÕ
3,47abcdef
ns
4,03k
4,07ij
ns
2,93ab
3,40abcde
**
3,53JKÕL
3,97KÕL
ns
3,41HIJKÕL
3,32abcd
ns
HIJKÕL
KÕL
3,38
3,98
*
3,05abc
3,54abcdefgh
*
3,23bcdef
4,01ÕLM
*
2,93a
3,63FGHIJKÕL
**
3,37GHIJKÕ
3,83IJKÕL
ns
3,09abcd
3,52abcdefgh
ns
3,31±0,03
3,62±0,03

*P<0.05; **P<0.01;±: Standard Error
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S0
32a
37bcdefg
40efgh
45i
34abc
39defgh
42JKÕL
35abcde
39defgh
34abcd
36abcdef
39defgh
39defgh
33abc
35abcd
36abcdef
39cdefgh
37bcdefg
43KÕL
38bcdefgh
37abcdef
40IJKÕ
36abcdef
34ab
35abcd
34abc
34abcd
39defgh
45ÕL
37bcdefg
32a
35abcd
34abcd
37bcdefg
34abcd
37±0,38

N/S Ratios
S 100
9a
10abcde
10cdef
10bcdef
11defg
11defg
11defg
10bcdef
9ab
10abcde
10abcde
12gh
14h
10bcdef
11bcdef
11cdef
11defg
11cdef
11defg
10abcd
11defg
10abcde
12fgh
10cdef
11efg
12fgh
11defg
11efg
11defg
10bcdef
9abcde
10abcde
10bcdef
9abc
11bcdef
11±0,13

t-test
**
**
**
*
**
**
**
**
**
**
**
**
*
**
**
**
**
**
**
**
**
**
**
**
**
*
**
**
**
**
**
**
**
**
**

© by PSP

Volume 26 ± No. 10/2017 pages 5891-5899

Fresenius Environmental Bulletin


TABLE 4
Effects of S treatments on S and N concentrations (%) and N:S ratio durum wheat varieties
Genotypes
Gokgol
Yelken
Vatan
Mirzabey
Durnadili
Zenit
Altintas
Yilmaz
Kiziltan
C ± 1252
Altin
Meram
Cakmak
Kunduru
Selcuklu
Firat-93
Balcali2000
Kiziltan
Mean

S Concentrations (%)
S0
S 100
t-Test
0,09a
0,37ab
*
0,10abcd
0,43cdef
**
0,10ab
0,53h
**
0,39bc
**
0,10abc
0,11bcd
0,45efg
**
0,09a
0,36ab
**
0,34a
**
0,10abc
0,42cde
**
0,12cde
0,12cde
0,39bc
**
0,40bcd
**
0,10abcd
0,38abc
**
0,11bcd
0,10abc
0,39abc
**
0,10abcd
0,41cde
*
0,09ab
0,35ab
**
0,13f
0,48fg
**
0,10abcd
0,47efg
**
0,57h
**
0,12ef
def
defg
0,12
0,44
**
0,11
0,42

N Concentrations (%)
S0
S 100
t-test
3,56a
3,67ab
ns
3,69ab
4,18bcdef
ns
4,24cdef
3,65ab
*
4,09cde
3,90abcde
ns
3,51a
4,33def
*
3,96bc
3,35a
*
4,52f
3,40a
*
cdef
def
4,35
4,30
ns
4,50f
4,27cdef
*
4,03cd
3,88abcde
ns
3,65ab
3,79abcd
ns
4,37def
3,70abc
*
3,65ab
4,40ef
**
3,67ab
3,72abc
ns
4,27cdef
4,59fg
ns
4,31cdef
3,76abcd
*
4,60f
4,36ef
ns
ef
f
4,43
4,53
ns
4,08
3,99

S0
40cdef
36abcd
44fgh
41cdefg
33ab
45gh
46h
37abcd
38bcde
40cdef
34ab
44efgh
36abc
39bcde
32a
41defgh
38bcde
38bcd
39

N/S Ratios
S 100
10def
10de
7a
10def
10cd
9de
10def
10def
11f
10de
10def
10de
11ef
11ef
10de
8bc
8ab
10def
10

t-test
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

*P<0.05; **P<0.01;±: Standard Error

obtained for Bayraktar (19), Dogu 88 (20) and Sultan
(21) varieties. However, the dry matter yields of
these varieties were almost 0.60 g plant-1 which is
the average yield value for bread wheat. The lack of
a yield response despite the appearance of S-deficiency (lower spad values) might be due to the uptake and translocation of S mineralized late in the
season symptoms [44].

The mean dry matter yield of durum wheat was
0.60 g plant-1 and the yield increased to 0.96 g plant1
with S100 application. The highest yield increase
in durum wheat cultivars were obtained for Altintas
(93%), Meram (85%), Kiziltan (85%) and Balcali
2000 (85%). The lowest yield increase was obtained
for Selcuklu and Yelken varieties as 27% and 28%,
respectively (Table 2). Durnadili variety yielded significantly higher (P<0.01) dry matter with both S0
and S100 applications as compared to the rest of the
durum wheat varieties. The increase in dry matter
yield of bread wheat varieties with the application of
S were higher compared with the durum with varieties (Table 1 and 2). Taureau et al. [38] observed
yield increase in wheat with S application at 183
field trials in France. Zhao et al. [39] and Ercoli et
al. [40] also reported significant yield increase in durum wheat with the S application.
Under sufficiency of other nutrients and S-deficiency conditions, the chlorophyll concentration of
leaves could be accepted as a good indicator of S deficiency in plants [41]. The spad value of leaves significantly increased (P<0.01) with the S application
in bread and durum wheat varieties (Table 1 and 2).
Zhao et al. [10] observed a decline in spad value
whereas spad value increased with the application of
adequate S. The average spad value of in S0 was 25
for bread, and it was 29 for durum wheat varieties.
The spad value increased up to 49 for bread wheat
and 52 for durum wheat varieties with S100 application (Table 1 and 2). Pagani and Echeverria [41] and
Szulc et al. [42] also reported that spad value of corn
leaves decreased in case of S deficiency and increased with the S fertilization. Sulphur application
increased the chlorophyll and protein concentration
of tomato leaves [43]. The lowest spad values for
bread wheat varieties in S-deficient conditions were

Shoot S and N concentrations and N:S ratio.
The S and N concentrations and N:S ratio of bread
and durum wheat varieties have been presented in
Table 3 and 4. There was a significant (P<0.01) increase in the total S concentrations in bread and durum wheat cultivars with increasing S applications.
The average shoot S concentration of bread wheat
varieties was 0.09% with S0 and it was increased to
0.35% with S100 applications (Table 3 and 4). Kour
et al. [16] also reported significant increase in S uptake of mustard with 30, 45 and 60 kg S ha -1 applications. The highest shoot S concentration (0.12%)
among bread wheat varieties was obtained in Kirac
variety with S0, whereas dry matter yield of above
ground biomass for Kirac variety was the lowest
among all. The Golia variety contained the highest
shoot S concentration (44%) with the S100 application (Table 3). Shivaya et al. [45] indicated that S
concentration in wheat seed with S0 dose was
0.103% and increased to 0.126% when 45 kg S ha -1
applied. In durum wheat varieties, the average shoot
S concentration in S0 was 0.11%, and the concentration increased to 0.42 with the S100 treatment. The
higher S application significantly increased the shoot
S and seed S concentrations [33]. The S concentrations in shoot for Selcuklu (0.13%) variety with S0
and Balcali (0.57%) variety with S100 treatments
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S0) to 11 (S100 mg S kg-1) and similarly the
N:S ratio in durum wheat varieties decreased from
39 to 10 with the addition of 100 mg S kg-1 (Table 3
and 4). The good correlation between spad value of
wheat leaves and N:S ratio supports the idea that N:S
ratio of above ground biomass could be used as an
apparent indicator of the S status in the bread and
durum wheat varieties.

were significantly different among durum wheat varieties (Table 4).
The effects of S addition on N use efficiency of
wheat varieties have not been thoroughly explained.
Campbell [46], Mendel [47] and Swamy et al. [48]
explained the effects of S fertilization on N use efficiency were consequence of changes in whether recovery efficiency, internal efficiency, or both. The
authors concluded that due to the role of S in the nitrate reductase and nitrite reductase involved at N
metabolism, the deficiency of S could lower N assimilation of plants. The effects of S application on
N concentrations of above ground biomass both for
bread and durum wheat varieties were variable, and
N concentration was significantly increased or decreased depending on the variety (Table 3 and 4).
Inal et al. [12] reported similar results for the
changes in N concentration of a durum and a bread
wheat variety after the addition of 10, 20, 30 and 40
mg S kg-1. The N concentrations in above ground biomass for twenty eight of bread wheat varieties have
slightly increased with the addition of 100 mg S kg1
(Table 3). The increases of N were mostly nonsignificant except in Zencirci and Altay varieties. The
average N concentration was 3.31% with S0 and increased to 3.62% with S 100 treatment (Table 3).
Whereas, N concentration was slightly decreased in
'R÷X6XOWDQ$\WLQ.XWOXN*HUHN%'0(-0014
and Pehlivan varieties. The N concentrations of durum wheat varieties with S0 doses ranged from
3.51% and 4.60% and the mean concentration was
4.08%. The N concentration of Cakmak variety was
significantly increased with the addition of S,
whereas N concentration of Meram variety was significantly reduced (Table 4). Salvagiotti et al. [49]
indicated that positive interaction between N and S
is due to the greater N use efficiency of wheat varieties. Therefore, addition of S increases the N as well
as biomass and grain yield in wheat.
The N:S ratio in the above ground biomass of a
crop is an important indication of its S requirement
particularly for wheat intended for bread making as
compared to the other wheat varieties [50]. In this
study, N:S ratios of above ground biomass were generally decreased by the S treatments, and increased
by increasing the N rate (Table 3 and 4). Bergmann
[51] stated that N:S ratio might vary depending on
plant species even for the different parts of the same
plant. The critical N:S ratio for deficiency in wheat
grain was reported as 17:1 [10] whereas the critical
N:S value for wheat leaves was 15:1 [18]. The N:S
ratio for both bread and durum wheat varieties were
greater than the critical threshold value of 15:1. Randall et al. [52] also stated that the ratiRRIޓLVDV
sociated with S deficiency in wheat. Large N:S ratios
  ޓZHUH REWDLQHG LQ WKH 6 WUHDWPHQWV IRU DOO
bread and durum wheat varieties, whereas the values
were significantly decreased (P<0.01 or P<0.05)
with S100 mg S kg-1 application. The average N:S
ratio of bread wheat varieties ranged from 37 (for

CONCLUSIONS
The results revealed that S deficiency in wheat
varieties can be corrected by fertilization and dry
matter yield of bread and wheat varieties increases
with the S application. However, responses of bread
and durum wheat varieties even for the same plant
species significantly differ from each other. Therefore, identification and cultivation of S efficient genotypes as in zinc and nitrogen efficient genotypes
could efficiently use the soil S and produce higher
yields compared to the non-efficient genotypes.
The increase in yield was affected by N and S
metabolism of wheat varieties. The efficiency of
bread wheat varieties increased with increased S application. The measurement of leaf spad value in
greenhouse conditions reflected the S use efficiency
of wheat varieties. The N:S rate of above ground biomass might be used as a reliable parameter to understand the S use status of wheat varieties.
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system because it is highly visible even at very low
concentrations [5]. Toor et al. [6] stated that even at
0.005 mg/L dye is already visible for human eyes.
Untreated colored wastewater may affect the
aquatic communities by reducing the photosynthetic
activity [7]. The presence of dyes will reduce the
penetration of sunlight into aquatic ecosystem [8]. In
addition, dyes can also enter the food web and cause
adverse effects to human, if consumed [9]. It is clear
that dyes could impose an acute and/or chronic effect
towards human, animals and plants if discharged into
water bodies. Therefore, preventive actions must be
taken to overcome the aforementioned issues.
Adsorption is known as an effective technique
to remove contaminants such as dyes and heavy metals in wastewater [10]. Activated carbon has been
extensively used as an adsorbent for adsorption in
wastewater treatment [4]. This scenario can be related to its high surface area and excellent adsorption
capacity [11]. However, the application of activated
carbon in wastewater treatment as an adsorbent has
several drawbacks especially in large scale treatment
system due to its high cost. Besides, the process to
alienate contaminants from the exhausted activated
carbon and the regeneration of used activated carbon
are technically challenging and add up more to a
treatment plant operational cost [4,11]. Therefore,
activated carbon may not be an economic adsorbent
especially for undeveloped and developing countries
that practice small-scale wastewater treatment facilities.
In recent years, the integration of natural materials particularly lignocellulosic materials in many
sectors has attracted environmental researchers¶ attention. Within Malaysia context, kenaf fiber is one
of the lignocellulosic materials planted massively in
east cost of peninsular Malaysia. Saba et al. [12]
mentioned that kenaf is a cost-effective fiber plant
and has environmental friendly properties. Like
other natural fibers, kenaf is classified as renewable
energy and do not have negative impacts on the environment due to its ability to self-degrade[13].
To the best of our knowledge, data on the adsorption and characterization studies of raw KBF in
the removal of dyes have not been published. In the
last 15 years, research studies on kenaf fiber have focused on kenaf core fiber (KCF) and modified kenaf
fiber (MKF). As discussed by Ong et al. [14], there
are only several studies have compared the removal

ABSTRACT
The overall aim of this study was to evaluate
the effectiveness of raw Kenaf Bast Fiber (KBF) to
remove methylene blue (MB), rhodamine B (Rh. B),
congo red (CR) and methyl orange (MO) dyes from
aqueous solutions and simulated wastewater using
batch adsorption system. The effects of solution pH,
initial dye concentration and adsorbent dosage on removal of dyes were investigated. The adsorption capacity of raw KBF for MB, Rh. B, CR and MO was
greatly influenced by initial dye concentration and
amount of adsorbent dosage. The best pH value for
adsorption of CR, MO and Rh. B was recorded at pH
2.0, while the maximum adsorption for MB was obtained at pH 6.0. The equilibrium data were analyzed
by the Langmuir and Freundlich isotherm models.
The adsorption of cationic and anionic dyes onto raw
KBF was best described by the Freundlich isotherm
model. Scanning Electron Microscope (SEM) and
Fourier Transform Infrared Spectrometer (FTIR)
were used to characterize raw KBF. Interaction with
dyes has changed the surface morphology and
shifted the wavenumbers of functional groups present in raw KBF. In multi-dye system, MB was the
dye most removed by raw KBF. Overall, results from
this study highlight the great potential of raw KBF
as a natural bioadsorbent for the removal of toxic
dyes in wastewater.

KEYWORDS:
adsorption, dyes, kenaf bast fiber, wastewater treatment

INTRODUCTION
Dyes are defined as aromatic organic compounds that possess unique abilities to colorize other
substances [1]. Dyes have very complex structure
and therefore they are difficult to degrade biologically in the environment [2]. Generally, colored
wastewater originates from many industries such as
textile, cosmetics, plastics, food processing, carpets,
rubbers, dye manufacturing, paper and pulp, tannery
and paint [3]. It has been estimated that the global
wastewater discharged from textile industries can
reach more than 1 million liter annually [4]. Colored
wastewater is easily detected especially in aquatic
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the volume of dye solution (L). Meanwhile,
the percentage of removal (%) was computed using
equation (2):
Removal (%) = §¨ Co - Ce ·¸ × 100 (2)
© Co ¹
On the other hand, three experimental conditions namely volume of dye solution (50 mL), time
of contact (60 mins) and rotation speed (100 rpm)
were set at constant. The dye solutions were agitated
using a Protech 720 Orbital Shaker. Dye free blanks
were used as controls. After adsorption experiment,
the dye solutions were filtered through Filtre Fioroni
(125 mm) filter paper. The residual dye concentration was measured using an Agilent Cary 60 UVVisible Spectrophotometer. Experiments were conducted in triplicates and average values (with respective standard error of average) were reported.

of both cationic and anionic dyes by certain adsorbents. Hence, in the present study the adsorption behavior of cationic (MB and Rh. B) and anionic (Cr
and MO) dyes onto raw KBF was investigated in
both single- and multi-dye batch experiments.

MATERIALS AND METHODS
Preparation of adsorbent. Raw KBF, which
was obtained from the outer part of kenaf stalks (MR
grade), was used in this study. The raw KBF was
supplied by Malaysian National Kenaf and Tobacco
Board, Kubang Kerian, Kelantan. The raw KBF biomass was ground using a laboratory mill and washed
several times using distilled water followed by deionized water. The material was dried in an oven at
60 °C for 7 days. The dried KBF was then sieved
using an American Society for Testing and Materials
(ASTM) standard to obtain uniform size particles of
1.0 mm before being used.

Effectiveness study. The effectiveness of raw
KBF to remove dyes was further evaluated in multidye system using a simulated dye wastewater. For
this study, 0.1 g of raw KBF adsorbent was added
into 50 mL of 5 mg/L multi-dye solution containing
MB, Rh. B, CR and MO. The adsorption studies
were conducted at pH 2.0 and 6.0, optimum pH values obtained from single-dye adsorption system.

Preparation of stock solution. Methyl orange
(MO) and rhodamine B (Rh. B) were purchased from
Bendosen Laboratory Chemicals, while congo red
(CR) and methylene blue (MB) were acquired from
Merck Chemicals. Dye solutions (10 mg/L) were
prepared by adding specific amount of dyes powder
into deionized water. These stocks solutions were
then diluted into desired concentrations prior to use.

Characterization studies. Another focus of
the present study was on the characteristics of raw
KBF. Several analytical techniques such as Scanning
Electron Microscopy (SEM) and Fourier Transform
Infrared Spectroscopy (FTIR) were applied to investigate the physical and chemical characteristics of
raw KBF, before and after interaction with the contaminants. Meanwhile, surface area and pore diameter of raw KBF was analyzed by Brunauer-EmmettTeller (BET) and Barrett, Joyner and Halenda (BJH)
techniques, respectively.

Batch adsorption studies. The fundamental
adsorption studies for MB, Rh. B, CR and MO were
carried out by batch experiments. Several experimental parameters, namely solution pH, initial dye
concentration and adsorbent dosage were studied in
order to evaluate their effects on anionic and cationic
dyes uptake by raw KBF. In this research, the effect
of solution pH was studied in the range between 2.0
to 8.0 as suggested by Santhi et al. [15]. pH 8.0 was
chosen as the highest pH value based on results obtained from preliminary study of which there was no
significant effect in dyes adsorption at solution pH
higher than 8.0. To obtain the desired pH value, 0.05
mol/L of HCl and 0.05 mol/L of NaOH were added
to dyes solution. The pH was measured using a
Thermo Scientific Orion 2-Star pH meter. The effect
of initial dye concentration was studied at the concentrations of 2.5, 5.0, 7.5, 10.0 and 20.0 mg/L,
while the effect of adsorbent dosage was studied at
the rates of 0.025, 0.050, 0.100 and 0.200 g.
The adsorption capacity of MO and MB onto
raw KBF at equilibrium was calculated using equation (1):
§ C -C ·
qe = ¨ o e ¸ V
© W ¹
(1)
where qe is the amount of dye adsorbed by raw
KBF (mg/g), Co is the initial concentration of dye
(mg/L), Ce is the equilibrium concentration of dye
(mg/L), W is the weight of the raw KBF (g), and V is

MATERIALS AND METHODS
Adsorption studies. Effect of solution pH. In
dyes adsorption, the solution pH plays a very critical
role because the varies in pH could altered the properties of the adsorbents and the structure of the dyes
[16,17]. The results for effect of solution pH on the
adsorption capacity and removal percentage of MB,
Rh. B, CR and MO by raw KBF are displayed in Fig.
1.
From Fig. 1(a), the adsorption of CR and MO
onto raw KBF was performed well at pH 2.0. The
adsorption capacity and the removal percentage of
both dyes were at the highest at pH 2.0 and decreased
when the pH was adjusted to a higher pH value. At
pH 2.0, the adsorption capacity of raw KBF for CR
and MO was 2.45 and 0.71 mg/g, meanwhile the removal percentage was 98.55 and 28.54 %, respectively. This observation is similar to the reports by
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MB binding [22].There was no significant effect in MB uptake as the pH increased to pH 8.0.
Similar trends were observed by Lim et al. [23] and
Tan et al. [24] that have used breadnut peel and activated maize cob powder to remove cationic dyes.
In contrast, another cationic dye namely Rh. B
exhibited a different adsorption behavior onto raw
KBF. The uptake of Rh. B by raw KBF was higher
within pH 2.0-3.0 and started to decrease at pH 4.0
and remained constant thereafter. The adsorption capacity decreased from 1.97 to 0.80 mg/g (Fig. 1(a),
while the removal percentage decreased from 81.27
to 32.67 % when the pH was altered from pH 2.0 to
4.0 (Fig. 1(b)). This scenario can be related to the
formation of different structure of Rh. B in aqueous
solution particularly at different pH values. As discussed by Motahari et al. [25] and Li et al. [26], Rh.
B exists as small cations at pH lower than 4.0 while
at higher pH Rh. B exists as larger zwitterions. This
statements explained the effect of solution pH in the
removal of Rh. B onto raw KBF of which at lower
pH values, the smaller formed of cationic Rh. B diffused easily onto KBF while at higher pH values, the
adsorption capacity and removal efficiency decreased due to inaccessibility of larger zwitterionic
Rh. B to enter the pore of raw KBF.
As a conclusion, both anionic (CR and MO)
and cationic dyes (MB and Rh. B) dyes had shown
optimum performance at different solution pH. Generally, the highest uptake of MB occurred at pH near
to neutral (alkaline pH) and the removal of CR, MO
and Rh. B by raw KBF was best at very acidic solution. This phenomenon was greatly influenced by the
presence of ions in the aqueous solution and the molecular structure of the dyes.

Elmoubarki et al. [16], of which the adsorption of
anionic dyes was optimum at low pH values. Moreover, the optimum pH of CR removal at pH 2.0 is in
agreement with Reddy et al. [18] that used Jujube
seed as an adsorbent. The trend for adsorption capacity could be related to the ionization process that occurred at low pH values which has contributed to
strong electrostatic attraction between ionized functional groups of the adsorbent and anionic dyes. On
the other hand, when the solution pH increased, the
adsorption system has more negatively charged sites
consequently anionic dye uptake was diminished due
to electrostatic repulsion [19,20].
3.0
a
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Effect of initial dye concentration. The adsorption capacity and removal efficiency of an adsorbent is also influenced by initial concentration of
contaminants [4,27]. The effect of varying initial dye
concentration on the adsorption capacity and the percentage of dyes removal by raw KBF are shown in
Fig. 2. From Fig. 2(a) The adsorption capacities for
CR, MO, MB and Rh. B were increased from 1.22 to
9.27, 0.09 to 1.28, 1.11 to 9.52 and 1.00 to 3.851
mg/g, respectively as the initial dye concentration
was increased from the lowest (2.5 mg/L) to the
highest (20 mg/L) initial concentration. The increase
in adsorption capacity for both anionic and cationic
dyes at higher concentrations can be related to the
stronger driving force at higher initial dye concentrations which is needed to overcome the resistance of
mass transfer towards the removal of dyes molecule
between aqueous phase and solid phase [28]. This
situation can also be described as at higher initial
dyes concentrations, the interactions between dyes
and the adsorbent became stronger that leads to
higher adsorption capacity [2].

9

pH

FIGURE 1
Effect of solution pH on the adsorption capacity
(a) and percentage of removal (b) of CR, MO,
MB and Rh. B by raw KBF
In the case of MB, the adsorption capacity and
removal of MB increased as the pH of the solution
increased. When the pH increased from pH 2.0 to
3.0, the adsorption capacity and the percentage of removal increased from 1.71 to 2.27 mg/g and 70.87 to
92.22 %, respectively. Previous studies suggested
that at low pH, more H+ and H3O+ ions are available
and directly increased the positive charge density on
the adsorbent surface that consequently reduced the
dyes uptake [21]. Apparently, an excess of H+ ions
and MB cations competed for active sites on the surface of raw KBF. This competition creates electrostatic repulsion between positive charged of MB cations and positively chargedsurface that significantly
decreased the dye uptake onto the adsorbent. At pH
higher than pH 3.0 however, the surface of the adsorbent was deprotonated and therefore favorable for
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FIGURE 3
Effect of adsorbent dosage on the adsorption capacity (a) and percentage of removal (b) of CR,
MO, MB and Rh. B by raw KBF

FIGURE 2
Effect of initial dye concentration on the adsorption capacity (a) and percentage of removal (b)
of CR, MO, MB and Rh. B by raw KBF

Effect of adsorbent dosage. Adsorbent dosage
is another critical parameter that should be considered in designing an effective adsorption system.
Firstly, the amount of adsorbent dosage is directly
proportional towards the availability of the active
binding sites. Secondly, the amount of adsorbent
used gives direct effect on wastewater treatment
plant operational cost.
As shown in Fig. 3(a), the adsorption capacity
for all dyes increased when the adsorbent dosage was
reduced from 0.200 to 0.025 g. The adsorption capacity of CR, MO, MB and Rh. B increased from
1.18 to 8.35, 0.37 to 2.65, 1.16 to 9.09 and 1.11 to
3.20 mg/g, respectively. This finding can be explained by the fact that at high adsorbent dose, the
active sites available on the adsorbent became unsaturated [21,30]. Therefore, these active sites might
not be fully utilized for dyes adsorption [31].
In terms of removal percentage, the uptakes of
MB kept constant at range of 93.0 % while the uptake of CR, MO and Rh. B increased from 85.20 to
95.66, 26.87 to 30.22 and 31.91 to 89.20 % as the
raw KBF dosage was increased from 0.025 to 0.200
g, respectively. The behavior of MB removal could
be due to amount of raw KBF at 0.025 g might not
the minimum dosage for the removal of MB at these
experimental conditions. Meanwhile, the trends of
removal percentage for CR, MO and Rh. B could be
explained in terms of at higher dose, more adsorption
sites are readily available for dyes binding.

However, the removal percentage for dyes
showed different trends when the initial dyes concentration was increased. As presented in Fig. 2(b),
the removal of CR and MB was not really affected
of which CR removal decreased slightly from 98.52
to 94.20 %, while removal percentage of MB increased slightly from 89.29 to 96.70 %. This observation can be explained by the fact that the available
active sites on raw KBF provided was sufficient
enough for CR and MB adsorption even at higher
concentration (20 mg/L). A slight increment in MB
removal percentage was also reported by Gong et al.
[8] when granular kohlrabi peel was used as an adsorbent for MB. In the case of MO adsorption, removal percentage was increased slightly from 19.07
to 26.84 % as the initial metal concentration increased from 1.0 to 10.0 mg/L. A different trend was
obtained for Rh.B. The removal of Rh. B decreased
from 81.16 to 39.68 %. The decrease in Rh. B removal percentage delineates the limitation of adsorbent active sites at higher Rh. B concentration as
suggested by Mahmoud et al. [2]. This phenomenon
also can be associated to the competition among the
Rh. B molecules for the fixed adsorption sites [29].
Overall, the adsorption capacity and the removal percentage of investigated dyes strongly influenced by the initial dyes concentration. This was
because there are significant relationships between
initial dye concentration and number of active sites
available on the adsorbent.
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The equilibrium adsorption data of MB,
Rh. B, CR and MO onto raw KBF were better fitted
by Freundlich compared to Langmuir isotherm
model. Therefore, the maximum adsorption capacity
was expressed based on Freundlich isotherm model
(KF) as depicted in Table 1. Another important parameter that should be considered in adsorption
study is separation factor, (RL). This dimensionless
constant was derived from the Langmuir isotherm
model and can be used to evaluate the suitability and
the effectiveness of an adsorbent for decontamination of effluent [27]. The separation factor, (RL)
could be expressed as equation (5) [41]:
1
(5)
RL =
1 + bCo
where Co is the initial concentration of dye
(mg/L) and b is the Langmuir constant (L/mg).
Based on RL values the isotherm shape of an adsorption process can be categorized into four systems
[41]: (1) RL = 0 (irreversible), (2) 0 <RL< 1 (favorable), (3) RL = 1(Linear) and (4) RL> 1(unfavorable).
The RL values calculated at different concentrations of CR, MO, MB and Rh. B lie between 0 and 1
suggested that the adsorption of dyes studied onto
raw KBF was favorable. The applicability of raw
KBF for dye removal was further evaluated in terms
of Freundlich isotherm constant (n) values. The n
values obtained were in the range of 1 to 10 suggesting that the removal of dyes by raw KBF was favorable. Meanwhile, the low value of b computed from
the Langmuir equation reflects strong affinity of raw
KBF towards dyes.As presented in Table 2, the adsorption capacities of raw KBF for cationic and anionic dyes studied were comparable to other selected
low-cost adsorbents.

Adsorption isotherms. Isotherm studies described the relationship between the quantity of solutes adsorbed and the concentration of the solute
when equilibrium was reached [32]. Furthermore,
adsorption isotherms provide information on how
adsorbent and adsorbate interact to each other
[33,34]. In this study, dye equilibrium adsorption
isotherms were expressed by means of the Langmuir
and Freundlich isotherm models.
Langmuir isotherm model known as an important and most applied model that assumes contaminants form a monolayer on the adsorbents [35].
This model describes maximum adsorption occurs at
fixed homogenous site that formed saturated monolayer at the exterior surface of the adsorbent [36],
where one molecule of adsorbate bound to one specific active site in the surface of adsorbent. In addition, Langmuir isotherm also assumes that all the adsorption sites of the adsorbent are exact and energetically equivalent [29]. The linear form of the Langmuir isotherm can be expressed as equation (3) [37]:
&H &H 
(3)


TH 4 4E
where Ceis the equilibrium concentration of dye
(mg/L),qe is the amount of dye adsorbed per unit
weight of adsorbent at equilibrium concentration
(mg/g), Q is the maximum adsorption at monolayer
(mg/g), and b is the Langmuir constant related to the
affinity of binding sites (mL/mg) as well as a measurement of the energy of adsorption. The values of
Q and b can be calculated from linear plot of Ce/qe
against Ce.
As forFreundlich isotherm model, the adsorption process could occur at any sites of the adsorbent
due to randomly distribution of active sites and their
energies [38]. Freundlich isotherm model is an empirical equation based on the adsorption at multilayer
heterogeneous surface [39]. The linear form of the
Freundlich isotherm model is given as equation (4)
[40]:

ORJ TH ORJ .)  ORJ &H
(4)
Q
where n is the Freundlich constant that representing adsorption intensity and KF (mg/g) related to
the adsorption capacity. The linear plot of log qe
against log Ce gives values of n and KF.

Effectiveness study. It is known that real
wastewater contains a number of toxic contaminants,
not a single contaminant. Therefore in this study adsorption experiments were also performed in multidye systems in order to examine the ability of raw
KBF to treat wastewater. The results for dyes uptake
by raw KBF in simulated wastewater at pH 2.0 and
pH 6.0 are shown in Table 3.

TABLE 1
Freundlich and Langmuir isotherm constants for adsorption of CR, MO, MB and Rh. B onto raw KBF
Dyes
Freundlich
Langmuir
2
KF (mg/g)
1/n
n
R
Qmax (mg/g) b (L/mg)
R2
CR
6.83
0.54
1.84
0.9463
13.16
1.31
0.6044
MO
7.76
1.22
0.82
0.9910
2.43
0.05
0.5343
MB
22.48
2.08
0.48
0.9985
3.20
1.20
0.8587
Rh.B
1.57
0.61
1.65
0.9738
4.38
0.61
0.9966
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TABLE 2
Comparison of maximum adsorption capacity estimated for dyes from Freundlich isotherm
model for selected adsorbents
Adsorbents
KF
Reference
CR
MO
MB
Rh. B
Kenaf bast fiber
6.83
7.76
22.48
1.57
Present study
Acid treated kenaf fiber char
10.88
[2]
Bagasse fly ash
8.16
[42]
Banana peels
0.05
1.73
1.34
0.39
[43]
Orange peels
0.65
2.20
1.75
1.01
Berrechid raw clay
0.11
19.96
[16]
Safi raw clay
0.29
37.03
Bottom ash
0.338
[44]
De-oiled soya
3.16
Cashew nut shell
1.36
[45]
Chemically treated Acacia nilotica
1.97
[15]
leaf
Coir pith carbon
3.82
[46]
Date palm leaves
2.03
[47]
Garlic peel
7.88
[48]
Luffa cylindrica fiber
16.00
[49]
Meranti sawdust
12.14
[50]
Peanut husk
16.65
[51]
Peanut shell
0.11
[52]
Raw Posidonia oceanica fiber
1.20
[53]
Spent tea leaves
6.43
[54]
Sugarcane bagasse
3.70
[55]
Tamarind fruit shell
3.48
[18]
Yellow passion fruit shell
0.40
[56]
TABLE 3
Single- and multi-dye system at pH 2.0 and pH 6.0
Single-dye system
Multi-dye system
Dyes
Adsorption capacity, Q Removal
effiAdsorption capacity,
(mg/g)
ciency (%)
Q (mg/g)
Solution pH 2.0
CR
2.449
98.55
0
MO
0.705
28.54
0.420
MB
1.712
70.87
2.382
Rh. B
1.974
81.27
1.058
Solution pH 6.0
CR
1.758
71.83
0
MO
0
0
0
MB
2.250
93.96
2.374
Rh. B
0.763
31.39
0.940

Removal efficiency
(%)
0
16.95
96.26
42.75
0
0
100
39.59

wards CR. As a result, no CR adsorption was observed in the present study. In the case of MO and
Rh. B, the adsorption of both dyes decreased in
multi-dye system. Specifically, the removal of Rh. B
decreased significantly in multi-dye system at both
pH values. Meanwhile, the adsorption of MO was
only occurred at pH 2.0 due to MO characteristics as
an anionic dye. Generally, it can be concluded that
the reduction of MO and Rh. B uptake in multi-dye
system was strongly influenced by the competition
effect between molecules of Rh. B, MB, CR and MO
for binding site on KBF.

At both solution pH values, the adsorption of
MB was higher in multi-dye as compared to in single-dye system. On the other hand, CR is the most
affected dyes in multi-dye system in where the removal of CR was zero at both pH solutions studied.
The competition between CR, MO, MB and Rh. B
has resulted in a very low anionic dyes (CR and MO)
uptake by raw KBF. Higher molecular weight of CR
(696.68 g/mol) as compared to MB (319.86 g/mol)
and Rh. B (479.02 g/mol) also one of the relevant
factors that hinder CR uptake by raw KBF. In addition, the greater molecule size of CR as compared to
other dyes has reduced the affinity of raw KBF to-
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a

e

FIGURE 4
SEM micrograph images of raw KBF before adsorption (a) and after adsorption of CR (b), MO
(c), MB (d) and Rh. B (e)

b

Characterization study. Surface area and
pore diameter analyses. The BET surface area and
average pore diameter of raw KBF were determined
as 2.08 m2/g and 1.17 Å, respectively. It is interesting to note that the BET surface area of raw KBF was
higher than coconut shell (0.40 m2/g) [42], sawdust
of beech (1.08 m2/g), linden (1.22 m2/g) and poplar
(0.89 m2/g) [43], as well as modified chitosan beads
(0.27 m2/g) [44]. Meanwhile, raw KBF is categorized as micropores based on the guideline set by International Union of Pure and Applied Chemistry
(IUPAC) for total porosity classification.

c

SEM analysis. SEM images for raw KBF after
interaction with cationic and anionic dyes are shown
in Fig. 4. The surface of raw KBF upon adsorption
of CR and MO dyes did not change significantly,
where the groove texture of raw KBF (Fig. 4(a)) still
could be clearly seen (Figs. 4(b) and 4(c). This observation supports the low anionic dyes adsorption
onto raw KBF as reported earlier in adsorption study.
On the other hand the surface morphology of raw
KBF formed lump-like structure following MB adsorption (Fig. 4(d)), meanwhile interaction with Rh.
B turned a groove texture of KBF into a bean-like
texture (Fig. 4(e)).

d

FTIR analysis. Following dyes adsorption,
there were insignificant changes in the wavenumbers
of raw KBF as shown in Fig. 5. The data indicated
that possible similar mechanisms for dyes uptake by
raw KBF. For example, the absorption bands of hydroxyl group shifted from 3344 cm-1 to 3342 cm-1 for
CR and 3390 cm-1 for MO. Meanwhile, MB and Rh.
B had similar wavenumbers observed at 3339 cm-1.
At the same time, the absorption intensity was
changed as well. In addition, N-H binding vibration
that represents amine group shifted to 1645 cm-1,
1640 cm-1, 1634 cm-1 and 1645 cm-1 after binding
with CR, MO, MB and Rh. B, respectively. The
wavenumbers changed for both functional groups indicated their involvement in dyes uptake. On the
other hand, the wavenumbers for carboxylic groups
exhibited insignificant change, which consequently
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suggest that carboxylic functional groups may not
involve directly in dye adsorption. In addition, the
small changes in wavenumbers after the interaction
of CR and MO can be related to the lower adsorption
capacity of this dye onto raw KBF. In conclusion, it
can be suggested that the main functional groups involved in dyes uptake by KBF were hydroxyl and
amine groups.

CONCLUSION
Overall, results from this study highlight excellent capacity of raw KBF to adsorb CR, MO, MB and
Rh. B in specific experimental conditions. The application of raw KBF to remove anionic dyes was best
performed at low pH values, while the removal of
cationic dyes was maximum in basic media. The
maximum adsorption capacity based on Freundlich
isotherm model indicated that raw KBF has great adsorption capacity as compared to other natural adsorbents. Kenaf is cultivated and available in large
quantities at low-cost especially in Asian countries.
It has great potential to be an alternative candidate to
expensive activated carbon for wastewater treatment
in developing countries.
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EFFECT OF THREE ENVIRONMENTAL FACTORS ON
POTENTIAL NITRIFICATION RATES OF RIPARIAN
SEDIMENT
Xiaohong Zhou*, Chunzi Wen, Yimin Li
School of the Environment and Safety Engineering, Jiangsu University, Zhenjiang, Jiangsu, 212013, China

plants/phytoplankton, plays a critical role in N biogeochemical cycle of freshwater ecosystem [3-4]. In
this process, microbial oxidation ammonia into nitrate via nitrite [5-10]. Generally speaking, nitrification could be divided two step, one is the ammonia
oxidation, the other is nitrite oxidation [11]. Ammonia oxidation is conversion ammonia into nitrite [7].
As for the the first and rate-limiting step for nitrification [12], it was derived and carried out by two
groups of microorganisms, ammonia oxidizing bacteria (AOB) and ammonia oxidizing archaea (AOA)
[7, 13-15]. Nitrite oxidation were carried out by nitrite-oxidizing bacteria for the conversion of nitrite
to nitrate [15].
It has been shown that nitrification could be influenced by a variety of environmental parameters in
freshwater ecosystem. For example, Lyu et al. [16]
reported that pH, salinity and ammonia concentration, temperature has obvious influence on nitrification for Yellow River delta wetland sediment. Zheng
et al. [17] also found that PNRs were effected by
temperature and salinity in Yangtze Estuary intertidal sediments. However, previous studies mainly
focused on the oceans, estuaries and wetland ecosystem, little information is known about the environmental factors on the nitrification for the riparian
sediment of river ecosystem. Therefore, the primary
goal of this study was to quantify and confirmed the
influence of three environmental factors on PNRs of
the riparian sediments of ancient canal, Zhenjiang,
China, which is the urban river with frequent human
activities.

ABSTRACT
Nitrification is the crucial nitrogen biogeochemical cycles processing in various freshwater
ecosystem. This processing was effected by various
environmental factors. However, the effect of environmental factors on potential nitrification rates
(PNRs) of riparian sediment are yet not known until
now. This aims of this study to investigate the influence processing of three environmental factors on
PNRs variation for riparian sediment using the single
factor incubations experiment. The results shown
that (1) PNRs obviously varied with the pH values
changes in cultivation systems and the peak of PNRs
was detected in pH7.5 cultivation group; (2) PNRs
showed a significantly increasing trend with the cultured temperature increased from 10 to 28Ԩ,
whereas, PNRs showed an obvious decline when
temperature was exposed to 37Ԩ; (3) The PNRs rapidly increased when ammonia concentration increasing from 10 to 50 mg·Lí1, whereas, it significantly
decreased when ammonia concentration increased to
100 mg·Lí1. Therefore, the maximum value of PNRs
was detected in the cultivation environment with a
temperature of 28Ԩ, pH of 7.5 and ammonia concentration of 50 mg·Lí1, respectively.

KEYWORDS:
Potential nitrification rates, sediment, pH, temperature,
ammonia

INTRODUCTION
MATERIALS AND METHODS
Nitrogen (N) is an important nutrient for primary producers, including plants and phytoplankton.
However, with the development of industrial, agriculture and urbanization, enormous N were anthropogenic produced in recent decades all over the
world. Superfluous N enters the various freshwater
ecosystem resulting in eutrophication for lakes, rivers and ponds [1-2]. Therefore, it is one of the fundamental topic for freshwater ecosystem to understanding the N-cycling processing and their mechanisms.
Nitrification, as for a crucial process and underpinning for N transfer among water, sediment and

([SHULPHQWDO GHVLJQ Potential nitrification
rates (PNRs) were measured through the single factor incubations experiment. The environmental factors included pH, temperature and ammonia concentration. And the lever of each environmental factors
were shown in Table 1. Sediment samples using in
this study were collected from three different sites of
the ancient canal riparian of Zhenjiang, China.
Thirty-three 250mL Erlenmeyer flask containing 100 mL culture solution (3 replicates × 3 pH
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TABLE 1
Experimental groups and culture environment of each group
Environmental factors
pH

Temperature
(Ԩ)

Ammonia concentration (mg·Lí1)

Treatment
groups
6.5
7.5
8.5
10
20
28
37
10
20
50
100

Culture environment and culture volume (100 mL)
Ammonia concentration,50 mg·Lí1; Temperature, 28Ԩ; pH, 6.5
Ammonia concentration,50 mg·Lí1; Temperature, 28Ԩ; pH, 7.5
Ammonia concentration,50 mg·Lí1; Temperature, 28Ԩ; pH, 8.5
Ammonia concentration,50 mg·Lí1; pH, 7.5; Temperature, 10Ԩ;
Ammonia concentration,50 mg·Lí1; pH, 7.5; Temperature, 20Ԩ;
Ammonia concentration,50 mg·Lí1; pH, 7.5; Temperature, 28Ԩ;
Ammonia concentration,50 mg·Lí1; pH, 7.5; Temperature, 37Ԩ;
Temperature, 28Ԩ; pH, 7.5; Ammonia concentration,10 mg·Lí1;
Temperature, 28Ԩ; pH, 7.5; Ammonia concentration, 20 mg·Lí1;
Temperature, 28Ԩ; pH, 7.5; Ammonia concentration, 50 mg·Lí1;
Temperature, 28Ԩ; pH, 7.5; Ammonia concentration, 100 mg·Lí1;

FIGURE 1
Effect of pH on potential nitrification rates
where C1 and C2 is the initial and final nitrate
concentration (mg/L), V1 and V2 is the volume of culWXUHVROXWLRQDQGVHGLPHQWPRLVWXUH / µt¶LVWKHLQ
cubation time (h), m is the weight (kg) and k is the
water coefficient of sediment samples.

treatments groups+ 3 replicates × 4 temperature
treatments groups+3 replicates × 4 ammonia concentration treatments groups) were randomly assigned.
15g fresh soil was put into those vessel, respectively.
Then, the suspension was incubated in dark at designed temperature (see Table1) with continuous
shaking at 180 rpm. Subsamples were taken at 0, 24
and 48 h after incubation. Then, the nitrate was
quickly analysis.

Statistics analysis. Statistical analyses were
performed using SPSS 19.0. One-way ANOVA was
performed to determine significant differences
among the different groups in the same lever for
three environmental factors, with significant levels
at P<0.05 or 0.01 for all the analyses.

Physicochemical
analysis.
Ammonium
(NH4+-N) and nitrate (NO3--N) of culture solution
were measured with the indophenol blue and phenol
disulfonic acid methods, respectively [18]. pH of
culture solution was measured using the PHS-3C
digital pH meter (INESA Scientific Instrument Co.,
Ltd., China). To determine the sediment water content, sediments were dried until a constant weight
was achieved.

RESULTS AND DISCUSSION
Effect of pH on PNRs. pH is the key factor to
influence the nitrogen cycle microbial. Previous research found that pH above 8.5 or less than 5.8 will
inhibit anammox activity [19-20], ultimately, might
be effect the nitrification. In our research, the values
of PNRs ranged from 1.18 to 2.41, 1.65 to 2.95 and
1.18 to 2.14 mg·kg-1·h-1, respectively, with an average number of 1.77, 2.36 and 1.62 mg·kg-1·h-1 in pH
values of 6.5, 7.5 and 8.5 cultivation groups, indicated the PNRs obviously varied with the pH change
in cultivation systems (Fig 1). In

PNRs calculation. The PNRs were calculated
based on the changes in nitrate concentrations with
time in this study according to the method of our previously research [15]. The PNRs were calculated using Eq. (1).
(1)
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TABLE 2
Statistics results of values of PNRs (mg·kg-1·h-1)
Treatment groups
pH

Temperature

Ammonia concentration
1)

6.5
7.5
7.5
10
20
28
37
10
20
50
100

Average
1.77
2.36
1.62
1.92
2.54
3.01
2.65
1.53
2.15
2.63
1.95

Minimum
1.18
1.65
1.18
1.13
1.59
2.04
1.36
1.18
1.65
1.81
1.18

S.D1)
0.62
0.66
0.49
0.72
0.83
0.92
1.16
0.35
0.51
0.73
0.90

Maximum
2.41
2.95
2.14
2.56
3.10
3.88
3.62
1.87
2.68
3.21
2.95

CV (%)2)
34.77
27.77
30.05
37.65
32.61
30.67
43.88
22.70
23.93
27.84
46.33

S.D.: standard deviation; 2) CV: coefficients of variation.

FIGURE 2
Effect of temperature on potential nitrification rates
addition, the order of PNRs was pH7.5> pH6.5>
pH8.5, whereas, coefficient of variation (C. V) of
PNRs was pH6.5> pH 8.5> pH7.5 (Table 2). Oneway ANOVA analysis result found that a significant
difference of PNRs between pH7.5 and pH 8.5
groups (P<0.05), whereas, not significant difference
was found between pH 6.5 and pH 7.5 (P>0.05), and
pH 6.5 and pH 8.5 groups (P>0.05) (Table 3).
Princic et al. [21] reported that the optimal pH is between 6.5 and 8.5 for nitrification. Sun et al. [22] also
reported that the nitrification rate would rapidly decreases when the pH is below 6 or above 8. Chen et
al. [23] also reported that the optimal pH range were
7.0-7.5 for ammonia nitrogen degradation by heterotrophic nitrification by bacterium Shinella zoogloeoides sp. CPZ 56. Our research also confirmed the
maximal PNRs values in the 7.5 pH cultivation
groups, indicated that more strong nitrification in pH
7.5 cultivation environment.

TABLE 4
P-value of One-way ANOVA analysis between
different temperature groups
Temperature groups
10Ԩ
20Ԩ
28Ԩ
37Ԩ

10Ԩ

20Ԩ

28Ԩ

37Ԩ

/
0.080
0.012
0.059

/
0.095
0.666

/
0.208

/

Effect of temperature on PNRs. In our study,
the PNRs was significantly effected by temperature
(Fig. 2). The PNRs values ranged from 1.13 to 2.56
mg·kg-1·h-1, from 1.59 to 3.10 mg·kg-1·h-1, from 2.04
to 3.88 mg·kg-1·h-1 and from 1.36 to 3.62 mg·kg-1·h1
, respectively, with the average values of 1.92, 2.54,
3.01 and 2.65 mg·kg-1·h-1 in 10, 20, 28 and 37Ԩ cultivation groups, indicated the PNRs obviously varied
with the temperature change in cultivation systems
(Table 2). PNRs showed a significantly increasing
trend when temperature of cultured environment was
increased from 10 to 28 Ԩ. The peak of PNRs was
detected in 28Ԩ cultivation group, which was 1.57,
1.19 times higher than the in 10 and 20Ԩ cultivation
groups, respectively, indicated more strong nitrification in 28Ԩ experimental group. However, PNRs
showed an obvious

TABLE 3
P-value of One-way ANOVA analysis between
different pH groups
pH groups
6.5
7.5
8.5
6.5
/
7.5
0.065
/
8.5
0.616
0.022
/
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FIGURE 3
Effect of ammonia concentration on potential nitrification rates
TABLE 5
P-value of One-way ANOVA analysis
between different ammonia concentration
groups

decline when temperature was exposed to 37Ԩ (Fig.
2). Besides, The C.V of PNRs order was
37Ԩ>10Ԩ>20Ԩ>28Ԩ (Table 2). One-way
ANOVA analysis result found that a significant difference of PNRs among four temperature groups
(P<0.05) and between 10Ԩ and 28Ԩ experimental
groups (P<0.05), whereas, not significant difference
was found between others any two groups (P>0.05)
(Table. 4). Our research results were consistent with
the previous findings. For example, Seitzinger et al.
[24] reported that temperature increase would lead to
an increase of nitrification rate. Chen et al. [23] also
found that the optimal temperature range were 3035Ԩ for ammonia nitrogen degradation by heterotrophic nitrification by bacterium Shinella zoogloeoides sp. CPZ 56 and the ammonia nitrogen degradation rate could reach 96% in a temperature range
of 30-35Ԩ. Those results indicated that temperature
is an important factor in regulating nitrification activity and rate. The main reason might be the temperature could influence the abundance, diversity and
community structure of nitrogen cycle microorganism, resulting in PNRs obviously varied with the
temperature changes. Numerous studies have verified the temperature could strong effect microbial biological processing [25]. For example, Jing and Lin
[26] reported that denitrifying bacteria are more
abundant in spring and summer compared with fall
and winter in wetland sediments. Picard et al. [27]
found that 30 °C is the suitable temperature and temperature under 5 °C might restrict N biological processes. Chen et al. [23] reported that temperature
plays an important role in the growth and reproduction of microorganisms and temperature could effect
the liquid crystal structure of the microbial film and
the synthesis and activity of enzymes and proteins.
Our research was consistent with the previous findings. In this study, the PNRs were peak in the 28 Ԩ
cultured environment and it obvious declined when
temperature under or higher 28Ԩ.

Ammonia
concentration
10 mg·Lí1
20 mg·Lí1
50 mg·Lí1
100 mg·Lí1

10
mg·Lí1

20
mg·Lí1

50
mg·Lí1

100
mg·Lí1

/
0.104
0.003
0.149

/
0.206
0.616

/
0.065

/

Effect of ammonia concentration on PNRs.
Ammonia is the important substrates for nitrogen cycle microorganism, including to ammonia-oxidizing
archaea and bacteria, etc. [28], thus, their concentration in environmental samples would obviously effect the nitrification process. For example, Zhou et
al. [15] reported that abundance of ammonia-oxidizing archaea were negatively correlation with ammonia concentration in riparian surface sediment. However, Yang et al., [28] found that the abundance of
ammonia-oxidizing archaea was a positive correlation with NH4+-H in both water and sediment samples. These conclusions shown that the influence of
ammonia to nitrifying bacteria and nitrification process were very complicated. In this study, the mean
values of PNRs rapidly increased when ammonia
concentration were increased from 10 to 50 mg·Lí1,
and PNRs reached to a maximum value of 2.63
mg·kg-1·h-1 in ammonia concentration of 50 mg·Lí1,
which were 1.72 and 1.22 times times higher than in
10 and 20 mg·Lí1 ammonia concentration cultivation groups, respectively. However, it significantly
decreased when ammonia concentration increased to
100 mg·Lí1 (Fig 3). A similar result was obtained by
Lyu [29] who observed the strongest nitrification in
the Yellow River delta wetland when ammonia concentration is 50 mg·Lí1. These results show that the
ammonia concentration obviously affected the PNRs
values. Besides, the C. V order of PNRs was 100
mg·Lí1>50 mg·Lí1> 20 mg·Lí1>10 mg·Lí1 in our
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biotechnology, 98(12):5697-5707.
[4] Li, S.P., Sun, S.J., Chen, P.Z. (2016) Construction of a complex denitrifying bacterial flora and
its application in rural domestic sewage. Fresen.
Environ. Bull., 25(11): 4760-4766.
[5] Cao, H., Li, M., Hong, Y., Gu, J.D (2011) Diversity and abundance of ammonia-oxidizing
archaea and bacteria in polluted mangrove sediment. Systematic and Applied Microbiology,
34(7): 513±523.
[6] Damashek, J., Casciotti, K.L., Francis, C.A
(2016) Variable Nitrification Rates Across Environmental Gradients in Turbid, Nutrient-Rich
Estuary Waters of San Francisco Bay. Estuaries
and Coasts, 39(4):1050±1071.
[7] French, E., Kozlowski, J.A., Mukherjee, M.,
Bullerjahn, G., Bollmann, A. (2012) Ecophysiological Characterization of Ammonia-Oxidizing Archaea and Bacteria from Freshwater. Applied and Environmental Microbiology, 78 (16):
5773±5780.
[8] Dang, H.Y., Li, J., Chen, R. P., Wang, L., Guo,
L.Z., Zhang, Z.N., Klotz, M.G.(2010) Diversity,
Abundance, and Spatial Distribution of Sediment Ammonia-Oxidizing Betaproteobacteria
in Response to Environmental Gradients and
Coastal Eutrophication in Jiaozhou Bay, China.
Applied and Environmental Microbiology,
76(14):4691-4702.
[9] Tanner, C.C., Kadlec, R.H., Gibbs, M.M., Sukias, J.P.S., Nguyen, M.L. (2002) Nitrogen processing gradients in subsurface-flow treatment
wetlands-influence of wastewater characteristics. Ecological Engineering, 18(4): 499-520.
[10] Wu, J., Zhang, J., Jia, W.L., Xie, H.J., Gu, R.R.,
Li, C. (2009) Impact of COD/N ratio on nitrous
oxide emission from microcosm wetlands and
their performance in removing nitrogen from
wastewater. Bioresource Technology, 100(12):
2910-2917.
[11] Zhou, X.H., Wang, G.X. (2010) Nutrient concentration variations during Oenanthe javanica
growth and decay in the ecological floating bed
system. Journal of Environmental Sciences,
22(11):1710-1717.
[12] Kowalchuk, G.A., Stephen, J.R. (2001) Ammonia-oxidizing bacteria: a model for molecular
microbial ecology. Annual review of microbiology, 55(1): 485-529.
[13] He, J.Z., Shen, J.P., Zhang, L.M., Zhu, Y.G.,
Zheng, Y.M., Xu, M.G., Di, H. J. (2007) Quantitative analyses of the abundance and composition of ammonia-oxidizing bacteria and ammonia-oxidizing archaea of a Chinese upland red
soil under long-term fertilization practices. Environmental Microbiology, 9(9): 2364±2374.
[14] Könneke, M., Bernhard, A.E., dela Torre, J.R.,
Walker, C.B., Waterbury, J.B., Stahl, D. A.
(2005) Isolation of an autotrophic ammonia-oxidizing marine archaeon. Nature, 437(7058):

study (Table 2). In addition, One-way ANOVA analysis result found that a significant difference of
PNRs among four ammonia concentration (P<0.05)
and between 10 and 50 mg·Lí1 experiment groups,
whereas, not significant difference was found between other any two groups (P>0.05) (Table. 5).
Chen et al. [23] also found that the optimal initial
ammonia nitrogen concentration was 50 mg/L for
ammonia nitrogen degradation by heterotrophic nitrification by bacterium Shinella zoogloeoides sp.
CPZ 56, and the ammonia nitrogen degradation rate
could reach 100% in the 50 mg/L ammonia nitrogen
concentration. This confirms our research results.

CONCLUSION
In summary, this study measured the potential
nitrification rates (PNRs) of riparian sediment
through the single factor incubations experiment.
And the results demonstrated the PNRs were obviously effected by pH, temperature and ammonia concentration to a certain degree. The peak of PNRs was
detected in 28Ԩ, pH7.5 and 50 mg·Lí1 ammonia
concentration cultivation group, respectively, indicated more strong nitrification in such cultivation environment. These results shed light on the understanding of the suitable environmental conditions for
potential nitrification rates and N cycling in sediment of freshwater ecosystems.
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streamflow. The extreme ratio and the coefficient of
variation about them in different periods after the
change point also changed. Meanwhile, the streamflow for 5% and 50% decreased in PII (1980-2002)
and PIII (2003-2011), respectively, and increased for
95%. The extent of the reduction in sediment load
was greater than that of streamflow with the periods
altered, and the changes in sediment load were negative. It was estimated that human activities including the underlying surface changes and conservation
measures in PII accounted for 38.2% and 51.4% of
the changes in streamflow and sediment load, respectively. In PIII, the effects reached 74.7% and
86.7%, respectively. The great improvement in the
ecological environment on the Loess Plateau has already revealed the advantages of biological treatments in reducing flood volumes and compensating
streamflow on a regional scale. The results can provide theoretical basis for water resource management and water and soil conservation for the administrators.

ABSTRACT
The Loess Plateau is known as one of the most
severe soil erosion sites in the world. Over the last
six decades, soil and water conservation measures
have been implemented on the Loess Plateau, China,
including the construction of terraces and warping
GDPV YHJHWDWLRQ UHVWRUDWLRQ DQG WKH µ*UDLQ IRU
*UHHQ3URJUDP¶UHVXOWHGLQWKHODQGFRYHUFKDQJH
In this study, we focused on analysing the variation
characteristics of streamflow-sediment behaviours
and quantitatively calculating the effects of climate
changes and human activities on annual streamflow
and sediment load in the upper reaches of the Beiluo
River of the Loess Plateau with extensive vegetation
restoration. The daily hydrological data over the period of 1963-2011 were summed to assess the variation characteristics. The non-parametric Mann±KenGDOO WHVW 6SHDUPHQ PHWKRG DQG 3HWWLWW¶V WHVW ZHUH
used to identify trends and shifts in hydrological factors. Moreover, the relative changes of the streamflow and sediment load were analysed around the
change points. To further confirm the calculation results of the impacts of climate change and anthropogenic activities on annual streamflow and sediment
load, the double-mass curve, correction coefficient
methods and empirical hydrologic methods based on
precipitation were used. The results showed that under the background of precipitation with no significant trend, both the streamflow and sediment load
had a significant negative trend (P<0.01) with an average annual rate of -0.26 mm/a and -172 t/km2·a.
The annual streamflow decreased related to decreasing high flow (5%) in the flood season in subsequent
years, whereas an increase in low flow (95%) was
identified in the non-flood season. Two change
points were detected in 1979 and 2002 for streamflow and sediment yield annually and in the flood
season at the significance levels of p<0.05 and
p<0.01, respectively, mostly because of the change
point of the high flow in the flood season. Compared
with PI (1963-1979), the dimension of the induction
in the average sediment load was greater than the

KEYWORDS:
The change of streamflow and sediment load; Ecological
restoration; Contribution; The Loess hill-gully area

INTRODUCTION
The Loess Plateau, an important agricultural
area of China located in the middle reaches of the
Yellow River basin, is characterized by a heavily
fragmented landscape and severe soil erosion, with
sediment yields exceeding 3×104 to 4×104 t·km-2·a-1
in several drainage basins over recent decades [1,2].
The heavily fragmented landscape and severe soil
erosion have resulted in the loss of soil nutrients and
agricultural land and damage to local ecological security and social economic development [3]. Most of
the sediment yield was caused by the intensification
of land use induced by the increasing population,
leading to sedimentation in the lower river
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[1,4,5,6,7]. To ensure ecological safety, numerous
integrated soil conservation measures have been
adopted to extenuate inappropriate and unreasonable
land use with the aim of controlling the soil erosion
and increasing the water supply comprehensively,
including through the construction of terraces and
sediment-trapping dams and a modest effort to replant trees and improve grass during the 1970s [3,8].
The engineered projects can significantly and immediately induce the flow of streamflow, weaken the
magnitudes and peaks of high flow, and decrease
sediment deposition [9-12]. However, if sedimenttrapping dams are not properly maintained, they may
become abandoned dams and lose effectiveness. The
³*UDLQIRU*UHHQ3URJUDP´initiated by the government in 1999 has been widely adopted on a massive
scale to improve vegetation cover. This project differs from the former by its lack of an extensive series
of engineering works. The conversion from the comprehensive soil and water conservation project to the
³*UDLQIRU*UHHQ´SURMHFWLVDFWXally an intensified
process of ecological management. The vegetation
cover of the Loess Plateau underwent an increasing
period (1981-1989), a relatively stable period (19901998), a rapidly declining period (1999-2001), and a
rapidly increasing period (2002-2006), resulting in
great improvement of the ecological environment,
and ecological efficiency is gradually materializing
[13-15].
Stable hydrological regime plays an important
role in maintaining aquatic biodiversity and river
ecological function integrity[16]. The hydrological
cycle through which precipitation is transferred to
river streamflow and groundwater recharge is being
affected by climate change, however, the effects differ by terrain, geomorphology conditions, soil, geological properties, rainfall characteristics and management practices. Such changes influence the hydrological processes of basins by altering both the
balance between rainfall and evaporation and the
runoff response of the area. Among these climatic
factors, rainfall and Potential Evapotranspiration are
the main drivers because they control the total evapotranspiration [8, 17]. In the Loess Plateau, most of
the precipitation occurs during May to October in
some form of short-duration, high-intensity rainfall.
Several reaches show that the region has suffered
from the reduction of precipitation with the increase
in temperature [18-20]. The impact of human activities on the hydrological regime is spatially identical
in different regions. These changes have influenced
the flow of water and sediment transport, functioned
greatly in retaining sediment and streamflow, reduced the streamflow frequency and the frequency
of the hyperconcentrated flow, and increased the
streamflow distribution uniformity [5,7,9,11,21-22].
Human activities have resulted in land use change,
of which impacts are manifested by changes in evaporation/transpiration performance, the infiltration

characteristics of soil, the convection of moisture, albedo, heat and net radiation; ultimately, land
use change affects the water balance and hydrological cycle. The comprehensive effects of climatic variability and human activities still influence the gathering of regional streamflow and sediment transport
in the Loess Plateau. Therefore, it is very important
for the optimization of ecological management to
understand the relationships between climatic factors, human activities and the hydrological regime.
Recently, many studies on the middle Yellow
River basin focused on the changes in streamflow
and sediment transport under the influence of climate change and ecological management have found
that the management measures have resulted in
streamflow reduction, effectively impeding sediment yields [3-5,9,11,23-31]. These studies also
found differing results about the hydrological regime
among basins. It is not clear how the hydrological
regime changed concurrently with the implementation of different ecological management projects.
Meanwhile, although the streamflow and sediment
load have decreased significantly on a large scale,
the response mechanism of the streamflow and sediment load with ecological recovery remain to be discussed. The upper reaches of the Beiluo catchment
is a typical region of the Loess hilly and gully region
with the centralized source of concentrated coarse
sediment. In 1999, in response to WKH ³*UDLQ IRU
*UHHQ´SURJUDP, Wuqi made breakthroughs in environmental construction and was recognized as the
first county of WKH ³*UDLQ IRU *UHHQ´ SURJUDPPH
[32]. It is a typical region with sufficient time series
data, and many investments in watershed management have been implemented on this basin for the
purpose of examining the effect of vegetation restoration on the change in streamflow and sediment
load. Many studies in this region have studied climate change, human activities, and soil erosion. Additionally, some studies have been conducted on the
responses of streamflow and sediment to the ecological management in the region. However, there is no
consistent conclusion among the previous studies of
hydrological processes, thus demonstrating the complexity of the hydrological process in this basin.
To contribute to evaluating the regional ecological environmental effect of the changes in land
cover and the soil and water conservation measures
in the past half century, minimizing the economic
costs associated with floods and droughts, helping
managers make rational decisions on strategies for
ecological construction, and guiding the future
preservation of sustainable water resources in the basin, the purposes of this study were as follows: (1) to
detect the trends and change points of annual streamflow and sediment load in the upper Beiluo catchment from 1963 to 2011; (2) to find the extent of
change in streamflow and sediment load by daily duration curves; and (3) to assess the relative contribution of a climatic factor (precipitation) and human
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Methods. Trends analysis. The MannKendall (MK) method is widely used to test trends
in hydrological and climatological time series, and it
has been used for trend detection as a result of its
robustness for distributed and censored data [35-37].
Therefore, this method can be used to determine
whether a significant trend exists for the hydro-meteorological series time. The Mann-Kendall test statistic, S, is calculated using the following formula:

activities to the variation in streamflow and sediment
load.

STUDY AREA AND METHODS
The study site. The upper reaches of the Beiluo
catchment is a secondary tributary of the Yellow
River located in the region between (ƍƎƍƎ( DQG 1ƍƎ-ƍƎ ZLWK WKH
Wuqi gauge station as the outlet of the catchment
(Figure 1). The drainage area of the catchment is approximately 3408 km2 (12.7% of the whole Beiluo
catchment), while the length of the main channel is
approximately 275 km with an average gradient of
Å7KHFDWFKPHQWEHORQJVWRDVHPL-arid climate.
The annual average precipitation was 418 mm from
1963 to 2010, of which 71.6% occurred from May to
October. The region is characterized by high intensity rainstorms, loess soil, fragmented terrain, crisscrossing galleys, steep slopes and intensive human
activities, which have contributed to severe soil erosion and a plentiful sediment load. To control the severe soil erosion, a series of soil conservation
measures have been adopted since the 1950s.
Through the recent lasting ecological construction,
this region has formed secondary vegetation with deciduous broad-leaved forests and shrub-grasslands
[33].
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where n is the data set record length and xj and
xk are the values in periods j and k (j>k), respectively.
The Mann±Kendall test has two parameters of
importance to trend detection. These parameters are
WKH VLJQLILFDQFH OHYHO ZKLFK LQGLFDWHV WKH WUHQG¶V
strength, and the slope magnitude estimate, which
indicates the direction as well as the rate of change.
Under the null hypothesis that there is no trend in the
data, for n>0 the distribution of the statistics of S is
approximately normally distributed with the mean
and variance of the following:

var( S )

n( n  1)(2n  5)
18

㸦3㸧

A positive value of Z indicates an upward trend,
whereas a negative value represents a downward
trend in the data. The null hypothesis is rejected at a
significance level ofȘif |Z| > Z(1-Į , where Z(1-Į is
the value of the standard normal distribution with a
probabiliW\RIH[FHHGDQFHRIĮ7KHVWDQGDUGWHVW
statistic, Z, is computed as follows:

z

S
[var(S )]0.5

㸦4㸧

If a linear trend is present, the magnitude of the
trend is estimated using a nonparametric medianbased slope method proposed by Sen [38] and extended by Hirsch et al. [39]:

FIGURE 1
Location of the study area and hydrological station in the upper reaches of the Beiluo catchment
The daily streamflow and sediment load data of
the Wuqi hydrologic station used in this study were
obtained from the Water Resources Committee of
the Yellow River Conservancy Commission of
China. The daily precipitation data of Wuqi, Dingbian, Zhidan, Huachi, and Huanxian were obtained
from the State Meteorology Bureau of China. All of
the data were from 1963 to 2011. The data used in
this study were checked by the corresponding agencies to guarantee their quality. The annual precipitation and precipitation erosivity [34] were computed
by a Thiessen polygon.

E

ª x j  xk º
Median«
»
¬ jk ¼

㸦5㸧

ZKHUHMNQȕLVWKHPHGLDQRIDOOSRVVLEOH
combinations of pairs for the whole data series.
Change point analysis. In this study, the Nonparametric Pettit test [40] was used to test the change
point in the hydrological and precipitation time series. The Pettit statistic, Ut,N [41], was calculated using the following formula:
Ut ,N = Ut-1,N +
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integrated soil conservation projects have
some decreasing effects on streamflow and sediment
yield [3, 7-9, 11, 21].

(7)

TABLE 1
Results of trend tests for streamflow and sediment load modulus in catchment

where N is the number of observed data series
and xj and xk are the values in periods j and k (j>k),
respectively.
The test statistic counts the number of times a
member of the first sample exceeds a member of the
VHFRQGVDPSOH7KHQXOOK\SRWKHVLVRI3HWWLW¶VWHVWLV
the absence of a changing point. The test statistic KN
and significance test of dependent probability (p) are
computed as follows:
Kt=Max1tN |Ut㸪N, |

㸦8㸧

p # 2 exp{-6( K ) /(N3 + N2) }

㸦9㸧

2
N

Statistics
-0.38

significance
**

Sediment load
modulus
statissignifitics
cance
-0.42
**

-2.75

**

-3.05

Streamflow depth
Method
Spearman
MannKendall

**

Note: ** indicates significance level of 0.01.
To further describe the trend of streamflow and
sediment load, the exceedance deciles for streamflow and sediment were used in the analysis. The results are summarized in Tab 2. Significant trends
were indicated for 61.54% of the streamflow records. In total, 7 of 39 streamflow series were identified in the catchments with significant upward
trends, and 15 of 39 streamflow records show significant downward trends. The trend tests of streamflow
for high-frequency events indicated significant upward trends annually and in the flood season but nonsignificant downward trends in the non-flood season.
The streamflow for low-frequency events exhibited
a significant upward trend in the non-flood season
but no significant upward trends in the flood season.
For the Q5:Q50 series, the records indicate a significant downward trend of the wet index variability,
apart from the non-flood season record, showing that
a decreasing magnitude of high flow. However, the
trend tests for the Q95:Q50 records indicate significant
upward trends of the dry index variability, showing
an increasing magnitude of low flow. All data series
of the sediment load indicate a significant download
trend with the exception of high-frequency events
and the Q95:Q50.

Estimates of anthropogenic impact on hydrological factors. The location of the basin determined the atmospheric circulation patterns and climate type, further determining the amount of streamflow and sediment load and their spatial and temporal characteristics. Increasing human activities can
change the components and the energy distribution
of the streamflow, which influences the process of
streamflow and sediment transport. Separating the
effects of climate from all factors on the change in
mean streamflow and sediment yield can contribute
to understanding the hydrological responses to vegetation restoration and their driving forces in a catchment on the Loess hilly-gully area. A double-mass
curve [42], correction coefficient methods [43] and
empirical hydrologic methods [44] are usually used
to estimate the effect of climate and human activities
on the hydrological behaviour of a basin. In this
study, we used the three methods to interactively inspect the calculation results.

RESULTS AND DISCUSSION

Change points of hydrological factors. Mutation refers to the sequence of data affected by a factor, leading to the data from a steady-state transition
to another stable state. As shown in Fig.2, two
change points were detected in 1979 and 2002 for
streamflow and sediment load in annual and flood
season at the significance levels of p<0.05 and
p<0.01, respectively. It took two years for hydrological factors to show a statically significant change after the Grain for Green Program. The delay in hydrological response was related to the lag effect and cumulative effect of ecological management measures.
It should be noted that catchment response time was
mainly dependent on the extent of vegetation change
and rate of tree growth[45]. The viewpoint also
showed that the

Trends in annual hydrological factors. The
trends in streamflow and sediment load were tested
using the Mann-Kendall non-parametric test and
Spearman method. As shown in Table 1, there was a
decreasing trend of the annual streamflow and sediment load at the significance level of p<0.01. The
average annual streamflow and sediment load were
34.3 mm and 13.9×103 t·km-2 in the 1960s compared
with 18.2 mm and 3.1 ×103t/km2 in the 21st century,
respectively. The average rates for precipitation,
streamflow, sediment load were -1.21 mm, -0.26
mm, 172 t/km2 per year, respectively. These results
are consistent with the findings that afforestation and
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TABLE 2
Results of trend tests for streamflow, and sediment load in the catchment
Streamflow
Annual
-3.22**
-2.83**
-2.24*
-2.80**
-2.67**
-2.76**
-2.77**
-1.16NS
0.05NS
2.40*
3.92**
-2.44*
4.83**

Record
Q5
Q10
Q20
Q30
Q40
Q50
Q60
Q70
Q80
Q90
Q95:
Q5:Q50
Q95:Q50

May-October
-3.57**
-3.34**
-2.53*
-1.9 NS
-1.69NS
-2.30*
-2.31*
-1.58NS
-1.11NS
-0.30 NS
0.36 NS
-3.39**
2.06*

sediment load
annual
-4.23**
-4.39**
-5.35**
-5.66**
-5.22**
-4.83**
-5.19**
-4.90**
-3.89**
-3.26**
-2.92**
-4.70**
-2.62**

November-April
-1.30NS
-0.10NS
-0.81NS
-2.82**
-4.10**
-2.69**
-1.47NS
-0.08NS
2.09*
4.17**
4.26**
1.41NS
4.96**

May-October
-3.59**
-3.99**
-3.40**
-3.28**
-3.22**
-2.85**
-2.78**
-2.61**
-2.05*
-1.91 NS
-1.85 NS
-2.39**
1.76 NS

November-April
-6.08**
-7.04**
-6.87**
-6.57**
-6.32**
-5.93**
-4.57**
-3.94**
-3.20**
-2.94**
-2.60**
-5.00**
-4.50**

Note: ** and * indicate significance level of 0.01 and 0.05, NS indicates that significance level exceeds 0.05.
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FIGURE 2
Pettit test for detecting change point in (a) annual streamflow, (b) flood season streamflow, (c) annual sediment load and (d) flood season sediment load. The horizontal lines in each graphic represent the significance levels of 1% (dotted) and 5% (solid).

in 1997 and 2001 in the non-flood season data, but
only one point was found in 2002 in the flood season
for the Q95:Q50 records. For the sediment load,
change points between 1988 and 2002 were detected
in all records.
According to the processes of soil and water
conservation on the Loess Plateau, considering the
distribution characteristics of the sequential streamflow, sediment load data and other study results
[24,28,30,47,48], the data could be divided into PI
(baseline period from 1963 to 1979), PII (the period
of the effect on soil and water conservation from
1979 to the change point of 2002) and PIII ³*UDLQ
for Green´SHULRGIURP3 to 2011) to analyse the
degree of evolution of the hydrological regime.

time to reach a statistically significant change in
streamflow and sediment load happened, when the
accumulated area of artificial vegetation coverage
exceeded about 20% [27,46].The results of the
change point test for all data series are summarized
in Table 3. Change points were detected in 20 of 39
tests, and most of these change points were detected
in the annual and non-flood season streamflow records. High-frequency streamflow change points
were detected in 1980, 1991 and 2002 in annual and
flood season records. The low-frequency streamflow
data show change points in 1977, 1983 and 1998 in
the annual and non-flood season records but no
change point in the flood season. No change points
were detected in the Q5:Q50 data. Two change points
were found in 1985 and 1999 in the annual data and
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TABLE 3
Change point detection results for runoff and sediment in the catchment
Streamflow
sediment load
Annual
May-October
November-April
annual
May-October
November-April
Q5
2002*
2002**
NS
1988**,2002**
2002**
1992**
Q10
1991*
2002**
NS
1991**
2002**
1991**
Q20
2002*
NS
NS
1991**
1991**,2002**
1991**
Q30
1980*
NS
1978**
1991**
1991**
1987**
Q40
1991*,2002**
NS
1979**,1999**
1988**
1991**
1992**
Q50
1990*,2002**
NS
1979*,1997**
1988**
1990**
1994**
Q60
1998**
NS
NS
1991**
1990**
1994**
Q70
1998*
NS
NS
1991**
1989**
1994**
Q80
NS
NS
1983**
1993**
1989**,2004*
1994**
Q90
1977**
NS
1983**
1994**
1989**,2004*
1994**
Q95:
1977**
NS
1977**
1993**
1988*
1994**
Q5:Q50
NS
NS
NS
1999*
2002*
1994**
Q95:Q50
1985**,1999*
2002*
1977**,2001*
1993**
1993**
1994**
Note: ** and * indicate a significance level of 0.01 and 0.05, respectively, and NS indicates that the significance level exceeds 0.05.
Record

TABLE 4
Annual statistical values of hydrological factors
Theme
streamflow/ mm
sediment load/
10^3t.km-2

PI 㸦1963-1979㸧
average
Max/Min
31.2
3.7

CV
0.39

PII㸦1980-2002㸧
average
Max/Min
28.2
5.8

CV
0.54

PIII㸦2003-2011㸧
average
Max/Min
16.0
1.8

CV
0.20

11.5

0.67

10.1

1.17

1.7

0.85

12

32

23

by the fact that forests and pastures gradually act as
a buffer in reducing peak streamflow and supplying
dry flow. Simultaneously, because of the increased
zero-sediment days, the effect on decreasing soil erosion was more obvious. This also showed that ecological management can reduce streamflow more
than sediment load [28].
To analyse the effects of water and soil conservation, daily streamflow and sediment load duration
curves in the pre-change point and post-change point
periods were derived in figure 3. The slope curve of
FDC is a sign of the hydrogeological and soil texture
conditions in the region[3,8]. For the streamflow, the
slopes of FDC show little difference between 10%
and 85% but steeper slopes in 0%̚10% and 85%̚
100% in the three periods. Because of the increased
number of zero-sediment days, large relative variability in the daily sediment load occurred with
steeper slopes period by period in the FDC. The relative change in streamflow and sediment load, defined as the difference in the pre-change point and
post-change point divided by the change point (Qafter
± Qbefore)/Qbefore), was calculated in different periods
for high (exceeding 5% of the time), median (exceeding 50% of the time) and low (exceeding 95%
of the time) streamflow and sediment load. Compared with PI, the streamflow decreased period by
period in 5% and 50%, and the extent of change increased greatly. The streamflow in PII decreased
with -21.7% and -4.4% in the 5% and 50% percentiles and further decreased with -42.4% and -23.8%
in PIII. Meanwhile, the low flow of the 95% percentile increased with 107.6% in PII and 138.1% in PIII.

Hydrological characteristics before and after change point. The mean values, extreme ratio
and coefficient of variation in the pre-change point
and post-change point periods were calculated to investigate the changes in streamflow and sediment
load. Table 4 summarizes the data on their characteristics. The mean annual streamflow values pre- and
post-change point were 31.2 mm, 28.2 mm and 16
mm, showing a reduction in different periods. Compared with PI, the mean annual streamflow decreased by 9.6%, 48.7% in PII and PIII, respectively.
Accordingly, the dimension of the induction in the
average sediment load was greater than the streamflow. The extreme ratio and the coefficient of variation in the annual streamflow and sediment load in
different periods after the change point also changed.
It can be noted that compared with PI, the extreme
ratio and coefficient of variation of the streamflow
increased in the PII, whereas they decreased in PIII.
The extreme ratio and coefficient of variation in
streamflow increased by 56.8% and 38.5% in the PII,
whereas they decreased by 51.4% and 48.7% in the
PIII. However, compared with PI, the extreme ratio
and the coefficient of variation in the sediment load
increased. In PII, the changes are inconsistent with
the expected impact of soil and water conservation.
The reason is that a rainstorm occurred on August 30
and 31 in 1994 in Wuqi and Zhidan [3,49]. Although
the yearly precipitation was 490 mm, the streamflow
was an unbelievable 88 mm, and sediment load was
up to 59325 t·km-2, which had a great effect on the
extreme ratio and the coefficient of variation. This
indicates that the effect of integrated measures on
high-intensity rainstorms is relatively small. However, the observed changes in PIII can be explained
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1980-2002
2003-2011
Relative change of P 2
Relative change of P 3

103
102
101

than that of streamflow with the periods altered, and the change in sediment load was negative.
The results above indicate that the water and soil
FRQVHUYDWLRQ PHDVXUHV DQG WKH ³*UDLQ IRU *UHHQ´
project reflect a great ecological effect in decreasing
flood volumes, compensating streamflow, and reducing erosion and sediment transport [5,27,45].
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-75

The factors influencing hydrological regime.
The change of meteorological factor. The water
balance depends on a stable climate system. Changes
in the streamflow and sediment processes in a catchment are closely related to precipitation and potential
evapotranspiration. Generally, regional patterns of
changes in hydroclimate are complex and uncertain,
with both regional increases and decreases in precipitation and PET [58]. Climate variability is the dominate environment factor for hydrological regime
changes in the study area.To fully understand the potential effect of climatic changes on hydrological
factors, the Mann±Kendall and Pettitt¶V WHVWV ZHUH
applied to calculate the annual precipitation (P) and
potential evaporation (PET), and the results are
shown in Table 5. Precipitation exhibited an insignificant (p<0.05) decreasing trend over the last 50
years. The average annual precipitation was 429.9
mm in the 1960s, compared with 401.3 mm in the
21st century. Correspondingly, no change point was
detected (p<0.05) in the annual precipitation. Similar
results in trends and change point analysis were
found in the flood season and the non-flood season.
As for annual PET, no trend was identified in the
catchments at the 0.05 level of significance. Although precipitation and PET had no significant
downward trend, conversely, the streamflow and
sediment load significantly decreased over the same
time period. It was referred that the changes in regional precipitation and PET were insufficient for
the significant decline in hydrological regimes in this
region. These analyses show that for the streamflow
and sediment load, the significant decrease over the
six decades was not influenced by only climatic factors. The finding also indicates that the anthropogenic impact on streamflow and sediment load reduction was bigger than the climatic factors.
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FIGURE 3
Duration curves of streamflow and sediment
during 1963-1979, 1980-2002, and 2003-2009
In summary, larger percentage changes in the
streamflow regime were observed in PIII than in PII.
It was reported that the area of vegetation restoration
was not large enough in PII [50], so the engineering
measures worked by intercepting the sediment load
and releasing the streamflow, leading to the high
flow and median flow decreasing in PII. Due to not
proper maintenance, engineering measures, especially the check dams, lost functions gradually in
early 1980s [8,49,51]. So the effects of engineering
measures became small and the increasing of vegetation cover became great during PIII. Liu et al. [52]
indicated that the change of vegetation coverage lead
to the change of low flow. 7KH LPSOHPHQWDWLRQ RI
³*UDLQIRU*UHHQ´SURMHFWLQFUHDVHGWKH HYDSRWUDQ
VSLUDWLRQDQGFDQRS\LQWHUFHSWLRQOHDGLQJWRprecipitation supplemented to the streamflow by surface
streamflow little but to deep soil and groundwater
systems relatively great[53-54]. The area of vegetation cover increased and community functional diversity established after 30 years¶ vegetation succession also LPSURYHGWKHVRLO VWUXFWXUHLQFOXGLQJ VRLO
SHUPHDELOLW\DQGZDWHUKROGLQJFDSDFLW\7KH\promoted the supply of slope soil streamflow to the river
streamflow, resulting in the low flow increased[55].This showed the alterations in vegetation cover can notably alter low flow by influencing
base-flow composition[56-57].
The sediment load decreased with -41.9% and
-43.4% in the 5% and 50% percentiles in PII and further to -91.1% and -97.1% in PIII. The number of
zero-sediment load days increased with each period.
The extent of reduction in sediment load was greater

TABLE 5
Results of trend and change point for precipitation and PET in different periods
Period

Precipitation
Z statis- Change
tic
point

PET
Z statistic

Change
point

May-October

-0.62NS

NS

-0.12NS

NS

November-April

-1.86NS

NS

-0.18NS

NS

Annual

-1.12NS

NS

-0.16NS

NS

Note: NS indicate that significance level exceeds 0.05.
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TABLE 6
Annual statistical values of meteorological factors
Theme
Precipitation /
Mm
PET /
Mm

PI 㸦1963-1979㸧
average
Max/Min

CV

PII㸦1980-2002㸧
average
Max/Min

CV

PIII㸦2003-2011㸧
average
Max/Min

CV

430.1

2.6

0.25

408.8

2.2

0.21

385.3

1.6

0.19

1783.8

1.5

0.08

1787.3

1.3

0.09

1788.6

1.2

0.05

TABLE 7
Cumulative areas adopted by major soil and water conservation practices and corresponding
percentage area from 1950 to 2006.
Management Measures
Terrace (km2)
Afforestation (km2)
Pasture (km2)
Sediment-Trapping Dams
Cumulative conservation area (km2)
Percentage area (%)

Cumulative area in different periods
1950-1959
1960-1969
1970-1979
1.36
17.72
42.94
26.24
82.81
143.82
0.68
6.48
18.06
0.34
5.11
9.88
28.63
112.12
214.70
0.84
3.29
6.3

1980-1989
67.48
277.41
84.18
9.88
438.95
12.88

1990-1999
101.90
420.89
134.62
9.88
667.29
19.58

1999-2006
132.23
754.53
342.84
9.88
1239.49
36.37

flow, enhancing the infiltration characteristics by increasing precipitation interception and evapotranspiration.
Prior to the 1960s, the implementation of management action was slow, and it significantly accelerated after the 1970s. In particular, the cumulative
area with conservation measures has increased rapidly since 1999. The control area of sediment-load
dams has not changed since 1970. Meanwhile, it was
reported that more than 80% of sediment-trapping
dams were destroyed by fierce rainstorms in early
1980s[8], so they may become abandoned dams and
lose effectiveness. This indicates that the effect of
engineering works greatly weakened during PIII.
With the implementation of the strict policy of the
Grain for Green Program, afforestation and pasture
areas grew rapidly, but engineering measures increased slowly. By 2006, the cumulative area under
conservation was 1239.49 km2, and different types
of conservation measures covered 36.67% of the territory. From 1999 to 2006, 572.2 km2 of the territory
was to be protected, including 30.33 km2 of terrace,
333.64 km2 of forest, and 208.22 km2 of pasture. The
effect of afforestation measures on regulating hydrological regime was more and more significant during
PIII. Certainly, it can be inferred that the vegetation
coverage exceeded about 20%, the article vegetation
played an important role in inducing streamflow discharge and decreasing sediment deposition[23,27].

To fully understand the nature of streamflow
changes, it is necessary to determine precipitation
and PET variations. The mean values, extreme ratio
and coefficient of variation of precipitation, and PET
in the three periods were analysed. The extreme ratio
and the coefficient of variation meteorological factors were a key measure of the inter-annual variability of the hydrological cycle. In Table 6, the mean,
extreme ratio and coefficient of variation of the annual precipitation exhibited insignificant changes
between PI and PII, but a decline in PIII was identified. The mean annual PET basically had no change
during different periods. It can be noted that compared with PI, the extreme ratio and coefficient of
variation of PET decreased by 9.6% in PII and by
48.7% in PIII.
Implementation of soil and water conservation measures. NumerousVRLODQGZDWHUFRQVHUYD
WLRQ PHDVXUHV WKURXJK YDULRXV JRYHUQPHQWVSRQ
VRUHG SURJUDPPHV DQG HQYLURQPHQWDO JRYHUQDQFH
PRYHPHQWV have been adopted in the Loess Plateau[49]. 7KHFXPXODWLYHDUHDDQGSHUFHQWDJHRIDUHD
WUHDWHGE\PDQDJHPHQWDFWLRQVLQWKLVEDVLQDUHOLVWHG
LQ 7DEOH  >@ The upper of Beiluo River
Catchment has been subjected to many PHDVXUHVLQ
FOXGLQJWKH FRQVWUXFWLRQRIWHUUDFHV VHGLPHQWWUDS
SLQJ GDPV DQG fish-scale pits, horizontal trenches
DQGWKHSODQWLQJRIWUHHVDQGSDVWXUHThe engineering projects can significantly and immediately intercept more hill-slope surface streamflow and sediment load into the mainstream river, weaken highflow magnitudes and peaks, and decrease sediment
deposition[9,51]. Hydrological regime regulation is
an important vegetation ecosystem service. It is involved in natural processes, such as regional climate
circulation, the hydrological cycle, soil conditions,
and other natural processes[59,60]. The improvement of vegetation cover reduced the surface streamflow and the frequency of the hyperconcentrated

Effects of climate change and human activities on streamflow and sediment load. The doublemass curve, correction coefficient methods and empirical hydrologic methods were used to evaluate the
effect of variable climate and human activities on the
change in streamflow and sediment load, as shown
in Tab 8. All three methods are built on the basis of
the relationship of precipitation to stream
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TABLE 8
The impacts of climate change and human activities on streamflow and sediment
Period
19802002
20032011

The impacts of human activities on streamflow/%
HydrologiCorrecting
Dual-mass
cal model- mean
coefficient
curve
ling
38.2
46.9
35.7
31.9
76.0

76.3

71.8

74.7

The impacts of human activities on sediment load/%
HydrologiCorrecting
Dual-mass
cal model- mean
coefficient
curve
ling
51.4
78.8
48.6
26.8
87.7

94.3

78.2

86.7

decreasing high flow (5%) in the flood season in subVHTXHQW\HDUV3HWWLWW¶VWHVWDQGWKHGLVWULEXWHGFKDU
acteristics of the sequential data provided two
change points in 1979 and 2002, respectively.
Compared with PI (1963-1979), the mean annual streamflow decreased by 9.6%, 48.7% in PII
and PIII, respectively, but the dimension of the induction in the average sediment load was greater
than the streamflow. The extreme ratio and the coefficient of variation about them in different periods
after the change point also changed. The analysis of
the flow duration curves indicated that the daily
streamflow slopes showed little difference between
10% and 85% but steeper slopes in 0%̚10% and
85%̚100% in the three periods. Because of the increased number of zero-sediment days, large relative
variability occurred with steeper slopes period by period in the daily sediment load. Compared with PI,
WKHVWUHDPIORZIRUDQGGHFUHDVHGE\21.7%
and 4.4% LQ3,,ZKHUHDVLWLQFUHDVHGE\107.6% IRU
The suspended sediment load decreased more
significantly by 41.9% and 43.4% for DQG
DQGQRVXVSHQGHGVHGLPHQWGD\VDOPRVWFRQVWDQWIRU
. In PIII, the streamflow further decreased by
42.4% and 23.8% for  DQG  ZKLOH WKH VXV
SHQGHG VHGLPHQW ORDG GHFUHDVHG E\ 91.1% and
97.1%. For 95%ˈstreamflow rose by 138.1%, and
no sediment days increased.
7KHHIIHFWVRIFOLPDWHFKDQJHDQGKXPDQDFWLY
LWLHVFDQOHDGWRWKHGHFUHDVHRIVWUHDPIORZEXWWKH
FRQWULEXWLRQUDWHGLIIHUVLWZDVDQGLQ
3,,UHVSHFWLYHO\0HDQZKLOHWKHHIIHFWVRIFOLPDWH
DQGKXPDQDFWLYLWLHVRQWKHFKDQJHLQVHGLPHQWORDG
ZHUH  DQG  UHVSHFWLYHO\ 7KH\ DF
FRXQWHGIRUDQGRIWKHVWUHDPIORZGH
FUHDVH LQ 3,,, UHVSHFWLYHO\$V IRU WKH GHFUHDVH LQ
VHGLPHQW ORDG WKH\ FRQWULEXWHG  DQG 
UHVSHFWLYHO\:LWKWKHGRXEOHPDVVFXUYHFRUUHFWLRQ
FRHIILFLHQWPHWKRGVDQGHPSLULFDOK\GURORJLFPHWK
RGVDLPHGWRLQYHVWLJDWHWKHHIIHFWRIKXPDQDFWLYL
WLHVDQGFOLPDWHFKDQJHRQWKHFKDQJHVLQVWUHDPIORZ
DQGVHGLPHQWORDGWKHUHVXOWFRXOGRYHUHVWLPDWHWKH
FRQWULEXWLRQ UDWH RI KXPDQ DFWLYLWLHV$PRQJ WKHVH
WKUHHPHWKRGVRQO\SUHFLSLWDWLRQDQGQRQSUHFLSLWD
WLRQ ZHUH VHSDUDWHG EXW LQFUHDVHG HYDSRWUDQVSLUD
WLRQFDXVHGE\WKHULVLQJWHPSHUDWXUHVZDVQRWFRQ
VLGHUHG ZKLFK FRXOG UHVXOW LQ WKH GHFUHDVH RI WKH
VWUHDPIORZ DQG WKH FDSDFLW\ IRU WKH VHGLPHQW
WUDQVSRUW0HDQZKLOHWKHUHVXOWVPD\EHQRWSUHFLVH

flow and erosion by precipitation to sediment load.
By using the actual streamflow and sediment load
data in PII and PIII and climate conditions to evaluate the difference between observation and calculation, the effects of soil conservation measures and
WKH ³*UDLQ IRU *UHHQ´ SURMHFW RQ WKH FKDQJH RI
streamflow and sediment load were investigated.
The three methods can corroborate each other for
more reliable results. The correction coefficient
method is optimal for evaluating the effect of human
activities on streamflow; however, the optimal estimation for the effect on sediment load is obtained by
the double-mass curve. This may be due to the difference in the fitting equation. The average annual
streamflow in PI and PII were found to be 31.2 mmD
and 28.2 mmD, respectively. The sediment loads
were î t/km2·aDQGî t/km2·aUHVSHF
WLYHO\With the comprehensive measures of soil and
water conservation over the 20 years, the average annual streamflow decreased by 3 mm, and the contribution of human activities was 38.2%. The average
annual sediment load decreased by 1.4î t/km2·a,
and the contribution of human activities was 51.4%.
7KHPHDVXUHVRIWKH³*UDLQIRU*UHHQ´SURJUDPPH
KDYH EHHQ D NH\ IDFWRU WR WKH HQYLURQPHQWDO LP
SURYHPHQWZLWKWKHDYHUDJHDQQXDOVWUHDPIORZDQG
VHGLPHQWORDGPPDQGît/km2·aLQ3,,,
UHVSHFWLYHO\ &RPSDUHG ZLWK 3, WKH\ GHFUHDVHG E\
PPDQGît/km2·aUHVSHFWLYHO\7KHFRQ
WULEXWLRQV RI KXPDQ DFWLYLWLHV ZHUH  DQG
 UHVSHFWLYHO\ Although increasing population, the development of urbanization and exploitable resources comprise the cause for the increase in
sediment load, large-scale vegetation restoration
plays a key function in decreasing flood volumes and
compensating streamflow and reducing erosion and
sediment transport[8,50,51].
CONCLUSIONS
,Q WKLV VWXG\ WKH XSSHU UHDFKHV RI WKH %HLOXR
FDWFKPHQWDUHUHJDUGHGDVDFKDUDFWHULVWLF³*UDLQIRU
*UHHQ´SURMHFWLQWKH /RHVVKLOO\DQGJXOO\UHJLRQ
&KLQD Streamflow and sediment load data from
1963 to 2011 were used to investigate the hydrological responses to the LUCC. 7KHUHZDVQRVLJQLILFDQW
SDWWHUQ RI FKDQJH LQ DQQXDO SUHFLSLWDWLRQ %oth the
streamflow and sediment load had a negative trend
at a significance level of P<0.01, mostly because of
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KLJKHU GHDFWLYDWLRQ RI SDWKRJHQLF RUJDQLVPV >@
3UHYLRXVVWXGLHVVKRZHGWKDWWKHHQKDQFHGK\JLHQL
]DWLRQ HIIHFW RI WKH WKHUPRSKLOLF SURFHVV FRPSOLHV
ZLWKWKH(8SROLF\IRUHOLPLQDWLQJSDWKRJHQVRULJL
QDWLQJPDLQO\IURPKXPDQVDQGDQLPDOV>@$OW
KRXJK WKHUPRSKLOLF DQDHURELF GLJHVWLRQ SHUIRUPV
EHWWHU DGGLWLRQDO HQHUJ\ LV UHTXLUHG WR KHDW WKH GL
JHVWHU>@7KLVSURFHVVQHHGVKLJKHQHUJ\
FRQVXPSWLRQ7KH&KLQHVHJRYHUQPHQWDQGPXQLFL
SDOZDVWHZDWHUWUHDWPHQWSODQWVIDFHWZRFKDOOHQJHV
LQ GLVSRVLQJ H[FHVV VOXGJH 7KH DPRXQW RI H[FHVV
VOXGJH UHTXLULQJ WUHDWPHQW DQG GLVSRVDO LV LQFUHDV
LQJDQGWKHWUHDWPHQWFKDUJHUHPDLQVKLJK
Temperature is important for thermophilic anaerobic digestion in determining the rate of digestion,
and it affects the cost of sludge treatment. How to
reduce the cost is critical to the government and
wastewater treatment plants. Solar energy has many
advantages, such as availability and low cost, and
thus can provide abundant renewable energy (thermal) [14]. However, previous studies on treating excess sludge using solar energy mainly focus on drying and improvement of dewaterability [15-21]. The
present study investigated the economical and environmental energy²solar energy²as heat source to
enhance the excess sludge reduction during different
seasons (summer, autumn and winter), sludge retention time (SRT) (10 and 20 days), and the relationship between temperatures during different seasons
and weather.

ABSTRACT
The characteristics and role of solar energy as
heat source for enhancing excess sludge reduction
were investigated. TS and TVS removal were 36.9%
and 44% (summer), 29.3% and 27.5% (autumn), and
18.5% and 24.8% (winter), respectively.
7KH DYHUDJH WHPSHUDWXUHV LQVLGH DQG RXWVLGH
WKHUHDFWRULQVXPPHUDXWXPQDQGZLQWHURQVXQQ\
GD\ZHUH&DQG&&DQG&
DQG&DQG&UHVSHFWLYHO\2QUDLQ\GD\
WKHDYHUDJHWHPSHUDWXUHVLQVLGHDQGRXWVLGHWKHUHDF
WRUZHUH&DQG&&DQG&
DQG&DQG&UHVSHFWLYHO\7KHDYHUDJH
WHPSHUDWXUHVLQVLGHWKHUHDFWRULQVXPPHUDXWXPQ
DQGZLQWHURQVXQQ\GD\ZHUHKLJKHUWKDQWKRVHRXW
VLGHDQGWKHUHODWLRQVKLSEHWZHHQWKHWHPSHUDWXUHV
ZDV&&DQG&UHVSHFWLYHO\2Q
UDLQ\GD\WKHUHODWLRQVKLSZDV&&DQG
&UHVSHFWLYHO\

KEYWORDS:
solar energy; excess sludge; minimization; anaerobic digestion; thermophilic digestion

INTRODUCTION
The activated sludge process is the most widely
used biological treatment for municipal wastewater
worldwide [1-3]. The major byproduct of this process is excess sludge, which entails serious disposal
problem for treatment plants. The main treatment of
the excess sludge presently employed in China depends on the landfill operation after coagulation filtration. The problem is disposing the excess sludge
through this operation is ineffective because it occupies a vast land area. Costs associated with the treatment of excess sludge may also account for 25% to
65% of the total plant operation cost [4, 5]. $QDHUR
ELFGLJHVWLRQLVHPSOR\HGZRUOGZLGHIRUWUHDWLQJH[
FHVVVOXGJHEHIRUHILQDOGLVSRVDO>@0HVRSKLOLFDQ
DHURELF GLJHVWLRQ QHHGV ORZHU HQHUJ\ WKDQ WKHUPR
SKLOLF DQDHURELF GLJHVWLRQ +RZHYHU WKH ODWWHU LV
XVXDOO\ FKDUDFWHUL]HG E\ KLJKHU JURZWK UDWH RI PL
FURRUJDQLVPV ORZHU K\GUDXOLF UHWHQWLRQ WLPHV DQG

MATERIALS AND METHODS
Source of waste activated sludge (WAS). The
WAS used in this study was obtained from the secondary sedimentation tank of a municipal
wastewater treatment plant in Changsha, China. The
sludge was concentrated by settling at 4 °C for 24 h,
further filtered through a 1 × 1 mm metal sieve, and
then stored at 4 °C for later use. The main characteristics of the sludge after filtration are shown in Table
1.
Experimental setup and operation. Figure 1
shows the experimental equipment; the volume of
sludge tank (1) was 20.4 L. Twenty liters excess
sludge was added into the sludge tank. The sludge
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76 J/796 J/ ZLQWHU 7KHUHDFWRU
ZDVPL[HGDWUSPGXULQJWKHHQWLUHH[SHULPHQW
)LJXUH  VKRZV WKH 657 RQ VOXGJH UHGXFWLRQ
GXULQJGLIIHUHQWVHDVRQV76DQG796DOOGHFUHDVHG
JUDGXDOO\ DV WLPH LQFUHDVHG DW GLIIHUHQW VHDVRQV
)LJVDDQGE 76DQG796GHFUHDVHGIURP
DQGJ/WRDQGJ/ VXPPHU DQGJ
/WRDQGJ/ DXWXPQ DQGDQGJ
/WRDQGJ/ ZLQWHU DWD657RIGD\V
7KH UHPRYDO UDWH RI76 DQG796 ZHUH  DQG
DWD657RIGD\VLQVXPPHU'XULQJWKHVDPH
65776DQG796UHPRYDOUDWHZHUHRQO\DQG
IRUDXWXPQDQGDQGIRUZLQWHU
UHVSHFWLYHO\ )LJ F  76 DQG 796 UHPRYDO ZHUH
PRUH SURQRXQFHG LQ VXPPHU WKDQ LQ DXWXPQ DQG
ZLQWHU3UHYLRXVVWXG\VKRZHGWKDWOHVVWHPSHUDWXUH
WROHUDQW PLFURRUJDQLVPV DW KLJK WHPSHUDWXUH XQ
GHUJR FHOO O\VLV DQG WKHQ UHOHDVH WKHUPRVWDEOH HQ
]\PHVWKHVHUHOHDVHGHQ]\PHVFDQHQKDQFHVHZDJH
VOXGJHGHJUDGDWLRQ>@,QFUHDVLQJ657FDQLP
SURYH76DQG796UHPRYDOVLJQLILFDQWO\ )LJG 

retention time was kept at a constant agitation rate of
140 rpm for 10 and 20 days. Sample was collected
and analyzed at 8:00 daily. The temperature inside
and outside the reactor was collected at 8:00, 12:00,
16:00, and 20:00, generating the average temperature of one day.
$QDO\WLFDO PHWKRGV7KH YDOXHVRI76796
7&2'6&2'1+1DQG63ZHUHGHWHUPLQHGDF
FRUGLQJWRVWDQGDUGPHWKRGV>@7KHS+ZDVGHWHU
PLQHGXVLQJDMultiline 330i pH meter standardized
by employing buffer solutions of different pH values. The temperature was measured using a thermometer.

RESULTS AND DISCUSSION
7KHFKDUDFWHULVWLFVRIVOXGJHXVHGLQWKLVVWXG\
ZHUH 9  /76  J /796  J / VXP
PHU  76  J / 796  J / DXWXPQ  DQG

TABLE 1
The cKDUDFWHULVWLFVRIWKHILOWHUHGH[FHVVVOXGJH
3DUDPHWHUV
S+
6&2' 6ROXEOH&KHPLFDO2[\JHQ'HPDQG  PJ/
7&2' 7RWDO&KHPLFDO2[\JHQ'HPDQG  PJ/
76 7RWDO6ROLGV  J/
796 7RWDO9RODWLOH6ROLGV  J/
1+1 PJ/
63 6ROXEOHSKRVSKDWH  PJ/

9DOXHV








),*85(
6FKHPDWLFGLDJUDPRIH[SHULPHQWDOHTXLSPHQW
WKHVOXGJHWDQNDJLWDWRUVOXGJHLQOHWJDVRXWOHWWHPSHUDWXUHGHWHFWRUWHPSHUDWXUH
GLVSOD\SDQHOYDFXXPWXEHVOXGJHRXWOHW
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(IIHFWRIVOXGJHUHWHQWLRQWLPHRQVOXGJHUHGXFWLRQ
DGD\VEGD\VF76796UHPRYDOG76796UHPRYDO
GHPRQVWUDWHGWKDWWKHUPRVWDEOHHQ]\PHVFDQEHUH
OHDVHGE\FHOOO\VLVEHFDXVHRIOHVVWHPSHUDWXUHPL
FURRUJDQLVPV¶ GHDWK WKH UHOHDVHG HQ]\PHV IXUWKHU
HQKDQFHVOXGJHGHJUDGDWLRQ
3UHYLRXVVWXG\VKRZHGWKDWKLJKWHPSHUDWXUHLV
DGYDQWDJHRXV WR WKH YRODWLOH VXVSHQGHG VROLG UH
PRYDOUDWLR>@)LJVKRZVWKHYDULDWLRQVRIWHP
SHUDWXUHLQVLGHDQGRXWVLGHWKHUHDFWRUGXULQJGLIIHU
HQWVHDVRQV VXPPHUDXWXPQDQGZLQWHU 7KHPD[
LPXP PLQLPXP DQG DYHUDJH WHPSHUDWXUH RXWVLGH
WKHUHDFWRULQVXPPHUZDV&&&&
DQG&&UHVSHFWLYHO\
7KHDYHUDJHWHPSHUDWXUHRIWKHUHDFWRUZDV
&&ZLWKWHPSHUDWXUHVKLJKHUWKDQ&PDLQ
WDLQHG IRU ILYH GD\V )XUWKHUPRUH WKH PD[LPXP
PLQLPXPDQGDYHUDJHWHPSHUDWXUHRXWVLGHWKHUHDF
WRUDVZHOODVWKHDYHUDJHWHPSHUDWXUHRIWKHUHDFWRU
LQDXWXPQDQGZLQWHUZDV&&&&
&&DQG&&DQG&&
& &  & & DQG  & & UHVSHF
WLYHO\ 7KH DYHUDJH WHPSHUDWXUH RI WKH UHDFWRU LQ
VXPPHUZDVKLJKHUWKDQWKRVHLQDXWXPQDQGZLQWHU
ZHUH7KHUHPRYDOUDWLRRI76DQG796LQVXPPHU
ZDV KLJKHU WKDQ WKRVH LQ DXWXPQ DQG ZLQWHU ZHUH
)LJF 

)LJXUH  VKRZV WKH YDULDWLRQV RI 6&2'
7&2'DQG1+GXULQJGLIIHUHQWVHDVRQV7KHFRQ
FHQWUDWLRQRI7&2'GHFUHDVHGJUDGXDOO\GXULQJWKH
GLJHVWLRQ SHULRG LQ ZLQWHU )LJ F  +RZHYHU WKH
FRQFHQWUDWLRQ RI 7&2' GHFUHDVHG JUDGXDOO\ ILUVW
WKHQ H[KLELWHG PRGHUDWH YDULDWLRQ DIWHU VL[ GD\V LQ
VXPPHU )LJD DQGHLJKWGD\VLQDXWXPQ )LJE 
6OXGJHGLJHVWLRQQHHGVVKRUWWLPHDWKLJKWHPSHUD
WXUH2QWKHFRQWUDU\WKHFRQFHQWUDWLRQRI6&2'DQG
1+LQFUHDVHGJUDGXDOO\DVGLJHVWLRQWLPHLQFUHDVHG
GXULQJ GLIIHUHQW VHDVRQV 3UHYLRXV VWXGLHV UHYHDOHG
WKDWDODUJHDPRXQWRISDUWLFXODWHRUJDQLFVLQVOXGJH
IORFV LQFOXGLQJ OLSLGV FDUERK\GUDWHV SURWHLQV DQG
QXFOHLF DFLG ZDV WUDQVIHUUHG LQWR WKH VXSHUQDWDQW
GXULQJVOXGJHGLJHVWLRQ>@&DUERK\GUDWHVDQG
SURWHLQV DUH WZR RI WKH PRVW SUHGRPLQDQW RUJDQLF
PDWWHUVLQ(36ZKLFKFRPSRVHDODUJHSURSRUWLRQRI
6&2' LQ WKH VXSHUQDWDQW 7KH SURWHLQV XOWLPDWHO\
FRQYHUWHG WR ORZ PROHFXOH RUJDQLF DFLG DPPRQLD
DQGFDUERQGLR[LGH>@7KHUPRSKLOLFGLJHVWLRQ
OHDGVWRWKHPLFURRUJDQLVPV¶GHDGUHOHDVLQJWKHRU
JDQLF PDWWHUV WR WKH VXSHUQDWDQW 7KH YDULDWLRQV RI
6&2'7&2' LQVXPPHU ZHUH VLJQLILFDQWO\ KLJKHU
WKDQ LQ DXWXPQ DQG ZLQWHU )LJ F  )RU H[DPSOH
WKHPD[LPXP6&2'7&2'ZDVLQVXPPHU
LQDXWXPQDQGLQZLQWHU7KHUHVHDUFK
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 & UHVSHFWLYHO\ 2Q D UDLQ\ GD\ WKH DYHUDJH
WHPSHUDWXUHVZHUH&DQG&&DQG
&DQG&DQG&UHVSHFWLYHO\2Q
ERWK VXQQ\ DQG UDLQ\ GD\ WKH DYHUDJH WHPSHUDWXUH
LQVLGHWKHUHDFWRUZDVKLJKHUWKDQWKDWRXWVLGHWKHUH
DFWRUDFURVVWKHWKUHHVHDVRQV7KHDYHUDJHWHPSHUD
WXUHVZHUH& VXPPHU & DXWXPQ DQG
& ZLQWHU RQD VXQQ\GD\DQG& VXP
PHU & DXWXPQ DQG& ZLQWHU RQDUDLQ\
GD\7KHDYHUDJHWHPSHUDWXUHVLQVLGHWKHUHDFWRULQ
VXPPHU DXWXPQ DQG ZLQWHU RQ D VXQQ\ GD\ ZHUH
KLJKHU WKDQ WKRVH RXWVLGH DQG WKH UHODWLRQVKLS EH
WZHHQWKHWHPSHUDWXUHVZDV&&DQG
&UHVSHFWLYHO\RQDUDLQ\GD\WKHUHODWLRQVKLSZDV
&&DQG&UHVSHFWLYHO\

7HPSHUDWXUHZDVRQHRIWKHFULWLFDOSDUDPHWHUV
IRU DQDHURELF H[FHVV VOXGJH GLJHVWLRQ EHFDXVH WKH
JURZWKUDWHVGRXEOHZLWKDSSUR[LPDWHO\HYHU\&
LQFUHDVH)LJXUHDQG7DEOHVKRZWKHUHODWLRQVKLS
EHWZHHQWKHDYHUDJHWHPSHUDWXUHLQVLGHDQGRXWVLGH
WKHUHDFWRUGXULQJGLIIHUHQWVHDVRQVDQGZHDWKHU7KH
V\PERO<[DQG5LQHTXDWLRQVGHQRWHWKHDYHUDJH
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UHVSHFWLYHO\ 7KH WHPSHUDWXUH LQ VXPPHU DQG DX
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SEASONAL CHANGES IN ANTIOXIDANT DEFENCE
SYSTEM ON BROWN TROUT (SALMO SP.) IN MUNZUR
STREAM
Erkan Can1,*, Nuran Cikcikoglu-Yildirim2, Devrim Erdogan1
2

1
Fisheries Faculty, Department of Aquaculture, Munzur University, Tunceli, Turkey
Engineering Faculty, The Department of Environmental Engineering, Munzur University, Tunceli, Turkey

[5]. The reactive oxygen species, which are produced under usual oxidative damage, can be eliminated by the body's antioxidant system [2]. Numerous studies have been focused on fish antioxidant enzymes [6, 7, 8, 9, 10, 11]. Increased antioxidant defence in some fish species has been related to pollutants or chemical exposure [12, 13, 14].
A rare fish species inhabited the Munzur River
is the wild brown trout belonging to the genus salmo,
may be distinguished by their brownish-yellow colour with dark and red spots on olive background.
Trout that lives in great number in the Munzur River
became one of the most preferred and caught fish because of its unique aroma and makes up an important
economic value for the region [15]. It is commonly
known red spotted trout with high economic value in
Munzur Stream where is an important water supply
in Turkey and its cultivating studies are ongoing by
catching them from the wild.

ABSTRACT
The aim of the present study was to evaluate the
oxidant and antioxidant status of the indigenous
brown trout (Salmo sp.) caught from Munzur stream
(Tunceli, Turkey) at different seasons in different tissues. Glutathione peroxidase (GPx), catalase (CAT),
superoxide dismutase (SOD), total antioxidant status
(TAS) and total oxidant status (TOS) levels were
measured. These measurements were read in a microplate reader using commercial kits with ELISA
method. At the end of the study, significant variations of oxidative stress biomarkers were observed
between seasons and tissues. The results of this study
show that oxidative stress responses in tissues of
Salmo sp. are sensitive to the tissues and the seasons
in relation to the contaminants, climatic parameters
and reproductive period in Munzur stream. The selected parameters are in valuable biomarkers for
monitoring of water systems since at molecular levels they give an early warning signal of xenobiotics
on aquatic organisms. It was concluded that the
measurement of antioxidants biomarkers known
such as SOD, CAT and GSH-Px activities, TAS and
TOS levels may also be promising indicators of an
oxidant impact on aquatic organisms.

KEYWORDS:
Salmo sp, TAS, TOS, SOD, GSH-Px, CAT, Munzur
Stream.

FIGURE 1
Munzur trout (Salmo sp.)
INTRODUCTION
It is also known that in aquatic ecosystems, seasonal and daily changes in dissolved oxygen and
temperature are environmental variables that are
likely to influence oxidative processes [16]. Degradation of spawning habitats and river damming are
endangering wild brown trout populations [17], and
there is a need for good management practices for
the conservation of stocks in the East Anatolian Region of Turkey. To fulfil this task, it is necessary to
achieve a sound knowledge of the biology of these
species [18], and aims to assess the seasonal changes
in the oxidant and antioxidant status of gill, muscle
and liver. Some of the main enzymatic actors used
bioindicator are SOD, CAT, GSH-Px, [2, 3]. It was

Free radicals and other reactive oxygen species
(ROS) are generated by all aerobic cells [1].To minimize the negative effects of ROS, fish like other vertebrates possess an antioxidant defense system. Main
enzymatic actors in this system are SOD (superoxide
dismutase), CAT (catalase), GSH-Px (glutathione
peroxidase) [2, 3, 4]. They are involved in detoxification and stress tolerance, being first line of defense
against reactive oxygen species (ROS) [2]. Furthermore, TAS (Total Antioxidant Status) is a quantitative measurement which represents the total contribution from a wide range of antioxidant molecules
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also investigated that whether TAS and TOS is a
quantitative measurement and promising indicators
which represents the total contribution from a wide
range of antioxidant molecules or not in the present
study.

Statistical analyze. All data were analized by
SPSS-15 software for Windows (SPSS Inc., Chicago, IL, USA). (Multiple Regression Analysis and
AN(C)OVA).

MATERIALS AND METHODS

RESULTS

Experiments were conducted on the Central
Labotatuaries of R&D (Fisheries and Environment)
in University of Munzur, Turkey in 2014.

Some oxidative stress parameters (SOD, CAT,
GSH-Px activities and TAS and TOS levels) determined in gill, liver and muscle tissues of indigenous
brown trout (Salmo sp.) caught from Munzur stream
(Tunceli, Turkey) at different seasons.

Sampling sites. Fish (five specimens for each
group) were caught from the Munzur stream (beWZHHQWKHFRRUGLQDWHVRI¶¶¶QRUWK- ¶
´HDVWDQG¶¶¶1RUWK- ¶¶¶
east) on seasonal basis, then, they were transported
to laboratory.

Fish sizes and water parameters on the sampling area. Total lengths of fish used in the study
were 31.30±2.39 cm. The water parameters (temperature, salinity, pH and dissolved oxygen) were
shown in Table 1. The mean water temperatures of
the Munzur Stream changed between 4.10 and 14.10
ƕ&The pH values ranged from 8.29 to 8.69 over all
the sesons. Dissolved oxygen concentrations were
detected between 9.81 mg l-1 and 12.88 mg l-1. The
lowest salinity value was found in spring. The
salinity changed between 0.13 and 0.29 °C (Table 1).

Physico-chemical analysis. The water parameters (temperature, salinity, pH and dissolved oxygen) were measured by YSI Professionals Plus at the
sampling area where the fish caught on time.
Preparation of samples. Captured fishes were
placed in plastic bags and dissected purposed tissues.
The blood in the tissues was removed by treating
them with 0.9% of NaCl, after then, tissues are divided into the groups to determine the levels of enzymatic activity. Firstly, the samples have been
weighed and homogenized by adding PBS buffer
(salt solution buffered with phosphate) at a rate of
1/5 w/v and using homogenizer with ice. The homogenized samples have been centrifuged for 15
min in a refrigerated centrifuge at 17 000 rpm the
supernatants obtained were immediately put in deep
freeze at -80 C and kept there until their analyses.

TABLE 1
Water paramaters on the sampling area
Seasons

Spring
Summer
Autumn
Winter

Temperature
(°C)
5.80
14.10
11.30
4.10

Dissolved
Oxygen
(mg l-1).
11.91
9.81
11.20
12.88

Salinity
(ppt)

pH

0.13
0.28
0.29
0.19

8.29
8.35
8.62
8.69

TAS and TOS levels. Changes of TAS
concentration in liver and muscle among the four
investigated seasons were found statistically
significant (p<0.05) but there was no significant
differences were found in gill (p>0.05). The
differences of TAS levels were found statistically
significant at all seasons when compared to three
tissues (p<0.05) (Table 2).
The TAS levels reached its maximum level in
liver tissue in summer (3.608 mmol/L). The lowest
TAS levels were found in gill in winter season (2.540
mmol/L) (Table 2).
TOS levels were found to be statistically unsignificant in spring and winter when compared tissues
(p>0.05) but were found significant in summer and
autumn (p<0.05). Changes of TOS levels in muscle
were unsignificant except summer (p>0.05). There
was no significant differences were found in gill and
liver when compared to seasons except autumn
(p>0.05). The highest TOS levels were determined
in gills and liver in autumn (Table 3).

SOD, CAT and GSH-PX enzym activities.
The activities of SOD, CAT and GSH-Px enzymes
were analyzed by using the Cayman Chemical Superoxide Dismutase Assay Kit (Catalog No: 706002)
(Cayman Chemical Company) at 450 nm, the Cayman Chemical Catalase Assay Kit (Catalog No:
707002; Cayman Chemical Company) and the Cayman Chemical Glutathione Peroxidase Assay Kit
(Catalog No: 703102; Cayman Chemical Company)
by a microplate reader (Thermo scientific multiscan®).
TAS and TOS levels. TAS and TOS levels
were analyzed by using Total Antioxidant Status
(TAS) Assay Kits and Total Oxidant Status (TOS)
Assay Kits (Rel Assay Diagnostics, Turkey) by a microplate reader (Thermo scientific multiscan®) by
aproving to the cataloque of producer company.
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TABLE 2
TAS levels (mmol/L) of indigenous brown trout (Salmo sp.) caught from Munzur stream
(Tunceli, Turkey) at different seasons.
Seasons
Spring
Summer
Autumn
Winter

Muscle
2.905±0.175ABb
3.149±0.362Bab
2.768±0.119ABa
2.608±0.328Ba

Gill
2.670±0.149Aa
2.617±0.085Aa
2.574±0.183Aa
2.540±0.046Aa

Liver
3.039±0.045Ab
3.608±0.468Bb
3.109±0.250ABb
3.190±0.183ABb

A,B,C:Different letters in same column show statistical importance of values among seasons in same tissue (p<0.05).
a,b,c : Different letters in same line show statistical importance of values among tissues in same season (p<0.05).

TABLE 3
TOS levels ȝPRO/ of indigenous brown trout (Salmo sp.) caught from Munzur stream
(Tunceli, Turkey) at different seasons.
Seasons
Spring
Summer
Autumn
Winter

Muscle
26.494±2.487Aa
22.135±4.027Bb
27.717±1.111Ab
28.216±0.939Aa

Gill
28.092±5.628Aa
26.192±1.133Aa
41.077±2.855Ba
28.521±0.864Aa

Liver
26.391±2.763Aa
28.179±0.953Aa
38.360±1.776Ba
30.933±2.843Aa

A,B,C:Different letters in same column show statistical importance of values among seasons in same tissue (p<0.05).
a,b,c: Different letters in same line show statistical importance of values among tissues in same season (p<0.05).

TABLE 4
SOD activities (U/ml) of indigenous brown trout (Salmo sp.) caught from Munzur stream
(Tunceli, Turkey) at different seasons.
Seasons
Spring
Summer
Autumn
Winter

Muscle
0.043±0.01Ba
0.029±0.01ABa
0.025±0.01Aa
0.025±0.01Aa

Gill
0.048±0.01Ba
0.025±0.01Aa
0.070±0.02Cb
0.038±0.01ABa

Liver
0.19±0.03Ab
0.24±0.02Ab
0.23±0.01Ac
0.21±0.04Ab

A,B,C:Different letters in same column show statistical importance of values among seasons in same tissue (p<0.05).
a,b,c : Different letters in same line show statistical importance of values among tissues in same season (p<0.05).

TABLE 5
GSH-Px activities (nmol/dk/ml) of indigenous brown trout (Salmo sp.) caught from Munzur
stream (Tunceli, Turkey) at different seasons
Seasons
Spring
Summer
Autumn
Winter

Muscle
78.95±16.00Aa
183.27±20.44Ba
55.61±4.26Aa
52.33±4.63A a

Gill
75.45±3.26Aa
142.91±16.52Ba
59.98±12.85Aa
51.32±5.18Aa

Liver
82.70±9.96Aa
206.82±23.30Ba
92.96±20.08Aa
53.67±4.26Aa

A,B,C:Different letters in same column show statistical importance of values among seasons in same tissue (p<0.05).
a,b,c: Different letters in same line show statistical importance of values among tissues in same season (p<0.05).

TABLE 6
CAT activities of indigenous brown trout (Salmo sp.) caught from Munzur stream
(Tunceli, Turkey) at different seasons.
Seasons
Spring
Summer
Autumn
Winter

Muscle
20.40±4.90Aa
28.90±4.60Ba
26.72±1.20Ba
22.52±5.35Aa

Gill
31.02±3.68Aa
32.80±3.69Aa
23.10±2.13Ba
34.70±5.03Aa

Liver
23.25±6.37Aa
30.45±5.74Ba
24.12±3.78Aa
27.92±5.21Ba

A,B,C: Different letters in same column show statistical importance of values among seasons in same tissue (p<0.05).
a,b,c: Different letters in same line show statistical importance of values among tissues in same season (p<0.05).

The activities of SOD. Changes of SOD activities in liver among the four investigated seasons
were found statistically unsignificant (p>0.05) but
SOD activeties of gill and muscle were significant

(p<0.05). SOD activities in muscle were unsignificant (p>0.05) but not in gill and liver when compared
seasons (p<0.05). The highest SOD activities were
found in liver in summer (Table 4).
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At the same time, TAS is a quantitative measurement which represents the total contribution from
a wide range of antioxidant molecules [5, 24]. The
highest TAS values was found in the liver at all seasons while the lowest of TAS was found in the gills.
TOS levels were increased in the gill and in the liver
in autumn, while it reached to the lowest levels in
muscle tissue in summer. The results of this study
show that oxidative stress responses in tissues of
Salmo sp. are sensitive to the tissues and the seasons
in relation to the contaminants, climatic parameters
and reproductive period in Munzur stream and these
findings are similar to the study from Gabbott, [25]
and Aras et. al., [9]. Therefore, it was recommended
to be measured such parameters included TAS and
TOS which represent the total distribution of antioxidants.
It was concluded that the measurement of antioxidants biomarkers known such as SOD, CAT and
GSH-PX activities, TAS and TOS levels may also be
promising indicators of an oxidant impact on aquatic
organisms. The selected parameters are in valuable
biomarkers for monitoring of water systems, since at
molecular levels they give an early warning signal of
xenobiotics on aquatic organisms which help to preclude their negative effects. This approach, used in
this study has an important potential for usage in routine monitoring or assessments researches of all others aquatic environments as recorded by Danabas et.
al., [26]. Munzur trout is an indigenous species that
the culture studies are ongoing. The findings obtained from this study will also be used as a reference
and will shed light on future studies in related to the
studies with this fish species and others. The enzyme
activities of oxidant and antioxidant vary according
to the seasons but also they were affected by location, gender, age, date, sexual maturity, contaminants, climatic parameters and reproductive period.
Therefore, regular monitoring and evaluation are
recommended [27], and the researches should be focused on similar studies considering age, size, gender etc to explore unknowns.

The activities of GSH-Px. GSH-Px activities
were increased in summer (p<0.05). The highest
GSH-Px activities were found in all tissues in summer. Unsignificant differences were found between
the tissues at all seasons (p>0.05).(Table 5).
The activities of CAT. CAT activities of indigenous brown trout (Salmo sp.) were significantly increased in muscle and liver in summer (p<0.05). Differences of CAT activities were found statistically
unsignificant at all seasons when compared to three
tissues (p>0.05). CAT activities were increased in
summer in muscle and liver (p<0.05) (Table 6).

DISCUSSION
The reactive oxygen species, which are produced under usual oxidative damage, can be eliminated by the body's antioxidant system [2]. SOD,
CAT and GPx are three main antioxidant enzymes
[19]. SOD is an oxidoreductase and it provides the
first defense against oxidative stress. SOD greatly
accelerates the conversion of O2 to water and H2O2.
The efficacy of SOD relies on its co-operation with
CAT and GPx [16, 20]. Gabryelak et al. [21] and Palace and Klaverkamp [22] suggested that antioxidant
defense enhancement in fishes during the spring and
summer compared to colder winter months. But, Ronisz et. al., [23] reported no correlation between activities of GPx and CAT and water temperature. In
the present study, SOD increased in liver especially
in summer period. The highest activity of GSH-Px
was determined in summer, as well and our results
are similar to the results from Gabryelak et al., [21]
and Palace and Klaverkamp [22]. CAT activities of
indigenous brown trout (Salmo sp.) were significantly increased in muscle and liver in summer
(p<0.05). CAT activities were increased in summer
in muscle and liver (p<0.05). In another study,[9] reported that an increase in the main liver antioxidant
enzyme activities did not relate to increased temperature however it was changed in autumn. At this period it was suggested that the fishes are experiencing
oxidative stress. This is the period prior to spawning,
whereas, this is the season which temperature drops
rapidly, a daylight decreases and rainfall increases,
all factors that may cause stress in the fishes, and alter the status of the antioxidants potentially [9]. The
same researchers reported that the activities of SOD,
CAT and GPx were higher in livers than gills, these
findings are similar to ours especially activities of
SOD and GSH-Px in liver were found higher than the
other tissues at all seasons.
As it is known free radicals and other reactive
oxygen species (ROS) are generated by all aerobic
cells [1] and to minimize the negative effects of
ROS, fish like other vertebrates possess an antioxidant defense system. Some of the main enzymatic
actors in this system are SOD, CAT, GSH-Px [2, 3].
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OPTIMIZING FENTON PROCESS FOR OLIVE MILL
WASTEWATER TREATMENT USING RESPONSE SURFACE
METHODOLOGY
Farzaneh Doosti, Reza Ghanbari, Hamzeh Ali Jamali*, Hamid Karyab
Department of Environmental Health Engineering, School of Public Health, Qazvin University of Medical Sciences (QUMS), Qazvin, Iran

essential for all kinds of creatures, whether those living in water or profiting from it [4]. One of the major
environmental problems in the food industry is the
treatment of the wastewater produced by olive oil
production industries. Such wastewater contains organic compounds such as polyphenolic macromolecules that are highly toxic to the environment [5].
Chemical properties of olive oil mill wastewater depend on various factors including weather conditions, cultivation conditions and type of extraction
process [2, 6]. Olive mill wastewater contains high
concentrations of BOD5 (23-100 g/l), COD (40-220
g/l), phenolic compounds (1.4-14.3 g/l) and suspended solids (190 g/l) (2, 6-8). The common methods for managing such wastewater include the use of
evaporative ponds and landfill of solids, ultrafiltration, reverse osmosis, ion exchange and adsorption
of different materials. These treatment techniques
convert the contamination from iquid into solid
phases and are not appropriate for reducing
wastewater toxicity [7, 10]. Furthermore, the biological methods used for these wastewaters include aerobic and anaerobic digestion. The aerobic treatment
is very efficient, but the use of these processes is
limited due to the high cost of aeration. Limitation of
the anaerobic digestion for this type of wastewater is
caused by phenolic compounds and organic acids,
which prevent the activity of the methanogenic bacteria [6]; thus, efficient and sustainable treatment of
such wastewater cannot be achieved using only a single process [10]. Radical production systems provide
a scientific solution for improving the biodegradability of such wastewater [11]. Among these processes,
the Fenton process is economically more cost-effective. The advantages of this process include high efficiency, simplicity and possibility of decomposing
various compounds [12]. The Fenton oxidative process is considered as a technique for chemical oxidation and coagulation of organic compounds [13]
"One factor at a time" method that is utilized
conventionally in multivariate analysis sewage
treatment procedure is done in a such way that one
of the variables is altered at a time while others hold
constant and, then, its influences on the dependent
variable are scrutinized, which is expensive and
time-consuming [14]. Moreover, in this type of optimization, the mutual effects between the variables

ABSTRACT
The effect of factors affecting the Fenton process including H2O2/Fe2+ ratio, pH and reaction time
on the removal of BOD5, COD, color and total phenolic compounds from olive mill wastewater as well
as variations of the BOD5/COD ratio was
investigated using central composite design and response surface methodology. The ranges of
H2O2/Fe2+ ratio, pH and reaction time were considered as 4.64-11.36, 2.32-5.68 and 9.6-110.4 min, respectively.
Based on ANOVA and regression results, the
high values of the obtained R2 (0.86-0.99) indicated
that removal of the contaminants could be defined by
the polynomial quadratic model and there was a
good agreement between the model prediction and
experimental data. The removal efficiencies of
BOD5, COD, color and total phenolic compounds
were 87%, 93.8%, 42.85% and 70.4%, respectively.
Also, measuring the BOD5/COD ratio showed that
this value increased from 0.16 to 0.44 after the process. Therefore, response surface methodology is a
powerful tool for optimizing the Fenton process during olive mill wastewater treatment. Increased
BOD5/COD ratio indicated that the Fenton process,
as a pre-treatment, could prepare the wastewater for
complementary biological treatment by reducing the
level of toxic and recalcitrant contaminants.

KEYWORDS:
Olive mill wastewater, Fenton process, optimization, central composite design (CCD), phenolic compounds

INTRODUCTION
Due to the nutritional and antioxidant as well as
cosmetic and health properties of olive oil, the demand for its consumption has been increased around
the world. As a result, the industries associated with
its production and processing have been significantly
grown [1]. High consumption of water in olive oil
extraction stages results in a significant amount of
olive mill wastewater (OMW) [2]. Extracting each
liter of olive oil leads to nearly 2.5 L of wastewater
[3]. Controlling wastewater contamination is highly
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(Model: C863T, Belgium) for
pH
measurement and a Fhiller Scientific mixer (Model:
HS-10 Digital) equipped with temperature and round
control.

are not taken into consideration. The statistical design of the experiments is a useful technique to obtain the statistically significant models that are useful
for a process with the minimum number of tests; furthermore, in such designs, the interactive effects of
the variables are investigated, so the parameters used
in the multivariate systems can be optimized. The
central composite design (CCD) provides useful data
for the interactive and multiple effects of the variables in the linear and curve forms, respectively [15,
16].
In previous studies, olive mill wastewater treatment has been performed using the Fenton process
and, then, the removal level of COD, color, total phenolic compounds and aromatic compounds have
been investigated [17]. However, none of these studies have pointed to the changes in the BOD5/COD
ratio. In the present research, in addition to
investigating the treatability of the biological
pretreated wastewater of this industry, the variation
rate of the BOD5/COD ratio was studied. Besides,
the optimal conditions for treating this wastewater
was determined using the CCD with three
independent variables (factors) including pH,
H2O2/Fe2+ ratio and reaction time, and five
dependent variables (responses) of BOD5, COD,
color, total phenolic compounds and BOD5/COD
ratio.

Fenton oxidation process. The Fenton process
tests were carried out in a Pyrex batch reactor with
the volume of 1 L and a magnet inside. Adjusting pH
was performed by H2SO4 and NaOH 1 N. The total
sample size in each test was 500 ml. For this purpose,
first, the wastewater sample was transferred to the
reactor and, then, iron sulfate (FeSO4.7H2O) and hydrogen peroxide (H2O2) were added. The sample was
placed on the mixer equipped with the temperature
and round control (25°C and 250 rpm). The required
samples were taken from the reactor by a pipette at
certain intervals. In order to stop the process reactions, the 1 N NaOH quenching solution was used
and, then, the analyses were performed.
Analysis of OMW samples. Analyses of
BOD5, COD and total phenolic compounds were performed based on the instructions provided in the
standard methods for the examination of water and
wastewater [18]. Furthermore, in order to determine
the color level, the sample was first diluted and
SDVVHGWKURXJKWKHȝPILOWHU$IWHUZDUGVLWVabsorption rate was determined at the wavelength of
288 nm using spectrophotometry technique [17, 19].
Experimental design and data analysis. A
full-factorial design including all the possible orders
of factors is a powerful tool for understanding complicated processes and describing linear quadratic
and mutual effects in multifactor systems. The response surface method is an experimental technique
used for multiple regression analyses by the data obtained from the appropriate experiments designed to
solve the multivariate equations at the same time. In
the present study, a limited range of each independent variable was obtained using the preliminary experiments done at the ambient temperature.
The experimental runs were carried out with
different values of three independent variables, including reaction time, pH and H2O2/Fe2+ ratio, for the
simultaneous coverage of a range of variables in
order to eliminate COD, BOD5, total phenol, color
and variations of the BOD5/COD ratio in the CCD.
To describe the effects of pH, reaction time and
H2O2/Fe2+ ratio on the removal of BOD, COD, TP,
color and variations of BOD5/COD ratio, the experiments were performed in a batch reactor. The coded
values of the process variables were obtained using
Equation (1):
ି
 ݅ݔൌ 

(1)

MATERIALS AND METHODS
Wastewater. The wastewater consumed in the
present research was provided from an olive oil mill
factory in Gilan Province, Iran, and was kept at 4°C
after being transferred to the laboratory. The required samples were directly provided from the factory's wastewater effluent and were biologically
treated.
Materials. In the Fenton process, 35% hydrogen peroxide and 99.5% FeSO4.7H2O were used,
which were provided by Arman SINA Corporation,
Iran, and Merck & Co., Germany, respectively.
Furthermore, sulfuric acid and NaOH for pH
adjustment, iron chloride, magnesium sulfate,
calcium chloride and phosphate buffer for BOD
measurement,
mercury
sulfate,
potassium
dichromate, silver sulfate and potassium hydrogen
phthalate for COD measurement, and ammonium
hydroxide,
4-aminoantipyrine,
potassium
ferricyanide and solid phenol for measuring the total
phenolic compounds were provided by Merck &
Co., Germany.

ο

Equipment. The equipment used in the present
study included a BOD meter (Model: OxiTopIS6,
WTW Company, Germany), a COD reactor from
HACH Company, USA, spectrophotometer (Model:
T80, PG Instruments Ltd.), a CONSORT multimeter

where xi, Xi, Xic and ǻXi indicate the coded
value of the ith studied variable, the actual value of
the ith studied variable, the actual value of Xi at the
central point of the studied area and the difference
between the real value of Xi and its value at the
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ting the IDFWRULQWKH³LQUDQJH´PRGHDQGWKH
UHVSRQVHYDULDEOHVLQWKH³PD[LPXP´PRGHWKHQX
merical optimization was carried out.
The quality of fitness of the polynomial model
was determined using the coefficient of determination (R2) and the adjusted R-squared (R2Adj). The
statistical significance was controlled by AP ratio
and p-values.

central point (step size), respectively.
TABLE 1
Dependent variables and their range for
studying response surface.
Variables

Unit

Coded values (surfaces)

Reaction time
pH
H2O2/Fe2+ ratio

min



1.68
110.4
5.68
11.36

1
90
5
10

0
60
4
8

-1
30
3
6

-1.68
9.6
2.32
4.64

RESULTS AND DISCUSSION
Table 2 represents the results of the physical
and chemical characteristics of the effluent (treated
wastewater samples) of the factory used in the present study.

The range and levels of the independent
variables are presented in Table 1. The responses
were estimated using the quadratic polynomial
model as follows:
୩

୩

୩

୩

TABLE 2
Characteristics of wastewater used in this study.

ܻ ൌ ߚͲ   ȾǤ    ȾǤ ଶ   ȾǤ Ǥ    ڮሺʹሻ
୧ୀଵ

୧ୀଵ

୧୧ஸ୨

୨

where (Y) is the response, xi and xj are the variables, k is the number of independent variables, ȕ0
is the constant factor, ȕj, ȕjj and ȕij are the constants
of interactive, linear and quadratic effects, respectively, and ei is the random error.
For the regression analysis of the data obtained
from the experiments and estimating the constant of
the regression equation, Design Expert 7.1 software
was used. The equations were validated using analysis of variance (ANOVA). The significance of each
term of the equation estimates the fitness of each effective factor in the process. Further, the 2D diagrams (contour) were drawn to determine the
interactive effects of each factor on the responses.
After running ANOVA, the modified model was
obtained by eliminating the terms that were not significant at 95% confidence level. Afterwards, by set-

Parameter
BOD5
COD
pH
Total phenolic compounds
Temperature
BOD5/COD ratio

Unit
mg/l
mg/l
mg/l
°C
-

Value
221025
13600 30
6.9 0.6
55715
20.70.4
0.160.05

In total, 20 tests with 5 iterations at the central
point were designed in order to study the effects of
the three independent variables of reaction time, pH
and H2O2/Fe2+ ratio, shown as A, B and C,
respectively, on the dependent variables (responses),
removal percentage of BOD5, COD, total phenol,
color and variations of the BOD5/COD ratio and to
optimize them using the CCD. Table 3 shows the
design matrix of the tests, actual values and values
predicted by the quadratic model.

TABLE 3
Design matrix of tests using CCD method in Fenton process with actual and predicted results.
No.

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

Run

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

Time
(A)

30
90
30
90
30
90
30
90
9.6
110.4
60
60
60
60
60
60
60
60
60
60

pH
(B)

3
3
5
5
3
3
5
5
4
4
2.32
5.68
4
4
4
4
4
4
4
4

H2O2/
Fe
(C)

Removal efficiency %
BOD5
COD
Actual
Predicted
Actual

6
6
6
6
10
10
10
10
8
8
8
8
4.64
11.36
8
8
8
8
8
8

63
84
37
40
95
66
93
54
44
59
87
45
43
62
93
93
73
82
86
90

58.07
85.32
28.42
41.67
84.05
65.3
82.4
49.65
60.37
55.75
91.6
53.52
44.78
73.34
85.79
85.79
85.79
85.79
85.79
85.79

50
77
32
40
36
45
40
42
46
72
53
40
48
37
89
90.13
89.87
93.11
95.42
96.34

BOD5/COD
Predicted

TP
Actual

49.56
75.21
30.95
43.6
33.58
47.22
42.97
43.61
47.12
69.22
55.01
36.32
48.38
34.96
92.36
92.36
92.36
92.36
92.36
92.36

54
64
31
50
65
55
50
55
55
69
68
60
34
43
65
68
69.5
71
69.5
71.5

5944

Predicted

Color
Actual

Predicted

Actual

53.19
62.65
32.1
53.56
62.21
54.67
52.12
56.59
55.6
67.31
71.51
55.39
32.89
43.02
69.11
69.11
69.11
69.11
69.11
69.11

10
28
12
31
20
25
22
32
15
33
25
44
13
21
44
41
42
40
45
43

9.95
26
14.18
33.23
19.06
24.11
29.29
33.34
12.96
33.22
27.93
39.25
12.21
19.96
42.55
42.55
42.55
42.55
42.55
42.55

0.12
0.11
0.25
0.165
0.015
0.1
0.02
0.13
0.17
0.24
0.045
0.15
0.18
0.01
0.45
0.42
0.45
0.42
0.47
0.48

Predicted
0.13
0.094
0.23
0.19
0.002
0.11
0.023
0.13
0.18
0.23
0.045
0.15
0.18
0.013
0.45
0.45
0.45
0.45
0.45
0.45
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TABLE 4
Results of ANOVA for response parameters.
Responses

Final equations

P

PLOF

R2

BOD5

85.79- 11.32B+8.49C-11. 5AC-9.8A29.45C2
92.36+6.57A-5.55B-3.00C-3.25AB3AC+7BC-12.09A2-16.51B2-17.92C2
69.11+3.48A-3.79B+3.01C+
3AB4.25AB+2.75BC-2.71A2-2B2-11.02C2
42.55+6.02A3.36B+2.3C+0.75AB2.75AC+0.5BC- 6.88A2-3.17B2-9.36C2
0.45+0.016A+0.029B-0.049C+
0.036AC-0.019BC-0.086A2-0.12B20.12C2

0.0034

0.1356

<0.0001

COD
TP
Color
BOD5/COD
ratio

Pred.R2

AP

S.D.

CV

PRESS

0.86

Adj.
R2
0.73

0.14

8.3

10.76

15.49

6948.16

0.3432

0.99

0.98

0.94

25.19

3.45

5.69

633.24

<0.0001

0.1684

0.96

0.93

0.79

17.89

3.12

5.34

573.71

<0.0001

0.0878

0.97

0.94

0.8

16.04

2.87

9.81

522.67

<0.0001

0.7851

0.99

0.98

0.97

31.33

0.021

9.65

0.014

The mathematical equations were obtained
using the results predicted by the model so that each
dependent variable (Y) was a function of A, B and
C. Then, by adding a constant number, the first-order
effects (A, B, C), mutual effects (AB, AC, BC) and
quadratic effects (A2, B2, C2) were evaluated based
on Equation (2). ANOVA was performed to assess
the goodness of fit. Then, by eliminating the terms
that were not statistically significant at 95% confidence level in the first ANOVA, the equations were
modified. The final equations of the removal efficiency of BOD5, COD, TP, color and BOD5/COD ratio, which were respectively Y1, Y2, Y3, Y4 and Y5,
were calculated based on the quadratic polynomial
model shown in Table 4.

FIGURE 1
Normal % probability versus studentized
residuals for removing a- BOD5, b- COD, c- TP,
d- color and e- variations of BOD5/COD ratio.
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FIGURE 2
Predicted versus actual values for removing aBOD5, b- COD, c-TP, d-color and e- variations
of BOD5/COD ratio.

At the confidence level of 95%, the p-values
were significant for all the models obtained for the
five studied responses. Lack of fit test determines the
data variations in the fitted model so that it is significant in the case that the model is not fitted properly
[20]. Thus, according to Table 4, the test was not significant in all the variables and the data were fit to
the obtained model. The quality of fit of the
quadratic polynomial model is expressed by R2. The
high values of R2 (above 0.8) in all the responses indicated high reliability of the obtained removal efficiencies. Therefore, there was good consistency between the actual data and the data predicted by the
model. A desirable agreement between R2 and
Adj.R2 (adjusted R2) is essential. Pred.R2 is the prediction of the model so that the closer the value to 1,
WKH PRUH DFFXUDWH WKH PRGHO¶V SUHGLFWLRQ RI UH
sponses would be. According to Table 4, all of these
coefficients, except for BOD, were higher than 0.8
and, thus, desirable [21]. Adequate precision is the
index for measuring the "signal to noise ratio"; in
fact, A.P compares the predicted values in the design
with the average predicted error. The values above 4
IRUWKLVUDWLRLQGLFDWHWKHPRGHO¶VDGHTXDF\$FFRUG
ingly, in all the responses of Table 4, these ratios
were above 4, which indicated the adequate signal
[16]. Coefficient of variation (C.V) describes the reproducibility of the model so that if the CV value
were lower than 10%, it could be estimated as the
standard error value. On this basis, as shown in Table
4, the CV for all the variables, except for BOD, was
less than 10 and, thus, the model can be considered
reproducible [16]. PRESS stands for the predicted
residual error sum of squares and is used to assess
PRGHOV¶ SUHGLFWLYH DELOLW\ VR WKDW WKH VPDOOHU WKH
PRESS value, the better the model's predictive ability would be.
Equality of variance and normal distribution of
the residuals are the basic assumptions of ANOVA.
In this section, some of the assumptions of the pro-
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posed model are tested. The normal distribution diagram shows if the residuals follow the normal distribution. If the points are located on a straight line, the
assumption of normal data distribution can be accepted. Figure 1 (a-e) shows the probability distribution of the residuals for the studied responses. In
these diagrams, it can be seen that the residuals were
almost located on a straight line; thus, the assumpWLRQ RI WKH UHVLGXDOV¶ QRUPDO GLVWULEXWLRQ IRU WKH
models was valid [22, 23].
Figure 2 (a-e) shows the comparison of the values predicted by the model with the values obtained
from the experiment. These diagrams show a satisfactory agreement between the predicted data and
the data obtained from the experiments. Thus, according to this diagram, the precision of the model
ZDV VXIILFLHQW IRU SUHGLFWLQJ WKH PRGHO¶V SHUIRU
mance.
Figure 3 (a-e) shows the response values predicted for each experiment by the model versus the
studentized residuals. In this plot, the points were
randomly distributed and followed no certain pattern
(especially the megaphone pattern). Consequently,
the assumption of the equality of variances was
confirmed for the model [22, 23].
The response surface diagrams drawn by the
software indicated a 2D view of the removal level of
the contaminants.

FIGURE 3
Diagram of distribution of residuals predicted
by the model versus the studentized residuals for
removal of a- BOD5, b- COD, c- TP, d- color and
e- variations of BOD5/COD ratio
The 2D diagram of BOD5 removal from the olive mill wastewater by the Fenton process is shown
in Figure (4). As seen in this figure, the H2O2/Fe2+
ratio and reaction time were two major factors in the
removal of BOD5 from the olive oil wastewater
through the Fenton process so that increasing both
factors led to the increasing trend of the BOD5 removal. The best removal efficiency of BOD5 in the
H2O2/Fe2+ ratio and the reaction time were 9 and 55
min, respectively. From this point on, by increasing
each of these two factors, the removal efficiency was
reduced so that, at the reaction time of 110.45 min
and H2O2/Fe2+ ratio of 6, the removal efficiency
reached 35%. Ahmadi et al. reported that with the
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efficiency of the process. Furthermore, at very
low pH, Fe2+ slowly reacts with hydrogen peroxide
and, as a result, production of the hydroxide radical
is reduced [28].

concentration of hydrogen peroxide similar to the
one in the present research, hydrogen peroxide was
completely consumed on the first hour of the
reaction and removal of the contaminants was
stopped. Therefore, the consumption time was
dependent on the initial value of H2O2 used in the
experiments [17]. They also reported that, at the initial concentration of 0.2 M, hydrogen peroxide was
completely consumed after 1-2 h and, at the initial
concentration of above 0.5 M, the complete consumption occurred after 8 h [24]. In the present research, the removal efficiency of BOD5 reached its
maximum value (89%) after the reaction time of almost 55 min. Furthermore, H2O2 was completely
consumed during this period, but after this time, the
removal of BOD5 had a decreasing trend.

FIGURE 4
Contour plot for removal of BOD5.
The diagrams in Figure 5 (a, b & c) show the
interactive effects of the two factors on the removal
of COD while keeping the other factor at the middle
level. The obtained elliptic curves indicated the
significant effects of the factors on the removal of
COD. According to Figure (5-a), by increasing both
factors of reaction time and pH, the emoval efficiency of COD was increased so that at the pH of 2.3
and reaction time of 9.6 min, there was no removal
of COD. The maximum removal efficiency was
obtained at the reaction time of 60 min and pH of 4.
From this point on, by increasing both factors, the
removal efficiency of COD had a decreasing trend.
These results were compatible with those of the
previous study done on the removal of COD from
coking wastewater industry [25]. The efficiency of
the Fenton process was strictly influenced by pH.
Moreover, these results were consistent with those of
recent reports stating that the optimal pH for the Fenton process is independent from the nature of
wastewater and is about 3-5 [26, 27]. In the Fenton
process, excessive increase of pH resulted in the
elimination of Fe2+ ion from the catalytic cycle and
formation of Fe(OH)3, leading to a reduction in the

FIGURE 5
Contour plot for removal of COD.
Figure (5-b) shows the mutual effect of two factors of reaction time and H2O2/Fe2+ ratio on the removal efficiency of COD. This diagram is also elliptic, indicating the significant effect of these two factors on the removal of COD by the process. Accordingly, increasing both factors led to the increasing
trend of the removal efficiency of COD so that, at the
reaction time of 60 min and H2O2/Fe2+ ratio of 8, the
removal efficiency of COD was at its maximum
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ions are produced even after complete consumption of hydrogen peroxide. Thus, some of the
organic acids or acidic radicals might be involved in
its production [30].

level (94%). From this point on, by increasing both
factors, the removal efficiency was reduced. The
minimum removal efficiency was obtained at the reaction time of 69 min and H2O2/Fe2+ ratio of 10. Bensalah Nasr et al. reported that, at high molar ratios of
hydrogen peroxide to iron salt, the hydroxyl radicals
were formed slowly and the removal rate of COD remained constant. They also obtained the removal efficiency of 86% at the H2O2/Fe2+ molar ratio of
[5]/[0.4] and reaction time of 20 min [2], while at
lower H2O2/Fe2+ molar ratio and optimal reaction
time of 60 min, the removal efficiency of COD was
94%.
Figure (5-c) shows the interactive effects of
both factors of pH and H2O2/Fe2+ ratio on the
removal of COD. As seen in this figure, increasing
the value of both factors led to the increasing trend
of the removal efficiency of COD so that this trend
reached its maximum level (94%) at the point with
the pH of 3.5 and H2O2/Fe2+ ratio of 8. From this
point on, by increasing both factors, the removal efficiency of COD was decreased. The minimum removal efficiency of COD was 10% at the pH of 5.68
and H2O2/Fe2+ ratio of 6. According to the reports
provided by Kallel and Neyens, high values of H2O2
produced more hydroxyl radicals, leading to the
improvement of the COD removal efficiency, but the
excessive concentration of H2O2 was not
recommended because the excessive amount of
hydrogen peroxide had adverse effects and
prevented the formation of hydroxyl radicals besides
reducing the removal efficiency of COD [25, 29].
Furthermore, the excessive amount of H2O2 scavenged hydroxyl radicals and had adverse effects on
the decomposition process [29]. In the present study,
in the case of high volumes of hydrogen peroxide as
well as the H2O2/Fe2+ molar ratios of above 8, the removal efficiency of COD had a decreasing mode.
Figure (6-a) shows the interactive effects of reaction time and pH on the removal of the total phenol. According to this figure, the removal curves of
the total phenol were elliptic as other curves, indicating the significant effect of both factors on the
removal of the total phenol by the Fenton process.
The minimum and maximum removal efficiencies of
total phenol were obtained 33% at the reaction time
of 10 min and pH of 5 and 72% at the reaction time
of 60 min and pH of 2.8, respectively. From this
point on, the removal efficiency of total phenol was
reduced by increasing both factors. Removal of the
phenolic compounds was affected by the reaction
time more than other variables so that increasing the
reaction time led to the increased removal level. As
reported by Kallel, destruction of the phenolic compounds was initiated slowly and, then, the concentration of the phenolic compounds was reduced rapidly
[25]. Also, Kang reported that decomposition of the
contaminants by the Fenton process depends on the
level of accessibility to the iron ions involved in the
formation of hydroxyl radicals. The bivalent iron

FIGURE 6
Contour plot for removal of TP.
Figure (6-b) shows the interactive effects of reaction time and H2O2/Fe2+ ratio. According to this
figure, the minimum level of removal of total phenol
was obtained at the reaction time of 9.6 min and
H2O2/Fe2+ ratio of 6, while the maximum level was
71% at the reaction time of 60 min and H2O2/Fe2+
ratio of 8. Hydroxyl radicals were not formed in the
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maximum value (44%) at the reaction time of
60 min and H2O2/Fe2+ ratio of 8. However, from this
point forward, the removal efficiency of color was
reduced by increasing both factors. In the study conducted by Kallel et al., regarding the increased concentration of the organic complexes of iron in the solution, the black color of the olive oil wastewater reappeared in the tests after 2-3 h of the reaction time.
Also in this study, the best removal efficiency of
color occurred after 1 h of reaction time [25].

absence of the iron ions; thus, the phenolic compounds were not removed. At low concentrations of
the iron ions, removal of the phenolic compounds
was relatively low [17]. According to the report by
Beltran et al., removal of the phenolic compounds
did not occur with consuming only H2O2 and in the
absence of the iron ions [31]. Therefore, the optimal
H2O2/Fe2+ ratio plays a very effective role in the removal of phenolic compounds.
Figure (6-c) shows the interactive effects of pH
and H2O2/Fe2+ ratio on the removal of total phenol.
According to this figure, the effect of the H2O2/Fe2
ratio was more than that of pH. By increasing the
H2O2/Fe2+ ratio from 6 to 8, the removal efficiency
of the total phenol was increased so that the minimum and maximum removal efficiencies of total
phenol were 36% at the H2O2/Fe2+ ratio of 6 and pH
of 5.68 and 71.5% at the pH of 2.8 and H2O2/Fe2+
ratio of 8. However, after this point on, the removal
efficiency had a reverse trend. $FFRUGLQJWR.DOOHO¶V
report, Kuo examined 5 different types of
wastewater and observed that the most appropriate
pH for the Fenton process was 3.5; further, he
showed that at the pH of 2-4, the maximum amount
of Fe(OH)+ was formed and the activity of Fe(OH)+
was higher than Fe2+ in the Fenton process [25, 26].
Figure (7-a) shows the interactive effects of reaction time and pH on the removal percentage of
color. The minimum removal efficiency of color was
7% at the pH of 2.3 and reaction time of 9.6 min. The
formed elliptic curves indicated the effect of both
factors on the removal of color. According to this
figure, the maximum removal efficiency of color
was at the reaction time of 70 min and pH of 4.5,
while from this point on, the increase in both factors
led to the reduced removal efficiency of color. According to the obtained results, the minimum efficiency was related to the removal of color so that the
maximum obtained efficiency was 95.43%. Ahmadi
et al. also reported that the Fenton process had no
identical performance in the decomposition of all the
contaminants and its effect on the discoloration of
the olive mill wastewater was limited [17].
However, this process had high efficiency in
the removal of color from the wastewater of the
textile, palm oil production industries and
decolorization of Reactive Yellow B-4RFN dye [16,
17,32]. Thus, the removal rate of color from
wastewater depends on the type and nature of the dye
in the wastewater, and this process might have different efficiencies for the removal of various colors.
Figure (7-b) shows the interactive effects of reaction time and H2O2/Fe2+ ratio on the removal of
color. According to this figure, both factors affected
the removal of color. The minimum removal efficiency at the reaction time of 9.6 and H2O2/Fe2+ ratio
of 4.64 was 11.5%. By increasing both factors, the
removal efficiency of color was increased, but the
effect of H2O2/Fe2+ ratio was more than that of the
reaction time. The removal efficiency reached its

FIGURE 7
Contour plot for removal of color.
Figure (7-c) shows the interactive effects of pH
and H2O2/Fe2+ ratio on the removal of color. According to this figure, both factors had significant effects
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on the improvement of the BOD5/COD ratio.
By increasing both factors of pH and reaction time,
the BOD5/COD ratio was increased, but after a certain level, this ratio was reduced by increasing one
of the factors. The maximum BOD5/COD ratio was
obtained at the pH of 4 and H2O2/Fe2+ ratio of 6.5.
Figure (8-b) demonstrates the interactive effects of reaction time and H2O2/Fe2+ ratio. Accordingly, the elliptic shape of the curves indicated the
significant effects of these two factors on the studied
response. According to this figure, by increasing
both factors, the BOD5/COD ratio was improved, but
this trend continued up to a certain extent and, then,
it was reversed. The maximum BOD5/COD ratio was
obtained at the reaction time of 60 min and
H2O2/Fe2+ ratio of 7.
The low BOD5/COD ratio in the output
wastewater of the factory indicated non-biodegradability of this wastewater; thus, the biodegradability
feature of the wastewater can be improved using the
Fenton process.

on the removal efficiency of color, but the effect of
H2O2/Fe2+ ratio was more than that of pH. The best
removal efficiency of color (96.36%) was obtained
at pH of 4.5 and H2O2/Fe2+ ratio of 8. From this point
on, increasing both factors led to the reduction in the
removal efficiency of color.

Process optimization. In order to optimize the
process factors in the removal of the studied
responses, in the numerical optimization section of
the software mentioned above, all the three factors of
reaction time, pH and H2O2/Fe2+ ratio were set in the
³LQUDQJH´PRGHDQGWKHIRXUVWXGLHGUHVSRQVHVZHUH
set LQWKH³PD[LPL]H´PRGH In this mode, the optimal conditions for reaction time, pH and H2O2/Fe2+
ratio were obtained equal to 66.81 min, 3.83 and 8,
respectively. The removal efficiency of BOD5,
COD, total phenol, color and BOD5/COD ratio variations was obtained equal to 87%, 93.8%, 70.4%,
42.85% and 0.44%, respectively. Under these conditions, the desirability was 92.8%.
To confirm the agreement between the results
obtained by the model and laboratory experiments,
three additional experiments were performed under
optimal conditions. The obtained results are shown
in Table 5.
The results obtained from the tests under the
optimal conditions predicted by the model showed a
good agreement between the results estimated by the
model and the actual values.

FIGURE 8
Contour plot for BOD5/COD ratio variations.
Figure (8-a) shows the interactive effects of pH
and H2O2/Fe2+ ratio on the BOD5/COD ratio
variations. According to this figure, the concentric
circles indicated the significant effect of both factors

TABLE 5
Laboratory results of verification under optimal conditions obtained by the model.
Optimal conditions:
Reaction time: 66.81
pH:3.83
H2O2/Fe2 ratio: 8
Experimental value
Model prediction
Error
Standard deviation (SD)

Responses
Removal efficiency of
BOD5  
89.2
86.94
2.26
±1.2

Removal efficiency
of
COD  
95.3
93.82
1.48
±0.73

5951

Removal efficiency of total
phenol 
73.1
70.4
2.7
±1.32

Removal efficiency
of
color  
43.4
42.85
0.55
±0.15

Variations of
BOD5/COD
ratio
0.45
0.44
0.01
±0.004
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oxidation process for reclamation by
pressure-driven membrane technology. Science
of The Total Environment 503±504, 113-21.
[7] .HVWLR÷OX . <RQDU 7 $]EDU 1  
Feasibility of physico-chemical treatment and
Advanced Oxidation Processes (AOPs) as a
means of pretreatment of olive mill effluent
(OME). Process Biochemistry 7, 2409-16.
[8] Mantzavinos, D., Kalogerakis, N. (2005)
Treatment of olive oil mill effluents part I.
organic matter degradation by chemical and
biological
processesan
overview.
Environmental International 31, 289-95.
[9] Zouari, N. (1998) Decolourization of olive oil
mill effluent by physical and chemical treatment
prior to anaerobic digestion. chemical
Technology Biotechnology 73, 297±303.
[10] Michael, I., Panagi, A., Ioannou, L.A.,
Frontistis, Z., Fatta-Kassinos, D. (2014)
Utilizing solar energy for the purification of
olive mill wastewater using a pilot-scale
photocatalytic reactor after coagulationflocculation. Water Research 60:28-40.
[11] Baldrian, P., Zervakis, G., Merhautová, V.,
Ntougias, S., Ehaliotis, C., Nerud, F. (2006) The
use of Hydroxyl-radical-generating systems for
the treatment of olive mill wastewater. Folia
Microbial 51(4), 337-41.
[12] Hodaifa, G., Ochando-Pulido, J.M., RodriguezVives, S., Martinez-Ferez, A. (2013) Optimization of continuous reactor at pilot scale for
olive-oil mill wastewater treatment by Fentonlike process. Chemical Engineering Journal 220,
117-24.
[13] Apostolos G. Vlyssides, Haralampos N. Loukakis, Panagiotis K. Karlis, Elli Maria P. Barampouti and Sofia T. Mai (2004) Olive mill
wastewater detoxification by appiying pH related fenton oxidation process. Fresen. Environ.
Bull. 13(6), 501-505.
[14] Yang, K., Guo, J., Liao, Y., Liu, H., Wang, Y.
(2017) Optimization of photo ± fenton process
with diatomite ± VXSSRUWHG Į- Fe2O3 for treatment of dimethyl phthalate using respoponse
surface methodology. Fresen. Environ. Bull.
26(2a), 1477-1484.
[15] Mohajeri, S., Aziz, H.A., Isa, M.H., Zahed,
M.A., Adlan, M.N. (2010) Statistical
optimization of process parameters for landfill
leachate treatment using electro-Fenton
technique. Journal of Hazardous Materials
176(1±3), 749-58.
[16] Saeed, M.O., Azizli, K., Isa, M.H., Bashir,
M.J.K. (2015) Application of CCD in RSM to
obtain optimize treatment of POME using
Fenton oxidation process. Journal of Water
Process Engineering 12(8), 7-16.
[17] Ahmadi, M., Vahabzadeh, F., Bonakdarpour,
B., Mofarrah, E., Mehranian, M. (2005)
Application of the central composite design and

CONCLUSION
According to the results of the present research,
the Fenton process affects the removal of the contaminants from the olive mill wastewater; thus, it is
considered as an efficient and powerful technique for
the pre-treatment of this type of wastewater. Furthermore, at certain values of the studied factors, the
BOD5/COD ratio can be increased so that the biodegradability is increased; consequently, the biological processes can be used for the additional treatment of this type of wastewater. The CCD and response surface method are also appropriate for designing the tests, predicting the results and determining the optimal conditions in order to exploit the Fenton process for olive oil wastewater treatment.
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ABSTRACT

INTRODUCTION

7KHGLVWULEXWLRQRIZHWODQGYHJHWDWLRQLVVLJQLI
LFDQWO\ LQIOXHQFHG E\ VRLO HQYLURQPHQWDO IDFWRUV
)HZVWXGLHVKDYHEHHQFRQGXFWHGRQWKHUHVWRUDWLRQ
SURFHVVHVXVHGRQWKHGHJUDGHGZHWODQGVRIWKH7D
ULP5LYHU:HVXUYH\HGWKHYHJHWDWLRQFRPPXQLWLHV
RIWKH7DULP5LYHU%DVLQDQGWKHLUUHVSRQVHVWRVRLO
HQYLURQPHQWDOIDFWRUVXVLQJWZRPHWKRGVRILQGLFD
WRU VSHFLHV FODVVLILFDWLRQ 7:,163$1  GHWUHQGHG
FRUUHVSRQGHQFH DQDO\VLV '&$  DQG GHWUHQGHG FD
QRQLFDO FRUUHVSRQGHQFH DQDO\VLV '&&$  RUGLQD
WLRQ5HVXOWVVKRZHGWKDW7DULP5LYHUZHWODQGVSH
FLHVZHUHOLPLWHGWKHFRPPXQLW\VWUXFWXUHZDVVLP
SOHDQGWKHUHZHUHQRHQGHPLFVSHFLHV7KHUHZHUH
RQO\SODQWVSHFLHVLQWKHVWXG\DUHDDQGIDPL
OLHV ZHUH UHSUHVHQWHG E\ RQO\  VSHFLHV :HWODQG
IORUD LQ WKH7DULP 5LYHU %DVLQ FRQVLVWHG PDLQO\ RI
KHUEDFHRXV SODQWV ZLWK RQO\ D IHZ VKUXE DQG WUHH
VSHFLHV7KHVHUHVXOWVVKRZWKDWWKH GHJUDGDWLRQRI
WKH 7DULP 5LYHU ZHWODQG LV VHYHUH 7KH YHJHWDWLRQ
FRPPXQLW\ ZDV GLYLGHG LQWR  IRUPDWLRQV XVLQJ
7:,163$1 DQG  IRUPDWLRQV XVLQJ '&$ %RWK
PHWKRGV VKRZHG FOHDU GLVWULEXWLRQ ERXQGDULHV DQG
WKH'&$DOVRSURYLGHGDJRRGUHIOHFWLRQRIWKHYHJ
HWDWLRQDQGVRLOHQYLURQPHQW7KH'&&$RUGLQDWLRQ
VKRZHG WKDW WKH GLVWULEXWLRQ RI YHJHWDWLRQ LQ WKH
VWXG\DUHDZDVDIIHFWHGE\DFRPELQDWLRQRIHOHYD
WLRQVDOLQLW\DQGVRLOPRLVWXUH3DLUZLVHFRUUHODWLRQV
DOVR VKRZHG WKDW YHJHWDWLRQ GLYHUVLW\ ZDV VLJQLIL
FDQWO\FRUUHODWHGZLWKHOHYDWLRQ7KHUHIRUHZHVXJ
JHVWWKDWWKHSURFHVVRIUHVWRULQJWKHGHJUDGHGZHW
ODQGFDQQRWVROHO\UHO\RQUHVWRULQJWKHK\GURORJLFDO
FRQGLWLRQVLQWKH7DULP5LYHU%DVLQDVWRSRJUDSK\
DQG VRLO VDOLQLW\ PXVW DOVR EH WDNHQ LQWR DFFRXQW
7KHVHUHVXOWVVKRXOGEHLQWHJUDWHGLQWRWKHYHJHWDWLRQ
UHVWRUDWLRQDQGPDQDJHPHQWSODQVRIWKH7DULP5LYHU
ZHWODQG DQG FRXOG EH LPSRUWDQW IRU WKH HFRORJLFDO
PDQDJHPHQWRIWKH7DULP5LYHU%DVLQ

:HWODQGVDUHZHOONQRZQELRGLYHUVLW\KRWVSRWV
>@:HWODQGVDUHDPRQJWKHPRVWSURGXFWLYHHFRV\V
WHPVRQ(DUWK$VZHOODVSURYLGLQJDGLYHUVHDUUD\
RILPSRUWDQWHFRV\VWHPVHUYLFHVWKH\DUHIXQGDPHQ
WDOWRWKHPDLQWHQDQFHRIWKHZDWHUF\FOHDQGWKHFRQ
WURO RI ZDWHU IORZ WKDW UHILOOV DTXLIHUV >@:HWODQG
SODQWVSOD\DQLPSRUWDQWUROHLQWKHVWDELOLW\RIZHW
ODQGHFRV\VWHPV>@EXWDUHYHU\VHQVLWLYHWRHQYL
URQPHQWDOFKDQJHVVXFKWKDWWKHGHJUDGDWLRQRIZHW
ODQGVPDQLIHVWVLQLWLDOO\WKURXJKWKHYHJHWDWLRQ>@
7KHSODQWFRPPXQLW\LVDVLJQLILFDQWFRPSRQHQWRI
DQGDSULPDU\SURGXFHULQZHWODQGHFRV\VWHPVDQG
PDLQWDLQVYDULRXVSK\VLFDOSURFHVVHVDQGELRORJLFDO
IXQFWLRQVRIWKHHFRV\VWHP7KHVWUXFWXUHIXQFWLRQ
DQGHFRORJLFDOFKDUDFWHULVWLFVRIWKHZHWODQGHFRV\V
WHP UHIOHFW WKH EDVLF DQG IXQFWLRQDO IHDWXUHV RI WKH
HFRORJLFDOHQYLURQPHQWRIWKHZHWODQG
5HVHDUFKHUVLQ&KLQDKDYHVWXGLHGSODQWFRP
PXQLW\ IHDWXUHV DQG VSHFLHV GLYHUVLW\ LQ GLIIHUHQW
ZHWODQGW\SHV>@HVSHFLDOO\LQDULGDQGVHPLDULGUH
JLRQVDQGKDYHUHSRUWHGWKDWZHWODQGVPDNHDVLJ
QLILFDQW FRQWULEXWLRQ WR WKH SURWHFWLRQ RI ELRGLYHU
VLW\6WXGLHVRQVSHFLHVGLYHUVLW\LQGHVHUWRDVLVZHW
ODQGV LQ DULG DQG VHPLDULG UHJLRQV KDYH JDLQHG LQ
FUHDVLQJ DWWHQWLRQ >@ 6RLO LV D OLYLQJ WHUUHVWULDO
PDWUL[DQGLVRQHRIWKHPRVWLPSRUWDQWHQYLURQPHQ
WDOFRQGLWLRQVDIIHFWLQJWKHGLVWULEXWLRQRIYHJHWDWLRQ
FRPPXQLWLHV DQG SODQW VXUYLYDO7KH LQWHUDFWLRQ RI
ZHWODQGSODQWVDQGWKHHQYLURQPHQWZDVWKRXJKWWR
RFFXU YLD WKH UHODWLRQVKLS EHWZHHQ LQGLYLGXDO ZHW
ODQGVSHFLHVDQGWKHHQYLURQPHQW7KLVLQWHUVSHFLHV
UHODWLRQVKLS HPSKDVL]HG WKH QHHG IRU UHVHDUFK LQWR
ZHWODQG YHJHWDWLRQ FRPPXQLW\ HFRORJ\ 5HFHQWO\
HFRORJLVWVKDYHDWWHPSWHGWRH[SORUHWKHIDFWRUVWKDW
FRQWURO SODQW VSHFLHV GLVWULEXWLRQ DQG YDULDWLRQ LQ
YHJHWDWLRQ FRPPXQLWLHV >@ 7KH VWXG\ RI ZHWODQG
YHJHWDWLRQ FRPPXQLWLHV LV LPSRUWDQW IRU ZHWODQG
SURWHFWLRQUHVWRUDWLRQDQGUHFRQVWUXFWLRQ>@
;LQMLDQJ LV D W\SLFDO DULG UHJLRQ LQ &KLQD
ZKLFKFRQWDLQVYDULRXVW\SHVRIZHWODQGVWKDWDUHVH
YHUHO\GHJUDGHG,QWKHHDUO\VWKHWRWDOZHWODQG
DUHDLQWKLVUHJLRQZDVUHGXFHGIURPPLOOLRQWR
 PLOOLRQ KP 7KH 7DULP 5LYHU LQ ;LQMLDQJ LV
FRQVLGHUHGWREHDZRUOGIDPRXVLQODQGULYHULVRQH

.(<:25'6
Tarim RiverYHJHWDWLRQFRPPXQLW\7:,163$1'&$
'&&$
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5LYHU ZHWODQGV XVLQJ D PXOWLYDULDWH DQDO\VLV :HW
ODQG YHJHWDWLRQ FRPPXQLWLHV ZHUH FODVVLILHG XVLQJ
WKH 7ZR:D\ ,QGLFDWRU 6SHFLHV $QDO\VLV 7:,1
63$1 'HWUHQGHGFRUUHVSRQGHQFHDQDO\VLV '&$ 
DQG GHWUHQGHG FDQRQLFDO FRUUHVSRQGHQFH DQDO\VLV
'&&$ ZHUHXVHGWRVRUWDQGDQDO\]HWKHUHVSRQVHV
RIZHWODQGYHJHWDWLRQWRVRLOHQYLURQPHQWDOIDFWRUV
ZLWKLQWKHVWXG\DUHD7KLVVWXG\SURYLGHVDVFLHQWLILF
EDVLVIRUWKHPDQDJHPHQWDQGUHVWRUDWLRQRIYHJHWD
WLRQDQGKDELWDWLQWKH7DULP5LYHU%DVLQ

RI WKH NH\ DUHDV IRU ELRGLYHUVLW\ FRQVHUYDWLRQ DQG
JOREDOFOLPDWHFKDQJHUHVHDUFKLQ&KLQDDQGKDVGLV
WLQFW UHJLRQDO FKDUDFWHULVWLFV DQG HQYLURQPHQWDO LV
VXHVWKDWDUHZHOOUHFRJQL]HGRQDJOREDOVFDOH2YHU
WKH SDVW\HDUVWKH7DULP5LYHU ZHWODQGKDVXQ
GHUJRQHVLJQLILFDQWFKDQJHVZKHUHULYHUVDQGODNHV
KDYHGULHGXSZDWHUWDEOHVKDYHGHFOLQHGHFRV\VWHP
GLYHUVLW\KDVEHHQGHSOHWHGDQGGHVHUWLILFDWLRQSUR
FHVVHVKDYHLQWHQVLILHG7KH7DULP5LYHUKDVWKHUH
IRUH EHFRPH D KRWVSRW IRU HFRORJLFDO UHVHDUFK LQ
&KLQD0DQ\VWXGLHVKDYHEHHQFRQGXFWHGRQWKHHI
IHFWV RI JURXQGZDWHU RQ YHJHWDWLRQ WKH HIIHFWV RI
HFRORJLFDO ZDWHU FRQYH\DQFH DQG WKH UHODWLRQVKLS
EHWZHHQWKHGLVWULEXWLRQRIYHJHWDWLRQDQGWKHHQYL
URQPHQW>@
4XDQWLWDWLYH HFRORJ\ LQFOXGLQJ FODVVLILFDWLRQ
DQGRUGLQDWLRQKDVDGYDQFHGUHVHDUFKLQWRZHWODQG
FRPPXQLW\ HFRORJ\ DQG KDV EHFRPH DQ HVVHQWLDO
WRROIRUPRGHUQYHJHWDWLRQHFRORJ\DVLWSUHVHQWVWKH
UHODWLRQVKLSEHWZHHQYHJHWDWLRQDQGWKHHQYLURQPHQW
XVLQJ WKH VHTXHQFH WKHRU\ RI FRPPXQLW\ HFRORJ\
>@6LQFHWKH VQXPHURXVVWXGLHV KDYH EHHQ
FRQGXFWHG RQ WKH UHODWLRQVKLS EHWZHHQ WKH YHJHWD
WLRQFRPPXQLW\DQGHQYLURQPHQWDOIDFWRUV>
@+RZHYHUEHFDXVHRIWKHFRPSOH[LW\RIVRLOHQ
YLURQPHQWDOIDFWRUVZLWKLQWKH7DULP5LYHUZHWODQG
LQIRUPDWLRQUHJDUGLQJWKHUHVWRUDWLRQRIWKHGHJHQHU
DWHGZHWODQGLQWKH7DULP5LYHU%DVLQLVODFNLQJ
7KHUHIRUHWKHREMHFWLYHVRIWKLVVWXG\ZHUHWR
 LGHQWLI\WKHHIIHFWVRIVRLOHQYLURQPHQWDOIDFWRUV
RQ ERWK YHJHWDWLRQ W\SHV DQG WKH FODVVLILFDWLRQ RI
YHJHWDWLRQW\SHVDQG  GHPRQVWUDWHWKHVWUHQJWKRI
WKH GHSHQGHQFHRI ZHWODQG YHJHWDWLRQW\SHVRQWKH
TXDQWLWDWLYH YDULDEOHV RI WKH VRLO HQYLURQPHQW 7R
DFKLHYHWKLVDTXDQWLWDWLYHVWXG\RI YHJHWDWLRQDQG
VRLOHQYLURQPHQWIDFWRUVZDVFRQGXFWHGRQWKH7DULP

MATERIALS AND METHODS
([SHULPHQWDOGHVLJQ6WXG\DUHDThe Tarim
River is located in the hinterland of Eurasia between
 ƍ± ƍ 1 DQG  ƍ± ƍ ( )LJ  
The river is isolated from the ocean in a region with
a typical temperate continental climate, undulating
topography in the Southern Desert, mountainous
ranges in the northwest, and a central highland zone.
The total area of the river basin is 1,026,000 km2 (including an area outside China of 23,400 km2). The
river basin experiences a dry climate, scarce precipitation, intensive evaporation, excessive sand and
dust storms, a long duration of sunshine, and an
abundance of light and heat radiation. The annual
maximum daily temperature is generally above
25°C, with an annual average temperature of 10.7°C.
The average annual precipitation is between 17.4 and
42.8 mm, strong evaporation is between 1125 and
1600 mm, and there is a high frequency of windy
weather, with a maximum wind speed of 40 m/s [15].
7KHZDWHULQWKHULYHUEDVLQLVPDLQO\VRXUFHGIURP
JODFLDOVQRZPHOWZKLFKDFFRXQWVIRURIWKH
WRWDOZDWHUYROXPH>@

),*85(
/RFDWLRQRITXDGUDWVLQWKHVWXG\DUHDVRIWKH7DULP5LYHU%DVLP
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7$%/(
3ODQWDVVRFLDWLRQVZLWKVWUXFWXUDOIHDWXUHVRIDW\SLFDOGHJUDGHGZHWODQG
6WXG\ &RPPXQLW\
DUHD
QXPEHU
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3ODQWFRPPXQLW\
$VV/\FLXPUXWKHQLFXP 3KUDJPLWHVDXVWUDOLV
$VV+DORFQHPXPVWURELODFHXP
$VV7DPDUL[UDPRVLVVLPD 3KUDJPLWHVDXVWUDOLV
$VV3KUDJPLWHVDXVWUDOLV (OHRFKDULVGXOFLV
$VV3KUDJPLWHVDXVWUDOLV
$VV3KUDJPLWHVDXVWUDOLV
$VV6DOLFRUQLDHXURSDHD
$VV3KUDJPLWHVDXVWUDOLV 6DOLFRUQLDHXURSDHD
$VV+HUEDVXDHGDH
$VV7DPDUL[UDPRVLVVLPD 6DOLFRUQLDHXURSDHD
$VV3KUDJPLWHVDXVWUDOLV +DORFQHPXPVWURELODFHXP
$VV3RSXOXVHXSKUDWLFD
$VV3KUDJPLWHVDXVWUDOLV
$VV3RSXOXVHXSKUDWLFD 7DPDUL[UDPRVLVVLPD
$VV+DORVWDFK\VFDVSLFD 3KUDJPLWHVDXVWUDOLV
$VV7DPDUL[UDPRVLVVLPD 3KUDJPLWHVDXVWUDOLV
$VV3KUDJPLWHVDXVWUDOLV
$VV3RSXOXVHXSKUDWLFD 3KUDJPLWHVDXVWUDOLV
$VV/\FLXPUXWKHQLFXP 3KUDJPLWHVDXVWUDOLV
$VV7DPDUL[UDPRVLVVLPD *O\F\UUKL]DLQIODWD
$VV$SRF\QXPYHQHWXP
$VV/\FLXPUXWKHQLFXP
$VV+DOLPRGHQGURQKDORGHQGURQ
$VV3RSXOXVHXSKUDWLFD 7DPDUL[UDPRVLVVLPD
$VV7DPDUL[UDPRVLVVLPD
$VV3RSXOXVHXSKUDWLFD +DOLPRGHQGURQKDORGHQGURQ
$VV3RSXOXVHXSKUDWLFD 7DPDUL[UDPRVLVVLPD
$VV3RSXOXVHXSKUDWLFD *O\F\UUKL]DLQIODWD
$VV3RSXOXVHXSKUDWLFD 3KUDJPLWHVDXVWUDOLV
$VV3RSXOXVHXSKUDWLFD
$VV+H[LQLDSRO\GLFKRWRPD
$VV3KUDJPLWHVDXVWUDOLV $SRF\QXPYHQHWXP
$VV7DPDUL[UDPRVLVVLPD /\FLXPUXWKHQLFXP
$VV.DUHOLQLDFDVSLD $OKDJLVSDUVLIROLD
$VV7DPDUL[UDPRVLVVLPD .DUHOLQLDFDVSLD
$VV+DORVWDFK\VFDVSLFD +DORFQHPXPVWURELODFHXP
$VV.DUHOLQLDFDVSLD
$VV$SRF\QXPYHQHWXP
$VV/LFRULFH 3KUDJPLWHVDXVWUDOLV

(OHYDWLRQ P

&RYHUDJH

















































































1XPEHURI
1XPEHURI
&RPSDQLRQV FDQRS\OD\HUV















































































),*85(
6DPSOLQJPHWKRGVRIYHJHWDWLRQFRPPXQLWLHVDQGVRLO
'DWDFROOHFWLRQ  6XUYH\GHVLJQ7KLVVWXG\
VHOHFWHGW\SLFDOGHJUDGHGZHWODQGVLWHVLQVWXG\
DUHDV )LJ ORFDWHGDWIRXUGLVWLQFWDUHDVRIWKH7D
ULP5LYHU%DVLQLQ-XO\%HWZHHQDQGYHJ
HWDWLRQ FRPPXQLWLHV ZHUH VHOHFWHG LQ HDFK VWXG\
DUHDZKLFKZDVSHUSHQGLFXODUWRWKHULSDULDQ]RQH
)RUHDFKYHJHWDWLRQFRPPXQLW\WKUHHIL[HG Pî

P TXDGUDWV ZHUH HVWDEOLVKHGIRUD WRWDORI
TXDGUDWVWRGLUHFWO\REVHUYHWKHVWUXFWXUHDQGFRP
SRVLWLRQRIWKHWUHHOD\HU:LWKLQHDFKTXDGUDWWKUHH
PîPVDPSOHREVHUYDWLRQVZHUHPDGHWRPHDV
XUHWKHVWUXFWXUHDQGFRPSRVLWLRQRIWKHVKUXEOD\HU
DQGWKUHHPîPVDPSOHREVHUYDWLRQVZHUHPDGH
WRPHDVXUHWKHVWUXFWXUHDQGFRPSRVLWLRQRIWKHKHUE
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PD[LPXPRI,QHDFKGLYLVLRQWKHPD[LPXPLQGL
FDWRUVSHFLHVZDV>@

OD\HUIRUDWRWDORIVDPSOHV7KHLQGLFDWRUVXVHG
ZHUH VSHFLHV FRPSRVLWLRQ QXPEHU RI LQGLYLGXDOV
DQGYHJHWDWLRQFRYHUDJH7KHQXPEHURILQGLYLGXDOV
ZDVFDOFXODWHGXVLQJDVWDWLVWLFDOPHWKRGDQGYHJH
WDWLRQ FRYHUDJH ZDV FDOFXODWHG XVLQJ D SURMHFWLRQ
PHWKRG 7DEOH 

 6WDWLVWLFDODQDO\VLV$OOGDWDFRQIRUPHGWR
WKH DVVXPSWLRQV RI HTXDO YDULDQFH DQG QRUPDOLW\
7KHXQLPRGDOLW\RIGDWDZDVWHVWHGXVLQJGHWUHQGHG
FRUUHVSRQGHQFH DQDO\VLV '&$  DQG GHWUHQGHG FD
QRQLFDO FRUUHVSRQGHQFH DQDO\VLV '&&$  >@
7KHQ XQFRQVWUDLQHG DQG FRQVWUDLQHG RUGLQDWLRQ
'&$DQG'&&$ ZDVSHUIRUPHGXVLQJ&$12&2
IRU:LQGRZVYHUVLRQ >@7KH VLJQLILFDQFHRI
WKH'&&$UHVXOWVZDVWHVWHGXVLQJWKH0RQWH&DUOR
PHWKRG3DLUZLVHFRUUHODWLRQVRIYDULDEOHVZHUHFDO
FXODWHGXVLQJ3$67VRIWZDUHYHUVLRQ>@

  6RLO SDUDPHWHUV 6RLO VDPSOHV ZHUH FRO
OHFWHGIURPHDFKFRPPXQLW\  LQ-XO\DWD
GHSWKRI±FP>@ )LJ 7KUHHUHSOL
FDWHVRLOVDPSOHVZHUHWDNHQIURPHDFKFRPPXQLW\
DQGWHVWHGIRUVRLOZDWHUFRQWHQWVRLORUJDQLFPDWWHU
FRQWHQWWRWDOVDOWFRQFHQWUDWLRQS+DYDLODEOHQLWUR
JHQ VRLO DYDLODEOH SKRVSKRURXV DQG DYDLODEOH ND
OLXP6RLOVDPSOHVZHUHWUDQVSRUWHGWRWKHODEWRUH
PRYH DQ\ YLVLEOH SODQW UHVLGXHV DQG LQYHUWHEUDWHV
6RLOPRLVWXUHFRQWHQWZDVFDOFXODWHGXVLQJWKHDYHU
DJHRIWKHVRLOPRLVWXUHPRQLWRUUHFRUGGDWD6RLOS+
ZDVPHDVXUHGE\VXVSHQGLQJVRLOLQDVROXWLRQ
RIGLVWLOOHGZDWHU6DOWFRQWHQWZDVH[SUHVVHGDVFRQ
GXFWLYLW\DQGZDVPHDVXUHGXVLQJDFRQGXFWLYLW\PH
WHU VRLOZDWHU  $YDLODEOHQLWURJHQZDVPHDV
XUHGXVLQJWKHDONDOLQHK\GURO\VLVQLWURJHQGLIIXVLRQ
PHWKRGZLWKDONDOL12OVHQ3ZDVH[WUDFWHGXVLQJ
01D+&2 S+  DWDH[WUDFWVRLOUDWLR
IRUK7KH3FRQFHQWUDWLRQLQWKHH[WUDFWVZDVGH
WHUPLQHGXVLQJ0R6EFRORULPHWU\>@$YDLODEOH.
ZDVH[WUDFWHGXVLQJ01+2$F S+  DWD
H[WUDFWVRLOUDWLRIRUK7KH.FRQFHQWUDWLRQLQWKH
H[WUDFWV ZDV GHWHUPLQHG XVLQJ IODPH SKRWRPHWU\
>@ 7R HVWLPDWH WKH RUJDQLF PDWWHU FRQWHQW WKH
:DONOH\±%ODFN PHWKRG ZDV XVHG ZKLFK LQYROYHG
R[LGL]LQJRUJDQLFVXEVWDQFHVXVLQJPORI.&U2
LQPORI+62DWDWWKHWHPSHUDWXUHUHDFKHG
GXULQJWKHVXGGHQGLOXWLRQRIWKHVXOIXULFDFLG>@
(DFKVRLOLQGH[ ZDV PHDVXUHGWKUHHWLPHV DQGWKH
WKUHH PHDVXUHPHQWV ZHUH FRPELQHG WR JLYH D ILQDO
DYHUDJHIRUHDFKLQGH[7KHUHVXOWVRIWKHYHJHWDWLRQ
VXUYH\DQGVRLOSDUDPHWHUVZHUHXVHGLQWKHFODVVLIL
FDWLRQDQGRUGLQDWLRQDQDO\VHV

 &DOFXODWLRQRILQGLFDWRUV7KH,PSRUWDQFH
9DOXHVRIWUHHVVKUXEVDQGKHUEVZHUHFDOFXODWHGDV
IROORZV
,9  5)(5+,5&2 
 
ZKHUH,9LVWKH,PSRUWDQFH9DOXH5)(LVWKHUHODWLYH
IUHTXHQF\5+,LVWKHUHODWLYHKHLJKWDQG5&2LVWKH
UHODWLYHFRYHUDJH$PDWUL[RIYHJHWDWLRQSORWVî
VSHFLHVLPSRUWDQFHYDOXHVZDVFRQVWUXFWHG
6KDQQRQ:LHQHU'LYHUVLW\,QGH[6SHFLHV'L
YHUVLW\,QGH[IRUPXOD>@

ZKHUH3LLVWKHQXPEHURIVSHFLHVLZKLFKLVSURSRU
WLRQDOWRWKHWRWDOQXPEHURIDOOVSHFLHVLQDFRPPX
QLW\QDPHO\3L 1L1 ZKHUH1LUHSUHVHQWVWKHQXP
EHU RI VSHFLHV L  Q UHSUHVHQWV WKH WRWDO QXPEHU RI
LQGLYLGXDOV DFURVV DOO VSHFLHV DQG 6 UHSUHVHQWV WKH
QXPEHURIVSHFLHVFRPPXQLWLHV

RESULTS
)ORULVWLF FRPSRVLWLRQ $FURVV WKH  VDPSOH
FRPPXQLWLHVSODQWVSHFLHVZHUHUHFRUGHG 7DEOH
 EHORQJLQJWRJHQHUDDQGIDPLOLHV$PRQJ
WKHVSHFLHVWKHUHZHUHPRQRFRW\OHGRQVSHFLHV
IURPJHQHUDLQIDPLOLHVDQGGLFRW\OHGRQVSH
FLHV IURP  JHQHUD LQ  IDPLOLHV7KLV LQGLFDWHV
WKDWGLFRW\OHGRQVFRPSULVHGDVLJQLILFDQWSURSRUWLRQ
RIWKHSODQWFRPPXQLWLHV7KHUHZHUHVSHFLHVIURP
WKHIDPLOLHV&KHQRSRGLDFHDHDQG$VWHUDFHDHZKLFK
DFFRXQWHG IRU  DQG  RI WRWDO VSHFLHV
FRXQW UHVSHFWLYHO\7KHUH ZHUH  VSHFLHV IURP WKH
IDPLO\3RDFHDHDFFRXQWLQJIRURIWRWDOVSH
FLHVFRXQWDQGVSHFLHVHDFKIURPWKHIDPLOLHV&\
SHUDFHDH6DOLFDFHDHDQGWKHVXEIDPLO\3DSLOLRQD
FHDH$PRQJ DOO IDPLOLHV  ZHUH UHSUHVHQWHG E\
RQO\  VSHFLHV DFFRXQWLQJ IRU  RI WKH WRWDO
IDPLO\FRXQW7KLVLQGLFDWHVWKDWYHJHWDWLRQLQWKHGH
JUDGHG ZHWODQGV LQ WKH VWXG\ DUHDV ZDV QRW GRPL
QDWHGE\RQHVSHFLHVRUIDPLO\

'DWDDQDO\VLV  1XPHULFDOYHJHWDWLRQFODV
VLILFDWLRQ7KHHQYLURQPHQWDOJUDGLHQWDQGWKHUHOD
WLRQVKLS EHWZHHQ VSHFLHV DQG VDPSOHV ZHUH LQWHU
SUHWHGXVLQJ7:,163$1ZLWK:LQ7:,16VRIW
ZDUH 7KH 3ODQW &RPPXQLW\ &ODVVLILFDWLRQ 3&& 
PHWKRG LV RQH RI WKH PRVW DGYDQFHG PHWKRGV FXU
UHQWO\DYDLODEOHEHFDXVHRIWKHDEVHQFHRIDUWLIDFWV
LQWKHDQDO\VLV$PDWUL[RIîUHSUHVHQWHGWKH
,PSRUWDQFH9DOXHV VHHEHORZ IURPTXDGUDWVDQG
VSHFLHV7KHUHVXOWVHVWDEOLVKHGDQDUERUHVFHQFH
LQWKHIRXUWKFODVVLILFDWLRQUHVXOWV&ODVVLILFDWLRQXV
LQJ:LQ7:,16VRIWZDUHZDVFRQGXFWHGE\LPSRUW
LQJ WKH GDWD PDWUL[ FRQWDLQLQJ WKH VSHFLHV LP
SRUWDQFH YDOXHV )RXU OHYHOV RI FODVVLILFDWLRQ ZHUH
VHWIRUHDFKVSHFLHVLPSRUWDQFHYDOXHDQG
 WKH LPSRUWDQFH YDOXHV UDQJHG IURP  WR  
)RXUOHYHOVRIZHLJKWYDOXHZHUHDOVRVHWDQG
 WKHORZHVWOHYHORIZDVQRWLQFOXGHG &ODVVL
ILFDWLRQJURXSVZHUHVHWZLWKDPLQLPXPRIDQGD
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7$%/(
3HUFHQWDJHRISODQWVSHFLHVLQWKHVWXG\DUHD
Class

Family

Monocotyledon
subtotal

Dicotyledon

subtotal
Total

Poaceae
Cyperaceae
Juncaceae
Solanaceae
4
Salicaceae
Rosaceae
Portulacaceae
Amaranthaceae
Primulaceae
Chenopodiaceae
Scrophulariaceae
Asteraceae
Tamaricaceae
Caryophyllaceae
Haloragaceae
Leguminosae
Apocynaceae
Papilionaceae
14
18

Number of
genera
4
2
1
1
8
2
1
1
1
1
5
1
6
1
1
1
1
1
1
24
32

Percentage of
genera (%)
12.50
6.25
3.13
3.13
25.00
6.25
3.13
3.13
3.13
3.13
15.63
3.13
18.75
3.13
3.13
3.13
3.13
3.13
3.13
75.00
100

Number of
species
4
2
1
1
8
2
1
1
1
1
6
1
6
1
1
1
1
1
2
26
34

Percentage of
species (%)
11.76
5.88
2.94
2.94
23.53
5.88
2.94
2.94
2.94
2.94
17.65
2.94
17.65
2.94
2.94
2.94
2.94
2.94
5.88
76.47
100

),*85(
7:,163$1FODVVLILFDWLRQRIYHJHWDWLRQFRPPXQLWLHVLQWKH7DULP5LYHU%DVLQ
FLHVLQWKHGHJUDGHG7DULPZHWODQGYHJHWDWLRQFRP
PXQLW\ZKLFKZDVGLYLGHGLQWRJURXSV7KHGH
JUDGHG7DULP5LYHUZHWODQGZDVGLYLGHGLQWRIRU
PDWLRQVDVIROORZV )LJ 
)RUPDWLRQ,+DORVWDFK\VFDVSLFD6DOLFRUQLD
HXURSDHD,QFOXGHGVDPSOHVDQG
 ZLWK DQ HLJHQYDOXH RI  7KH VDPSOHV
VKRZHGWKDWVRLOZDWHUFRQWHQWVDOWFRQWHQWDQGXQLW
ZHLJKW ZHUH UHODWLYHO\ KLJK $VVRFLDWHG ZLWK .D
OLGLXPIROLDWXP+DORFQHPXPVWURELODFHXP6XDHGD
JODXFD/\FLXPUXWKHQLFXPDQGRWKHUKDORELRQWYHJ
HWDWLRQ
)RUPDWLRQ ,, /\FLXP UXWKHQLFXP  $OKDJL
VSDUVLIROLD  3KUDJPLWHV DXVWUDOLV ,QFOXGHG DOO RI
WKHRWKHUVDPSOHVQRWLQIRUPDWLRQV,,,,RU,9ZLWK

3ODQW W\SHV LQ WKH VWXG\ DUHDV LQFOXGHG WUHHV
VKUXEV DQQXDO KHUEV DQG SHUHQQLDO KHUEV +HUED
FHRXVSODQWVZHUHWKHPRVWDEXQGDQWZLWKVSHFLHV
DFFRXQWLQJIRURIWKHWRWDOVSHFLHVFRXQWLQ
FOXGLQJ  DQQXDO DQG  SHUHQQLDO KHUE VSHFLHV
7KHUH ZHUH  VKUXE VSHFLHV DQG  WUHH VSHFLHV DF
FRXQWLQJIRUDQGRIWKHWRWDOVSHFLHV
FRXQWUHVSHFWLYHO\
7:,163$1 FODVVLILFDWLRQRIWKHYHJHWDWLRQ
FRPPXQLWLHV7KHLPSRUWDQFHRIWKHYDOXHGDWDPD
WUL[REWDLQHGIURP7:,163$1SURGXFHGDFODVVLIL
FDWLRQ WUHH RI WKH IRXUWK FODVVLILFDWLRQ UHVXOWV7KLV
VKRZHGDFRQFOXVLYHGLYLVLRQRIWKHDVVRFLDWHGVSH
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7KHFODVVLILFDWLRQDQGRUGLQDWLRQRIYHJHWDWLRQ
FRPPXQLWLHVDORQJWKHHFRORJLFDOJUDGLHQWFRLQFLGHG
ZLWKWKHDFWXDOGLVWULEXWLRQRIFRPPXQLWLHVLQWKH7D
ULP5LYHU%DVLQ7:,163$1DQG'&$ERWKVKRZHG
FOHDUGLVWULEXWLRQERXQGDULHV

DQ HLJHQYDOXH RI  'RPLQDQW VSHFLHV ZHUH
VHPLGHVHUWYHJHWDWLRQ6RLOQXWULHQWFRQWHQWDQGS+
YDOXHZHUHKLJKHUWKDQQRUPDO
)RUPDWLRQ ,,, 3RSXOXV HXSKUDWLFD ,QFOXGHG
VDPSOHVDQGZLWKDQHLJHQ
YDOXH RI  +LJKHU YHJHWDWLRQ FRYHUDJH DQG
ORZHUVDOWFRQWHQW
)RUPDWLRQ ,9 3RSXOXV HXSKUDWLFD  *O\F\U
UKL]D LQIODWD ,QFOXGHG VDPSOH  RQO\ ZLWK DQ HL
JHQYDOXHRI0RGHUDWHWHUUDLQ+LJKHUYHJHWD
WLRQFRYHUDJHDQGORZHUVDOWFRQWHQW

5HODWLRQVKLSEHWZHHQHQYLURQPHQWDOIDFWRUV
DQGYHJHWDWLRQ7KHVSHFLHVW\SHLPSRUWDQFHYDOXH
PDWUL[VRLOHQYLURQPHQWDOIDFWRUVDQGWKHHOHYDWLRQ
PDWUL[ZDVVHOHFWHGDQGDSSOLHGXVLQJ,QGLUHFW*UD
GLHQW$QDO\VLV'&&$ZDVDSSOLHGWRDQDO\]HWKHUH
ODWLRQVKLS EHWZHHQ WKH VSHFLHV DQG HQYLURQPHQWDO
IDFWRUV7KHGLUHFWDQDO\VLVRIEDFNJURXQGYDULDEOHV
XVLQJ '&&$ VKRZHG KLJKHU FRUUHODWLRQV EHWZHHQ
VSHFLHVDQGHQYLURQPHQW 7DEOH UHDFKLQJ
DQGIRUWKHIRXUD[HV7KHILUVW
D[LV RI WKH VSHFLHVHQYLURQPHQW FRUUHODWLRQ H[
SODLQHG  RI WKH YDULDQFH DQG DQ DGGLWLRQDO
ZDVH[SODLQHGE\WKHVHFRQGD[LV'&&$RU
GLQDWLRQUHVXOWVZHUHVLJQLILFDQW 0RQWH&DUORWHVW
) S  ZKLFKLVWKHKLJKHVWREWDLQDEOH
YDOXH DYDLODEOH ZLWK WKLV VRIWZDUH 7KH UHPDLQLQJ
XQH[SODLQHGYDULDQFHPD\EHWKHUHVXOWRIRWKHUIDF
WRUVWKDWZHUHQRWFRQVLGHUHGVXFKDVDQWKURSRJHQLF
IDFWRUVDQGJURXQGZDWHUOHYHO:HGLGQRWPHDVXUH
WKHVHDVWKH\DUHUHODWHGWRDUWLILFLDOLQIOXHQFHVUD
WKHUWKDQQDWXUDOFRQGLWLRQV)LJXUHVKRZVVWURQJ
FRUUHODWLRQV EHWZHHQ WKH VRLO HQYLURQPHQW LQGLFHV
ZLWK DUUDQJHPHQW DFFRUGLQJ WR HOHYDWLRQ VDOW DQG
VRLO ZDWHU HOHYDWLRQ ZDV SRVLWLYH ZLWK VRLO ZDWHU
VDOW RUJDQLF PDWWHU DQG DYDLODEOH 3 DQG QHJDWLYH
ZLWKDYDLODEOH1DYDLODEOH.DQGS+ 
7KH'&&$RUGLQDWLRQVKRZHGWKDWWKHGLVWULEX
WLRQRIYHJHWDWLRQLQWKHULYHUEDVLQZDVDIIHFWHGE\
D FRPELQDWLRQRIHOHYDWLRQVDOWDQGVRLO PRLVWXUH
DVZHOODVVRLO ZDWHUFRQWHQWLQWKHWKLUG 7DEOH 
7KHFRUUHODWLRQLQGLFHVEHWZHHQWKHVHWKUHHYDULDEOHV
DQG WKH ILUVW D[LV ZHUH í í DQG
íUHVSHFWLYHO\7KHVHUHVXOWVLQGLFDWHWKDWHO
HYDWLRQZDVWKHPRVWLPSRUWDQWIDFWRUDIIHFWLQJWKH
GLVWULEXWLRQ RI YHJHWDWLRQ DQG VRLO PRLVWXUH LQ WKH
WKLUGVWDWXVRQO\ZKLFKPD\KDYHEHHQDIIHFWHGE\
WKHK\GURORJLFDOGDWDLQWKLVVWXG\

'&$RUGLQDWLRQ'&$RUGLQDWLRQUHIOHFWVWKH
GLVWULEXWLRQ RI FRPPXQLWLHV DORQJ PDMRU HQYLURQ
PHQWDOJUDGLHQWVSULRULWL]HVWKHHQYLURQPHQWDOIDF
WRUV WKDW VLJQLILFDQWO\ DIIHFW FRPPXQLWLHV DQG DV
VLJQVWKHPWRD[HVLQRUGHURISULRULW\$FFRUGLQJWR
WKH'&$WKHOHQJWKRIWKHJUDGLHQWRIWKHILUVWD[LV
ZDV  'DWDVHWV RI DOO WKH YHJHWDWLRQ W\SHV
SURYHGWREHVWURQJO\XQLPRGDO'&$ZDVVHOHFWHG
DVDPHWKRGIRULQGLUHFWJUDGLHQWDQDO\VLV>@$F
FRUGLQJWRWKH LQGLUHFWDQDO\VLVRIWKH YDUL
DQFHLQWKHVSHFLHVHQYLURQPHQWFRUUHODWLRQZDVH[
SODLQHGE\WKHILUVWD[LVDQGDQDGGLWLRQDOE\
WKHVHFRQGD[LV 7DEOH 7KHVDPSOLQJGLVWULEXWLRQ
RIWKHWZRD[HVRIFXPXODWLYHFRQWULEXWLRQZDV
ZLWKDFRUUHODWLRQFRHIILFLHQWRI7KHHLJHQYDO
XHVRIWKHILUVWWZRVKRUWD[HVZHUH ILUVWD[LV 
DQG VHFRQGD[LV 5HPDUNDEO\WKHWZRD[HV
ZHUH SRVLWLYHO\ FRUUHODWHG DQG VHTXHQFH GLDJUDPV
VKRZWKDWWKHVSHFLHVGLVWULEXWLRQZDVUHODWHGWRVRLO
HQYLURQPHQWDOIDFWRUV
7KH'&$VFDWWHUJUDPVRITXDGUDWFRPPXQLW\
DQGVRLOHQYLURQPHQWGDWDVKRZGLVWLQFWJURXSVRI
VDPSOHV )LJ ZKHUHDGYDQWDJHGVSHFLHVZHUH
VHOHFWHG IURP  VSHFLHV DUWLILFLDOO\ )RUPDWLRQ ,
3RSXORXV HXSKUDWLFD UHODWLYHO\ KLJK DOWLWXGH DUHD
ORZHUVRLO VDOLQLW\DQGUHTXLULQJRQO\ JURXQGZDWHU
VXSSO\ QR IORRGLQJ )RUPDWLRQ ,, /\FLXP UX
WKHQLFXP3KUDJPLWHVDXVWUDOLVDQG6SDUVLIROLDUHO
DWLYHO\KLJKVRLOQXWULHQWFRQWHQWDQGORZHUVRLOVD
OLQLW\ WHPSRUDULO\ ZDWHUFRYHUHG DUHD )RUPDWLRQ
,,, +DORVWDFK\V FDVSLFD 6DOLFRUQLD HXURSDHD DQG
KDORSK\WLF YHJHWDWLRQ D ODUJH DPRXQW RI VDOLQL]HG
DUHDRIWHQZDWHUFRYHUHGDUHD

7$%/(
9DULDWLRQH[SODLQHGE\VSHFLHVHQYLURQPHQWYDULDEOHVXVLQJXQFRQVWUDLQHGRUGLQDWLRQ '&$
$[HV
(LJHQYDOXHV
/HQJWKVRIJUDGLHQW
6SHFLHVHQYLURQPHQWFRUUHODWLRQV
&XPXODWLYHSHUFHQWDJHYDULDQFHRIVSHFLHVGDWD
RIVSHFLHV±HQYLURQPHQWUHODWLRQ
6XPRIDOOHLJHQYDOXHV
6XPRIDOOFDQRQLFDOHLJHQYDOXHV





























7RWDOLQHUWLD







© by PSP

Volume 26 ± No. 10/2017 pages 5954-5964

Fresenius Environmental Bulletin

DCA 2

Ċ

ĉ

ċ

DCA 1

),*85(
6FDWWHUJUDPRIGHWUHQGHGFRUUHVSRQGHQFHDQDO\VLVRIHOHYDWLRQDQGVRLOHQYLURQPHQWDOIDFWRUV
1RWHƔVXUYH\TXDGUDWVڹDGYDQWDJHGYHJHWDWLRQ
7$%/(
9DULDWLRQRZLQJWRVSHFLHVHQYLURQPHQWIDFWRUVE\FRQVWUDLQHGRUGLQDWLRQ '&&$
$[HV
(LJHQYDOXHV
/HQJWKVRIJUDGLHQW
6SHFLHVHQYLURQPHQWFRUUHODWLRQV
&XPXODWLYHSHUFHQWDJHYDULDQFHRIVSHFLHVGDWD
RIVSHFLHV±HQYLURQPHQWUHODWLRQ
6XPRIDOOHLJHQYDOXHV
6XPRIDOOFDQRQLFDOHLJHQYDOXHV
6XPPDU\RI0RQWH&DUORWHVW
7HVWRIVLJQLILFDQFHRIILUVWFDQRQLFDOD[LVHLJHQYDOXH 
)UDWLR 
3YDOXH 





























7RWDOLQHUWLD





),*85(
6FDWWHUJUDPRIGHWUHQGHGFDQRQLFDOFRUUHVSRQGHQFHDQDO\VLVRIHOHYDWLRQDQGVRLOHQYLURQPHQWDO
IDFWRUV6ROLGOLQHVZLWKDUURZVHQYLURQPHQWDOIDFWRUV4XDGUDWH[WHQVLRQFRUGZLWKDQDUURZLQGLFDWHV
WKHOHQJWKRIWKHYHUWLFDOGLVWDQFHSORWVFRUUHODWLQJEHWZHHQWKHVL]HRIWKHHQYLURQPHQWDOIDFWRUV$QJOH
DUURZFRQQHFWLRQZLWKWKHRUGLQDWLRQD[LVLQGLFDWHVWKHPDJQLWXGHRIWKHFRUUHODWLRQEHWZHHQ
HQYLURQPHQWDOIDFWRUVDQGWKHRUGLQDWLRQD[LV7KHGLUHFWLRQRIWKHDUURZOLQNVWRWKHIDFWRUV
GHYHORSPHQWWUHQG
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7$%/(
&RUUHODWLRQFRHIILFLHQWVEHWZHHQVRLOHQYLURQPHQWDOIDFWRUVDQGGHWUHQGHGFDQRQLFDOFRUUHVSRQGHQFH
DQDO\VLVD[HV
$[HV
3+
6DOW
2UJDQLFPDWWHU
$YDLODEOH1
2OVHQ3
$YDLODEOH.
6RLOZDWHUFRQWHQW
(OHYDWLRQ

$[LV









$[LV









$[LV









$[LV









7$%/(
3DLUZLVHFRUUHODWLRQVEHWZHHQYHJHWDWLRQGLYHUVLW\DQGVRLOHQYLURQPHQWDOIDFWRUV
2UJDQLF
6RLO:DWHU 'LYHUVLW\
$YDLODEOH1 2OVHQ3 2OVHQN (OHYDWLRQ
PDWWHU
FRQWHQW
LQGH[
3+

 

 



6DOW
í



 



2UJDQLFPDWWHU
í 







$YDLODEOH1
í  






2OVHQ3
í  






2OVHQN
í  






(OHYDWLRQ
í  
í
í í



6RLO:DWHUFRQWHQW
  í
í
í í



'LYHUVLW\LQGH[
  í

í í í
í

1RWH8SSHUWULDQJOHSYDOXHVORZHUWULDQJOHFRUUHODWLRQFRHIILFLHQWV6LJQLILFDQWSYDOXHV S DQGKLJK
FRUUHODWLRQYDOXHV !RU 
3+

6DOW

IDPLO\:HWODQGIORUDLQWKH7DULP5LYHU%DVLQFRQ
VLVWHGRIPDLQO\KHUEDFHRXVSODQWVZLWKRQO\DIHZ
VKUXEDQGWUHHVSHFLHV7KLVFRQFXUVZLWKUHVHDUFKRI
ZHWODQG SODQWV LQ WKH<DQJJXDQ 1DWXUH 5HVHUYH RI
'XQKXDQJ>@DQGVKRZVWKDWWKH7DULP5LYHUZHW
ODQGLVLQDVHYHUHVWDWHRIGHJUDGDWLRQ
7:,163$1SURYLGHVREMHFWLYHDQGUHDVRQDEOH
LQGHSWKFODVVLILFDWLRQUHVXOWVDQGWDNHVWKHFRPEL
QDWLRQRIELRWRSHFKDUDFWHULVWLFLQGLFDWRUVSHFLHVLQWR
DFFRXQW7:,163$1FODVVLILHGFRPPXQLW\W\SHV
DQGIRUPDWLRQVZKLFKZDVLQDJUHHPHQWZLWKUH
VHDUFKRQWKHPLGGOHUHDFKRIWKH7DULP5LYHUE\/L
>@ 7KH '&$ JHQHUDWHG  HFRORJLFDO IRUPDWLRQV
SURMHFWLQJ WKH HQYLURQPHQWUD\ WR WKUHH GLUHFWLRQV
7KHUHVXOWVIURPWKH'&$ZHUHHTXLYDOHQWWRWKHIRU
PDWLRQOHYHOVSURGXFHGE\7:,163$1%RWKUHVXOWV
ZHUH LQ JRRG DJUHHPHQW LQ UHODWLRQ WR VDPSOH 
7KLVTXDGUDWZDVORFDWHGLQWKHPLGGOHUHDFKHVRIWKH
7DULP 5LYHU DQG ZDV LQ WKH FRPPXQLW\ GRPLQDWHG
E\ 3 HXSKUDWLFD DQG * LQIODWD $V LGHQWLILHG E\
7:,163$1 * LQIODWD LV DQ LQIUHTXHQW VSHFLHV LQ
WKLV TXDGUDW RI WKH VWXG\ UHJLRQ ZKLOH WKH 3 HX
SKUDWLFDFRPPXQLW\LVWKHVLQJOHGRPLQDQWVSHFLHV
LQVDPSOH7KHGLIIHUHQFHLQFODVVLILFDWLRQUHVXOWV
PD\EHDUHVXOWRIWKHGLVWULEXWLRQRIPXWXDOO\UHODWHG
YHJHWDWLRQDVVPDOOHUGLVWULEXWLRQVZHUHDVVRFLDWHG
ZLWK RWKHU YHJHWDWLRQ LQ PXWXDO UHODWLRQVKLSV
WKHUHE\H[SODLQLQJWKHORZHUIUHTXHQF\RI*LQIODWD

7KH SDLUZLVH FRUUHODWLRQV RI VRLO HQYLURQPHQW
LQGLFHV HOHYDWLRQ DQG YHJHWDWLRQ GLYHUVLW\ LQGH[
7DEOH VXSSRUWHGWKHYLVLEOHSDWWHUQVRIWKHVFDW
WHUJUDPV7KHFORVHUHODWLRQVKLSEHWZHHQVRLOHQYL
URQPHQWDO IDFWRUV YDOLGDWHG WKH '&&$ UHVXOWV WR D
FHUWDLQH[WHQW,QPRVWFDVHVS+HOHYDWLRQDQGVRLO
ZDWHUZHUHQHJDWLYHO\FRUUHODWHG$SRVLWLYHDQGVLJ
QLILFDQWUHODWLRQVKLSZDVREVHUYHGEHWZHHQRUJDQLF
PDWWHUDYDLODEOHQLWURJHQDYDLODEOH3DQGDYDLODEOH
.DOOWKHYDOXHLVS  S (OHYDWLRQVLJQLI
LFDQWO\ LQIOXHQFHG WKH VXUIDFH YHJHWDWLRQ GLYHUVLW\
LQGH[ ZLWK D FRUUHODWLRQ FRHIILFLHQW RI  S 
 

DISCUSSION
2IWKHVDPSOHSORWVDQGSODQWVSHFLHV
IDPLOLHVZHUHUHSUHVHQWHGE\RQO\VSHFLHVHDFKDF
FRXQWLQJIRURIWKHWRWDOIDPLO\FRXQW7KLV
LQGLFDWHGWKDWSODQWVSHFLHVRIWKHGHJUDGHGZHWODQG
LQWKH7DULP5LYHU%DVLQZHUHOLPLWHGWKHFRPPX
QLW\VWUXFWXUHZDVVLPSOHDQGWKHUHZHUHQRHQGHPLF
VSHFLHV(QGHPLFJHQHUDDQGVSHFLHVFDQEHDEHWWHU
UHIOHFWLRQRIWKH RULJLQDOFKDUDFWHULVWLFVRIUHJLRQDO
IORUD>@7KHYHJHWDWLRQRIWKHGHJUDGHGZHWODQGLQ
WKHVWXG\DUHDZDVQRWGRPLQDWHGE\RQHVSHFLHVRU
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ELODFHXPDQG6XDHGDDUFXDWD LQKLJKVDOWFRQFHQ
WUDWHGDUHDVKLJKOLJKWLQJWKHLPSRUWDQFHRIVDOLQLW\
>@/LNHZLVHVRLOVDOLQLW\ZDVJHQHUDOO\KLJKHULQ
WKH7DULP5LYHUZHWODQG7KHUHIRUHWKLVVWXG\VKRZV
WKDWWKHUHVWRUDWLRQRIGHJUDGHGZHWODQGVFDQQRWUHO\
VROHO\RQWKHUHVWRUDWLRQRIK\GURORJLFDOFRQGLWLRQV
LQ WKH 7DULP 5LYHU DV WRSRJUDSK\ DQG VRLO VDOLQLW\
PXVWDOVREHWDNHQLQWRDFFRXQW7KHVHUHVXOWVVKRXOG
EH LQWHJUDWHG LQWR WKH YHJHWDWLRQ UHVWRUDWLRQ DQG
PDQDJHPHQWSODQVRIWKH7DULP5LYHUZHWODQGDQG
FRXOGEHLPSRUWDQWIRUWKHHFRORJLFDOPDQDJHPHQWRI
WKH7DULP5LYHU%DVLQ

,QDGGLWLRQWKHFODVVLILFDWLRQDQGRUGLQDWLRQRIYHJ
HWDWLRQ FRPPXQLWLHV DORQJ WKH HFRORJLFDO JUDGLHQW
FRLQFLGHG ZLWKWKH DFWXDOGLVWULEXWLRQRIFRPPXQL
WLHVLQWKH7DULP5LYHU%DVLQ
7KH UHODWLRQVKLS EHWZHHQ YHJHWDWLRQ DQG VRLO
HQYLURQPHQWZDVGLYLGHGLQWRWKUHHYHJHWDWLRQFRP
PXQLWLHVLQWKH7DULP5LYHU%DVLQGLIIXVHZDWHUKDO
RSK\WH FRPPXQLW\ DEXQGDQW  GLIIXVH ZDWHU VHPL
GHVHUW FRPPXQLW\ RFFDVLRQDO  DQG GHVLGHUDWXP
JURXQG ZDWHU VXSSO\ 3 HXSKUDWLFD FRPPXQLW\
UDUH 7KHYHJHWDWLRQFRPPXQLWLHVZHUHFORVHO\FRU
UHODWHGZLWKGLVWULEXWLRQDQGHFRORJLFDOJUDGLHQWV,Q
WKLVVWXG\DVRLOGHSWKRI±FPZDVXVHGIRUDQDO
\VLV>@DVLQWKHGHJUDGLQJ7DULPULYHUZHW
ODQG HFRV\VWHP KHUEDFHRXV SODQWV ZLWK VKDOORZ
URRWV ZHUHWKHPRVWDEXQGDQWSODQWW\SHDFFRXQWLQJ
IRURYHURIDOOVSHFLHV,WLVOLNHO\WKDWWKHQXP
EHUVRIVSHFLHVDQGLQGLYLGXDOVRIKHUEDFHRXVSODQWV
FKDQJHG VXEVWDQWLDOO\ DV WKH ZHWODQG HFRV\VWHP RI
WKH7DULP5LYHU%DVLQGHJUDGHG+HUEDFHRXVSODQWV
ZHUH PDLQO\ DIIHFWHG E\ FKDUDFWHULVWLFV RI VXUIDFH
OD\HUVRLOZKLOHWUHHVDQGVKUXEVURRWGHHSHUKRZ
HYHUWKHQXPEHUVRIVSHFLHVDQGLQGLYLGXDOVFKDQJHG
OLWWOHWRQRWDWDOORYHUWKHFRXUVHRIWKLVVWXG\DVWKH
JURZWK RI VHHGOLQJV DUH DOVR JUHDWO\ LQIOXHQFHG E\
VXUIDFHOD\HUVRLO4LHWDO  VKRZHGWKDWPRVW
RIWKHQXWULHQWVDQGVRLORUJDQLFPDWWHUZHUHGLVWULE
XWHGLQWKH WRSVRLODWD GHSWKRI ±FPDQGWKDW
WKLVZDVIDYRUDEOHIRUVHHGJHUPLQDWLRQDQGVHHGOLQJ
VXUYLYDO 0DQ\ VWXGLHV LQGLFDWH WKDW VRLO ZDWHU DQG
HOHYDWLRQ DUH WKH PRVW LPSRUWDQW IDFWRUV LQ YHJHWD
WLRQGLVWULEXWLRQ>@2WKHUVWXGLHVUHJDUGLQJWKH
7DULP5LYHUKDYHDOVRVKRZQWKDWWKDWWKHVRLOZDWHU
DQGJUDGLHQWVRIVDOWFRPSRXQGVZHUHNH\IDFWRUVLQ
IOXHQFLQJVSDWLDOGLVWULEXWLRQSDWWHUQVRISODQWFRP
PXQLWLHV>@+RZHYHURWKHUVWXGLHVKDYH \LHOGHG
GLIIHUHQWUHVXOWV-RVXHWDO  VKRZHGWKDWYHJH
WDWLRQLQWKHWRSVRLOVKRZHGDWUHQGZLWKDJHRIYHJ
HWDWLRQDQGS+ZKHUHDVLQGHHSHUVRLOOD\HUVWKHVH
IDFWRUVVHHPHGWROLPLWVXFFHVVLRQ,QWKLVVWXG\WKH
'&&$ RUGLQDWLRQ VKRZHG WKDW WKH GLVWULEXWLRQ RI
YHJHWDWLRQLQWKHVWXG\UHJLRQZDVDIIHFWHGE\DFRP
ELQDWLRQRIHOHYDWLRQVDOWDQGVRLOPRLVWXUHDVZHOO
DV VRLO ZDWHU LQ WKH WKLUG +RZHYHU WKH FRUUHODWLRQ
DQDO\VLV VKRZHG WKDW YHJHWDWLRQ GLYHUVLW\ ZDV QRW
FRUUHODWHG ZLWK DQ\ RWKHU IDFWRUV H[FHSW HOHYDWLRQ
7KHVH GLIIHUHQFHV PD\ EH UHODWHG WR H[SHULPHQWDO
ILHOGDQGK\GURORJLFDO GDWDDVVRPH RIWKH H[SHUL
PHQWDOILHOGVSHULRGLFDOO\GLIIXVHZDWHUVRWKDWVRLO
ZDWHULVODUJHO\WUDQVLHQW$VVXFKVDPSOLQJWKHVRLO
ZDWHUVWDWXVIRUWKHZKROHH[SHULPHQWDOSHULRGZDV
QRWSRVVLEOHUHVXOWLQJLQGLVSDUDWHUHVXOWV+RZHYHU
WKH'&&$RUGLQDWLRQUHVXOWVFDQEHFKDQJHGE\WKH
DGGLWLRQRIK\GURORJLFDOGDWDVXFKDV JURXQGZDWHU
OHYHO $V WKH K\GURORJLFDO GDWD ZDV QRW DYDLODEOH
IURPWKHULYHUDXWKRULW\ZHZHUHXQDEOHWRLQFOXGH
WKLVGDWDLQRXUDQDO\VLV1HYHUWKHOHVVWKHUHZDVHY
LGHQFHRIYHJHWDWLRQJURZWK KDORSK\WHV6DOLFRUQLD
HXURSDHD +DORVWDFK\V FDVSLFD +DORFQHPXP VWUR

CONCLUSIONS
,Q WKH SUHVHQW VWXG\ WKH SODQW VSHFLHV LQ WKH
VWXG\DUHDRIWKH7DULP5LYHUZHUHOLPLWHGWKHFRP
PXQLW\VWUXFWXUHZDVVLPSOHDQGWKHUHZHUHQRHQ
GHPLFVSHFLHV7KHUHZHUHRQO\SODQWVSHFLHVLQ
WKHVWXG\DUHDVDQGIDPLOLHVZHUHUHSUHVHQWHGE\
RQO\VSHFLHVHDFK:HWODQGIORUDLQWKH7DULP5LYHU
%DVLQ FRQVLVWHG RI PDLQO\ KHUEDFHRXV SODQWV ZLWK
RQO\D IHZVKUXEDQGWUHHVSHFLHV7KLVVKRZV WKDW
WKHGHJUDGDWLRQRIWKH7DULP5LYHUZHWODQGLVVHYHUH
7KHFODVVLILFDWLRQDQGRUGLQDWLRQRIYHJHWDWLRQ
FRPPXQLWLHVDORQJWKHHFRORJLFDOJUDGLHQWFRLQFLGHG
ZLWKWKHDFWXDOGLVWULEXWLRQRIFRPPXQLWLHVLQWKH7D
ULP5LYHU%DVLQ7:,163$1GLYLGHGVDPSOHVLQWR
 IRUPDWLRQV DQG VKRZHG WKH YHJHWDWLRQ DORQJ WKH
VRLOPRLVWXUHJUDGLHQW'&$GLYLGHGVDPSOHVLQWR
IRUPDWLRQVDQGUHIOHFWHGWKH UHODWLRQVKLSVEHWZHHQ
SODQW GLVWULEXWLRQ DQG VRLO HQYLURQPHQWDO IDFWRUV
7:,163$1 DQG '&$ ERWK VKRZHG FOHDU GLVWULEX
WLRQ ERXQGDULHV ZKLOVW '&$ DOVR SURYLGHG D JRRG
UHIOHFWLRQRIWKHYHJHWDWLRQDQGVRLOHQYLURQPHQW
7KH'&&$RUGLQDWLRQVKRZHGWKDWWKHGLVWULEX
WLRQ RI YHJHWDWLRQ LQ WKH UHJLRQ ZDV DIIHFWHG E\ D
FRPELQDWLRQRIHOHYDWLRQVDOWDQGVRLOPRLVWXUHDV
ZHOODVVRLOVDOLQLW\ ZKLFKZDVJHQHUDOO\KLJKHULQ
WKH7DULP5LYHUZHWODQG 7KHUHIRUHWKHUHVWRUDWLRQ
RIWKHVHGHJUDGHGZHWODQGVFDQQRWUHO\VROHO\RQUH
VWRULQJ K\GURORJLFDO FRQGLWLRQV LQ WKH 7DULP 5LYHU
DV WRSRJUDSK\ DQG VRLO VDOLQLW\ PXVW DOVR EH WDNHQ
LQWRDFFRXQW

REFERENCES
[1] :DUG-7RFNQHU.$UVFRWW'DQG&ODUHW&
 5LYHULQHODQGVFDSHGLYHUVLW\)UHVKZDWHU
%LRORJ\  
[2] 0HOHQGH]3DVWRU , 1DYDUUR3HGUHQR -
*RPH] , DQG .RFK 0   'HWHFWLQJ
GURXJKW LQGXFHG HQYLURQPHQWDO FKDQJHV LQ D
0HGLWHUUDQHDQZHWODQGE\UHPRWHVHQVLQJ$S
SOLHG*HRJUDSK\  
[3] 6HQ&  ,PSDFWRIVRLOIDFWRUVDQGPDQ
DJHPHQW V\VWHPV RQ SDVWXUH YHJHWDWLRQ LQ



© by PSP

Volume 26 ± No. 10/2017 pages 5954-5964

Fresenius Environmental Bulletin

XQGHUFRQGLWLRQVRIFOLPDWHFKDQJH(DUWK6\V
WHP'\QDPLFV  
[16] &KHQ<1/L:+;X&&DQG+DR;0
  (IIHFWV RI FOLPDWH FKDQJH RQ ZDWHU UH
VRXUFHVLQ7DULP5LYHU%DVLQ1RUWKZHVW&KLQD
-RXUQDORI(QYLURQPHQWDO6FLHQFHV  

[17] $OGD\-*0DUUV5+DQG0DUWLQH]Ͳ5XL]&
 9HJHWDWLRQVXFFHVVLRQRQUHFODLPHGFRDO
ZDVWHVLQ6SDLQWKHLQIOXHQFHRIVRLODQGHQYL
URQPHQWDOIDFWRUV$SSOLHG9HJHWDWLRQ6FLHQFH
  
[18] :DQJ< 4LDR - +H &:DQJ = /XR:
DQG6KHQJ/  7RZDUGVPXOWLOHYHOELR
PRQLWRULQJRIQHPDWRGHVWRDVVHVVULVNRIQLWUR
JHQDQGSKRVSKRUXVSROOXWLRQLQ-LQFKXDQ:HW
ODQGRI1RUWKHDVW&KLQD(FRWR[LFRORJ\  

[19] 4L*&KHQ+=KRX/:DQJ;=KRX:
4L/DQG'DL/  &DUERQVWRFNRIODUFK
SODQWDWLRQV DQG LWV FRPSDULVRQ ZLWK DQ ROG
JURZWKIRUHVWLQQRUWKHDVW&KLQD&KLQHVH*HR
JUDSKLFDO6FLHQFH  
[20] :DWDQDEH)6DQG2OVHQ65  7HVWRIDQ
DVFRUELFDFLGPHWKRGIRUGHWHUPLQLQJSKRVSKR
UXV LQ ZDWHU DQG 1D+&2 H[WUDFWV IURP VRLO
6RLO6FLHQFH6RFLHW\RI$PHULFD-RXUQDO  

[21] 2OLYHLUD 9 /XGZLFN $( DQG %HDWW\ 07
 3RWDVVLXPUHPRYHGIURPVRPH6RXWKHUQ
%UD]LOLDQ VRLOV E\ H[KDXVWLYH FURSSLQJ DQG
FKHPLFDOH[WUDFWLRQPHWKRGV6RLO6FLHQFH6RFL
HW\RI$PHULFD-RXUQDO  
[22] 'HO6XROR6,6  0HWRGLQRUPDOL]]DWLGL
DQDOLVWGHOVXROR(GDJULFROH%RORJQD
[23] /L7<LQ/.DQG<DQ&  4XDQWLWDWLYH
FODVVLILFDWLRQDQGRUGLQDWLRQDQDO\VLVRQYHJHWD
WLRQLQWKHPLGGOHUHDFKHVRI7DULP5LYHU$ULG
/DQG*HRJUDSK\   &KLQHVH
[24] /HSV - DQG 6PLODXHU 3   0XOWLYDULDWH
DQDO\VLV RI HFRORJLFDO GDWD XVLQJ &$12&2
&DPEULGJHXQLYHUVLW\SUHVV
[25] %UDDN &-) DQG 6PLODXHU 3   &DQRFR
UHIHUHQFHPDQXDODQGXVHU VJXLGHVRIWZDUHIRU
RUGLQDWLRQYHUVLRQ%LRPHWULV
[26] +DPPHU 5 +DUSHU '$7 DQG 5\DQ 3'
  3$67 3DOHRQWRORJLFDO 6WDWLVWLFV 6RIW
ZDUH 3DFNDJH IRU HGXFDWLRQ DQG GDWD DQDO\VLV
3DODHRQWROLD(OHFWURQLFD
[27] 6XQ<;<DQ&:HL<;X+$1'<DR
< /   ,QIOXHQFH RI WRSVRLO DGGLWLRQ RQ
VSHFLHV GLYHUVLW\ DQG DERYHJURXQG ELRPDVV RI
SODQWFRPPXQLW\RQWKHGDPDJHGPLQHGODQGLQ
$OWD\ &KLQD )UHVHQ (QYLURQ %XOO   

[28] 'DL ;/ =KDR 7: 0D 66 /LX ;:
<DQJ-:0D+7DQG;LH-3  &RP
PXQLW\ FKDUDFWHULVWLFV DQG VSHFLHV GLYHUVLW\ RI
ZHWODQGSODQWVLQWKH<DQJJXDQQDWXUHUHVHUYHRI

7HNLUGDJ7XUNH\)UHVHQ(QYLURQ%XOO  

[4] :DWW 6&/ *DUFLD%HUWKRX ( DQG 9LODU /
 7KHLQIOXHQFHRIZDWHUOHYHODQGVDOLQLW\
RQ SODQW DVVHPEODJHV RI D VHDVRQDOO\ IORRGHG
0HGLWHUUDQHDQ ZHWODQG3ODQW(FRORJ\  

[5] =KDQJ;5&DR<*%DL=.:DQJ-0
=KRX:DQG'LQJ;  5HODWLRQVKLSVEH
WZHHQ YHJHWDWLRQ FRYHUDJH DQG VRLO SURSHUWLHV
RQWKHUHFODLPHGGXPSRIRSHQFDVWFRDOPLQHLQ
ORHVV SODWHDX &KLQD )UHVHQ (QYLURQ %XOO
  
[6] &KHQJ/;&KHQ./DQG:DQJ63  
3ODQW GLYHUVLW\ RI WKH ;LDRSR /DNH:HWODQG LQ
WKHEDVLQRIWKH4LQJKDL/DNH:HWODQG6FLHQFH
  
[7] 'DL;/'RQJ=%DQG;LH-3  &KDU
DFWHULVWLFV DQG VXVWDLQDEOH XWLOL]DWLRQ RI
<DQJJXDQ:HWODQG LQ'XQKXDQJ(QYLURQPHQW
6XVWDLQDEOH'HYHORSPHQW  
[8] +H0==KHQJ-*/L;5DQG4LDQ</
 (QYLURQPHQWDOIDFWRUVDIIHFWLQJYHJHWD
WLRQ FRPSRVLWLRQ LQ WKH $O[D 3ODWHDX &KLQD
-RXUQDORIDULGHQYLURQPHQWV  
[9] =KDQJ+%0HQJ+-/LX;'=KDR:-
DQG :DQJ ;3   9HJHWDWLRQ FKDUDFWHULV
WLFV DQG HFRORJLFDO UHVWRUDWLRQ WHFKQRORJ\ RI
W\SLFDO GHJUDGDWLRQ ZHWODQGV LQ WKH PLGGOH RI
+HLKHULYHUEDVLQ=KDQJ\HFLW\RI*DQVXSURY
LQFH :HWODQG 6FLHQFH     &KL
QHVH
[10] Chen, Y.N., Xu, C.C., Chen, Y.P., Liu, Y. and
Li, W. (2013) Progress, Challenges and prospects of Eco-Hydrological studies in the Tarim
River Basin of Xinjiang, China. Environmental
Management, 51(1), 138±153.
[11] 'ZLUH .$ .DXIIPDQ -% DQG %DKDP -(
  3ODQW VSHFLHV GLVWULEXWLRQ LQ UHODWLRQ WR
ZDWHUWDEOH GHSWK DQG VRLO UHGR[ SRWHQWLDO LQ
PRQWDQH ULSDULDQ PHDGRZV :HWODQGV   

[12] *XLVDQ$:HLVV6%DQG:HLVV$'  
*/0YHUVXV&&$VSDWLDOPRGHOLQJRISODQWVSH
FLHV GLVWULEXWLRQ 3ODQW (FRORJ\    

[13] +HWWULFK$DQG5RVHQ]ZHLJ6  0XOWL
YDULDWHVWDWLVWLFVDVDWRROIRUPRGHOEDVHGSUH
GLFWLRQRIIORRGSODLQYHJHWDWLRQDQGIDXQD(FR
ORJLFDOPRGHOOLQJ  
[14] .RQLQJ&2  9HJHWDWLRQSDWWHUQVUHVXOW
LQJIURPVSDWLDODQGWHPSRUDOYDULDELOLW\LQK\
GURORJ\VRLOVDQGWUDPSOLQJLQDQLVRODWHGEDVLQ
PDUVK1HZ+DPSVKLUH86$:HWODQGV  

[15] 5XPEDXU & 7KHYV 1 'LVVH 0$KOKHLP
0%ULHGHQ$&\IIND%DQG+DOLN8  
6XVWDLQDEOH PDQDJHPHQW RI ULYHU RDVHV DORQJ
WKH7DULP5LYHU 6X0D5L2 LQ1RUWKZHVW&KLQD



© by PSP

Volume 26 ± No. 10/2017 pages 5954-5964

Fresenius Environmental Bulletin

FRPPXQLW\LQWKH FRDVWDOHQYLURQPHQWLQHDVW
HUQ 6DXGL $UDELD )UHVHQ (QYLURQ %XOO
  

'XQKXDQJ -RXUQDO RI /DQGVFDSH 5HVHDUFK
  
[29] &DSRQ6-  )ORRGYDULDELOLW\DQGVSDWLDO
YDULDWLRQ LQ SODQW FRPPXQLW\ FRPSRVLWLRQ DQG
VWUXFWXUH RQ D ODUJH DULG IORRGSODLQ -RXUQDO RI
$ULG(QYLURQPHQWV  
[30] /LWH 6- %DJVWDG .- DQG 6WURPEHUJ -&
 5LSDULDQSODQWVSHFLHVULFKQHVVDORQJODW
HUDO DQG ORQJLWXGLQDO JUDGLHQWV RI ZDWHU VWUHVV
DQG IORRG GLVWXUEDQFH 6DQ 3HGUR 5LYHU $UL
]RQD 86$ -RXUQDO RI $ULG (QYLURQPHQWV
  
[31] =KDQJ <0 &KHQ <1 DQG =KDQJ ;/
  3ODQW FRPPXQLWLHV DQG WKHLU LQWHUUHOD
WLRQV ZLWK HQYLURQPHQWDO IDFWRUV LQ WKH ORZHU
UHDFKHVRI7DULPULYHU$FWD*HRJUDSKLFD6LQLFD
   &KLQHVH
[32] $O7DLVDG:$  7KHHIIHFWRIVRLOSURS
HUWLHVRQFKDUDFWHULVWLFVRIKDORSHSOLVSHUIROLDWD

5HFHLYHG
$FFHSWHG




CORRESPONDING AUTHOR
Qiling Chen
Xinjiang Academy of Agricultural
and Reclamation Science,
Shihezi Xinjiang 832000 ± CHINA
E-mail: 48570766@qq.com



© by PSP

Volume 26 ± No. 10/2017 pages 5965-5970

Fresenius Environmental Bulletin



INDOOR AIR QUALITY: THE SAMPLES OF
SAFRANBOLU BULAK MENCILIS CAVE
Mehmet Cetin1,*, Hakan Sevik2, Ahmet Saat3
1
Kastamonu University, Faculty of Engineering and Architecture, Department of Landscape Architecture, 37150, Kastamonu, Turkey
Kastamonu University, Faculty of Engineering and Architecture, Department of Environmental Engineering, 37150, Kastamonu, Turkey
3
Kastamonu University, Faculty of Engineering and Architecture, Department of Landscape Architecture, 37150, Kastamonu, Turkey

2



ABSTRACT

Turkey.
Visitors are not checked or prepared for cave
visits in any way. Many of the caves are only protected to preserve natural formations. However,
there might be factors in caves open to visitors that
may be threatening for human health. One such factor is poisonous gases that may exist in the indoor air
of caves and have negative influences on human
health. Indoor air quality in caves, which are limited
environments, is shaped by many factors and may
contain dangerous elements.
Many studies have investigated the influence of
indoor air quality in indoor environments other than
caves. Indoor building areas are especially more
CO2dense than outdoor areas [11-14]. These studies
focus on the effects of human air health on the air
quality. Kotzias and Pilidis [11] studied indoor air
quality for building design. They discussed information on indoor environmental quality issues at the
European level, taking into account the energy saving requirements for new and old buildings, and suggest actions to be taken in the years ahead to achieve
healthy and resource efficient buildings. There are
positive signs from science and politics regarding
improvement in indoor air quality; efforts are being
made to adopt the relevant industry regulations that
are required for a proper domestic market and to
UDLVH FRQVXPHUV¶ DZDUHQHVV DERXW HQYLURQPHQWDOO\
sensitive products. The study shows that air quality
certification of buildings would be very positive,
similar to energy performance certification. Sakellaris et al. [12] took ionic PAH compositions and PM
samples. Strong emission sources were found to afIHFWWKHLQWHULRURIEXLOGLQJV6DED]LRWLVHWDO¶V [13]
indoor air quality studies were conducted in the winter of 2011 in three housing units in Kozani, Greece.
These studies show that residences in the city center
offered higher concentrations than outside areas near
the city center and the downtown residences. All
mean indoor carbonyl concentrations were higher
than those outdoor, except for hexanal inresidences.
In addition, Cimino-5HDOH¶VVWXG\ [14] makes it clear
that genomic methodologies are suitable for modulating large biological processes and biochemical effects by exposing them to complex environmental
conditions. They measured compounds indoors, and
found the highest concentration of CO2 for two of the

Visiting caves is an increasingly important
tourism activity today. Because of this trend, caves
draw thousands of people every year. However, visiting caves can lead to some serious health problems.
For example, the concentration of harmful gases, including carbon dioxide (CO2), may exceed the critical level during the visit of a group of tourists.
Within the outline of this research, Safranbolu Bulak
Mencilis Cave was chosen, which has a high potential for visit by cavers and tourists. The purpose of
WKLVUHVHDUFKRQFDYH¶VDLUTXDOLW\LVWRPHDVXUHWKH
amounts of CO2 and particulate matter. The research
was conducted in June 2016 during a visit to the cave
with 25-meter intervals using an average from portable air measurement devices in various corners.
Starting at the entrance of the cave, the study concluded that the amount of CO2 increased rapidly:
from 50 meters inside the cave entrance it was 1,200
ppm, and increased to 2500 ppm at150 meters inside.
The amount of particulate matter in the caves was
determined to reduce progressively the deeper into
the cave. These results indicate that when the tourLVWV¶YLVLWVRFFXUWKHLQGRRUDLUTXDOLW\PD\FKDQJH
and some health problems may arise, especially from
the effect of rising amounts of CO2. This may cause
headaches, dizziness, throat and nose irritation,
sneezing, coughing, and tears.

KEYWORDS:
Air quality, Safranbolu Bulak Mencilis Cave, Carbon dioxide (CO2), Particulate Matter, Indoor air, Sustainability

INTRODUCTION
Caves are natural underground spaces among
the rocks extended in such a way that they allow the
entrance of humans. They are formed throughout
thousands of years and have unique visual richness.
Thus, they have much importance as sites for recreation and tourism activities. They have especially become important elements of tourism in Turkey, and
have been studied in this context [1-10]. $\GR÷GX
and Sevik [5], for example, studied Mantar cave in
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(PM5).

three tested houses, and formaldehyde for one of the
three examined houses.
This study deals with the quantities of CO2 and
particulate matter, which are the primary components of indoor air quality for caves, in Safranbolu
Bulak Mencilis cave. With the measurements made
in the cave within the scope of the study, the change
in the quantities of CO2 and particulate matter (0.3
μm, 0.5 μm, and 5.0 μm) was monitored and interpreted throughout the depths of the cave.

RESULTS
The external temperature outside the cave was
measured to be 20.5°C, while the temperature ranged
from 14.8°C to 15.2°C inside the cave. Therefore, no
assessments were made regarding the temperature
values. Table 1 shows CO2 and particulate matter
values.
To increase the understandability of the values
in the table, we created graphics for each parameter.
Figure 1 shows the changes in CO2 quantity.

MATERIALS AND METHODS
This study was conducted in Bulak Mencilis
Cave, which is located within the boundaries of Safranbolu district. Mencilis cave is situated in Bulak
village of Karabük province in the Western Black
Sea Region of Turkey. It is 10 km northeastofthe
central district of Karabük. Different measurements
were carried out to measure the total length of the
cave. Some sources state that it is 6,052 meters while
others say that it is 2,725 meters. Taking the assumption that total length is over 6 km as a basis, it is possible to say that it is the 4th largest cave in Turkey
[15].
This study was conducted in the section of the
Mencilis cave open to visitors. This section starts
with a large gallery and extends horizontally. Measurements with taken at a rate of one measurement per
25 meters starting from the external section and conducted until a depth of 350 meters.

FIGURE 1
The changes in the CO2 quantity depending on
the depth inside Mencilis Cave
Figure 1 shows that CO2 quantity is lower than
1,000 ppm outside the cave and in the entrance to
cave. However, it rapidly increases depending on the
depth inside the cave, reaching 1,270 ppm at 50 meters, 1,540 ppm at 75 meters, 1,570 ppm at 100 meters, 2,340 ppm at 125 meters, and 2,700 ppm at 150
meters. At this depth, the cave follows a horizontal
course and CO2 quantity ranges from 2,575 to 2,720
ppm. Figure 2 gives the changes in particulate matter
quantity.
Table 1 and Figure 2 show that small size particulate matter quantity inside the cave decreases, especially after 100 meters. There are 22,498 particulates at a size of 0.3 m outside the cave, while this
number is 26,386 at 100 meters and decreases decrease afterwards. However, the number remains stable at 5,600 after 200 meters. The quantity of particulate matter with a size of 0.5 m follows a similar
course. There are 7,148 particulates outside the cave.
The number reaches 6,158 at 100 meters and decreases afterwards, reaching below 2,000 after 200
meters. However, though the quantity of particulate
matter with a size of 5.0 m is lower inside the cave
than outside, it does not show a significant change.
The number is 166 outside the cave and ranges from
26 to 114 throughout the cave.

TABLE 1
Changes in CO2 and particulate matter in
Mencilis Cave
Location
Entrance
25 m
50 m
75 m
100 m
125 m
150 m
175 m
200 m
225 m
250 m
275 m
300 m
325 m
350 m

CO2
980
570
1270
1540
1570
2340
2700
2650
2600
2585
2575
2590
2620
2650
2720

PM0.3
22498
13453
30380
30615
26386
19919
13625
10036
5818
5638
5522
5615
5622
5465
5326

PM0.5
7148
5438
7759
7896
6158
5693
5150
3614
2173
1916
1815
1516
1026
1578
1507

PM5
166
61
97
85
39
83
104
114
80
58
26
35
41
56
76

Analyses of temperature and CO2 measurements were performed using ³Extech EA80 Indoor
$LU4XDOLW\0HWHU´DQGSDUWLFXODWHPDWWHUPHDVXUH
ments were performed using the 3-channel ³/LJKW
KRXVH ´ SDUWLFXODWH FRXQWHU 3DUWLFXODWH PDWWHU
concentrations were measured for three different
sizes: 0.3 μm (PM0.3), 0.5 μm (PM0.5), and 5 μm
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FIGURE 2
The change in the quantity of particulate matter in Mencilis Cave depending on the depth

of the parameters having much influence on human
health. CO2 is one of the gases rapidly changing in
concentrations as a result of human metabolic activities in indoor environments. Of the air inhaled from
the normal atmosphere, 21% is O2 and 0.033% is
CO2. However, of the air exhaled from the lungs, 1617% is O2 and 4% is CO2. This change leads to a
rapid increase in CO2quantities, particularly closed
areas where there are collective activities [34,35].
As a result of the increase in carbon dioxide in
the environment, people may experience fatigue, difficulty in perception, and sleepiness [36]. A quantity
of CO2in an environment over 1000 ppm can cause
headaches, vertigo, fatigue, concentration disruptions, and smelling disorders; sores in the throat and
nose, sneezing, coughing, and lacrimation occur
when it is over 1500 ppm [37,38]. According to the
EPA, the maximum acceptable carbon dioxide rate
for indoor environments is 800 ppm, and 1000 ppm
at most in environments with large numbers of people [39].
Recently, it has been found that the indoor air
quality of the closed areas in the studies is almost the
same as that of the cave [11-14,40]. As the influence
of CO2 in closed areas on human health is wellknown, many studies dealing with CO2quantity in
closed areas have been conducted [41,42]. However,
there are only a limited number of studies dwelling
on the determination of CO2quantity in caves. These
limited number of studies report that CO2 quantity in
caves is far above the threshold value, and thus

DISCUSSION
In Turkey, caves are particularly associated
with cave tourism, and the studies dwelling on caves
mostly concentrate on tourism potential [4, 16-21].
There are almost no studies focusing on indoor air
quality in Turkish caves, and only a limited number
of studies dealing with determination of indoor air
quality in caves around the world [22-30].
Sanna et al. [26] studied temperature, relative
humidity, and carbon dioxide in caves; and Aydogdu
and Sevik [5] conducted studies to determine temperature, CO2, and relative humidity in caves. James
[31] studied Lava Tubes and Bayliss caves in Australia in terms of temperature, relative humidity, and
carbon dioxide and radon gases; Osborne [32] studied indoor air quality and carbon dioxide quantity in
the air of the caves in Australia.
Previous studies heavily dwelled on indoor air
quality of caves are open to touristic activities in
terms of temperature, relative humidity, and carbon
dioxide values. Kim et al. [33] report in their study
WLWOHG ³A Study on the Changes of Air Quality the
Baekryong Cave in Pyeonchang´WKDWWKHPRVWLP
portant elements determining the indoor air quality
for humans and microbiological sustainability inside
the caves are temperature, relative humidity, and carbon dioxide.
The present study shows that CO2 quantity in
Mencilis cave exceeds the 1500 ppm limit from 75
meters on. High CO2 quantities in closed areas is one
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particularly problematic for people with upper
respiratory disorders, asthma, and so on. Hence, visitors should be warned in this matter.
Similar studies should be conducted, particularly for caves with long galleries. The measurements should be varied to include gases that are important for health. These prospective results should
be compiled to be presented in cave introduction brochures. The results should be given on warning
plates before entrance to caves to prevent possible
health problems.

threatens human health. The present study found out
that CO2quantities in Mencilis cave reach up to 2,720
SSP $\GR÷GX DQG 6HYLN >@ UHSRUWHG WKDW CO2
quantities in Mantar cave exceed 1,100 ppm from the
entrance and do not fall below this rate inside the
cave. Previous studies also indicate that CO2 quantities in caves may reach fatal levels. Fraser initiated
the measurement of carbon dioxide in Wellington
FDYHVLQ)UDVHU¶VPHDVXUHPHQWVGHWHFWHGFDU
bon dioxide at a rate of 13.5% inside the cave [32].
The present study also focused on the quantity
of particulate matter. The quantity of particulate matter is one of the most important parameters constituting indoor air quality. An excess in the quantity of
particulate matter leads to disorders and it may cause
serious problems for persons with upper respiratory
disorders, elderly people, and children [43,44]. Particulate matter is defined as a suspension consisting
of fine solid or liquid matter inside a gas that emerge
as a result of activities such as wind, sea, volcanoes,
and anthropogenic activities. The sources and composition of particulate matter in nature are rather
complicated. A considerable amount of particulate
matters in the troposphere is anthropogenic, consisting of sulfate, ammonium, nitrate, sodium, chlorine,
trace metals, matters with carbon, soil elements, and
water [45].
The threshold values of particulate matter concentration have been specified by regulations in
many parts of the world, including but not limited to
the European Union, due to its potential health and
environmental impacts. Responding to these threatening impacts of particulate matter on human health
and the environment, including the climate and many
ecosystems, there is an increase in the number of
studies dwelling on particulate matter [46-50].
The present study showed that the quantity of
particulate matter inside the cave is less than in the
external environment. We believe that this result is
associated with the relative humidity inside the cave.
As a matter of fact, Aydogdu and Sevik [5] report
that relative humidity inside caves may reach 100%.
Such an increase in the rate of humidity in the air
may lead to a reduction in the quantity of particulate
matter.
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OCCURRENCE OF PHARMACEUTICAL AND PERSONAL
CARE PRODUCTS (PPCPS) IN THE AFRICAN AQUATIC ENVIRONMENT: A BRIEF REVIEW FOR THE FUTURE OF ENVIRONMENT
Yongbum Kwon, Do Gyun Lee*
Department of Environmental Engineering, Incheon National University, Incheon 22012, South Korea

aquatic environment could cause endocrine disruption, acute/chronic toxicity, and microbial antibiotic
resistance when aquatic organisms are exposed to
PPCPs through various pathways [7-9]. Several
studies have reported the occurrence and potential
environmental impact of PPCPs in African countries
including South Africa, Kenya, Nigeria and Zambia
[10-12]. As many of PPCPs are still included in the
list of non-regulated chemicals, developed countries
including US and EU have strived to robustly establish regulations for the management and treatment of
PPCPs [13,14]. However, in developing countries in
Africa, such PPCP regulations as discharge guidelines and standards has not yet been established due
to lack of awareness of the potential risk of PPCPs
to human health and aquatic habitat and the African
countries are currently confronted with such environmental issues [5,12].
In this review, we aim to summarize the occurrence of a wide range of PPCPs in the aquatic environment in African countries and to help citizens and
policy-makers to increase awareness of PPCP occurrence and adverse effects for the robust establishment of regulation for PPCPs.

ABSTRACT
Little is known about the current contamination
levels of pharmaceutical and personal care products
(PPCPs) in Africa countries. This review summarized the occurrence of PPCPs within the aquatic environment in Africa. Twenty five PPCPs belonging
several categories, such as antibiotics, steroids/hormones, analgesics/anti-inflammatory drugs, antiepileptic drugs, blood lipid regulators, stimulant, antimicrobial agents, synthetic musks/fragrances, insect
repellants and sunscreen UV filters, were detected in
the African aquatic environment including surface
water, groundwater, wastewater, and sediments.
Among 8 African countries including South Africa,
6HQHJDO&RWHG¶,YRLUH&KDQD1LJHULD.HQ\D7DQ
zania, and Zambia, a wide variety of PPCPs were
more detected in South Africa and Nigeria than others. This may be due to the different degree of attention regarding the occurrence of PPCPs in different
African countries. It is the first short review on summarizing the studies on the occurrence of PPCPs in
the African aquatic environment, which would provide helpful information for efficient management of
water resources and the environment in African
countries.

CLASSIFICATION OF PPCPS
Pharmaceutical and Personal Care Products
(PPCPs) includes wide range of organic compounds
used on a daily basis for various purposes as shown
in Table 1 (for pharmaceuticals: antibiotics, steroids/hormones, analgesics, anti-inflammatory drugs,
antiepileptic drugs, blood lipid regulators, ȕ-blockers, stimulant, contrast media, artificial sweeter and
cytostatic drugs; for personal care products: antimicrobial agents, sun-screen agents, fragrances, disinfectants, preservation, synthetic musk and insect repellants) [15-18]. Antibiotics, such as sulfamethoxazole, trimethoprim and ampicillin are essential medication for both humans and animals to treat bacterial
contamination and are among the most prescribed
group of pharmaceuticals due to their wide uses in
residential area and livestock agriculture [19]. Especially, a group of sulfonamides which include sulfamethoxazole, sulfadiazine and sulfadimethoxine are

KEYWORDS:
Pharmaceuticals; personal care products; human health;
aquatic environment; African countries

INTRODUCTION
For the past decades, the detection of pharmaceuticals and personal care products (PPCPs) in the
aquatic environment have been widely reported because of the advances in analytical techniques [1-4].
PPCPs have been usually released using daily personal products including hand soap, shampoo, skin
lotion and perfume as well as medication including
analgesics and antibiotics [5]. In addition, the continuous uses of PPCPs from agriculture, household,
and hospital have also contributed to some amounts
of their input [6]. The occurrence of PPCPs in the
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the most broadly used antibiotics [3]. For instance,
sulfamethoxazole was ranked within top 5 antibiotic

agents prescribed in U.S. 2013 [20]

TABLE 1
List of general pharmaceutical and personal care products [19,34,54]
PPCPs
Pharmaceuticals

Groups
Antibiotics

Steroids & Hormones

Analgesics and anti-inflammatory drugs

Antiepileptic drugs
Blood lipid regulators

Compounds
Erythromycin
Ciprofloxacin
Trimethoprim
Sulfadiazine
Clarithromycin
Norfloxacin
Estrone (E1)
Ethinyl estradiol (EE2)
17- ȕ-estradiol
Norgestrel
Diclofenac
Ibuprofen
Paracetamol
Acetaminophen
Hydrocortisone
Carbamazepine
Clofibrate

Sulfamethoxazole
Chloramphenicol
Ampicillin
Nalidixic acid
Sulfadimethoxine
Estradiol (E2)
Estriol
Norethisterone
Testosterone
Naproxen
Ketoprofen
Aspirin
Acetylsalicylic acid
Triamcinolone
Primidone
Gemfibrozil

Bezafibrate
ȕ-blockers

Metoprolol
Caffeine
Diatrizoate
Iomeprol
Cyclamate
Aspartame
Ifosfamide
Triclosan
Galaxolide (HHCB)
Acetophenone
Isoborneol
Nitromusks
3-methyl-1(H)-indole (Skatole)
Methyl salicylate (tri) ethyl citrate
N,N-diethyl-m-toluamide (DEET)

Stimulant
X-ray contrast agents
Artificial sweeter

Personal Care Products

Cytostatic drugs
Antimicrobial agents / Disinfectants
Synthetic musks / Fragrances

Insect repellants
Preservatives

Propanolol
Iopromide
Iopamidol
Saccharin
Cyclophosphamide
Triclocarban
Toxalide (AHTN)
Indole
Isoquinoline

Parabens

Sunscreen UV filters

2-ethylhexyl-4-trimethoxycinnamate(EHMC)
4-methyl-benzilidine-camphor(4MBC)
Benzophenone

Artificial sweetener

Acesulfame

Cosmetic

Propylparaben
Polybrominated diphenyl ethers (PBDEs)

Flame retardants

Sucralose

FIGURE 1
Possible pathways of PPCPs in the aquatic environment (adapted from Ellis 2006 and Heberer 2002)
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urban groundwater are closely related to landfill contamination and its leachate [25]. Moreover, a
recent study investigated that humans could be possibly exposed to plants and food crops irrigated with
treated wastewater or amended with biosolids containing PPCPs [27]. Verlicchi and Zambello [28] reported that the sludge-amended soil contained the
most critical compounds including estradiol, ciprofloxacin, ofloxacin, tetracycline, caffeine, triclosan
and triclocarban. Octanol-water partition coefficient
(log Kow) can be a good parameter to predict the behavior of PPCPs. The compounds with the high values of log Kow, such as gemfibrozil (log Kow 4.77),
estradiol (log Kow 4.01), galaxolide (log Kow 5.9),
triclosan (log Kow 4.76) and tonalide (log Kow 5.7) are
hydrophobic, while PPCPs with low log Kow, such as
paracetamol (log Kow 0.46), caffeine (log Kow -0.07),
norfloxacin (log Kow -1.03) and ciprofloxacin (log
Kow 0.28) are hydrophilic [29,30]. As a result, PPCPs
have been extensively detected in soil, surface water,
groundwater, and even in drinking water [31]. More
extensive studies on the biodegradability, adsorption
and absorption, persistence, conjugation and de-conjugation of PPCPs are required to predict the fate and
pathways in the environment [32].

SOURCES AND PATHWAYS OF PPCPS TO
THE ENVIRONMENT
The main source of PPCPs into the aquatic environment is effluents from sewage treatment plants
(STPs) [21,22], although the large portion of PPCPs
in wastewater could be treated by a STP such as sedimentation, flocculation and active sludge system
[23,24]. Loading of pharmaceuticals can initiate
from hospital effluents, the discharge from private
households, waste disposal of unused medication,
and even the release of medical products for animal
use. Then, the pharmaceuticals are collected into
municipal wastewater and treated in STPs. However,
due to the limited removal of pharmaceuticals
through STP process with varying degree of natural
attenuation, some quantity of pharmaceuticals are
discharged into the receiving water bodies [25].
Then, pharmaceuticals could cause subsequent contamination particularly to the water supply bodies
[26]. As shown in Figure 1, personal care products,
such as hair care products, skin lotions, soap, cosmetics, tooth pastes and body wash, also have similar
pathways as pharmaceuticals.
A study reported that occurrence of PPCPs in

TABLE 2
List of PPCPs detected in 8 African countries reviewed in this study
PPCPs
Pharmaceuticals

Groups
Antibiotics

Compounds
Erythromycin

Chemical Structure

Location
Surface water
Groundwater

Sulfamethoxazole

Surface water
River
Groundwater

Ciprofloxacin

Wastewater
Surface water
Sediments

Chloramphenicol

Surface water
Groundwater

Trimethoprim

Surface water
Groundwater

Sulfadiazine

Surface water
Groundwater

Ampicillin

Wastewater
Surface water
Sediments

Nalidixic acid

Wastewater
Surface water
Sediments
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PPCPs

Groups
Steroids & Hormones

Analgesics and antiinflammatory drugs

Compounds
Estrone (E1)

Location
Surface water
Groundwater

Estradiol (E2)

Surface water
Groundwater

Diclofenac

Wastewater
Surface water
Groundwater
Sediments
Wastewater
Surface water,
River
Groundwater,
Sediments
Surface water
Groundwater

Ibuprofen

Naproxen

Personal Care Products

Chemical Structure

Ketoprofen

Wastewater
Surface water
Sediments

Paracetamol

River

Aspirin

Wastewater
Surface water

Antiepileptic drugs

Carbamazepine

Surface water
Groundwater

Blood lipid regulators

Clofibrate

Surface water
Groundwater

Lipid regulators

Bezafibrate

Stimulant

Caffeine

Wastewater
Surface water
Groundwater,
Sediments
Surface water
Groundwater

Antimicrobial agents

Triclosan

Groundwater

Synthetic musks / Fragrances

Galaxolide (HHCB)

River
Groundwater

Toxalide (AHTN)

River
Groundwater

Insect repellants

N,N-diethyl-m-toluamide (DEET)

Groundwater

Sunscreen UV filters

2-ethylhexyl-4-trimethoxycinnamate
(EHMC)
Polybrominated diphenyl ethers
(PBDEs)

River
Groundwater

Flame retardants
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W: Wastewater, S: Surface water, R: River, L: Lake, G: Groundwater, Se: Sediments
),*85(
2FFXUUHQFHRI33&3VLQWKHDTXDWLFHQYLURQPHQWLQ$IULFD



Some hormones such as estrone (E1) and estradiol
(E2), which were also detected in South Africa may
disrupt hormonal system or cause other adverse
health effects as endocrine disrupting compounds
(EDCs) [19]. For instance, several studies have reported that exposure to EDCs may cause sexual maturation, adult obesity, breast cancer, emotional disorder, physical illness and disordered eating [41-43].

IMPACTS TO HUMAN HEALTH
Humans could be potentially exposed to PPCPs
through daily use of medications as well as personal
care products [33]. Although human exposure to
PPCPs through the atmospheric environment is limited due to their low volatility [34], inhalation or dietary intake can be routes of potential human exposure to PPCPs [35]. Thus, PPCPs can be found in
urine samples, blood samples, and even human
breast milk [34]. Although there is the concrete evidence that PPCPs entering the aquatic environment
through several possible pathways can cause harmful
effects in human health, drugs including hormone
substance, birth control pills and other medications
remaining in the aquatic environment could have potential risks for human [36,37]. Antibiotics that are
used to kill or inhibit the growth of bacteria are one
of the most frequently detected compounds and the
excessive use of antibiotics may lead to negative effects in aquatic organisms such as algae and daphnids, and even in human [38]. Residual antibiotics
could be persistently circulate in the aquatic environment and be accumulated eventually in the human
body [39]. PPCPs remaining in fish as either parent
compounds or their metabolites may lead to toxic effects on human health after consumption of fish [40].

OCCURRENCE OF PPCPS IN AFRICAN
COUNTRIES
This paper reviewed the occurrence of 25
PPCPs in the aquatic environment in 8 African counWULHVLQFOXGLQJ6RXWK$IULFD6HQHJDO&RWHG¶,YRLUH
Chana, Nigeria, Kenya, Tanzania, and Zambia (summarized in Table 2). As shown in Figure 2, 25 compounds have been detected in these countries and belonged to 11 categories including antibiotics, steroids/hormones, analgesics/anti-inflammatory drugs,
antiepileptic drugs, blood lipid regulators, stimulant,
antimicrobial agents, synthetic musks/fragrances, insect repellants and sunscreen UV filters. Particularly,
it appeared
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),*85(
$ )UHTXHQFLHVRIGHWHFWLRQRIGLIIHUHQWW\SHVRI33&3VLQWKH$IULFDQDTXDWLFHQYLURQPHQW
% )UHTXHQFLHVRIGHWHFWLRQRI33&3VLQGLIIHUHQWZDWHUERGLHVLQ$IULFDQFRXQWULHV

that a wide range of PPCPs were detected in South
Africa and Nigeria, while PBDEs (fire retardants)
and sulfamethoxazole (an antibiotic) were observed
in Senegal, Ghana and Tanzania. diclofenac and
naproxen (analgesics/anti-inflammatory drugs) were
mainly detected in Cote d¶Ivoire [12]. As shown in
Figure 3, antibiotics, analgesics/anti-inflammatory
drugs are two major categories of PPCPs detected in
African countries. The reason that the more PPCPs
occurred especially in South Africa and Nigeria may
be due the difference in the number of researches related to the detection of PPCPs. Thus, if the more researches for the detection of PPCPs are performed in
other African countries, the chance of detecting
PPCPs that may occur would be higher.
The detection of 25 PPCPs in African countries
was observed in wastewater, groundwater, sediments and surface water such as rivers and lakes. In
Kenya, sulfamethoxazole and trimethoprim (antibiotics), ibuprofen and paracetamol (analgesics and
anti-inflammatory drugs) were frequently detected
in river water [10,12]. In Zambia, the occurrence of
caffeine, triclosan and N,N-diethyl-meta-toluamide

(DEET) were observed in groundwater [6]. Interestingly, the median concentration of DEET was five
times higher in the wet than in the dry season, suggesting that DEET was more mobile in the rainy season and can be useful as a wastewater indicator in
African water bodies. A wide range of PPCPs were
detected in surface water and groundwater in South
Africa and Nigeria [10-12,44]. Particularly, estrogenic hormones such as estrone (E1) and estradiol
(E2) were detected in surface water as well as
groundwater in South Africa [12]. The occurrence of
PPCPs were mostly prevalent in shallow wells located in low cost housing area due to the localized
vulnerability associated with inadequate well protection, sanitation, and household waste disposal. In addition, galaxolide (HHCB) and toxalide (AHTM)
which are used as synthetic musks and fragrance
were observed in surface water and groundwater. It
is also known that sediments were contaminated by
antibiotics (ampicillin, ciprofloxacin and nalidixic
acid), analgesics/anti-inflammatory drugs (ibuprofen, ketoprofen and diclofenac), and a blood lipid
regulator (bezafibrate) [11,45]. Figure 3 indicates
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that the frequency of detection of PPCPs in surface
water was higher than other water bodies and sediments. It is also common that antibiotics and hormones in the aquatic environment have been frequently detected in developed countries including
U.S. and Europe [18,46-53]. On the other hand, the
absence of general PPCPs which have been commonly detected in the developed countries may be
due to the limited availability and affordability of
general PPCPs in African countries. However, the
possibility that PPCPs may be naturally attenuated
during transport to the aquatic environment cannot
be also excluded.
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KROG ZDVWH DW WKH 8QLYHUVLW\ RI 3RUW +DUFRXUW
1LJHULD -RXUQDO RI (QYLURQPHQWDO DQG $QD
O\WLFDO7R[LFRORJ\
[6] 6RUHQVHQ-/DSZRUWK'1NKXZD'6WXDUW
0*RRGG\'%HOO5&KLUZD0.DELND
- /LHPLVD 0 &KLEHVD 0   (PHUJLQJ
FRQWDPLQDQWV LQ XUEDQ JURXQGZDWHU VRXUFHV LQ
$IULFD:DWHU5HVHDUFK
[7] GH*DUFtD623LQWR*3(QFLQD3*0DWD
5,   &RQVXPSWLRQ DQG RFFXUUHQFH RI
SKDUPDFHXWLFDO DQG SHUVRQDO FDUH SURGXFWV LQ
WKHDTXDWLFHQYLURQPHQWLQ6SDLQ6FLHQFHRIWKH
7RWDO(QYLURQPHQW
[8] )HQW . :HVWRQ $$ &DPLQDGD '  
(FRWR[LFRORJ\ RI KXPDQ SKDUPDFHXWLFDOV
$TXDWLF7R[LFRORJ\
[9] /XR<*XR:1JR++1JKLHP/'+DL
),=KDQJ-/LDQJ6:DQJ;&  $
UHYLHZRQWKHRFFXUUHQFHRIPLFURSROOXWDQWVLQ
WKH DTXDWLF HQYLURQPHQW DQG WKHLU IDWH DQG
UHPRYDO GXULQJ ZDVWHZDWHU WUHDWPHQW 6FLHQFH
RIWKH7RWDO(QYLURQPHQW
[10] 0DWRQJR6%LUXQJL*0RRGOH\%1GXQJX
3  3KDUPDFHXWLFDOUHVLGXHVLQZDWHUDQG
VHGLPHQW RI 0VXQGX]L 5LYHU .ZD=XOX1DWDO
6RXWK$IULFD&KHPRVSKHUH
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2FFXUUHQFH DQG GLVWULEXWLRQ SDWWHUQ RI DFLGLF
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1DWDO6RXWK$IULFD(QYLURQPHQWDO7R[LFRORJ\

CONCLUSIONS
The release and occurrence of PPCPs via diverse pathways to the aquatic environment from numerous pollution sources can result in adverse effects in humans and the environment. In this review,
we summarized the detection of PPCPs in the African aquatic environment. Twenty five compounds
belonging to various groups of PPCPs were detected
in surface water, groundwater, wastewater and even
in sediments, indicating that there could be the potential risks to human and aquatic organisms. As
compared with the developed countries, there is still
a lack of information about the contamination levels
of PPCPs in the African countries.
Furthermore, it is also important to prepare for
establishing the regulations for PPCPs in African
countries in order to control the contamination of
PPCPs. In U.S., the regulations for several PPCPs
the assessment of environmental risks from pharmaceuticals were established in 1969 by U.S. Food and
Drug Administration (U.S.FDA) and the regulations
for the pharmaceutical industry to manage the discharges from air and water has been required by U.S.
EPA since 1998 [34]. In addition, the first guideline
for Environmental Risk Assessment of Human Medicines has been issued for the PPCP regulations by
European Union (EU) in 2006. In Australia, Switzerland and China have established the regulations for
PPCPs [34].
Therefore, for the first step in fully understanding contamination sources, fate and transport of a
wide range of PPCPs, and their toxic impacts on human health and aquatic ecosystems, it is required to
broadly investigate the occurrences of PCPPs in the
African aquatic environment.
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THE STUDY OF THE UPSTREAM SLOPE OF A SIPHON
SPILLWAY ON ITS DISCHARGE COEFFICIENT USING
FLOW3D SOFTWARE
Amir Abbas Kamanbedast*,1, Ali Assareh1
1-Department of Water Science and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

and designed appropriately, the surrounding area
would not be damaged by their structural instability
and by floods. Spillways are structures that are used
in canals for measurement water and many other applications. Thus, significant efforts have been made
to increase the accuracy of the flow measurements
associated with such structures. Ogee spillways are
the most common and inexpensive spillways with
high capability of flow. These spillways are used extensively in directional dams due to their high hydraulic efficiency Kamanbedast, [12]. Ogee spillway: A weir is defined as an obstruction over which
water must flow in an open channel, and weirs are
used as an indirect method for obtaining the flowrate
of water based on the geometry of the weir and the
water pressure at the crest of the weir King and
Brater, [17] Ogee spillways are of reservoir dams
spillways, as discussed in this paper. These spillways
are commonly used in dams. One of major types of
dam spillways is siphon spillways. As the name implies, the operation of such a spillway is based on
siphon physics. Any siphon spillway has a maximum
flowrate to discharge different volumes of water,
which is computed with the following equation. As
observed from above equation, the coefficient of the
flowrate has a direct relationship with the output
flowrate and has an important role. In this paper, we
have reported the results of our investigation and
analysis of the relationship between upstream
changes in slope and the final arc angle of siphon
spillways on the flow rate coefficient, which has a
direct relationship with the maximum flow rate.
Most siphon spillways consist of five main components, i.e., an inlet, an upper leg, a throat or control
section, a lower leg, and an outlet. A siphon-breaker
air vent also is provided to control the siphon action
of the spillway so that it will cease operation when
the reservoir water level is drawn down to normal
level. Otherwise, the siphon continues to operate until air enters the inlet. The inlet is generally placed
well below the normal reservoir water level to prevent entrance of ice and other debris. The major benefit of a siphon spillway is that it is capable of passing the total design flow rate upon a partial increase
of upstream water level. Another benefit of such
spillways is their automation process, since their
good performance requires no mechanical machines

ABSTRACT
In many projects for supplying water and energy, such as dams, the flow rate of water must be
controlled to achieve this goal. To that end, a special
structureFDOOHGWKHGDP¶VVSLOOZD\ is used to discharge the surplus water. In other words, this technique is used when the size of the dam is inadequate
for storing the surplus water and avoiding the risk of
flooding. Dam spillways are complex and diverse
equipment, and it is very important for designers to
understand the hydraulic behavior of this equipment
and to be able to analyze specific physical parameters by changing the angle of the slope above the siphon spillway in the KWPTI (Khuzestan water and
power authority) laboratory. In this research, the
governing equations were solved by the finite volume discrimination method (flow 3D software), and
the standard K-İmodel was used to estimate the turbulent flow. A structured grid was used to fit the irregular boundaries, and the volume of fluid (VOF)
method was used to solve the complex free-surface
problem. The free surface, velocities, and pressures
on the siphon spillway were obtained by the numerical simulation of the turbulence. The results of the
numerical method were in good agreement with the
experimental results that were obtained. The results
of the tests that were conducted in this research indicated the discharge coefficient decreased as the angle of the slope increased.

KEYWORDS:
Siphon spillway, discharge coefficient, upstream slope,
flow 3D, physical model

INTRODUCTION
Generally, spillways are designed to discharge
extra water or flood waters that exceed the capacity
of the reservoir. Spillways also are used in directional dams to bypass or redirect the flow of water
that exceeds the system¶V capacity. Most dams that
have been damaged or destroyed were designed inappropriately and did not have suitable spillway capacity. In fact, if damV¶ spillways were computed
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or stimulators. However, their costs are greater than
those of other spillways. Siphon spillways operate
based on siphon laws, with reduced pressure causing
the flow of water downward from behind the dam
(Figure 1).

dimension and the hydraulics of stepped spillways for maximization of energy dissipation. They
were among the first researchers to use flow3D to
obtain a solution based on the method for the flow
analysis of stepped spillways. Aydin, M.C., Ozturk,
M. and Yucel, A. [5] Evaluate siphon side weir by
physical modeling and numerical on a straight open
channel.
Rostami, H. et al. [19] investigate labyrinth
spillways and showed that increasing the weir hydraulic head ratio (Hd/P) would decrease the discharge coefficient (Cd). Rouzegar, J. et al. [20] find
out that the increase in length of spillway and number of zigzag will increase the flow rate.

METHODS AND MATERIALS
Dimensional analysis and extraction of dimensionless numbers. In this research, Buckingham theory was used for dimensional analysis. First,
these relationships allowed us to reduce the number
of variables, and, second, they allowed us to use the
results for all modes. The following points must be
considered for the dimensional analysis of flow, i.e.,
repetitive variables should have all of the dimensions
of the related variables. Select a variable as repetitive
variable that can be measured in the laboratory with
acceptable accuracy (e.g., the diameter of a tube or a
pipe). It is beneficial to select one of repetitive variables from the fluid¶V features, and, if no such variables are available, use the acceleration of gravity parameter as a repetitive variable. Select one of the repetitive variables from the flow¶V features. Considering the above-mentioned points, the following relationship was developed using variables:

FIGURE 1
Schematic of a siphon spillway
Head [11] showed that there were differences
between siphons by comparing one working with
black water, which operated only based on activeinactive conditions, and one with an air control vent,
which automatically controlled the flow rate to reach
a fixed water level. Kamanbedast and Gholizade [14]
by the study of siphon spillway investigate the spillway¶V angles in downstream and modeled the overhead flow of a siphon spillway in a numerical basis
in three dimensions for different geometries using
3D Flow model, and he solved the Navier±Stokes
equations with the K-İ PRGHO. Gramathy et al [10]
made an experimental model of a siphon spillway
VXFK WKDW WKH VSLOOZD\¶V FURVV VHFWLRQDO DUHD LQ
creased upon closing to spillway outlet (divergent
outlet) and pressure decreases in center line. Dornarck et al. [8] made a physical model of the Oker
dam in the laboratory and studied the operation of an
air valve and flow rate control through air flow, and
they also computed the minimum opening diameter,
the cross-sectional area of the air inlet, and the local
loss coefficient of an aerator valve at different levels
of water in the reservoir. Aigner et al. [4] suggested
a simple method to compute and manage adjustment
and control steps associated with a siphon spillway.
Kamanbedast A.A. [13]. Investigate of Discharge
Coefficient for the Morning Glory Spillway Using
Artificial Neural Network. Abbasi S., and Kamanbedast, A.A. [1] investigated the effect of changes in

f (Cd , Fr, Su , , H , L, Q)

0

Parameters of this research are as follows:
Cd: coefficient of spillway; Q: spillway flow; Sd:
downstream slope; H0: the height of water over the
spillway; L: length of the spillway; and V: velocity
of water over the spillway
Considering the above relationships, parameters were obtained as follows:
In this research, we ignored the parameters that included Weber and Reynolds numbers due to lack of
intervention in order to simplify and reduce number
of tests and observed parameters. Performing a series
of tests on these models, the following parameters
were considered as follows:

Cd

f ( Su , fr )

The authors used the hydraulic laboratory of
Khuzestan Water and Power Industry Higher Education and Research Complex to obtain the calibration
results presented in this paper; the characteristics of
the equipment were as follows:
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7.5-m flume with a 30-cm width and a
45-cm height; made in Germany by Gunt Company,
equipped with a flow rate meter and pitot tube to read
input flow rate of the flume with details mentioned
under the image (Fig. 2).
A level gauge was used to measure depth and
water surface elevation of canal flow. It also was
used to measure depth and water surface elevation in
all spots of canal flow. The spillway profile of this
device was coordinated with the standard spillway
profile. The spillway was made of PVC, to do this
and also to reach research and educational goals, an
Ogee spillway was set up in the laboratory flume,
and it was fastened to the base plate. Note that this
spillway could be used without the base plate. To
conduct the desired research, first, it was described
with a physical model, and the Ogee spillway and
discharge coefficient were computed with five different flow rates. Then, this process was repeated
with different upstream slope in addition to the natural state of the spillway; then, the required processing was performed. We were able to determine
the relationship between the discharge coefficient
with relative slope and the height of the water in the
spillway and Froude number. All of the tests that
were performed are listed in Table 1 and Figure 3.
Using the control valve for input flow rate and
reading the flow rate meter that was embedded in the
flume, we observed a flow rate of 5 m3/hr, and, after
a few minutes when the flow conditions became stable, the depth of fluid in the upstream portion of the
spillway and the depth of water in the spillway were
measured and sited in Table 2. Then, we increased
the flowrate to10 m3/hr, and after the flow conditions stabilized, we repeated the same process and
sited the results. We repeated this processes for flow
rates of 15, 20, and 25 m3/hr and sited the results in
Table 2.

FIGURE 2
7.5-m flume that was set up and used in the laboratory
TABLE 1
Variables and number of tests
N
1
2
3
4

Descriptions
Flow rate 5,10,15,20,25 mñȀ݄
Spillway
Upstream slope
Total tests

Variables
5
1
4
20

FIGURE 3
Siphon spillway designed and built in the
laboratory

TABLE 2
Upstream slope changes (300)
Sd

Su

30

0

30

15

30

25

30

30

Q(l/s)
6.67
5.56
4.44
3.33
2.22
6.67
5.56
4.44
3.33
2.22
6.67
5.56
4.44
3.33
2.22
6.67
5.56
4.44
3.33
2.22

H(m)
0.317
0.314
0.308
0.300
0.293
0.317
0.314
0.308
0.300
0.294
0.317
0.314
0.308
0.300
0.292
0.321
0.314
0.308
0.300
0.293

A(m2)
0.008
0.008
0.007
0.007
0.007
0.008
0.008
0.007
0.007
0.007
0.008
0.008
0.007
0.007
0.007
0.008
0.008
0.008
0.008
0.008

Cd
0.345
0.295
0.243
0.188
0.128
0.345
0.295
0.243
0.188
0.128
0.355
0.294
0.243
0.187
0.128
0.328
0.291
0.243
0.188
0.123
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V(m/s)
0.860
0.733
0.597
0.455
0.307
0.854
0.733
0.597
0.455
0.303
0.838
0.711
0.591
0.451
0.301
0.824
0.699
0.569
0.435
0.295

Fr
0.487
0.417
0.344
0.265
0.182
0.483
0.415
0.342
0.265
0.179
0.484
0.406
0.340
0.265
0.181
0.464
0.397
0.326
0.252
0.174

H(cm)
40.750
40.400
39.750
39.000
38.100
40.800
40.350
39.650
39.000
38.350
40.900
40.300
39.800
39.100
38.300
41.100
40.500
40.000
39.250
38.500

h(cm)
2.730
2.670
2.620
2.580
2.550
2.750
2.685
2.640
2.580
2.580
2.800
2.750
2.650
2.600
2.600
2.850
2.800
2.750
2.700
2.650
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That turbulent viscosity ( t ) is related
to the length of large scaling for turbulent flow. For
modeling the flow algorithm, flow3D software and
AutoCAD were used simultaneously. Fig. 4, 5.
In this research, tests were performed using a
physical model at a flowrate of 25 to 250 l/min over
the siphon spillway with different upstream and
downstream angular modes (Figure 6, 7).
Conceptions related to each of upstream angles
should be inserted in a table with fixed angle distal
arch and graphs related to discharge coefficient
changes, upstream slope. Then, changing duct angle
continues the operation in accordance with Figure 6
and inserts it in the related table.

FIGURE 4
Siphon spillway used in the experiments

RESULTS AND DISCUSSION
The results of the analysis of the experimental
data are presented in figures and tables. As mentioned, the above physical model was used for five
flow rates between 8 and 24 m3/hr and four upstream
angles; the results are presented in Table 3. After acquiring the data in 20 different modes, we observed
and analyzed conditions in the following modes (Diagram 1; Table 3.
Investigating the effect of upstream slope
(Su) on the discharge coefficient (Cd). Diagram 1
shows that increases of the upstream slope in the siphon spillways resulted in decreases of the flow rate
coefficient with mild slope.

FIGURE 5
Siphon spillway used in the software

Investigating downstream slope (Sd) on discharge coefficient (Cd). Diagram 2, shows that increasing the downstream slope in siphon spillways
resulted in increases of the flow rate coefficient with
sharp slope.
FIGURE 6
Images from the model
Flow 3D software ± Standard k  H Turbulence Model. Also in the present study, the k  H
model was used to simulate the flow turbulence characteristics. This model is the most extensively-used,
two-equation model because it is easy to understand
and its proper applicability in programming. In this
model, the turbulent field is defined in terms of two
variables, i.e., 1) the kinetic energy of turbulent flow
(k) and2) the collapse rate of turbulent kinetic energy
(ɂ). Values of k and ɂ can be obtained from the following semi-experimental equations:
FIGURE 7
Simulation of the spillway with 3Dflow model
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DIAGRAM 1
Effect of changes in the upstream slope on the
flow rate coefficient

DIAGRAM 2
Effect of downstream slope on flow rate coefficient

TABLE 3
Upstream slope changes in flow3D
Test-Name
S0-Q24
S0-Q30
S0-Q36
S15-Q24
S15-Q30
S15-Q36
S30-Q24
S30-Q30
S30-Q36
S45-Q24
S45-Q30
S45-Q36

Q(m3/hr)
24
30
36
24
30
36
24
30
36
24
30
36

S-Upstream
0
0
0
15
15
15
30
30
30
45
45
45

A
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007

H(cm)
41.1
41.9
42.65
41.15
42
42.8
41.4
42.05
42.85
41.55
42.15
42.9

DIAGRAM 3
Impact of changes in the upstream slope on the
discharge coefficient

H2(cm)
2.1
2
2.1
1.8
2.2
3
1.5
2.7
3
2
2.2
3

Cd-flow3D-1
0.34
0.43
0.52
0.33
0.42
0.51
0.32
0.4
0.5
0.3
0.39
0.48

Cd-model
0.345
0.342
0.328
-

Error%
2.7877
1.9946
-1.8796
-

DIAGRAM 4
Comparison of Cd-6XLQWKHPRGHO¶VUHVXOWVDQG
the experimental results

As mentioned earlier, at a constant flow rate
with an increase in the upstream slope of the siphon
spillway, the discharge coefficient decreases due to
the ease of moving water in the upstream portion of
the overflow. However, as the flow rate is increased,
it was obvious that the flow rate increased from the

discharge because the overflow connection increased at fixed geometric conditions. This was observed in the physical model. Diagram 3.
It should be noted that the results provided by
the mathematical model and the experimental results
also are compared in Diagram 4. Also, according to
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[7] Davies, B., Larson, M., & Wright, G.
(1999). Fool Hollow Spillway Rehabilitation
Project. In WRPMD'99: Preparing for the 21st
Century (pp. 1-10).
[8] Dornack, S., & Horlacher, H. B. (1999, August).
Hydraulic model experiments for the siphon
spillway of the Oker Dam. In 28th IAHR Congress.
[9] Erfanain-Azmoudeh, M. H., & Kamanbedast,
A. A. (2013). Determine the appropriate location of aerator system on gotvandoliadam's
spillway using Flow 3D. American-Eurasian
Journal of Agricultural & Environmental Sciences, 13(3), 378-383.
[10] Gramathy, G. and Robinson, K. (1970) Siphon
Spillway, Thesis, California Institute of Technology.
[11] Head, C.R. (1975) Low-head air-regulated siphons, J. Hydraulics Division, ASCE. 101
(HY3), 329-345.
[12] Kamanbedast, A. (2013) Handbook of hydraulic
structures engineering. Published in Islamic
Azad University, Ahvaz, Iran.
[13] Kamanbedast, A.A. (2012) The Investigation of
Discharge Coefficient for the Morning Glory
Spillway Using Artificial Neural Network,
World Applied Sciences Journal, 17(7): 913918.
[14] Kamanbedast, A. and Gholizade, B. (2012). The
study of siphon spillway Hydraulic by Modeling
(physical and software), Journal of Applied Sciences Research, 8(5): 2548-2553, 2012.
[15] Kamanbedast, A.A, & Ghahremani, A. (2014).
Evaluation of Scour Around Bridge Pile in
Flood with Hec-Ras Software. Journal of River
Engineering, 2.
[16] Kamanbedast, A. A., Mousavi, S. R., & Barati,
A. (2014). The effect of number and angle of
guide piers on hydraulic behavior of morning
glory spillway with square inlet. Advances in
Environmental Biology, 2377-2384.
[17] King, H.W. and Brater, E.F. (1963) Handbook
of Hydraulics, 5th Edition, McGraw-Hill Book
Company, New York.
[18] Houichi, L., Ghassan, I., & Achour, B. (2009).
Experimental comparative study of siphon spillway and over-flow spillway.
[19] Rostami, H., Heidarnejad, M., Purmohammadi,
M. H., Kamanbedast, A., & Bordbr, A. (2016).
An Experimental Study Into Discharge Coefficient Of Labyrinth Weirs With RectangularShaped Plans. Fresen. Environ. Bull., 25(12),
5138-5144.
[20] Rouzegar, J., Kamanbedast, A. A., Masjedi, A.,
Heidarnejad, M., & Bordbar, A. (2017). The Experimental Investigation Of Flow Hydraulics In
Zigzag Morning Glory Spillways. Fresen. Environ. Bull., 26(3), 2389-2396.

the calculations in Table 3, the calculation error was
negligible.

CONCLUSIONS
Conclusions that can be drawn from this research by assessing and analyzing the results presented in the above tables and figures are as follows.
In this research, the significant and effective parameters that affect the discharge coefficient of a siphon
spillway were determined. This was done by using
dimensional analysis and by performing about 20
tests on a siphon spillway with certain geometrical
features and a range of slopes. These studies produced following results:
1. In general, it may be concluded that, in siphon spillways, the flow rate coefficient decreases as
the upstream slope angle increases.
2. The slope increases when the angle is more
than 45°, and there was a sharper slope in changing
the angle between 20° to 45°.
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STUDY ON SYNTHESIS OF LUBRICATING OIL
ADDITIVES OF SULFIDE ESTER
Miao Changqing*, Chen Yongkui, Ma Xin, Zhang Wei
&ROOHJHRI&KHPLVWU\DQG&KHPLFDO(QJLQHHULQJ;LQ[LDQJ8QLYHUVLW\;LQ[LDQJ&KLQD

showed that the ionic liquid significantly outperformed zinc dialkyldithiophosphate (ZDDP) in the
100 °C tests. It is known that ZDDP is the traditional
lubricant additive to improve the tribological performance of base oil, but ZDDP is the main source of
ash and easy to poison the catalysts. Moreover, the
electrochemical reaction between ZDDP and some
metal bearings is one of the main causes of metal
corrosion when ZDDP used as lubrication additive
[14]. Therefore, ionic liquids can make up the shortcomings of ZDDP and become good alternative lubricant additives. Wang and co-workers [15] synthesized two ionic liquids gels by grinding multiwall
carbon nanotubes in 1-butyl-3-methylimidazolium
tetrafluoroborate and 1-butyl-3-methylimidazolium
hexafluorophosphate ionic liquids and investigated
their physical and tribological properties. The results
demonstrated that these ILs gels possess high conductivity and excellent tribological performance.
The mechanism of friction reducing and anti-wear
abilities is the tetrafluoroborate and hexafluorophosphate anions react with metal atoms to form a tribolchemical reaction film to prevent direct contact of
the friction pairs [16].
The intention of this work is to investigate synthesis of sulfur-containing lubricating oil additive
and is trying to find out the best synthesis condition
of lubricating oil additive. The present work aims to
evaluation of performance lubricating oil additive.

ABSTRACT
In this paper, sulfur-containing lubricating oil
additive is prepared by sulfur-cured corn oil and corn
oil ethyl ester. Results showed that the additive reduced friction and wear in the specimen contaminated lubricants. There were also indications that the
frictional process, when coupled with the additive induced a structural change in the soot particles within
the contact zones, contributing to the improved tribological performance.

KEYWORDS:
Lubricating oil, additive; Tribofilm; Tribochemistry;

INTRODUCTION
Ionic liquids (ILs) are low-temperature molten
salts exhibit liquid at or near room temperature
which usually composed of organic cations and inorganic anions [1-4]. Ionic liquids have a wide range
of applications because of their interesting and remarkable properties, such as no-volatility, no-flammability, low vapor pressure, good dissolving properties, high thermal stability and chemical stability.
Ionic liquids, as steel/steel, steel/ aluminum,
steel/copper, steel/monocrystalline silicon, steel/ceramic, ceramic/ceramic etc. friction lubricants, have
excellent anti-friction and anti-wear performance
whether at room temperature or high temperature,
high or low loads [5-7]. For these reasons, some researchers have begun to focus on the application of
ionic liquids in lubrication field. Liu et al. [8] first
reported the tribological properties of ionic liquids as
novel versatile lubricants in 2001. In that study, imidazolium tetrafluoroborate was prepared and
showed excellent friction reduction and anti-wear
properties when used as lubricant for different friction pairs. Since then, more and more people began
to study the tribological properties and action mechanisms of ionic liquids as lubricating oil additives [912]. Qu et al. [13] found that oil-miscible ionic liquid
trihexyltetradecylphosphonium
bis(2-ethylhexyl)
phosphate as lubricating additive can improve the
anti-friction and anti-wear abilities of base oil under
both room and elevated temperature. The results also

MATERIALS AND METHODS
Material. Sublimed sulfur, Zinc phosphate
(chemical purity); Corn oil (Longevity Flower, 600
ml, palmitic acid 8%-12%, stearic acid 2%-5%, pleic
acid 19%-49%, lindeic acid36%-64%) corn oil ethyl
ester (purchased in the United States), Differential
Scanning Calorimetry (DSC200F3, Shanghai), Multifunctional Friction and Wear Tester (MFT-3000,
USA).
Experiment procedure. Synthesis of a mixture of corn oil and corn oil was added into the threenecked flask in a certain proportion. Calcium phosphate was used as the catalyst and N2 is used as the
shielding gas. The sulfur content was 6%, the reaction temperature was 160 ć, reaction time was 5 h,
The product was filtered by filtration.
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3142-82. Variation of the friction coefficient
of lubricating oil additives with load at a sliding
speed of 1.0 m/s is shown in Fig. 2. It is seen that
friction coefficient of lubricating oil additives increased with the load increasing firstly, and then decreases with the load when the applied load is higher
than 150 N. Adding the nano-Zn presents the same
trend. The friction increased with nano-Zn added.

The tribological properties of lubricating oil additives were analyzed on the four-ball friction and
wear tester according to the standard method GB
3142-82. The friction and wear tests were conducted
at the ambient temperature, test duration of 30 min,
applied load of 392 N and rotary speed of 1500 rpm.
The test balls with a diameter of 12.7 mm and hardness of HRC 60+1 were made of GCr15. The friction
coefficient automatically recorded by the computer
connected to the four-ball tester and the wear scar
diameters (WSD) of the three lower balls were measured via an optical microscope at an accuracy of 0.01
mm. Moreover, each test was performed three times
and the average WSD were calculated. Before and
after each test, the oil box and balls were washed in
petroleum ether and dried in air.

RESULTS AND DISCUSSION
Characterization of the lubricating oil additives. The chemical structures of the products lubricating oil additives were characterized by FTIR analysis. The resulting spectra are shown in Fig. 1. As far
as lubricating oil additives ionic liquid is concerned,
the strong absorption peak at 3633 cm-1 corresponds
to stretch vibration of O-H, which demonstrates that
the presence of water and consistent with the waterabsorbing of lubricating oil additives ionic 1iquid.
The peaks at 3135, 2985 and 2880 cm-1 are assigned
to stretching vibration of C-H and 1741 cm-1 corresponds to C=O. Besides, the characteristic peak is at
about 861 cm-1, indicating that lubricating oil additives was successfully synthesized.

FIGURE 2
Variation of friction coefficient with load for the
lubricating oil additives (sliding speed: 1.0 m/s).

FIGURE 3
Changes of wear with load for the lubricating oil
additives (sliding speed: 1.0 m/s).
Fig. 3 shows changes of the wear of the lubricating oil additives with load under a sliding speed
of 1.0 m/s. It is seen that the wear of the untreated
and the lubricating oil additives added nano-Zn
slowly increase with the load firstly and then rapidly
increase when the load is higher than 150 N. In contrast, the wear of nano-Zn treated composite always
slowly increases with the load, and keeps the lowest
under the load from 50 to 200 N.

FIGURE 1
Fourier transforms infrared analysis spectra of
the lubricating oil additives
Tribological properties of the lubricating oil
additives. Effect of loading on tribological properties. The tribological properties of lubricating oil
additives were analyzed on the four-ball friction and
wear tester according to the standard method GB

Effect of mass fraction of nano-Zn and particle diameter on tribological properties. Effect of
nano-Zn content and particle diameter on the tribological properties of lubricating oil additives is
shown in Figure 4. It is shown that the two kinds of

5988

© by PSP

Volume 26 ± No. 10/2017 pages 5987-5990

Fresenius Environmental Bulletin


Assay For Risk Assessment (Mara).
Fresen. Environ. Bull., 18, 219-225.
[3] Özyurt, M. and Deveci, E.Ü. (2004) Conversion
Of Agricultural And Industrial Wastes For Single Cell Protein Production And Pollution Potential Reduction: A Review. Fresen. Environ.
Bull., 13, 693-699.
[4] Lin, M., Hou, Z.B., Yao, S., Wang, Z.X. and
Song, H. (2017) Synthesis and Physicochemical
Properties of New Tropine-based Chiral Dication Ionic Liquids. J Mol Liq 225, 217-223.
[5] Chatel, G., Naffrechoux, E. and Draye, M.
(2017) Avoid the PCB Mistakes: A More Sustainable Future for Ionic Liquids. J Hazard Mater 324, 773-780.
[6] Robles, P.A., Morales, J.W. and Cisternas, L.A.
(2016) Modeling of Liquid-liquid Equilibrium
for Binary and Ternary Systems Containing
Ionic Liquids with the Hexafluorophosphate
Anion using the ASOG Method. Fluid Phase
Equilibr 429, 119-126.
[7] Zhang, X., Su, D., Xiao, L.F. and Wu, W. (2017)
Immobilized Protic Ionic Liquids: Efficient Catalysts for CO2 Fixation with Epoxides. J CO2
Util 17, 37-42.
[8] Ye, C., Liu, W. and Chen, Y. (2001) Room-temperature Ionic Liquids: a Novel Versatile Lubricant. Chem Commun 33, 2244-2245.
[9] Fan, M.J., Liang, Y.M., Zhou, F. and Liu, W.M.
(2012) Dramatically Improved Friction Reduction and Wear Resistance by in Situ Formed ILs.
RSC Adv 2, 6824-6830.
[10] Wang, Z., Xia, Y. and Liu, Z. (2012) Conductive Lubricating Grease Synthesized using the
Ionic Liquid. Tribol Lett 46, 33-42.
[11] Yao, M., Pan, M., Liang, Y., Zhou, P. and Xia,
Y. (2010) Imidazolium Hexafluorophospate ILs
as High Temperature Lubricants for Steel-steel
Contacts. Wear 268, 67-71.
[12] Qu, M.N., Yao, Y.L., He, J.M., Ma, X.R., Liu,
S.S., Feng, J. and Hou, L.G. (2016) Tribological
Performance of Functionalized Ionic Liquid and
Cu Microparticles as Lubricating Additives in
Sunflower Seed Oil. Tribol Int 104, 166-174.
[13] Qu, J., Luo, H.M., Chi, M.F., Ma, C., Blau, P.J.,
Dai, S. and Viola, M.B. (2014) Comparison of
an Oil-miscible Ionic Liquid and ZDDP as a
Lubricant Anti-wear Additive. Tribol Int 71, 8897.
[14] Spikes, H.A. (2004) The History and Mechanism of ZDDP. Tribol Lett 17, 469-489.
[15] Fan, X.Q. and Wang, L.P. (2015) Ionic Liquids
Gels with in Situ Modified Multiwall Carbon
Nanotubes Towards High-performance Lubricants. Tribol Int 88, 179-188.
[16] Minami, I. (2009) Ionic Liquids in Tribology.
Molecules 14, 2286-2305.

nano-Zn (particle size were 50 and 100 nm) enhanced tribological properties of lubricating oil additives. As can be seen that the use of 50 and 100 nm
particle sizes of the nano-enhanced Zn powder, wear
and friction factor of lubricating oil additives are increased.

FIGURE 4
Effect of nano-Zn content and particle diameter
on the tribological properties of lubricating oil
additives (1.0 m/s, 200 N)

CONCLUSIONS
Sulfur-containing lubricating oil additive is
prepared by sulfur-cured corn oil and corn oil ethyl
ester. Results showed that the additive reduced friction and wear in the specimen contaminated lubricants. There were also indications that the frictional
process, when coupled with the additive induced a
structural change in the soot particles within the contact zones, contributing to the improved tribological
performance.
Nano-Zn is effective to decrease friction coefficient of lubricating oil additives. The two kinds of
nano-Zn (particle size were 50 and 100 nm) enhanced tribological properties of lubricating oil additives.
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SHUIRUPDQFH RI FHPHQWLWLRXV PDWHULDOV FRQWDLQLQJ
6$37KH UHVXOWV RI WKHVH VWXGLHV KDYH SURYHQ WKDW
WKHDXWRJHQRXVVKULQNDJHFDQEHJUHDWO\UHGXFHGE\
DGGLQJ 6$3 LQWR FHPHQWLWLRXV PDWHULDOV >@ ,Q
DGGLWLRQWKH ZRUNDELOLW\GHFUHDVHGDVOHVVZDWHULV
DYDLODEOHLQWKHPDWUL[LWVHOIGXHWRWKHXSWDNHLIPL[
LQJZDWHUE\6$3>@6RPHLQYHVWLJDWLRQVZHUH
FRQGXFWHGUHJDUGLQJWKHLQIOXHQFHRI6$3RQWKHPH
FKDQLFDOSURSHUWLHV7KHPDMRULW\RIWKHWHVWVVKRZHG
WKDWWKHDGGLWLRQRI6$3UHVXOWVLQDGHFUHDVHLQPH
FKDQLFDOSURSHUWLHV>@LQSDUWLFXODUDWHDUO\DJH
FDXVHG E\ KLJKHU WRWDO SRURVLW\ > @ +RZHYHU
VHYHUDO SXEOLFDWLRQV GHPRQVWUDWHG DQ LQFUHPHQW LQ
PHFKDQLFDOSURSHUWLHV>@
)URP WKH IRUHJRLQJ UHYLHZ PRVW OLWHUDWXUH
DERXW 6$3 LV FRQFHUQLQJ FRQFUHWH +RZHYHU WKHUH
DUHPDQ\H[LVWLQJUHVHDUFKHVDERXWWKHSURSHUWLHVRI
(&&FRQWDLQLQJ6$37KHPRVWUHFHQWUHSRUWDSSHDUV
WR EH<DR HW DO >@ ZKLFK LV DERXW LQFRUSRUDWLQJ
6$3LQ(&&7KHUHVXOWVVKRZHGWKDW6$3FDQLP
SURYHWHQVLOHVWUDLQFDSDFLW\DQGIOH[XUDOGHIOHFWLRQ
RI(&&PDWUL[EXWUHGXFHWKHFRPSUHVVLYHVWUHQJWK
DQGKDYHDQHJDWLYHHIIHFWRQWHQVLOHVWUHQJWK,QDG
GLWLRQLWZDVYHULILHGWKDWWKHLQFRUSRUDWLRQRI6$3
HIIHFWLYHO\ PLWLJDWH WKH DXWRJHQRXV VKULQNDJH RI
39$(&&
1RZDGD\VWKHJURZLQJDWWHQWLRQLVIRFXVHGRQ
WKHGHYHORSPHQWRIVXVWDLQDEOHFRPSRVLWHVZLWKQDW
XUDOILEHUVDQGWKHEDVDOWILEHUHQJLQHHUHGFHPHQWL
WLRXVFRPSRVLWHV %)(&& DUHWKHPRVWLQWHUHVWLQJ
RQHV%DVDOWILEHULVDQHZNLQGRIKLJKSHUIRUPDQFH
LQRUJDQLFILEHUZKLFKLVFKDUDFWHUL]HGE\KLJKWHP
SHUDWXUH UHVLVWDQFH DQG EHWWHU WHQVLOH VWUHQJWK DQG
IDLOXUHVWUDLQ>@,QSDUWLFXODUWKHEDVDOWILEHUVGR

ABSTRACT
7KLVSDSHUUHSRUWVRQWHVWVFRQGXFWHGWRLQYHV
WLJDWHWKHHIIHFWRI6$3DGGLWLRQRQWKHSURSHUWLHVRI
EDVDOW ILEHU HQJLQHHUHG FHPHQWLWLRXV FRPSRVLWHV
%)(&& 7KHIUHVKSURSHUWLHVDXWRJHQRXVVKULQN
DJH FRPSUHVVLYH VWUHQJWK IOH[XUDO VWUHQJWK VSOLW
WLQJ WHQVLOH VWUHQJWK DQG HODVWLF PRGXOXV ZLWK ILYH
6$3DGGLWLRQVRI DQG
ZHUH VWXGLHG UHVSHFWLYHO\ ([SHULPHQWDO UHVXOWV
VKRZWKDWWKHXVHRIEDVDOWILEHUVKDVOLWWOHLQIOXHQFH
RQWKHFRPSUHVVLYHVWUHQJWKEXWUHVXOWVLQVLJQLILFDQW
LPSURYHPHQWRQIOH[XUDOVWUHQJWKDQGVSOLWWLQJWHQ
VLOH VWUHQJWK KRZHYHU UHGXFHV HODVWLF PRGXOXV RI
(&& PL[WXUHV 7KH ZRUNDELOLW\ DQG PHFKDQLFDO
VWUHQJWKDOOGHFUHDVHZLWKDQLQFUHDVHLQ6$3FRQWHQW
ZKLOH VOLJKW LQFUHDVH LQ VWUHQJWK FDQ EH REVHUYHG
ZKHQ6$3FRQWHQWLV$FFRXQWLQJIRUWKH K\
GUDWLRQSURFHVVRIFHPHQWSDUWLFOHVZLWKJUDGXDOUH
OHDVHRIZDWHUWKHVWUHQJWKGHFUHDVHUDWLRLVORZHUHG
DVFXULQJDJHSURORQJV:LWKUHVSHFWWRDXWRJHQRXV
VKULQNDJH6$3DGGLWLRQDFKLHYHVH[FHOOHQWDXWRJH
QRXVVKULQNDJHUHGXFWLRQDVH[SHFWHG+RZHYHUWKLV
UHGXFWLRQ EHFRPHV QRQVLJQLILFDQW ZKHQ 6$3 H[
FHHGV

KEYWORDS:
6XSHUDEVRUEHQW SRO\PHUV %DVDOW ILEHU )UHVK SURSHUW\
0HFKDQLFDOSURSHUWLHV$XWRJHQRXVVKULQNDJH

INTRODUCTION
,QUHFHQW\HDUVHQJLQHHUHGFHPHQWLWLRXVFRP
SRVLWHV (&&  DUH ZLGHO\ SURGXFHG DV ILEHU UHLQ
IRUFHGFHPHQWLWLRXVPDWHULDOVLQFRQVWUXFWLRQLQGXV
WU\GXHWRWKHEHQHILWVGHULYHGIURPLWVODUJHWHQVLOH
GXFWLOLW\ DQG LQWULQVLF FUDFN ZLGWK FRQWURO FDSDFLW\
>@+RZHYHULWLVNQRZQWKDWDXWRJHQRXVVKULQNDJH
ZLOORFFXUDVWKHK\GUDWLRQSURFHVVRIFHPHQWLWLRXV
PDWHULDOVZLWKORZZDWHUWRFHPHQW :& UDWLRV>@
&RQVHTXHQWO\ HDUO\DJH FUDFNLQJ ZLOO DSSHDU LQ
KDUGHQHG FHPHQWEDVHG PDWHULDOV 7KHUHIRUH WKH
ORQJWHUP GXUDELOLW\ RI FHPHQWEDVHG PDWHULDOV LV
DGYHUVHO\DIIHFWHG,QRUGHUWRUHOLHYHWKHDXWRJHQRXV
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DQGE\ZHLJKWRIWRWDOELQGHUPD
WHULDOV ZKLFKDUH ZLGHO\DFFHSWHG ZLWKLQWKH XVXDO
GRVDJH&RQVLGHULQJWKHDEVRUSWLRQFKDUDFWHULVWLFRI
6$3XVHGLQWKLVVWXG\LQFHPHQWSDVWHVROXWLRQWKH
DPRXQWRIH[WUDZDWHUDQG+5:5DUHDGGHGWRVDW
LVI\WKHPRUWDUZRUNDELOLW\DVOLVWHGLQ7DEOH7KH
6$3ZDVPL[HGZLWKRWKHUGU\PDWHULDOVZLWKRXWEH
LQJSUHZHWWHG

QRWFRQWDLQDQ\RWKHUDGGLWLYHVLQDVLQJOHSURGXFLQJ
SURFHVV ZKLFK PDNHV DGGLWLRQDO DGYDQWDJH LQ FRVW
>@7DQJDQG<DQJLQFRUSRUDWHGEDVDOWILEHUDVUH
LQIRUFLQJ PDWHULDO IRU FHPHQWLWLRXV FRPSRVLWHV
7KH\IRXQGWKDWWKHEDVDOWILEHUDVDQHQKDQFHGFRP
SRQHQW KDV D YHU\ JRRG IOH[XUDO VWUHQJWK HQKDQFH
PHQW HIIHFW 0RUHRYHU WKH ILEHUV VWLOO FRQQHFW WKH
WZRVHFWLRQVLQVRPHEURNHQFURVVVHFWLRQVXQGHUWKH
HOHFWURQPLFURVFRSLFREVHUYDWLRQDQGDUHEHLQJKHOS
IXOLQSUHYHQWLQJFUDFNLQJ>@$VPHQWLRQHGEHIRUH
WKHXVDJHRI6$3LVVXSSRVHGWRUHGXFHWKHDXWRJH
QRXVVKULQNDJHRI%)(&&+RZHYHUWKHPXOWLIDF
WRULDOHIIHFWRI6$3LQ%)(&&RQKDUGHQHGPHFKDQ
LFDOSURSHUWLHVZDVQRWH[DPLQHG
,QYLHZRIWKH DERYH IDFWVWKLVSDSHUDLPVWR
LQYHVWLJDWHWKHHIIHFWRIGLIIHUHQW6$3FRQWHQWRQWKH
PHFKDQLFDOSURSHUWLHVDQGDXWRJHQRXVVKULQNDJHLQ
%)(&&)RUWKLVSXUSRVHWKH IUHVKSURSHUWLHVDUH
GHWHUPLQHG ZLWK IORZ WDEOH WHVW ILUVW 7KHQ WKH
VWUHQJWK SURSHUW\ WHVWV LQFOXGLQJ FRPSUHVVLYH
VWUHQJWK IOH[XUDOVWUHQJWKVSOLWWLQJWHQVLOH VWUHQJWK
DQGHODVWLFPRGXOXVDUHFRQGXFWHGDWGLIIHUHQWDJHV
WRHYDOXDWHWKHVWUHQJWKGHYHORSPHQW XQGHUYDULRXV
6$3GRVDJHV,QDGGLWLRQWKHPHDVXUHPHQWRIDXWRJ
HQRXVVKULQNDJHLVUHFRUGHGWRDVVHVVWKHHIIHFWLYH
QHVVRI6$3PDWHULDOVIRULQWHUQDOFXULQJRI%)(&&

7$%/(
&KHPLFDODQGSK\VLFDOSURSHUWLHVRIFHPHQWDQG
IO\DVK

Chemical composition (wt.%)
SiO2
Al2O3
Fe2O3
CaO
MgO
SO3
R2O
Loss on ignition
Physical properties
Water required (%)
Specific gravity(g/cm³)
5HWDLQHGRQȝP 

Cement

FA

21.08
5.48
3.93
62.27
1.78
2.65
0.52
1.63

66.43
19.05
4.42
3.08
1.25
0.28
²
3.09

²
3.12
4.2

93.2
2.32
4.3

MATERIALS AND METHODS
7HVWPDWHULDOV$OOPL[WXUHVSUHSDUHGIRUWKLV
VWXG\ ZHUH FRPSRVHG RI RUGLQDU\ 3RUWODQG FH
PHQW 3&  FODVVϨIO\ DVK )$  ILQH VDQG ZLWK WKH
PD[LPXPJUDLQVL]HRIȝPWDSZDWHUDQGDSRO
\FDUER[\ODWHEDVHG KLJK UDQJH ZDWHU UHGXFHU
+5:5  7KH FKHPLFDO DQG SK\VLFDO SURSHUWLHV RI
3&DQG)$DUHVKRZQLQ7DEOH7KHEDVDOWILEHUZDV
DGGHGLQWKHFRQWHQWRIE\WRWDOYROXPHDQGWKH
JHRPHWULF VSHFLILFDWLRQVDQG PHFKDQLFDOSURSHUWLHV
RIEDVDOWILEHUDUHJLYHQLQ7DEOH6$3LVDNLQGRI
FRSRO\PHURIDFU\ODPLGHDQGVRGLXPDFU\ODWH ZLWK
DQDYHUDJHSDUWLFOHVL]HRIȝP7KHVFDQQLQJHOHF
WURQ PLFURVFRS\ 6(0  LPDJH RI EDVDOW ILEHU DQG
6$3LQGU\VWDWHDVVKRZQLQ)LJDQG)LJZHUH
REWDLQHG RQ ³+LWDFKL 6´ LQVWUXPHQW ZLWK WKH
YROWDJHRI.9

FIGURE 1
The SEM micrograph of SAP in dry state

0L[SURSRUWLRQV6L[PL[WXUHVZHUHGHVLJQHG
DQGSUHSDUHGLQWKLVUHVHDUFKDQGDOOPL[WXUHVZHUH
VHWZLWKFRQVWDQWZDWHUELQGHUUDWLR :% RILQ
RUGHUWRVWXG\WKHHIIHFWVRI6$3ZLWKRXWLQWHUIHUHQFH
LQWKHUHVXOWV7KHGRVDJHVRI6$3ZHUH

FIGURE 2
The SEM micrograph of basalt fiber
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ZLWK D FDOLSHU 7KH YDOXH RI IORZ WDEOH WHVW LQ WKLV
VWXG\ZDVGHWHUPLQHGWREHPP7KHDPRXQW
RI+5:5ZDVDGMXVWHGDQGGHWHUPLQHGE\WKHIORZ
WDEOHWHVWYDOXHWRHQVXUHWKHZRUNDELOLW\RIPL[WXUH

0L[WXUHV SUHSDUDWLRQ 7R SURGXFH WKH PL[
WXUHVLQWKLVVWXG\WKHPL[LQJSURFHGXUHZDVDVIRO
ORZVFHPHQW)$VDQGDQG6$3ZHUHSXWLQWRPL[HU
RI/FDSDFLW\7KHQWKHPL[HUZDVVWDUWHGDQGDOO
GU\LQJUHGLHQWVZHUHPL[HGIRULQLWLDOPLQEHIRUH
WKH DGGLWLRQ RI ZDWHU DQG +5:57KH ILEHUV ZHUH
DGGHGJUDGXDOO\LQWZRPLQXWHVODWHUDQGPL[HGIRU
IXUWKHUPLQWRHQVXUHDKRPRJHQHRXVGLVWULEXWLRQ
LQ FHPHQW SDVWH )LQDOO\  V EUHDN IROORZHG E\ D
KLJKVSHHGPL[LQJXQWLOWKHPL[WXUHKDGDZHOOZRUN
DELOLW\ 7KH PL[WXUH ZDV WKHQ FDVW LQWR PROGV DQG
GHPRXOGHG DIWHU  K$IWHU GHPRXOGLQJ DOO PL[
WXUHV IRU PHFKDQLFDO SURSHUW\ WHVWV ZHUH FXUHG DW
URRPWHPSHUDWXUHXQWLOWHVWLQJ(VSHFLDOO\WKHPL[
WXUHVIRUDXWRJHQRXVVKULQNDJHZHUHVHDOHGLQPROGV
DQGVWRUHGSURSHUO\WRWKHGHVLJQHGDJH
7KH IUHVK FHPHQW SDVWHV ZHUH LPPHGLDWHO\
SRXUHGLQWRPRXOGVDIWHUFRPSOHWLQJWKHPL[LQJSUR
FHVVDQGWKHQDOOPL[WXUHVZHUHSXWRQWKHYLEUDWLQJ
WDEOH WR YLEUDWH IRU  PLQ 7KH PL[WXUHV ZHUH
GHPROGHGDIWHUKDQGWKHQLPPHUVHGLQZDWHUIRU
FXULQJZLWKWKHWHPSHUDWXUHRIΥXQWLOWKHDJH
RIGD\V$IWHUWKDWWKHPL[WXUHVZHUHVWRUHGLQOD
ERUDWRU\HQYLURQPHQWRIΥXQWLOWHVWLQJ

  0HFKDQLFDO SURSHUWLHV DQG DXWRJHQRXV
VKULQNDJHWHVW,QRUGHUWRVWXG\WKHHIIHFWRI6$3
RQ PHFKDQLFDO SURSHUWLHVRI PL[WXUHVFRPSUHVVLYH
VWUHQJWK WHVW IOH[XUDO VWUHQJWK WHVW VSOLWWLQJ WHQVLOH
VWUHQJWK DQG HODVWLF PRGXOXV WHVW ZHUH FRQGXFWHG
$OO PL[WXUHV DGRSWHG WR PHFKDQLFDO SURSHUWLHV WHVW
ZHUHDWDJHRIGD\VGD\VDQGGD\VDQGWKH
UHVXOWIRUHDFKPL[WXUHZDVEDVHGRQWKHWHVWGDWDRI
DW OHDVW WKUHH PL[WXUHV &RPSUHVVLYH VWUHQJWK WHVW
ZDVSHUIRUPHGRQ ³<$´FRPSUHVVLRQPDFKLQH
ZLWKORDGLQJFDSDFLW\RIN1&\OLQGHUPL[WXUHV
ZLWK GLPHQVLRQ RI  PPî PP ZHUH GHWHU
PLQHGLQWKLVVWXG\DQGORDGHGDWDFRQVWDQWUDWHRI
03DVDFFRUGLQJWR$670&0>@8VLQJ
WKHVDPH PDFKLQHVSOLWWLQJWHQVLOHWHVWZDVFDUULHG
RXWRQPPîPPF\OLQGHUPL[WXUHVZLWKFRQ
VWDQW GLVSODFHPHQW UDWH RI  03DPLQ IROORZLQJ
$670&&0>@%HDPPL[WXUHVPHDVXU
LQJ  PPî PPî PP ZHUH SUHSDUHG IRU
WKUHHSRLQWORDGLQJWHVW XQGHUD ORDGLQJUDWH RI
03DPLQ XVLQJ ³:':´ HOHFWURQLF XQLYHUVDO
WHVWLQJ PDFKLQH ZKLFK ZDV LQ DFFRUGDQFH ZLWK
$670 &&0 >@ (ODVWLF PRGXOXV WHVW ZDV
FRQGXFWHGDWDFRQVWDQWUDWHRIN3DVIRUF\OLQGHU
PL[WXUHVRIPPLQOHQJWKDQGPPLQGLDP
HWHUDFFRUGLQJWR&&0>@(DFKVSHFLPHQ
ZDVORDGHGWKUHHWLPHVGXULQJWKHWHVWDQGWKHUHVXOW
ZDV DQ DYHUDJH UHVXOW RI WKHVH ORDGLQJV 'DWD SUH
VHQWHGLQ7DEOHVKRZVWKHUHVXOWVRIWHVWV
7KH DXWRJHQRXVVKULQNDJH ZDVGHWHUPLQHGE\

7HVWPHWKRG  )ORZWDEOHWHVW&RQVLGHULQJ
WKH DEVRUSWLYLW\ RI 6$3 WKH LQFRUSRUDWLRQ RI 6$3
FDQDIIHFWWKHZRUNDELOLW\RIFHPHQWPL[WXUH7KHHI
IHFW RI 6$3 RQ IUHVK SURSHUWLHV RI PL[WXUH FDQ EH
PHDVXUHG E\ IORZ WDEOH WHVW DFFRUGLQJ WR %6 (1
 >@ $V PL[LQJ SURFHGXUH FRPSOHWHG WKH
WUXQFDWHGFRQLFDOPRXOGZDVILOOHGZLWKFHPHQWPRU
WDU LQ WZR OD\HUV DQG HDFK ZDV FRPSDFWHG ZLWK D
WDPSHUVWULNLQJIRUWLPHV$IWHUUDLVLQJWKHPRXOG
WKH IORZ WDEOH ZDV VWDUWHG WR MROW IRU  WLPHV IRO
ORZHGE\ PHDVXULQJWKH GLDPHWHURIVSUHDG PRUWDU
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GD\VDJHGDQGGD\VDJHGPL[WXUHVZLWKDGGL
WLRQ DPRXQW RI  6$3 GHFUHDVHG E\ DSSUR[L
PDWHO\03D03DDQG03DIURPWKHYDOXH
RI WKH FRQWURO PL[WXUHV :KHQ WKH DPRXQW RI 6$3
ZDVLQFUHDVHGWRWKHVWUHQJWKRIWKHPL[WXUHV
GHFUHDVHGE\03D03DDQG03DDWWKHDJH
RIGD\VGD\VDQGGD\VUHVSHFWLYHO\$IWHU
6$3DGGLWLRQH[FHHGHGWKHUHGXFWLRQRIIOH[
XUDO VWUHQJWK LQ ILEURXV PL[WXUHV ZDV 03D DW 
GD\V03DDWGD\VDQG03DDWGD\V$V
PHQWLRQHG EHIRUH SUHVHQFH RI 6$3 FRXOG SURGXFH
SRUHVLQWKHPDWUL[DIWHUJLYLQJXSWKHLQWHUQDOFXULQJ
ZDWHUZKLFKOHDGVWRVWUHQJWKGHJUDGDWLRQ+RZHYHU
D PLOGHU GHFUHDVH FRXOG EH REVHUYHG LQ IOH[XUDO
VWUHQJWKDWODWHUDJHDQGWKLVZDVFRQWULEXWHGWRWKH
FRQWLQXRXV K\GUDWLRQ SURFHVV ,W ZDV ZRUWK QRWLQJ
WKDWWKHIOH[XUDOVWUHQJWKYDOXHRIQRQILEURXVPL[
WXUHVDWGD\VZDVORZHUWKDQWKDWRIILEURXVPL[
WXUHV ZLWK 6$3DWWKH DJH RIGD\VDQG
GD\V7KLVIDFWLQGLFDWHGWKDWWKHIOH[XUDOVWUHQJWKRI
PL[WXUHVLVPRUHDIIHFWHGE\LQFRUSRUDWLRQRIEDVDOW
ILEHUWKDQ6$3DGGLWLRQ

XVLQJWKHFRUUXJDWHGWXEHVDQGDGLODWRPHWHUDFFRUG
LQJWR$670&7KUHHPL[WXUHVZHUHSUH
SDUHG WR EH PHDVXUHG IRU HDFK PL[WXUH7KH VSHFL
PHQOHQJWKDWWKHWLPHRIILQDOVHWWLQJZKLFKZDVRE
WDLQHGIURPWKHFRUUHVSRQGLQJ9LFDWQHHGOHWHVWZDV
PHDVXUHGDVWKHLQLWLDOYDOXHDQGWKHOHQJWKRI
DQGGZHUHUHFRUGHG

RESULTS AND DISCUSSION
7KHWHVWUHVXOWVDUHSUHVHQWHGLQ7DEOH
&RPSUHVVLYH VWUHQJWK 7KH FRPSUHVVLYH WHVW
UHVXOWVIRUILEURXVDQGQRQILEURXVPL[WXUHVZLWKGLI
IHUHQW6$3FRQWHQWVDWWKHDJHRIDQGGD\V
UHVSHFWLYHO\DUHVKRZQLQ)LJ$VVHHQLQWKHILJ
XUHQRREYLRXVYDULDWLRQFDQEHREVHUYHGRQFRP
SUHVVLYH VWUHQJWK ZLWK DGGLWLRQ RI EDVDOW ILEHU7KH
PD[LPXPVWUHQJWKORVVIRUILEURXVPL[WXUHVZDVRE
WDLQHG LQ PL[WXUHV ZLWK  6$3 DW WKH DJH RI 
GD\VZKLFKFRXOGEHDWWULEXWHGWRWKHKLJKHUZDWHU
FRQWHQWRI6$3SDUWLFOHVDWHDUO\DJH7KHRYHUDOOUH
VXOWVRIWKHFRPSUHVVLRQWHVWVKRZWKDWWKHFRPSUHV
VLYHVWUHQJWKGHFUHDVHGZLWKLQFUHDVLQJ6$3GRVDJH
ZKLOH VOLJKW LQFUHDVH FRXOG EH VHHQ ZKHQ WKH 6$3
FRQWHQWLV
,Q GD\ PL[WXUHV WKH FRPSUHVVLYH VWUHQJWK
ORVVHVZHUHDSSUR[LPDWHO\IRU6$3
IRU6$3DQGIRU6$3ZKHQFRP
SDUHGWRWKHFRQWUROPL[WXUHV$VFXULQJDJHSURORQJV
WKHORZHUVWUHQJWKGHFUHDVHUDWLRFRXOGEHREVHUYHG
ZLWK6$3DGGLWLRQ,QGD\PL[WXUHVWKHFRPSUHV
VLYHVWUHQJWKORVVHVZHUHIRU6$3
IRU6$3DQGIRU6$3,WLVXQGHU
VWDQGDEOHWKDW6$3KDVSRVLWLYHHIIHFWRQK\GUDWLRQ
SURFHVVRIFHPHQWSDUWLFOHVGXHWRWKHJUDGXDOUHOHDVH
RI ZDWHU+RZHYHUWKHGLVFRQWLQXRXVSRUHVFDXVHG
E\WKHVZHOOLQJRI6$3SDUWLFOHVUHVXOWHGLQWKHUH
GXFWLRQRIVWUHQJWK

6SOLWWLQJ WHQVLOH VWUHQJWK 7KH UHVXOWV VKRZQ
LQ)LJFDQEHXVHGWRDVVHVVWKHHIIHFWVRIWKH6$3
GRVDJHRQWKHVSOLWWLQJWHQVLOHVWUHQJWKRIPL[WXUHV
7KH WHQGHQF\ IRU WKH FKDQJH LQ VSOLWWLQJ WHQVLOH
VWUHQJWKLVVLPLODUZLWKIOH[XUDOVWUHQJWK
5HVXOWV LQ )LJ LQGLFDWH WKDW WKH SUHVHQFH RI
EDVDOWILEHUFDQLPSURYHWKHVSOLWWLQJWHQVLOHVWUHQJWK
FRPSDUHGZLWKQRQILEURXVPL[WXUHV$WWKHDJHRI
GD\V  GD\V DQG  GD\V WKH VSOLWWLQJ WHQVLOH
VWUHQJWKLQFUHDVHGDQGUHVSHFWLYHO\
+RZHYHU DIWHU DGGLQJ 6$3 LQWR PL[WXUHV WKH
VWUHQJWKGHFUHDVHG:KHQ6$3FRQWHQWZDVD
VOLJKWLQFUHDVH ZDVREVHUYHGLQWKH VSOLWWLQJWHQVLOH
VWUHQJWKDWWKHDJHRIGD\VDQGGD\VZKHQFRP
SDUHGWRWKH(&&:LWKWKHLQFUHDVHG6$3DGGLWLRQ
WKHVSOLWWLQJWHQVLOHVWUHQJWKGHFUHDVHGFRQWLQXRXVO\
)RU LQVWDQFH WKH DYHUDJH VSOLWWLQJ WHQVLOH VWUHQJWK
ZLWK6$3DGGLWLRQZDVDWUGGD\
DWWKGD\DQGDWWKGD\RIWKHFRQWUROPL[
WXUHVVWUHQJWKZKLFKZDVIXUWKHUUHGXFHGWR
DWUGGD\DWWKGD\DQGDWWKGD\
UHVSHFWLYHO\ZLWK6$3DGGLWLRQ:KHQWKH6$3
DGGLWLRQZDVXSWRWKHVSOLWWLQJWHQVLOHVWUHQJWK
YDOXHVZHUH03DDWGD\V03DDWGD\V
DQG03DDWGD\V,QSDUWLFXODUWKHVSOLWWLQJ
WHQVLOHVWUHQJWKRIILEURXVPL[WXUHVZLWK6$3
DWGD\VZDVJUHDWHUWKDQQRQILEURXVPL[
WXUHVDWGD\VZLWKRXW6$3DGGLWLRQ

)OH[XUDOVWUHQJWK)LJVKRZVWKH HIIHFWVRI
GLIIHUHQW6$3DGGLWLRQVRQWKHIOH[XUDOVWUHQJWKDWWKH
DJHRIGD\VGD\VDQGGD\VUHVSHFWLYHO\7KH
ILJXUHGHPRQVWUDWHVWKDWWKHIOH[XUDOVWUHQJWKRIHDFK
PL[WXUHV KDV D FOHDU WHQGHQF\ WR GHFUHDVH ZLWK WKH
LQFUHDVHRI6$3DGGLWLRQDQGWKLVUHGXFWLRQLVPRUH
SURQRXQFHG FRPSDUHG WR WKDW RI FRPSUHVVLYH
VWUHQJWK
$VVHHQLQ)LJLWLVHYLGHQWWKDWWKHEDVDOWIL
EHUFDQLPSURYHWKHIOH[XUDOVWUHQJWKGXHWRWKHILEHU
EULGJH &RPSDUHG WR WKH QRQILEURXV PL[WXUHV WKH
LQFUHDVH LQ WKH VWUHQJWK RI WKH PL[WXUH FRQWDLQLQJ
EDVDOWILEHULQYDULHGDJHVZHUHDSSUR[LPDWHO\
IRUGD\VIRUGD\VDQGIRUGD\V
:KHQWKH 6$3DGGLWLRQ ZDV WKH SUHVHQFHRI
6$3 LQFUHDVHV WKH IOH[XUDO VWUHQJWK FRPSDUHG ZLWK
(&&:KLOHWKHIOH[XUDOVWUHQJWKRIGD\VDJHG

(ODVWLF PRGXOXV 7KH HIIHFW RI 6$3 DGGLWLRQ
RQ HODVWLF PRGXOXV RI PL[WXUHV LV SORWWHG LQ )LJ
)RU QRQILEURXV PL[WXUHV DW  GD\V RQO\ DSSUR[L
PDWHO\  RI WKH VWLIIQHVV DW  GD\V ZDV
DFKLHYHGEXWWKHQWKHVWLIIQHVVLQFUHDVHGUDSLGO\ZLWK
DJH7KHUHZDVDQREYLRXVWUHQGRIUHGXFWLRQLQHODV
WLF PRGXOXV E\ DGGLQJ EDVDOW ILEHU DQG 6$3 WR WKH
PL[WXUHV
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FIGURE 3
Compressive strength of ECC mixtures at different ages
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FIGURE 4
Flexural strength of ECC mixtures at different ages
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FIGURE 5
Splitting tensile strength of ECC mixtures at different ages
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FIGURE 6
Elastic modulus of ECC mixtures at different ages.
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FIGURE 7
Autogenous shrinkage of ECC mixtures at different ages
&RPSDUHGWRWKHQRQILEURXVPL[WXUHVWKHUH
VXOWVUHYHDOHGDWGD\VDWGD\VDQG
DWGD\VRIHODVWLFPRGXOXVORVVZLWKEDVDOW
ILEHU,WFDQEHREVHUYHGWKDWWKHPL[WXUHVZLWKEDVDOW
ILEHUKDGVOLJKWO\OHVVULJLGLW\LQFRPSDULVRQWRWKH
QRQILEURXV PL[WXUHV ZKLFK PLJKW EH DVVRFLDWHG
ZLWKWKHDGGLWLRQDOSRURVLW\FDXVHGE\ILEHUFRQWHQW
6$3FRQWHQWVRIDQGUHVXOWHG LQ D
UHGXFWLRQ LQ HODVWLF PRGXOXV YDOXH RI ILEURXV PL[
WXUHVE\DSSUR[LPDWHO\DQGDWGD\V
DQGDWGD\VDQGDWGD\VUH
VSHFWLYHO\FRPSDUHGWRWKH(&&:KHQWKH6$3
DGGLWLRQ LQFUHDVHG WR  DQG  WKH HODVWLF
PRGXOXVYDOXHVEHWZHHQDQG03DDWGD\V
DQG03DDWGD\VDQG03DDW
GD\VZHUHDFKLHYHG7KLVFRXOGEHH[SODLQHGE\
WKHLQFUHDVLQJSRURVLW\DIWHU6$3SDUWLFOHVZHOOLQJ
ZKLFK OHG WR ORVV LQ VWLIIQHVV ZLWK LQFUHDVLQJ 6$3
FRQWHQWV>@
$XWRJHQRXVVKULQNDJH7KHHIIHFWVRIWKHEDV
DOWILEHUDQGUHSODFHPHQWUDWLRRI6$3RQWKHDXWRJ
HQRXVVKULQNDJHRI(&&PL[WXUHVDUHVKRZQLQ)LJ
7KH GHIRUPDWLRQV ZHUH VXSSRVHG WR EH ]HUR DW WKH
PRPHQWRIILQDOVHWWLQJWLPHDQGWKHPHDVXUHPHQWV



ZHUHFRQGXFWHGXQWLOWKHDJHRIGD\V,QDGGLWLRQ
SRVLWLYH DQG QHJDWLYH SURSRUWLRQV UHSUHVHQW WKH
VKULQNDJHDQGH[SDQVLRQGHIRUPDWLRQVUHVSHFWLYHO\
)RUFRQWUROPL[WXUHVZLWKDZDWHUFHPHQWUDWLR
RIWKHK\GUDWLRQSURFHVVUHVXOWHGLQREYLRXVDX
WRJHQRXVVKULQNDJHHVSHFLDOO\DWHDUO\DJH7KLVZDV
FDXVHG E\ WKH IDFW WKDW WKH DEVROXWH YROXPH RI FH
PHQWDQGZDWHULQWKHIUHVKFHPHQWSDVWHGHFUHDVHV
ZKHQWKHFHPHQWK\GUDWHV+RZHYHUWKHIO\DVKXVHG
LQ WKLV VWXG\ UHODWLYHO\ PLWLJDWHG WKH DXWRJHQRXV
VKULQNDJH DV WKH DPRXQW RI FHPHQW ZDV ORZHUHG
ZKLFKZDVGHVFULEHGLQSUHYLRXVVWXG\>@$WDGGL
WLRQRIE\YROXPHRI%)(&&WKHEDVDOWILEHUV
ZHUHIRXQGWRKDYHVRPHSRVLWLYHHIIHFWRQDXWRJH
QRXVVKULQNDJHZKLOHWKHVKULQNDJHUDWLRGHFUHDVHG
E\FRPSDUHGZLWKFRQWUROPL[WXUHV
$V FOHDUO\ VHHQ LQ )LJ DQG DV H[SHFWHG DOO
(&&PL[WXUHVZLWK6$3DGGLWLRQVKRZHGORZHUDX
WRJHQRXVVKULQNDJHDWGLIIHUHQWDJHVDQGWKLVUHGXF
WLRQZDVHQKDQFHGZLWKLQFUHDVLQJ6$3GRVDJH)RU
(&&PL[WXUHVWKH6$3RIELQGHUPDWHULDOVOHG
WRDUHGXFWLRQLQDXWRJHQRXVVKULQNDJHDW
GD\V FRPSDUHG WR WKDW RI (&& ZKLOH WKH 
6$3 DGGLWLRQ VKRZHG D  UHGXFWLRQ DW  GD\V
7KLVLQGLFDWHGWKDWZLWKGRXEOHDPRXQWRIDGGLWLRQDO
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FKDQJHV RI DXWRJHQRXV VKULQNDJH EHFRPH QRQVLJ
QLILFDQW

ZDWHULQWURGXFHGLQWRPL[WXUHVWKH6$3DGGL
WLRQ ZDV PRUH HIIHFWLYH WR PLWLJDWH WKH DXWRJHQRXV
VKULQNDJH6LQFHWKHVORSHRIDXWRJHQRXVVKULQNDJH
UDWLRFXUYHVUHSUHVHQWHGWKHVKULQNDJHGHYHORSPHQW
UDWHRIPL[WXUHVLWFRXOGEHREWDLQHGWKDWWKHPLQRU
VKULQNDJH HYHQH[SDQVLRQ RFFXUUHGDIWHUWKHLQLWLDO
VHWWLQJWLPHDQGIROORZHGE\DIDVWHVWVKULQNDJHGH
YHORSPHQW XQWLO  GD\V 7KLV LV GLIIHUHQW IURP WKH
FRQWURO PL[WXUHV ZLWK UHPDUNDEOH DXWRJHQRXV
VKULQNDJHDWYHU\HDUO\DJH$IWHUGD\VWKHDXWRJH
QRXVVKULQNDJHUDWLRFXUYHVEHFDPHJHQWOHUDQGWKHQ
JUDGXDOO\ VXEVLGHG XQWLO WKH DJH RI  GD\V:KHQ
6$3DGGLWLRQH[FHHGHGWLOOWKHUHGXFWLRQRIDX
WRJHQRXVVKULQNDJHLVVLJQLILFDQWDQGDSSUR[LPDWHO\
IRXUWLPHVKLJKHUWKDQWKDWRI(&&,WLVHYLGHQW
WKDWWKHH[SDQVLRQFDQEHREVHUYHGLQWKHILJXUH7KLV
SKHQRPHQRQFDQEHDVFULEHGWRWKHPRGLILFDWLRQRI
SRUWODQGLWHIRUPDWLRQE\WKHSUHVHQFHRIVXSHUDEVRU
EHQWSRO\PHUVDQGHWWULQJLWHFU\VWDOOLVDWLRQ7KHDY
HUDJH DXWRJHQRXVVKULQNDJH RI PL[WXUHV ZLWK
6$3ZDVFORVHWR(&&DWGD\VZKLFKPHDQV
WKDWDWKLJK6$3GRVDJHVLWXDWLRQWKHPLWLJDWLRQRI
DXWRJHQRXVVKULQNDJHZDVUHGXFHGZLWKWKHLQFUHDVH
RI6$3
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and electrochemical processes [7]. However, to meet
environmental standards for discharged wastewater,
more efficient and environmentally safe technologies are required.
Nowadays oil-field wastewater is generally
treated with physicochemical methods of flotation
[8], coagulation, sedimentation, micro-electrolysis
and advanced oxidation processes [9]. Although various processes are used in oil-field wastewater treatment, there are still some problems remaining in
these processes, such as high energy consumption,
low processing efficiency, loud operation noise and
secondary pollution [10].
Advanced oxidation processes (AOPs) are becoming increasingly attractive due to their numerous
applications, particularly in the treatment of
wastewaters containing refractory and/or toxic compounds [11]. AOPs provide efficient pollutants degradation rather than their simple transfer to another
phase, as occurs with other processes, such as coagulation/flocculation, filtration and adsorption,
among others. Particularly, catalytic heterogeneous
AOPs are a very important research topic due to the
interest of supporting an active phase (e.g. a noble
metal) on a structured matrix, avoiding the need of
downstream units for catalyst separation and recovery, as occurs in homogeneous processes [12-14].
However, one of the main challenges of catalytic
heterogeneous AOPs is the quest for efficient catalysts that are simultaneously stable and without (metallic) active phase losses from the support [15].
Gold catalysts have been the focus of attention,
particularly in the removal of pollutants from water
by wet peroxide oxidation (WPO) [16], due to their
low leaching. Recent studies refer to gold on carbon
[17], on Ti and Fe oxides [18]. To the best of our
knowledge, Au on Al2O3 was never tested before for
the heterogeneous catalytic wet oxidation of dissolved organics with hydrogen peroxide, and that is
the purpose of this paper.

ABSTRACT
In this paper, catalytic wet oxidation is adopted
to treat oilfield wastewater. Central composite design (CCD), an experimental design for response
surface methodology (RSM), was used to create a set
of 30 experimental runs needed for optimizing of the
operating conditions. Temperature, catalyst quality,
reaction time and oxidant dosage are examined factors. The experimental results show that catalytic wet
oxidation could effectively reduce COD removal by
98.37%. Catalytic wet oxidation process is possibly
suitable for a primary treatment for oilfield
wastewater.

KEYWORDS:
Oilfield wastewater; Removal efficiency; COD removal;
Response surface method;

INTRODUCTION
A large amount of oil-field wastewater is produced from oil exploitation, storage, transportation,
oil dehydration and reuse processes [1]. Environmental contamination by petroleum increases enormously and becomes a serious problem worldwide,
so it should be treated using a suitable method before
discharging into environment. Oilfield wastewater is
typically hard to be treated due to its characteristics
of high COD, low BOD, high toxicity, and difficult
removing dissolved oil [2]. Oilfield wastewater is a
complex mixture of oil, water, suspended and dissolved solids. It may contain high mineral salt concentrations, heavy metals, naturally occurring radioactive elements, and chemical additives used in drilling and operating the well (surfactants, biocides, pH
controlling agents, etc.) [3]. Of the oilfield
wastewater constituents, polycyclic aromatic hydrocarbons (PAH), phenols, heavy metals, and radioactive elements are of particular environmental concern 4. Different physicochemical methods were developed for oilfield wastewater treatments, including
hydrocyclone separation [5], membrane filtration
and electrodialysis [6], coagulation and flocculation,

EXPERIMENTAL
Characteristics of oilfield wastewater are listed
in Table 1. Hydrogen peroxide solution with mass

5999
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Table 2 shows the levels of original and
coded factors using central composite design. Table
3 shows central composite design and response
value.

fraction of 35% served as the oxidant.
TABLE 1
Features of the oilfield wastewater
Parameter
Concentration
COD (mg/l)
3780
Phenols (mg/l)
48
Oil (mg/l)
1146
pH
6.7
Turbidity (NTU)
358
Total organic carbon (TOC)
11400
Suspended solid (mg/l)
305

TABLE 2
Factor level
Factor level
A (temperature)/°C
B (reaction time) /min
C (catalyst quality) /g
D (oxidant dose) /mg/L

-2
260
60
40
100

-1
280
90
80
150

0
300
120
120
200

1
320
150
160
250

2
340
180
200
300

TABLE 3
Central composite design and response value

Apparatus and method. All the experiments
were performed in a batch reactor. As shown in
Fig.1, the apparatus includes feed system, preheater,
reactor, condenser, gas-liquid separator and backpressure regulator. WPO of oilfield wastewater was
carried out in a 0.5 L batch autoclave. Firstly, water,
oilfield wastewater (concentration was 5000 mg/L)
was put into the reactor, and then the system was
flowed by nitrogen to remove the air within the system; the valves around the reactor were closed when
the air was removed entirely. Liquid samples (ca.10
mL) were periodically withdrawn from the reactor
and analyzed.

FIGURE 1
Schematic diagram of the batch reactor (1) gas
bag; (2) low-pressure gauge; (3) high-pressure
gauge; (4) safety valve; (5) thermocouple; (6)
cooling water inlet; (7) cooling water outlet; (8)
cooling coil; (9) kettle; (10) kettle cover; (11)
electric heater; (12) temperature controller; (13)
power source; (14) nitrogen cylinder; (15) needle
valve; (16) check valve.

RunOrder

A

B

C

D

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

1
-1
1
0
0
-1
1
1
1
1
-1
-1
1
0
-1
-1
-1
-1
1
0
0
2
0
0
0
0
0
0
0
-2

1
1
1
0
0
1
-1
1
-1
1
1
1
-1
0
-1
-1
-1
-1
-1
0
0
0
-2
0
0
0
0
2
0
0

-1
-1
-1
0
0
-1
-1
1
1
1
1
1
-1
0
-1
1
-1
1
1
0
0
0
0
0
-2
0
0
0
2
0

1
1
-1
0
0
-1
-1
1
1
-1
1
-1
1
0
1
-1
-1
1
-1
0
0
0
0
-2
0
2
0
0
0
0

  

Analytical methods. The diluted wastewater
and COD of the collected liquid are measured by potassium dichromate method of Chinese Standard
11914-89.

COD removal
(%)
89.39
82.24
85.07
93.81
95.01
95.68
85.85
96.37
92.95
94.03
95.88
96.84
86.89
96.08
88.09
98.37
85.43
87.14
80.28
98.35
88.01
96.99
85.43
85.71
85.13
85.7
95.51
85.89
85.67
85.91

  





 







Experimental design. The central composite
design, an experimental design for RSM, was used
to create a set of designed experiments by MINITAB
software (version 17). In this paper, the central composite design is selected for 4 factors, i.e., temperature (A), reaction time (B), catalyst quality (C) and
oxidant dose (D).











FIGURE 1
Response surface for COD removal as a function
of reaction time and oxidant dose
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For Fig.3, COD removal increases when
reaction time and catalyst quality increases. COD removal has little change trend when reaction time increases from 60 to 180 min. When catalyst quality is
up to 200 g, COD removal is about 96%.

FIGURE 2
Contour plots for COD removal as a function of
reaction time and oxidant dose

RESULTS AND DISCUSSION

FIGURE 5
Contour plots for COD removal as a function of
oxidant dose and catalyst quality

Response surface analysis. It is seen that in
Fig.1 and Fig.2, COD removal increases when reaction time and oxidant dose increases. And the change
is very significant, while the surface trend is steeper.
  

It is seen that in Fig.4 and Fig.5, COD removal
increases when catalyst quality and oxidant dose increases. Au on Al2O3 catalyst shows good characteristics. The change is very significant, while the surface trend is steeper.

 

  

 





 













 
















FIGURE 3
Response surface for COD removal as a function
of reaction time and catalyst quality
  















FIGURE 6
Response surface for COD removal as a function
of reaction time and temperature

  

  

 







 











 

























FIGURE 4
Response surface for COD removal as a function
of oxidant dose and catalyst quality






FIGURE 7
Response surface for COD removal as a function
of temperature and catalyst quality
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For Fig.6, it is seen that COD removal increases
when reaction time increases. At this time, function
of reaction time and temperature is weak. When reaction time is up to 90 min, temperature is 280°C,
and COD removal is 94.03%.
From Fig.7, it is seen that COD removal increases when temperature increases. At this time,
function of temperature and catalyst quality is
strong. When temperature is rising from 260 to
340°C, catalyst quality is rising from 40 to 200 g,
COD removal is rising from 80% to 95%.
  

  





  













FIGURE 8
Response surface for COD removal as a function
of temperature and oxidant dose
For Fig.8, COD removal is up to 98.37% when
temperature is 260°C and oxidant dose is 100 g.
COD removal increases when oxidant dose increases. At this time, oxidant dose plays a main role
in increasing the COD removal.

CONCLUSIONS
In this paper, catalytic wet oxidation is adopted
to treat oilfield wastewater. Central composite design (CCD), an experimental design for response
surface methodology (RSM), was used to create a set
of 30 experimental runs needed for optimizing of the
operating conditions. Temperature, catalyst quality,
reaction time and oxidant dosage are examined factors. The interaction was examined. The experimental results show that catalytic wet oxidation
could effectively reduce COD removal by 98.37%.
Au on Al2O3 catalyst shows good characteristics.
Catalytic wet oxidation process is possibly suitable
for a primary treatment for oilfield wastewater.
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STUDY ON ANTIBIOTIC WASTEWATER TREATMENT BY
NEODYMIUM COORDINATION POLYMER CATALYST
Xu Jingyi*, Zhou Zipeng
Henan Polytechnic Institute, Nanyang 473009 P. R. China

by Nd2(C3H5O2)6(H2O)33H2O and hydrogen peroxide. The experimental results of antibiotic
wastewater were treated by Nd2(C3H5O2)6(H2O)3
3H2O and hydrogen peroxide was reported. The feasibility of the technology as a pre-treatment to reduce
toxic organic compounds was examined. The effects
of the amount of catalyst, the amount of hydrogen
peroxide and temperature on the removal efficiency
of COD were investigated.

ABSTRACT
In this paper, neodymium coordination polymer is prepared to treat antibiotic wastewater. Catalyst dose, hydrogen peroxide dose, temperature and
other factors that affect the performance degradation
of antibiotic wastewater is studied. The optimized
conditions are present: temperature is 60°C, H2O2
dose is 1.25 mg/L, and catalyst amount is 300 mg.

MATERIALS AND METHODS

KEYWORDS:
Antibiotic wastewater; catalytic oxidation; H2O2; Chemical oxygen demand (COD)

Materials
and
reagents.
Antibiotic
wastewater used in this study was obtained from an
antibiotic industry producing amoxicillin of Zhengzhou. The characteristics of antibiotic wastewater
are summarized in Table 1.

INTRODUCTION
Contemporary populations of enteric bacteria,
when compared with those from the preantibiotic
era, display a higher tolerance in their nonspecific
responses to several antibiotics [1-3]. The increase in
antimicrobial resistance, observed in a bacterial population, may result from the clonal selection of organisms that tolerate sublethal antimicrobial doses
and that present greater fitness under conditions of
selective pressure, or from the spreading of resistance genetic determinants through horizontal
gene transfer. The most plausible hypothesis is that,
in the natural environment, both mechanisms are responsible for the dynamics of the bacterial population. In different environments, bacteria are expected
to experience distinct selective pressures for antibiotic resistance and, hence, distinct patterns of antibiotic resistance acquisition and evolution. Urban
wastewater treatment plants represent important reservoirs of human and animal commensal bacteria in
which antibiotic resistance determinants and/or organisms persist in the final effluent and are released
to the environment [4-8]. More recently, neodymium
(Nd) organic complexes and coordination polymers
have shown interesting catalysis effect on some organic polymerisation reactions, which has subjected
to further investigations [9-12]. This contribution
deals with Nd coordination polymers with propionate and succinate ligands. A neodymium propionate
complex with a one-dimensional (1D) structure has
previously been reported [13].
In this study, antibiotic wastewater was treated

TABLE 1
Characteristics of antibiotic wastewater
Parameter
Value
Amoxicillin (mg/L)
190
Chemical oxygen demand (COD) 860
(mg/L)
Biochemical oxygen demand 90
(BOD) (mg/L)
pH
6.7
Total phosphorus (TP) (mg/L)
10
12
Clí (mg/L)
Turbidity (NTU)
55
NO3í±N (mg/L)
9
Hydrogen peroxide (35% w/w) was purchased from
Jilin, China.
Preparation of eodymium coordination polymer. Nd2(C3H5O2)6(H2O)33H2O was synthesized
at room temperature by dissolving freshly prepared
Nd(OH)3 with propionic acid. Neodymium nitrate
hexahydrate (0.88 g, 2.0 mmol) was dissolved in 10
mL deionized water. To the above solution, 2.0 mL
concentrated ammonia solution was added to precipitate neodymium(III) ions as Nd(OH) 3. The precipitation was washed with deionized water for three
times to remove the excess ammonia and then was
dissolved in 2.0 mL of concentrated propionic acid
and 10.0 mL of deionized water. Colorless crystalline product was formed in three weeks after slow
evaporation with 86% yield. Formula: C18H42O18Nd2
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catalyst dose can increase COD removal.
COD removal reached 96% after 40 min at 60°C.
Therefore, catalyst had a significant impact on the
oxidation of antibiotic wastewater.

(FW = 835.0), Anal. Calc. C, 25.88; H, 5.06. Found:
C, 25.83; H, 5.13%.

RESULTS AND DISCUSSION
Effect of H2O2 dose on COD removal. The effect of concentration on antibiotic wastewater degradation within the range of hydrogen peroxide 0.5
mg/L-1.25 mg/L is investigated. The result is presented in Fig. 1. As can be seen in Fig. 2, adding
H2O2 can increase COD removal. H2O2 displayed
high oxidation activity in the antibiotic wastewater
treatment. 92% of COD was removed when H2O2
dose was 1.25 mg/L.

FIGURE 3
Effect of catalyst dose on COD removal

CONCLUSIONS
In conclusion, we reported a novel neodymium
coordination polymer Nd2(C3H5O2)6(H2O)3 3H2O
was synthesized with propionate. Furthermore, it is
used to treat antibiotic wastewater, knowledge of the
impact of the operating conditions such as the
amount of catalyst, H2O2 dosage, temperature is required. Experimental results indicated that 96%
COD was removed after 40 min reaction. Adding a
catalyst significantly improved the COD removal.

FIGURE1
Effect of H2O2 dose on COD removal
Effect of temperature on COD removal. Fig.
2 showed COD removal in the antibiotic wastewater
degradation at temperature of 30-60°C. Approximately COD removal is 96% (Fig. 2), adding H2O2
and Nd2(C3H5O2)6(H2O)33H2O after 40 min reaction.
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FIGURE 2
Effect of temperature on COD removal
Effect of catalyst on COD removal. The results are presented in Fig. 3. As it is expected, rising
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THE EFFECTS OF LAND USE CHANGE ON SOIL LOSS AND
CARBON STOCK AMOUNTS
Sezgin Hacisalihoglu*, Mehmet Misir, Nuray Misir, Zafer Yucesan, Ercan Oktan, Selcuk Gumus,
Ugur Kezik
Karadeniz Technical University, Faculty of Forestry, 61080 Trabzon, Turkey

important parameter that determines the land use and
its affects [10, 11]. There is a strong relationship between land use pattern and vegetation type and soil
fertility, erosion sensitivity, carbon binding potential
and other soil characteristics [12, 6, 13, 14, 15, 16].
Soil which is classified as non-renewable natural resource, can heal itself over time [17, 18]. Conversion of agricultural land to pastureland or open
areas into forests in a basin also increases soil and
water quality [19]. Natural transition process and
plantation activities play an important role in improving the area where land use changed. It has been
determined that positive changes in soil quality indicators (bulk density, aggregate stability, organic
matter content) increased with the abandonment of
an active farming area to its natural state [20].
Carbon stock potential of the soils has also an
important effect on environmental problems [21]. It
is also an important parameter in reducing the soil
loss [22]. Soil erosion is also considered as a variable
of determining land use change [23]. Generally, under the same ecological conditions, annual soil loss
in a hectare is expected to be highest in the treated
agricultural land, then in the pasture, and at least in
the forested area, depending on the plant cover. A
land, used as a pasture, can be turned into a forest
area after years if the ecological conditions are suitable. This may increase the carbon-binding potential
and reduce the susceptibility of the soils to erosion
[24]. By the plantation efforts, carbon stock of the
soils can be increased and soil erosion can be reduced. The physical, chemical and biological properties of the soils may be changed in a positive way
by planting a damaged area with conifer species. In
this way, the carbon stock potential can be increased
and the susceptibility to soil erosion can also be reduced [25].
There have been major changes on the land use
forms from past to present in Turkey. Despite the increase in forest area, half of them are considered as
unproductive due to degradation caused by human
activities such as illegal cutting, grazing and unplanned using for many years. This study was carried
out to understand and determine the situation in the
study area. The study area where the study took place
was used as a cropland until 1970s. With time, with
the loss of the fertility, the croplands have been abandoned, some of which have been turned into pasture

ABSTRACT
Owing to the land use change, vegetation
cover, ecosystem functions and soil properties are affected and changing. Such a change on the land use
forms is also the fact in this study area. The main
purpose in this study was to determine the effects of
land use change on the soil properties, soil loss and
carbon stock. As a result, the land use change caused
significant (P<0.001) alteration in soil loss (0.6
t/ha/yr in forest, 3.6 t/ha/yr in pasture). Soil carbon
(150.4 t/ha in pasture, 174.3 t/ha in forest) and total
carbon stock amounts (151.1 t/ha in pasture, 202.4
t/ha in forest) have also changed significantly
(P<0.001). As well as soil organic matter, pH and
EC in forest were found significantly different
(P<0.01) in land use groups. According to the land
use scenario which was established by utilizing the
average values obtained in the research, it is expected that there will be about 2.1 t/ha/yr of soil loss
amount per year in this area and about 15% of this is
caused from the forest area and about 85% from the
pasture. In other words, the effect of pasture lands on
total soil loss is about 6 times higher than the forest
lands.

KEYWORDS:
Land use change, Soil loss, Carbon stock, Oriental beech

INTRODUCTION
The war between man and the natural environment, under various land use, continues without losing momentum. Environmental problems have increased due to the urbanization in parallel with the
development of the industry and technology [1, 2].
At the forefront of today's most important environmental problems are the global warming, climate
change and land degradation [3,4]. These problems
are significantly affected by the land use [5, 6].
Therefore, the concept of land use change is vital in
environmental and ecological assessments [7, 8].
The land use term is mostly expressed by human activities and it is at the center of ecosystem
function and dynamics [9]. The ecological, sociological and economic structure of a region is the most
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the plantation studies in the 1980s). The main purpose of this research is to determine the effects of the
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amounts and carbon stock amounts.
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pasture areas which are mostly over grazed
and unfavorable.
The study area is located within the Fagetum
zone according to Mayr's forest zone [26] classification. The indicator tree of this zone is the Fagus orientalis Lipsky. (Oriental beech) which is spread out
mostly in Caucasus, Northern Iran, Turkey and
North-East Europe. In Turkey, it stretches from the
Istranca mountains in the west to the Georgia border
in the east in a narrow and expanding belt and is usually located between 0 to 1800 m above the sea level.
Climate data (1970-2015) was obtained from
the nearest meteorological station (Unye) to the
study area. This data was interpolated into the study
area conditions [27] and a climate diagram was created according to Walter [28]. In accordance with
Walter climate diagram, the study area is related to
the humid oceanic climate type. There is no water
shortage in the environment and no dry period is observed throughout the year (Figure 3). In addition,
the study area is "semi-humid" according to De Martonne [29] climate classification and is in ³%+X
PLG´FOLPDWHW\SHDFFRUGLQJWR7KRUQWKZDLWH[30].

MATERIALS AND METHODS
Study area. The study area is placed in the
Middle Eastern Black Sea Region of Turkey in the
village Goksu Unye, Ordu (40°53`36" N - 36°57`77"
E, Elevation: between 1200 m - 1300 m asl) (Figure
1). The main aspect of the study areas is shady and
study areas extend in the north to northeast aspect
direction.
There are two different land use types in the
study area (Figure 2). The main tree species in the
forested (which have been planted in 1970s and are
about 35-45 years old nowadays) area is the oriental
beech (Fagus orientalis Lipsky.) and there are also

FIGURE 1
Study area and study sites.
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FIGURE 3
Walter climate diagram of the research area.

FIGURE 4
Stand structures of the study sites.

living crown height were measured in sampling plots
to quantify canopy closure. Height characteristics
were measured with Vertex Forester device. All trees
were classified as either dominant or suppressed
trees using the classification of IUFRO [33].
Canopy closure was about 70-80 % and more
homogenous in the study site 1 (Figure 4). However,
the percentage of gaps in the canopy is much higher
in study site 2 than study site 1. Canopy closure was
about 50-60 % in study site 2 (Figure 4). Mean DBH
was 11.8 cm in study site 1 and 12.0 cm in study site
2. Both trees in two sample stands were of >8 cm
DBH. So, sample stands had entered to pole stage
with DBH values ranging from 8.0 to 19.9 cm.
Soil Sampling. Two study sites were identified
in the study area (Figure 1). Both study sites were

The topography in the research area is usually
rough terrain where the hilly terrain changes frequently. Especially in the south of the study area are
extremely steep slopes. Geological characteristics of
the study area and its surroundings are represented
by volcanic and sedimentary rocks of the middle upper Eocene, and clastics and carbonates [31].
Data collection. Stand Structure. The stand
profiles taken from forested area were determined
DQG SDLQWHG E\ XVLQJ WKH ³$5*86 )RUVWSODQXQJ´
simulation program [32]. Vertical stand profiles
were used to determine the canopy closure in each
sample plot (20 m x 20 m). Slope, aspect, distribution of trees in the coordinate axis (x, y), diameter at
breast height (DBH), tree height, crown width and
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m) covers an area of 400 m2) were taken from
planted oriental beech stands in each study site. Two
woody debris quadrats (1x1 m) were randomly located within both forest and pasture areas in each
study site. Species type and diameter at breast height
(DBH) were recorded for every living tree (DBH 
FP KHLJKW  P  LQ VDPSOH SORWV ,W ZDV DOVR
planned to measure tree height and DBH of every
dead standing tree (DBH FP KHLJKW  P 
within the sample plots. But there was no standing
dead tree in sample plots. In each quadrat (1x1 m),
DOOSODQWVLQFOXGLQJVHHGOLQJV KHLJKWP VDS
lings, shrubs, herbs and woody species were destructively harvested. In destructive sampling, the vegetation in each area is cut and weighed (fresh weight),
and subsamples of parts of the vegetation are taken,
weighed fresh in the field, and weighed again after
oven-drying. Biomass of each ground vegetation
component was oven-dried during 72 h at 65 °C, to
calculate dry biomass and carbon content on an area
basis.
In each sample plot, four samples of litter, consisting of leaves, fruits, buds, barks, branches and
twigs (DBH<1cm) were sampled using 25 cm x 25
cm metal quadrats. The four quadrats were systematically distributed in each 400 m2 plot. All material
of litter was collected inside the quadrats. To minimize contamination with mineral soil, the samples
were soaked and washed in water. All components
of litter were oven-dried during 48 h at 65°C and
weighed, analyzed for carbon content.
To estimate belowground biomass and carbon
stock we used the roots directly measured in sample
plots. The roots were separated in three groups (fine,
small and coarse). The carbon stock of fine (0-2
mm), small (2-5 mm) and coarse (5< mm) roots were
assessed in two soil profiles plots. The roots were
separated from the soil by soaking in water and then
gently washing them over a series of sieves with
mesh sizes of 2 and 5 mm. The roots were sorted into
diameter classes 0-2 mm, 2-5 mm and 5 mm < root
classes. The roots from each sizes category were
oven-dried at 65 °C for 24 h, weighed, analyzed for
carbon content.
The carbon stock was estimated for living trees,
woody debris, roots and litter in forested area. The
living tree biomass C stock was obtained directly using algorithmic C equation for oriental beech [41]
(2).
 ܥܶܮൌ ͲǤͲʹͷʹൈ ܪܤܦଶǤହ
(2)
In the equation LTC is living tree carbon stock
and DBH is diameter at breast height (cm). Soil carbon stock expressed in t haí were calculated for the
soil depth intervals 0±10 cm, 10±30 cm, 30-60 cm,
60-90 cm and 90±120 cm. Soil organic carbon stock
(SOCS) was computed as the product of three variables, BD, soil sampling depth (cm) and carbon concentration (C%) calculated as a function of OM (%).
SOCS (t ha-1) was estimated as follows (3, 4):
ܥΨ ൌ ͲǤͷͺൈܱܯ
(3)

divided into two different types of land use including
forest and pasture. Two sample plots (55m x 55 m)
were taken from each study site (one in the forest and
one in the pasture). Two soil profiles were opened in
each sample plots (two in the forest and two in the
pasture). In this way, totally 8 soil profiles were
opened and 40 soil samples were taken and pooled
in every plot from 5 different soil depth stages for
further analysis. Physical, chemical and hydrological
analyses were carried out on each soil sample in the
laboratory.
Altitude above sea level (asl) was assessed with
an altimeter and the bedrock was derived from the
existing geological maps [31]. Landscape position,
surface roughness and landform were recorded at
sight. Surface stoniness (%), slope (%), aggregate
classes etc. were assessed in each study site respectively according to [34]. The slope exposition, measured in degrees relative to N with a compass. Permeability and the other hydraulic soil specifications
were determined according to Saxton et al. [35]. Soil
depth was measured in each soil profile. Soil texture
according to Bouyoucos hydrometer method [36]
and organic matter content depend on WalkleyBlack wet oxidation method [37] were determined in
the laboratory.
Soil Loss Predicting with the ABAG (Allgemeine Boden Abtrags Gleichung). ABAG is the international version (where the values are turned in to
metric system and adapted to the European conditions) of the simulation model USLE (Universal Soil
Loss Equation) [38] used to determine the soil loss
amounts according to Schwertmann et al. [39].
Most of the erosion assessments performed in
North America and around the world during the past
two decades have used the USLE. This model was
derived empirically from approximately 10,000 plotyears of data [38] and may be used to calculate erosion at any point in a watershed that experiences net
erosion. The USLE is written as follows (1):
 ܣൌ ܴൈܭൈܮൈܵൈܥൈܲ
(1)
where A is the average annual soil loss (t/ha per
year), R the rainfall erosivity factor, K the soil erodibility factor, L the slope length factor, S the slope
steepness factor, C the cover management factor and
P is the supporting practice factor. Climate erosivity
is represented by R and can be estimated from the
rainfall intensity and amounts data which were taken
from Dogan and Gücer [40]. The soil erodibility
monograph has been used to predict the K value [39].
The topography and hydrology effects on soil loss
are characterized by the L and S factors. For direct
USLE applications, a combined LS factor was evaluated for each land cell [38]. Land use and management are represented by P and can, with some difficulty, be inferred using remote sensing combined
with ground-trusting.
Carbon Stock. Two sample plots (each plot
(20x20 m) within the soil sample plots (55 m X 55

6010

© by PSP

Volume 26 ± No. 10/2017 pages 6007-6016

Fresenius Environmental Bulletin

Soil hydro-physical properties including
soil texture (sand, silt, clay), permeability, bulk density and surface stoniness were found non-significant between forest and pasture area (P>0.05). However, organic matter, electrical conductivity (EC)
and soil acidity pH were statically significant
(P<0.01). In addition, some important soil function
indicators like soil loss, soil carbon and total carbon
were found statistically significant among the groups
(Table 1, Figure 5). In other words, according to the
results, there is a significant statistical relationship
(P <0.001) between the soil carbon stock and total
carbon stock due to land use. There is also a significant statistical relationship (P <0.001) between the
soil loss and land use (Table 1).
There is also a significant negative correlation
between the predicted soil loss amounts and organic
matter content in the study area (r= - 0.88, P<0.01,
A3). Organic matter contents of the sampled soils are
in average 2.5 % in forest land and 2.2 % in pasture
land (Table 1). It is known that organic matter content of the top soils has a very positive effect on the
physical, chemical, hydrological soil characteristics.
There is also a positive relation with the organic matter content and soil and total carbon stock (r=0.976
and r=0.981, P<0.001) respectively.
Predicted soil loss amounts in the study are in
average 0.6 t/ha/yr in forest land and 3.6 t/ha/yr in
pasture land (Table 1, Figure 5). Erskine et al. [48]
determined close soil loss values (3.3 t/ha/yr in pasture area and 7.1 t/ha/yr in agricultural area) in their
study. Mahmoudzadeh et al. [49] have also reported
the soil loss amounts in their study as 3.1 t/ha/yr in
agricultural land, 2.2 t/ha/yr in pasture land and 0.8
t/ha/yr in forest land.

and
ܱܵ ܵܥൌ ܦܤൈܥΨൈܦ
(4)
In the equation OM is organic matter, BD is soil
bulk density (g cm-3), and D is soil sampling depth
(cm) [42].
Statistical methods. Associations among the
variables were analyzed. The compatibility with normal distribution of all variables analyzed was evaluated using the Kolmogorov±Smirnov test. Results
DUH H[SUHVVHG DV PHDQVௗௗ6' 6WDQGDUG GHYLDWLRQ 
Statistical analyses were performed with SPSS version 23.0 software package [43]. Differences beWZHHQ JURXSV ZHUH HVWDEOLVKHG E\ 6WXGHQW¶V t -test
for normally distributed values and by Mann-Whitney U-test for nonparametric values. Pearson's correlation coefficient was searched to examine the relation between normally distributed variables.
6SHDUPDQ¶VFRUUHODWLRQFRHIILFLHQWZDVXVHGIRUQRQnormally distributed values. Statistical significance
was defined as P was <0.05.

RESULTS AND DISCUSSION
Many different variables have been measured
and determined to obtain the requirements of the
used soil loss predicting model, the carbon stock and
stand structure profiles.
The negative effects of the human activities on
the soil loss event [44, 45] are also effective in the
study area. According to the measurement results the
average slope is about 19 % in the sample plots. It is
well known that a positive and strong correlation exists between the slope gradient, slope length and soil
loss [38, 46, 47].

FIGURE 5
Some soil characteristics according to the land use groups.
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TABLE 1
Average values of some soil characteristics according to land use groups (n=8, mean ± SD).
Variables
Sand (%)
Silt (%)
Clay (%)
Organic Matter (%)
EC (mS/cm)
pH (H2O)
Permeability (cm/hr)
Bulk Density (gr/cm3)
Surface Stoniness (%)
A (t/ha/year)
Soil C (t/ha)
Total C (t/ha)

Forest
55.1±6.8
20.5±1.1
24.3±6.1
2.5±0.1
47.3±4.2
5.5±0.1
19.7±7.8
1.5±0.03
44.5±8.1
0.6±0.1
174.3±2.0
202.4±2.9

Pasture
53.3±8.0
23.9±3.0
22.8±5.0
2.2±0.1
33.9±1.8
5.7±0.1
19.1±8.3
1.4±0.01
49.9±2.9
3.6±0.1
150.4±4.9
151.1±4.9

P value
NS
NS
NS
P<0.001
P<0.01
P<0.01
NS
NS
NS
P<0.001
P<0.001
P<0.001

Cumulative land use effects of integrated land use pattern scenario
100%
80%

76

75

1.8
60%
40%

101

87
20%
0.3

0%

Soil loss (t/ha/year)

Forest

Soil Carbon Storage (t/ha)

Total Carbon Storage (t/ha)

Pasture

FIGURE 6
The amount of soil loss, soil carbon and total carbon in 1 hectare integrated land.
TABLE 2
The parameters used in the scenario.

Land use
Soil loss (t/ha/year)
Soil Carbon
Stock (t/ha)
Total Carbon Stock (t/ha)

 KD
(1+2)

0.3

Pasture
(0.5 ha)
(2)
1.8

2.1

15

85

87

75

162

54

46

101

76

177

57

43

Forest (0.5 ha)
(1)

The soil loss values in forest lands in the study
area are quite low beside the values in pasture lands.
But the average soil loss amounts in the forest lands
are higher than expected [46, 50]. The predicted soil
loss in forest area is negligible erosion in terms of
soil erosion sensitivity classes [51].
These values indicate that the ecological conditions will turn in to natural structure in the forest
lands, in time. But it is not the fact in pasture lands,
because of the over grazing and non-protective soil
loss trends which also affects the land use and plant
cover. Golosov et al. [52] reported that the soil loss
amounts decreased 3.2 t/ha/yr in the forests lands
and increased 0.7 t/ha/yr in pasture lands in a period
of 32 years.

Forest effects
(%)

Pasture effects
(%)

It is determined in this study that the soil carbon
stock amounts in the forest lands are in average
174.3 t/ha and 150.4 t/ha in pasture lands (Table 1,
Figure 5). Wasak and Drewnik [53] found the soil
organic carbon stock values are 63.5 t/ha in a forest
area and 47.5 t/ha in a pasture area.
It is known that soils represent the most important long-term organic carbon (OC) reservoir
which is mostly based on the organic matter [54,55].
The results in this study confirm this knowledge (Table 1). Total carbon stock (soil + biomass) is higher
in the forest lands and lower in pasture lands as expected. This situation in the pasture lands is because
of the very low biomass.
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An integrated land use scenario was established
by utilizing the average values obtained in the research (Table 1, Figure 5). In this scenario (totally 1
ha), it is assumed that 50% of the area is pasture and
50% is forest (Table 2).
In this case, it is expected that there will be
about 2.1 tons of soil loss per year in this area (Table
2). It is observed that about 15% of this soil loss
amount is coming from the forest area and about
85% from the pasture. In other words, the effect of
pasture lands on total soil loss is about 6 times higher
than the forest lands (1.8 / 0.3) (Figure 6). Erskine et
al. [48] was pointed that soil loss in pasture lands is
3-5 times higher than in forest lands.
In such an area, the amount of carbon stock in
the soils is about 162 t/ha, while the total carbon
stock amount (soil + biomass) is 177 t / ha. The effect
of forest area on soil carbon storage is 54% (87 t /
ha) whereas the effect of pasture is 46% (75 t /ha).
Similarly, the total carbon storage effect of the forest
land is 57% (101 t/ha), while the pasture land effect
is 43% (76 t/ha) (Figure 6). This difference can be
explained by the scarcity of biomass.

Land use and soil characteristics are the
main factors determining and affecting soil loss by
erosion. However, rainfall regime included climatic
factors is the most important parameter that is effective in soil loss in hilly areas. In addition, in this
study, soil organic matter, soil acidity and electrical
conductivity were significantly affected by changes
in the amount of plant biomass in the unit area, while
no significant change in the basic hydro-physical
properties of the soil was observed due to land use
over a period of 30-40 years. Soil organic matter, soil
acidity and electrical conductivity are classified into
important soil quality indicators [56]. Therefore, in
the coming period, it is obvious that the quality of
the forest land in this region will increase further.
And according to created scenario, it is observed that
differences in soil loss and organic matter accumulation is due to the litter and plant cover in the forest
area. This effect is at the lowest level in pasture areas
that are open to excessive and irregular grazing.
As a result, the process of healing is continuing
in these areas, which were used for agricultural purposes until 1970s and then abandoned (some of them
have been turned into the pasture and some have
been turned into forest by plantation). The recovery
process in forest areas is progressing much faster.
Especially soil loss and total carbon storage values
support this result. This process is progressing more
slowly in pasture areas. It is considered that the improvement process in these areas will accelerate the
recovery process.

CONCLUSIONS
In this study, it has been found that soil loss by
erosion, soil carbon stock and total carbon stock in a
unit area are significantly affected by vegetation
cover depending on land use change. And there is a
trend of positive change in soil characteristics in areas converted into forest by plantation. Previous
studies have reported that the soil loss amount by
erosion in forest area tends to decrease over time
while reverse trend exist in pasture and open areas
[52]. This indicates that, in the long run, soil quality
increases in the forest area and will may decrease in
the pasture area.
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APPENDIX
TABLE 3
Correlations between some variables.
Soil Characteristics

Sand (%)

Silt (%)

Clay (%)

Sand (%)
Silt (%)
Clay (%)
Organic Matter (%)
EC (Ms/cm)
pH
Permeability (cm/hr)
Bulk Density (gr/cm3)
Surface Stoniness (%)
A (t/ha/yr)
Soil C (t/ha)
Total C (t/ha)

*
-0.810*
-0.714*
-0.095 NS
-0.476 NS
-0048 NS
0.976***
0.903 **
-0.723*
0.238 NS
0.138 NS
0.157 NS
Permeability
(cm/hr)

*
0.262NS
-0.381NS
-0.833*
0.524 NS
-0.690NS
-0.638NS
0.552 NS
0.333 NS
-0.564NS
-0.618NS
Bulk Density
(gr/cm3)

*
0.619NS
0.119NS
-0.643NS
-0.762*
-0.861**
0.667 NS
-0.762*
0.115NS
0.119NS
Surface Stoniness
(%)

Soil Characteristics
Sand (%)

6013

Organic
Matter (%)

EC (Ms/cm)

*
0.786*
-0.881**
-0.167 NS
0.157 NS
-0.317 NS
-0.880**
0.976***
0.981***

*
-0.762*
0.357NS
0.347NS
-0.333 NS
-0.643NS
0.786*
0.786*

A (t/ha/yr)

Soil C (t/ha)

pH

*
0.047 NS
0.009 NS
0.160 NS
0.857**
-0.838 **
-0.861**
Total C
(t/ha)
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Silt (%)
Clay (%)
Organic Matter (%)
EC (Ms/cm)
pH
Permeability (cm/hr)
Bulk Density (gr/cm3)
Surface Stoniness (%)
A (t/ha/yr)
Soil C (t/ha)
Total C (t/ha)

*
0.902 **
-0.711*
0.357 NS
0.066 NS
0.075 NS

*
-0.883**
0.252 NS
0.331NS
0.327 NS

Fresenius Environmental Bulletin

*
-0.119 NS
-0.458NS
-0.481 NS

*
-0.690*
-0.690 *

*
0.991 ***

*

NS: Correlation is non-significant., *: Correlation is significant at the 0.05 level, **: Correlation is significant at
the 0.01 level, ***: Correlation is significant at the 0.001 level.
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1DWLRQDO(QJLQHHULQJ/DERUDWRU\IRU$GYDQFHG0XQLFLSDO:DVWHZDWHU7UHDWPHQWDQG5HXVH7HFKQRORJ\%HLMLQJ8QLYHUVLW\RI7HFKQRORJ\
%HLMLQJ35&KLQD

&ROOHJHRI&KHPLFDO(QJLQHHULQJ%HLMLQJ8QLYHUVLW\RI&KHPLFDO7HFKQRORJ\%HLMLQJ35&KLQD

DVZHOODVORZELRORJLFDOGHJUDGDELOLW\&3VDUHFRQ
VLGHUHGEHRQHFODVVRIWKHQRWRULRXVKD]DUGRXVRU
JDQLFFRPSRXQGVWKDWDUHRIJUHDWFRQFHUQIRUKXPDQ
KHDOWK DQG HFRORJLFDO V\VWHP ZKHQ WKH\ DUH GLV
FKDUJHGLQWRVRLOXUEDQZDVWHZDWHUDQGVXUIDFHZD
WHU[2-4](3$RI7KH8QLWHG6WDWHV(XURSHDQ&RP
PXQLW\ (& DQG&KLQDQDWLRQDOHQYLURQPHQWDOPRQ
LWRULQJFHQWHUKDYHDOUHDG\OLVWHGDYDULHW\RI&3VDV
SULRULW\SROOXWDQWVVXFKDVPRQRFKORURSKHQRO 
&3 GLFKORURSKHQRO '&3 [5, 6]
,QUHFHQWGHFDGHVDYDULHW\RIWHFKQLTXHVVXFK
DV SK\VLFDO FKHPLFDO SKRWRFDWDO\WLF DQG HOHFWUR
FKHPLFDO WHFKQRORJ\ KDYH EHHQ SURSRVHG IRU WKH
WUHDWPHQW RI &3V ZLWK VPDOOVFDOH SURFHVV OHYHO LQ
WKH ODE [7] &RPSDULQJ ZLWK DERYHPHQWLRQHG WHFK
QLTXHV FRPHWDEROLF ELRGHJUDGDWLRQ ZLWK DG
YDQWDJHVRIORZLQYHVWPHQWJRRGJRYHUQDQFHHIIHFW
QRVHFRQGDU\SROOXWLRQDQGHQYLURQPHQWDOVXVWDLQD
ELOLW\KDVDWWUDFWHGPXFKDWWHQWLRQDQGQRZLVHPHUJ
LQJWREHDQDGYDQFHGDQGHIIHFWLYH PHWKRG,WKDV
EHHQUHSRUWHGWKDWXVLQJDQHDVLO\DVVLPLODWHGFDUERQ
VRXUFHDVFRPHWDEROLVPVXEVWUDWHLVEHQHILWIRU&3V
WREHGHFKORULQDWHGDQGPLQHUDOL]HGE\PLFURRUJDQ
LVPV8VXDOO\HDVLO\GHJUDGDEOHFDUERQVRXUFHVFDQ
VWLPXODWH PLFURELDO JURZWK DQG WKXV PRUH NH\ HQ
]\PHVFRQFHUQLQJPHWDEROLVPDUHDYDLODEOHWRDWWDFN
DQG GHFRPSRVH &3V [8-10]7KH SUHYLRXV UHVHDUFK
KDGFHUWLILHGWKDWLWZDVDGYLVDEOHWRJDLQVLPXOWDQH
RXVUHPRYDORI&3DQGSKHQROLQODEVFDOHELRUH
DFWRUVXQGHUWKHFRQGLWLRQVRIGLIIHUHQWWHPSHUDWXUHV
3HQWDFKORURSKHQRO 3&3  DV WKH VLQJOH FDUERQ DQG
HQHUJ\VRXUFHFRXOGEHPLQHUDOL]HGE\VRPHFHUWDLQ
DHURELF VWDLQV DQG EHWWHU FRPHWDEROLF GHJUDGD
WLRQ HIIHFWFDQEHREWDLQHGZKHQJOXFRVHDFHWLFDFLG
DQGIRUPLFDFLGZHUHUHVSHFWLYHO\FKRVHQDVJURZWK
VXEVWUDWHVLQKRUL]RQWDOIORZDQDHURELFLPPRELOL]HG
ELRPDVV +$,% UHDFWRUV[2, 6, 11]
7KH FRQFHQWUDWLRQ RI FRQYHQWLRQDO VXEVWUDWHV
DQGWKHLUSURSRUWLRQVUHODWLYHWRWDUJHWSROOXWDQWVDOVR
SHUIRUPD VLJQLILFDQWUROHLQWKH FRPHWDEROLFFRQ
YHUVLRQDQGGHJUDGDWLRQRI&3V([HUWLQJFRPHWDE
ROLVPE\DGGLWLRQRIWKHULJKWDPRXQWRIPXOWLSOHPD
WUL[HVLVKHOSIXOIRUWKHPLFURRUJDQLVPVJURZWKEXW
H[FHVVLYHJURZWKVXEVWUDWHVPLJKWDURXVHDFRPSHW
LWLYHLQKLELWRU\UHVXOWWRZDUGVELRGHJUDGDWLRQRIUH
IUDFWRU\FRPSRXQGV)RUH[DPSOHWKH&3ELRGHJ

ABSTRACT
,QWKLVVWXG\FRPHWDEROLVPELRGHJUDGDWLRQRI
'&3VZDVLQYHVWLJDWHGZLWKJOXFRVHDVFRPHWDER
OLVPVXEVWUDWHDQGIRXU'&3VLQFOXGLQJGLFKOR
URSKHQRO '&3 GLFKORURSKHQRO '&3 
GLFKORURSKHQRO '&3 DQGGLFKORURSKH
QRO '&3  DV WDUJHW SROOXWDQWV 7KH UHVXOWV
VKRZHGWKDWJOXFRVHFRXOGDFFHOHUDWHWKHELRGHJUD
GDWLRQSURFHVVRI'&3VGXHWRWKHUHDVRQVWKDWJOX
FRVHFRXOGHQKDQFHWKHPLFURRUJDQLVPV¶DGDSWDELOLW\
WRZDUGV '&3V DV D FRPHWDEROLVP VXEVWUDWH LQ WKH
DFWLYDWHGVOXGJH DQGVSHHGXSWKH DFFOLPDWLRQSUR
FHVV RI '&3V KLJKHIILFLHQF\ GHJUDGDWLRQ VWUDLQV
ZKLFKLQGLUHFWO\LPSURYHGWKHELRGHJUDGDWLRQUDWHRI
'&3VLQDFWLYDWHGVOXGJH7KURXJKGD\VRIDFFOL
PDWL]DWLRQWKHPLFURRUJDQLVPVZHUHDEOHWRGHJUDGH
PJ/'&3PJ/'&3PJ/
'&3DQGPJ/'&3LQGLIIHUHQWELRUH
DFWRUVUHVSHFWLYHO\:LWKWKHVWHSZLVHLPSURYHPHQW
RI JOXFRVH IHHG FRQFHQWUDWLRQ WKH ELRGHJUDGDWLRQ
UDWHRI'&3VFKDQJHGJUDGXDOO\7KHJOXFRVHLQIOX
HQW FRQFHQWUDWLRQV RI  PJ /  PJ /
PJ/ DQGPJ/ZHUHVHOHFWHGDVRSWL
PDO H[SHULPHQWDO YDOXH UHVSHFWLYHO\ 8QGHU WKHVH
FRQGLWLRQV ELRGHJUDGDWLRQ FRQFHQWUDWLRQV RI 
'&3'&3'&3DQG'&3ZLWKWKHLQLWLDO
FRQFHQWUDWLRQRIPJ/UHDFKHGXSWRPJ/

PJ/PJ/DQGPJ/FRUUH
VSRQGLQJO\ &RPELQDWLRQ ZLWK '&3V VWUXFWXUH DQG
HIIHFWRIHDFK'&3RQPLFURRUJDQLVPVUHVXOWVDOVR
GHPRQVWUDWHG WKDW WKH PHWD DQG SDUDVXEVWLWXWHG
&3VZHUHRIJUHDWHUWR[LFLW\WKDQWKHRUWKRVXEVWLWXW
HGV¶
.(<:25'6
GLFKORURSKHQROFRPHWDEROLVPJOXFRVHELRGHJUDGDWLRQ

INTRODUCTION
&KORURSKHQROV &3V KDYHEHHQZLGHO\XVHGDV
LQGXVWULDOV\QWKHVLVLQWHUPHGLDWHVIRUG\HVSUHVHUY
DWLYHGLVLQIHFWDQWDQGSHVWLFLGHV[1]+RZHYHUGXH
WRWKHLUKLJKWR[LFLW\DQGWKHHIIHFWRIFDUFLQRJHQLFLW\
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UDGDWLRQUDWHFRXOGEHRSWLPL]HGE\DGMXVWLQJWKHUD
WLRRI&3DQGVRGLXPJOXWDPDWH+LJKJURZWKVXE
VWUDWHFRQFHQWUDWLRQVPD\FDXVHFDUERQFDWDEROLWHUH
SUHVVLRQDQGOHDGWRSDXVLQJRIWKHPLFURELDOGHJUD
GDWLRQ7KHUHIRUHDSSURSULDWHGRVDJHRIJURZWKVXE
VWUDWHSOD\HGDQLPSRUWDQWUROHRQFRPHWDEROLVP[9,
12]
'&3VDUHRQHNLQGRIWR[LFFKORURSKHQROSROOX
WDQWVWKDWFRPPRQO\SUHVHQWLQYDULRXVNLQGVLQGXV
WULDOHIIOXHQWV7KHUHODWLRQVKLSEHWZHHQWKHWR[LFLW\
DQGVXEVWLWXHQWJURXSRI&3VKDYHEHHQFRQFOXGHG
DQGWKHWR[LFLW\RI'&3LVRPHULGHVPDLQO\UHOLHGRQ
WKHLUFKORULQDWHGGHJUHHDQGWKH VXEVWLWXWLRQVDZD\
IURPWKH RUWKRSRVLWLRQ,QWKLV ZRUNWKH FRPHWD
EROLFELRGHJUDGDWLRQRI'&3'&3'&3
DQG'&3LQVHTXHQFLQJEDWFKUHDFWRU 6%5 XQ
GHU DHURELF FRQGLWLRQV ZDV LQYHVWLJDWHG ZKHQ JOX
FRVH ZDV VHOHFWHG DV D FRPHWDEROLF VXEVWUDWH7KH
GRVDJHRIJOXFRVH ZDVRSWLPL]HGWRREWDLQRSWLPDO
GHJUDGDWLRQHIILFLHQF\RIHDFK'&37KHUHVXOWVUH
YHDOHG WKDW WKH JOXFRVH ZLWK DSSURSULDWH GRVDJH
FRXOGDFFHOHUDWHWKHDFFOLPDWLRQSURFHVVRI'&3GH
JUDGLQJEDFWHULXP,WFRXOGDOVREHSURYHGWKDWWKH
PHWD DQG SDUDVXEVWLWXWHG &3V DUH RI JUHDWHU WR[
LFLW\WKDQWKHRUWKRVXEVWLWXWHGVDFFRUGLQJWRWKHGLI
IHUHQWWR[LFLW\LQWHQVLW\RI'&3VKRZHGE\ELRORJL
FDOLQGLFDWRURIDFFOLPDWLRQSURFHVV

Fresenius Environmental Bulletin

([SHULPHQWDOIDFLOLW\7KHVFKHPDWLFGLDJUDP
RIWKHH[SHULPHQWDODSSDUDWXVZDVGHVFULEHGLQ)LJ
7KH6%5V\VWHPFRQWDLQHGDF\OLQGULFDORUJDQLF
JODVVDVVDPSOHSRUW PPLQKHLJKWDQGPP
LQERWWRPGLDPHWHU DQGDPHFKDQLFDOVWLUUHUWRWKH
PL[WXUH RI VOXGJH 7KH URWDPHWHU ZDV ORFDWHG EH
WZHHQ DHUDWLRQ GLIIXVHU DQG WKH DLU SXPS WR DGMXVW
DHUDWLRQUDWH7KHWRWDOYROXPHRI6%5ZDV/EXW
LWV HIIHFWLYH YROXPH ZDV VHW LQ  / IRU SUHYHQWLQJ
RYHUIORZ 7ZR SHULVWDOWLF SXPS ZHUH XVHG WR NHHS
FRQWLQXRXV IHHGLQJ YLD WKH WRS RI WKH UHDFWRU DQG
SXPSWKHHIIOXHQWWRGUDLQWDQNUHVSHFWLYHO\7KHUH
VHDUFKZDVLPSOHPHQWHGXQGHUWKHFRQGLWLRQRIQRU
PDOSUHVVXUHDQGWHPSHUDWXUH

EXPERIMENTAL
&KHPLFDOV'&3V %HLMLQJ&KHP6HUYLFH,QF 
LQFOXGLQJ'&3'&3'&3DQG'&3
ZHUH VHOHFWHG DV REMHFWLYH SURFHVVHG REMHFWV $OO
FKHPLFDOV XVHG LQ WKH UHVHDUFK FRQWDLQLQJ '&3V
PLQHUDO VDOWV %HLMLQJ 5HDJHQW &R  DQG JOXFRVH
%HLMLQJ&KHPLFDO:RUNV ZHUHRIDQDO\WLFDOJUDGH
$OODTXHRXVVROXWLRQVZHUHSUHSDUHGZLWKXOWUDSXUH
ZDWHU 0LOOLSRUH4 V\VWHP  0ȍāFP  7KH
FKHPLFDOVWUXFWXUHVRIVHOHFWHG'&3VXVHGLQWKHH[
SHULPHQWVZHUHGHVFULEHGLQ)LJ

),*85(
&KHPLFDOVWUXFWXUHVRIVHOHFWHG'&3VXVHGLQ
WKHUHVHDUFK

),*85(
$VFKHPDWLFGLDJUDPRIWKHDFWLYDWHGVOXGJHELRUHDFWRULQH[SHULPHQWDOVWXGLHV
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VWHSZLVHDGGHGLQWRWKHUHDFWRUZLWKIHHGFRQFHQWUD
WLRQ JUDGLHQW RI  PJ / IURP  WR  PJ /  DW
LQWHUYDOVRIDURXQGGD\V,QWKHFRQWUROJURXS
'&3ZDVXVHGDVVLQJOHFDUERQVRXUFHZLWKLQIOXHQW
FRQFHQWUDWLRQRIPJ/WKDWDFFRUGHGZLWKFRQ
FHQWUDWLRQ RI FDUERQ VRXUFH RQH SHULRG LQ VHZDJH
WUHDWPHQWSODQW7KURXJKGD\VRIDFFOLPDWLRQGH
JUDGHDELOLWLHVRIWKHDFFOLPDWL]HGPLFURRUJDQLVPVLQ
GLIIHUHQW6%5VIRU'&3'&3'&3DQG
'&3ZHUHPJ/PJ/PJ/DQG
PJ/UHVSHFWLYHO\
7KHQWKHLQIOXHQFHRIWKHJOXFRVHIHHGFRQFHQ
WUDWLRQ ZDV LQYHVWLJDWHG 7KH DFWLYDWHG VOXGJH WKDW
DFFOLPDWHGIRUGD\VZLWKDELOLW\WRGHJUDGH
'&3 RI  PJ / ZHUH LQRFXODWHG LQWR VL[ 6%5V
 DQGWKHVOXGJHFRQFHQWUDWLRQZDVPJ
/LQHDFKUHDFWRU7KH JOXFRVH IHHGFRQFHQWUDWLRQ
ZDVVXFFHVVLYHO\PJ/PJ/PJ
/PJ/PJ/DQGPJ/IURP
6%5  WR  DQG WKH FRQFHQWUDWLRQV RI '&3
ZHUHPJ/IRUDOOUHDFWRUV
6OXGJHUHWHQWLRQWLPH 657 ZDVFRQWUROOHGLQ
GD\VDQGDQDSSURSULDWHYROXPHRIPL[HGOLTXRU
ZDV GUDLQHG RXW LQ WKH ODVW  PLQXWHV RI DHUDWLRQ
SKDVH $FFRUGLQJ WR GLIIHUHQW H[SHULPHQW UHTXLUH
PHQWV UHDFWLRQ WHPSHUDWXUH ZDV DGMXVWHG DW 7 
&&RU&DQGS+ZDVDGMXVWHG
DW  'LVVROYHG R[\JHQ '2  FRQFHQWUDWLRQ
ZDV FRQWUROOHG DW PRUH WKDQ  PJ / E\ DGMXVWLQJ
IORZ PHWHU 6XSHUQDWDQW OLTXRU ZDV GUDLQHG DW YRO
XPH H[FKDQJH UDWH RI  7KH VSHFLILF VHWWLQJV
ZHUHVKRZQLQ7DEOH

$OO6%5VKDGWKHVDPHVWUXFWXUHDQGPRGHRI
RSHUDWLRQ(DFKUHDFWRUUDQWZRF\FOHVRQHGD\DQG
RSHUDWHGDKUVF\FOHLQVHTXHQFHZLWKPLQRI
IHHGLQJERWKZDWHUDQGVXEVWUDWHVKUVDHURELFDHU
DWLRQ PHFKDQLFDODJLWDWLRQRIUPLQ PLQ
VHWWOLQJPLQGHZDWHULQJDQGPLQLGOLQJ
6HHG VOXGJH DQG ZDVWHZDWHU FRPSRVLWLRQ
7KLVVWXG\XVHGPL[HGEDFWHULXPLQ6%5V$FWLYDWHG
VOXGJH FXOWXUH ZDV WDNHQ IURP WKH VHFRQGDU\ VHGL
PHQWDWLRQWDQNRIZDVWHZDWHUWUHDWPHQWSODQWLQ%HL
MLQJ&KLQD7KHEDVLFFKDUDFWHULVWLFRIWHVWHGVOXGJH
ZDVVKRZQLQ7DEOH
7DNLQJ '&3 DV H[DPSOH WR LQVWUXFW
ZDVWHZDWHU FRPSRVLWLRQ 7KH UHTXLUHG V\QWKHWLF
ZDVWHZDWHUZDVPDGHXSRIJOXFRVHYDULRXVFRQFHQ
WUDWLRQVRI'&3DQGVRPHPLQHUDOVDOWV[13, 14]
7DEOH   *OXFRVH ZDV YLHZHG DV PDLQ FDUERQ
VRXUFH DQG WKH UDWLR RI FDUERQ QLWURJHQ DQG SKRV
SKRUXVNHSWDWLQWKHLQIOXHQWWRDYRLGWKH
1DQG3WREHFRPHUHVWULFWHGQXWULHQWV,QIOXHQW&2'
FKHPLFDO R[\JHQ GHPDQG  IOXFWXDWHG ZLWKLQ WKH
UDQJHRIPJ/WRPJ/GXULQJWKHDFFOL
PDWLRQVWDJH(DFK'&3ZDVGLVSRVHGLQGLYLGXDOO\
LQWKHVDPHZD\
([SHULPHQWDOSURFHGXUH7DNLQJ'&3DV
H[DPSOH WR GLVFXVV WKH GHWDLOHG DFFOLPDWLRQ SUR
FHVVHV '&3 '&3 DQG '&3 ZHUH GHDOW
UHVSHFWLYHO\LQWKHVDPHZD\
7KH H[SHULPHQWV FRQWDLQ WHVW DQG FRQWURO
JURXSV ,Q WKH WHVW JURXS JOXFRVH ZDV UHJDUGHG DV
PDLQFDUERQVRXUFHZLWKLQIOXHQWFRQFHQWUDWLRQEH
WZHHQPJ/DQGPJ/DQG'&3ZDV
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$QDO\WLFDOPHWKRGV7DNLQJPOPL[HGOLT
XLGIURP6%5DQGXVLQJWKHFRQVWDQWZHLJKWPHWKRG
WR DQDO\]H PL[HG OLTXRU VXVSHQGHG VROLGV 0/66 
7KH OLTXLG VXSHUQDWDQWV REWDLQHG E\ FHQWULIXJDWLRQ
ZDV XVHG WR &2' DQDO\VHV ZLWK SRWDVVLXP GLFKUR
PDWH PHWKRG EDVHG RQ GLJHVWLRQ DQG FRORULPHWULF
DQDO\VLV +LJK HIILFLHQF\ OLTXLG FKURPDWRJUDSK\
+3/& ZDWHUV  HTXLSSHG ZLWK & FROXPQ
$WODQWLV ZDVXVHGIRU'&3VFRQFHQWUDWLRQDQDO\VHV
7KH PRELOH SKDVH FRQVLVWHG RI D PL[HG VROYHQW RI
PHWKDQRODQGZDWHU YY DQGLWVIORZYHORFLW\
ZDV  P/ PLQ LQ +3/&7KH YDULDWLRQV RI '2
DQG S+ ZHUH PRQLWRUHG ZLWK :7: $QDO\]HU
0XOWL HTXLSSHGZLWKDWHPSHUDWXUHSUREH
,QRUGHUWRH[FOXGHWKHLQIOXHQFHRIVOXGJHDG
VRUSWLRQRQ'&3VWKHPL[WXUHVDPSOHVIURPWKHLQL
WLDODQGHQGRIRQHSHULRGZHUHHOXWHGUHSHDWHGO\XQ
WLO'&3FRQWHQWFRXOGQRWEHGHWHFWHG%\GHWHFWLQJ
WKH'&3FRQFHQWUDWLRQLQWKHHOXHQWWKHUHVXOWVUHS
UHVHQWHG WKH LQLWLDO DQG HIIOXHQW FRQFHQWUDWLRQ RI

'&3 UHVSHFWLYHO\ 7KH GHJUDGDWLRQ HIILFLHQF\ RI
'&3ZDVFRPSXWHGIURPWKHIROORZLQJHTXDWLRQ
ܥ െ ܥଵ
ݕ݂݂ܿ݊݁݅ܿ݅݁݊݅ݐܽ݀ܽݎ݃݁ܦሺΨሻ ൌ
ൈͳͲͲΨ
ܥ
:KHUHܥ ZDVWKHLQLWLDOFRQFHQWUDWLRQRI'&3DQG
ܥଵ UHSUHVHQWHGWKH'&3HIIOXHQWFRQFHQWUDWLRQDIWHU
RQH SHULRG $FFRUGLQJ WR GHWHUPLQDWLRQ YRODWLOH
'&3VLQWKHSURFHVVRIH[SHULPHQWVZHUHQHJOLJLEOH

RESULTS AND DISCUSSION
&RPSDULVRQRI&2'GHJUDGDWLRQHIILFLHQF\
,W ZDV UHSRUWHG WKDW WKH FKORULQDWHG SKHQROLF FRP
SRXQGVZKLFKRZQHGPHWDRUSDUDVXEVWLWXHQWKDG
VWURQJHU WR[LFLW\ WKDQ WKRVH KDG RUWKRVXEVWLWXHQWV¶
[15, 16] ,Q WKLV UHVHDUFK '&3 ZDV WUHDWHG DV
UHSUHVHQWDWLYH LQ WKH FRPSDULVRQ RI &2' UHPRYDO
GHJUDGDWLRQGXULQJVOXGJHGRPHVWLFDWLRQVWDJH

7$%/(
3DUDOOHOH[SHULPHQWVLQWKHGRPHVWLFDWLRQVWDJHDQGFRPSDUDWLYHWULDOVZLWKJOXFRVHIHHGFRQFHQWUDWLRQDV
YDULDWLRQ
6WDJH

*URXS

$FFOLPDWL]DWLRQ

7HVW
&RQWURO







&RPSDUDWLYHWULDOVZLWK
GLIIHUHQWLQIOXHQW
JOXFRVHFRQFHQWUDWLRQ

7HPS
&

,QIOXHQWFRQFHQWUDWLRQ PJ/
'&3









'&3









'&3









'&3









JOXFRVH









),*85(
7KHYDULDWLRQVRI'2DQGS+ZLWKLQRQHSHULRGLQWKHWHVW6%5'&3DVWDUJHWSROOXWDQW
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),*85(
7KHFRPSDULVRQRI&2'GHJUDGDWLRQHIILFLHQF\LQWKHFRQWURODQGWHVW6%5V'&3DVWDUJHW
SROOXWDQW
PLFURELDOPHWDEROLFDFWLYLW\WRDFHUWDLQH[WHQW[17,
18]+RZHYHUDFFRUGLQJWRWKHZKROHSURFHVV&2'
GHJUDGDWLRQ HIILFLHQF\ UHPDLQHG VWDEOH DQG ZDV
PRUHWKDQLOOXVWUDWLQJWKHLPSRUWDQWUROHRIJOX
FRVH RQ UHVLVWLQJ WR[LFLW\ RI '&3 IRU DFWLYDWHG
VOXGJH
,QDJHQHUDOZD\WKHJURZWKPDWUL[ZDVXVXDOO\
HDV\WRGHJUDGHDQGFRXOG VWLPXODWH PLFURELDO PH
WDEROLVP WR D FHUWDLQ H[WHQW LQ WKH FRPHWDEROLVP
SURFHVV DQG DYDLOHG WR WUHDWLQJ &3V SROOXWDQWV [19,
20]7KHHQHUJ\SURGXFHGIURPFDWDEROLVPRIJURZWK
VXEVWUDWH ZDV EHQHILW IRU &3V GHFRPSRVLQJ DQG
FRXOGSURPRWHWKHGHWR[LILFDWLRQDQGGHJUDGDWLRQRI
&3VVRDVWRLPSURYHRSHUDWLRQHIILFLHQF\RIWKHV\V
WHP DQG WUHDWPHQW HIIHFW &RERV9DVFRQFHORV UH
SRUWHGWKDWSKHQRODVSULPDU\VXEVWUDWHKDGHIIHFWRQ
UHPRYDORI&3&3'&3'&3LQEDWFK
DQG IHGEDWFK FXOWXUHV [21]:DQJ DOVR VWXGLHG WKH
DGGLWLYH SKHQRO DQG VRGLXP JOXWDPDWH DV FDUERQ
VRXUFHWRPD[LPL]HWKHFRPHWDEROLVPRIFKORUR
SKHQROE\UHVHDUFKLQJ3VHXGRPRQDVSXWLGD$77&&
[22, 23]
7KHUHIRUHWKHDSSURDFKRIXVLQJJOXFRVHDVFR
PHWDEROLVPVXEVWUDWHZDVPRUHVXLWDEOHIRUGHJUDGD
WLRQRI'&3DQGLWVLVRPHUV

$VVKRZQLQ)LJLQWKHWHVWJURXS'2IHOO
VKDUSO\LQWKHLQLWLDOVWDJHRIDHUDWLRQRSHUDWLRQ 
PLQ RQDFFRXQWRIWKHFRQVXPLQJRIPDWUL[E\
WKHPLFURRUJDQLVPVYLDDVHULHVRIELRFKHPLFDOUHDF
WLRQLQ6%5$ERXWPLQODWHU'2URVHJUDGXDOO\
XQWLO WKH ZKROH PL[WXUH UHFRYHUHG EDFN WR DHURELF
FRQGLWLRQ '2! PJ /  ,Q WKH PHDQWLPH S+
UDQJHGIURPWRZKLFKZDVVXLWDEOHIRUWKH
JURZWKRIPLFURRUJDQLVPV6RLWZDVXQQHFHVVDU\WR
DGMXVWS+LQWKHZKROHUHDFWLRQSURFHVV
,Q WKH FRQWURO JURXS '&3 ZLWK LQIOXHQW
FRQFHQWUDWLRQRIPJ/HTXLYDOHQWWRPJ/

LQIOXHQW &2' ZKLFK DFFRUGHG ZLWK FRQFHQWUDWLRQ
RIFDUERQVRXUFHLQVHZDJHWUHDWPHQWSODQWHYHU\F\
FOHZDVORRNHGXSRQDVWKHVLQJOHFDUERQVRXUFH$V
VKRZQLQ )LJDOWKRXJKWKHDFWLYDWHGVOXGJH KDG
QRDELOLW\WRGHJUDGH'&3LQVKRUWWHUPWKHHI
IOXHQW&2'GHFOLQHGDQGNHSWDWDKLJKOHYHORI
PJ/LQWKHLQLWLDOVWDJH LQGD\V SUREDEO\GXHWR
WKH DEVRUSWLRQRI'&3E\DFWLYDWHG VOXGJH DQG
DFKLHYHG DGVRUSWLRQ VDWXUDWLRQ DORQJ ZLWK WKH FRQ
WLQXRXVUXQQLQJ$VDUHVXOWRI'&3QRWGHJUDGHG
DFWXDOO\&2'GHJUDGDWLRQUDWHNHSWLQORZOHYHOOHVV
WKDQ  2Q DFFRXQW RI WKH ORQJVWDQGLQJ VWURQJ
WR[LFHQYLURQPHQWDQGVKRUWDJHRIDYDLODEOHH[WHUQDO
FDUERQVRXUFHWKHPLFUREHVVWDUWHGWRVSOLWDQGOHDG
WRWKHHIIOXHQW&2'ULVLQJPRUHWKDQPJ/LQ
WKHOLTXLGVXSHUQDWDQWDIWHUGD\V(YHQLWDSSHDUHG
SKHQRPHQRQRIWXUELGLW\DQGWKHHIIOXHQW&2'ZDV
DOLWWOHKLJKHUWKDQWKHLQIOXHQWEHFDXVHRIGHVRUSWLRQ
RI'&3
,Q WKH WHVW JURXS WKH &2' GHJUDGDWLRQ HIIL
FLHQF\DSSHDUHGIOXFWXDWLRQIURPGRZQWRXSDVWKH
UHDFWRU UDQ FRQWLQXRXVO\ WR WKH VWDEOH VWDWH$W WKH
SRLQWVVXFKDVWKHSRLQW )LJ WKDW'&3
ZDVIHHGWKH&2'GHJUDGDWLRQUDWHGHVFHQGHGGXH
WRWKH VWURQJWR[LFLW\RI'&3WKDWLQKLELWHGWKH

7KHGLIIHUHQFHRI&2'GHJUDGDWLRQ*OXFRVH
ZDVQRWRQO\DVXEVWUDWHWKDWPD\EHXWLOL]HGE\PL
FURELDO PHWDEROLVP EXW DOVR LQGXFHG WKH NH\ HQ
]\PHVIRUPLFURELDOVWUHVVPHWDEROLVP[24]:LWKWKH
VWHSZLVH HQKDQFHPHQW RI '&3 IHHG FRQFHQWUDWLRQ
RQRQHKDQGPLFURRUJDQLVPVXVHGHQHUJ\IURPGH
FRPSRVLQJ JOXFRVH WR GHJUDGH '&3 RQ WKH RWKHU
KDQGJOXFRQLFVWUHVVSURWHFWLRQFRXOGHDVHWR[LFLW\
RI'&3VRDVWRVORZWKHLQKLELWLRQRI'&3RQPL
FURRUJDQLVPV
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),*85(
7KHYDULDWLRQVRI&2'GHJUDGDWLRQHIILFLHQF\WRZDUGVWHVW6%5V'&3DVWDUJHWSROOXWDQW D 
'&3DVWDUJHWSROOXWDQW E DQG'&3DVWDUJHWSROOXWDQW F

),*85(
7KHFRPSDULVRQRI0/66LQWKHFRQWURODQGWHVW6%5'&3DVWDUJHWSROOXWDQW
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),*85(
7KHFRPSDULVRQRI0/66LQWKHFRQWURODQGWHVW6%5V'&3DVWDUJHWSROOXWDQW D 
'&3DVWDUJHWSROOXWDQW E DQG'&3DVWDUJHWSROOXWDQW F
9DULDWLRQV RI &2' GHJUDGDWLRQ HIILFLHQF\ LQ
WKHDFFOLPDWL]DWLRQSURFHVVXVLQJJOXFRVHDVFRPH
WDEROLVP FDUERQ VRXUFH IRU '&3 '&3 DQG
'&3ZHUHGHSLFWHGLQ)LJ,WFDQEHIRXQGWKDW
WKHPLFUREHVFRXOGDGDSWWRWKHLQLWLDOFRQFHQWUDWLRQ
RI'&3 PJ/ ZKLFKHQVXUHG&2'GHJUDGDWLRQ
HIILFLHQF\WRPDLQWDLQDWDKLJKVWDWHPRVWO\RYHU
ZLWK  GD\V  :LWK WKH '&3 IHHG FRQFHQWUDWLRQ
VWHSZLVHLQFUHDVLQJ&2'GHJUDGDWLRQHIILFLHQF\DS
SHDUHG IOXFWXDWLRQ REYLRXVO\ LQ WKH SURFHVV RI GR
PHVWLFDWLRQOLNHWKRVHSRLQWVPDUNHGLQ)LJ(I
IOXHQW &2' WUDQVIRUPHG IURP GRZQ WR XS HYHQ
PRUHWKDQPJ/DQGWKHQUHVWRUHGWKHVWDELOLW\
OHVVWKDQPJ/7KHPLFUREHVQHHGHGPRUHHQ
HUJ\WRGLVSRVH'&3VRWKDWHQHUJ\IURPJOXFRVHPH
WDEROLVPZDVLQVXIILFLHQWWRUHVLVW'&3WR[LFLW\DQG
VXSSRUW'&3ELRGHJUDGHGIXOO\7KHUHDVRQVWKDWLQ
FOXGHG WR[LFLW\ RI '&3 DQG LQKLELWLRQ RI NH\ HQ
]\PHV DFWLYLWLHV OHDGHG WR &2' GHJUDGDWLRQ HIIL
FLHQF\GHFOLQLQJGUDPDWLFDOO\
7KHFXUYHVLQ)LJ D  E DQG F ZHUHVLPLODU



EXWQRWLGHQWLFDOLQGLFDWLQJWKHGLIIHUHQW&2'GHJ
UDGDWLRQ SURFHVVHV RI WKH '&3V )RU )LJ  F  WKH
ORZHVWSRLQWRIUHPRYDOUDWHZDVDWDURXQGDQG
WKH ZKROH SURFHVV VKHZ JUHDWHU IOXFWXDWLRQ IRU LQ
VWDQFHWR IURPWRGD\V 3HUKDSVIRU
GLIIHUHQW'&3LVRPHUVWKHUHODWLYHSRVLWLRQRIVXE
VWLWXHQWJURXSOHDGHGWRGLIIHUHQWWR[LFLW\ZKLFKLQ
GLUHFWO\JDYHULVHWRGLIIHUHQFHRI&2'GHJUDGDWLRQ
GXULQJGRPHVWLFDWLRQSURFHVV[25, 26]:LWKFRPSDU
LVRQDQGDQDO\VLVDPRQJWKHVWUXFWXUHRI'&3VWKDW
WKHPHWDDQGSDUDVXEVWLWXWHG&3VZHUHRIJUHDWHU
WR[LFLW\ WKDQ WKH RUWKRVXEVWLWXWHGV KDV EHHQ UH
SRUWHG[27]
7KHYDULDWLRQVRI0/66$FFRUGLQJWR)LJ
WKHPLFURRUJDQLVPVH[LVWLQJLQWKHDFWLYDWHGVOXGJH
ZHUHLQKLELWHGRUNLOOHGGXHWRVWURQJWR[LFLW\RI
'&3ZKLFKUHVXOWHGLQDVKDUSGURSWRZDUGV0/66
LQWKHFRQWUROJURXSIURPPJ/GRZQWROHVV
WKDQPJ/ZLWKLQGD\V+RZHYHU0/66
RIWKHWHVWJURXSVWDUWHGWRGHFOLQHLQWKHLQLWLDOVWDJH
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FRUUHVSRQGLQJ WR WKH GHJUDGDWLRQ FRQFHQWUDWLRQ RI
 PJ / 7KLV ZDV EHFDXVH ZKHQ JOXFRVH IHHG
ZDVPJ/WKHPLFUREHVPDLQO\XVHGJOXFRVH
WRHDVHWR[LFLW\DQGJURZWKDQGRQO\DVPDOODPRXQW
RIJOXFRVHZDVXWLOL]HGWRLQGXFHNH\HQ]\PH[28]
7KHPLFUREHVQHHGHGWRSURGXFHDVHULHVRIHQ]\PHV
IRU LQVWDQFH PLFURELDO R[\JHQDVH HQ]\PHV H J
ZKLFK ZDV XWLOL]HG WR GHJUDGH ERWK JURZWK PDWUL[
OHYHODQG6LQFHWKHOHYHOJURZWKPDWUL[WHQGHG
WREHVRPHSROOXWDQWVZKLFKZDVQRWHDV\WRGHJUDGH
PLFURRUJDQLVPVKDGSULRULW\RYHUXVLQJJOXFRVHWKDQ
'&3)XUWKHULQFUHDVHWKHJOXFRVHIHHGFRQFHQ
WUDWLRQPRUHWKDQPJ/WKH'&3GHJUD
GDWLRQFRQFHQWUDWLRQZDVGRZQWRPJ/,WFRQ
ILUPHGWKDWH[FHVVLYHVXEVWUDWHVLQKLELWHGWKHGHJUD
GDWLRQSURFHVVGXHWRWKHHQHUJ\FRQVXPLQJIRUJOX
FRVHGHJUDGDWLRQ6RPJ/ZDVWKHDSSURSUL
DWHJOXFRVHIHHGFRQFHQWUDWLRQWRJHWEHWWHUGHJUDGD
WLRQUDWHXQGHUWKHFRQGLWLRQRIPJ/'&3
LQIOXHQW
(YHQ LI FRQFHQWUDWLRQ RI JOXFRVH LQFUHDVHG
JUDGXDOO\'&3GHJUDGDWLRQUDWH QRWRYHUPJ
/  ZDVQRW VLJQLILFDQWO\LPSURYHGGXH WRWKH ORZ
HQ]\PHVDFWLYLW\DW&:KHQWKH6%5WHPSHUD
WXUHZDVVHWDW&WKHPD[LPXPELRGHJUDGDWLRQ
FRQFHQWUDWLRQVOLJKWO\GHFUHDVHGWRPJ/%XW
WKH PD[LPXP GHJUDGDWLRQ UDWH SRLQW EHWZHHQ 
DQGKDGDWHQGHQF\WRPRYHIRUZDUGLQPJ
/JOXFRVHIHHG7KHPDLQUHDVRQPLJKWEHWKDWPRVW
NH\HQ]\PHVRQWKHPLFURRUJDQLVPVZHUHLQKLELWHG
DW WKH VDPH WLPH D SDUW RI NH\ HQ]\PHV EHDULQJ
KLJKHUWHPSHUDWXUHFRXOGEHXVHGIRUFRPHWDEROLVP
DOOWKHVDPH[29]

RI UHDFWLRQ EHFDXVH WKH PLFURRUJDQLVPV ZHUH LQ
DGDSWLYHSKDVH ZLWKLQGD\V $ERXWGD\VODWHU
WKH PLFUREHV ZHUH DFFOLPDWL]HG WR DGDSWHG FRVXE
VWUDWHVFRQGLWLRQVDQGWKH0/66EHJDQWRULVHJUDG
XDOO\DQGUHFRYHUHGWRQRUPDOWUHDWPHQWFRQFHQWUD
WLRQDERXWGD\VODWHUZLWKWKHUHDFWRUUDQFRQWLQX
RXVO\7KXVLWFDQEHVHHQWKDWPLFURRUJDQLVPVLQWKH
WHVWJURXSZHUHPRUHVXLWDEOHIRUGHJUDGDWLRQRI
'&3WKDQWKDWLQFRQWUROJURXS
,WFDQEHVHHQIURP)LJWKDWWKH0/66LQDOO
6%5VGHFOLQHGDQGWKH0/66LQWKHFRQWUROJURXSV
DOVRKDGDVKDUSGURSZLWKLQGD\V$VVKRZQIURP
)LJ E WKH0/66ZDVLQIHULRUWRPJ/RQ
WKH WK GD\$QG LQ )LJ  F  D OLQHDU GHFUHDVH RI
0/66 ZDV SUHVHQWHG IURP WKH WK WR WKH WK GD\
'XULQJ WKH SURFHVV RI H[SHULPHQWV PDVVLYH DFWL
YDWHGVOXGJHWXUQHGEODFNDQGIORDWHGLQWKHVXSHUQD
WDQWDQGZDVGUDLQHGDVHIIOXHQW7KLVVXJJHVWHGWKDW
PDVVLYHPLFURRUJDQLVPVFRXOGQRWEHDUWKHWR[LFLW\
RI'&3ZKHQWKH\ODFNHGHDVLO\GHJUDGDEOHFDUERQ
VRXUFHIRUH[DPSOHJOXFRVH,WFDQDOVREHIRXQGWKDW
WKH0/66LQ)LJ F WRUHFRYHUHGWKHPRVWVORZO\
WRQRUPDOOHYHOGXULQJWKHVDPHGRPHVWLFDWLRQF\FOHV
,WIROORZVWKDWWKH'&3KDGVWURQJHUWR[LFHIIHFWV
RQDFWLYDWHGVOXGJHDQGZDVPRUHGLIILFXOWWREHGH
JUDGHGWKDQRWKHU'&3V
7KHUHODWLRQVKLSEHWZHHQ'&3ELRGHJUD
GDWLRQHIILFLHQF\DQGJOXFRVHIHHGFRQFHQWUDWLRQ
$V VKRZQ LQ )LJ  '&3 GHJUDGDWLRQ UDWH
FKDQJHGDSSDUHQWO\ZLWKGLIIHUHQWJOXFRVHIHHGFRQ
FHQWUDWLRQWKURXJKRQHF\FOHRIUHDFWLRQ$VJOXFRVH
IHHG FRQFHQWUDWLRQ LQFUHDVHG IURP  PJ / WR
PJ/VWHSZLVHWKH'&3GHJUDGDWLRQHIIL
FLHQF\JUDGXDOO\ZHQWXSIURPWRQHDUO\

),*85(
7KHYDULDWLRQRI'&3ELRGHJUDGDWLRQHIILFLHQF\ZLWKWKHVWHSZLVHLPSURYHPHQWRIJOXFRVHIHHG
FRQFHQWUDWLRQXQGHUGLIIHUHQWWHPSHUDWXUH
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),*85(
7KHUHODWLRQVKLSEHWZHHQRWKHU'&3VELRGHJUDGDWLRQHIILFLHQF\DQGJOXFRVHIHHGFRQFHQWUDWLRQXQGHU
WKHFRQGLWLRQRI&'&3DVWDUJHWSROOXWDQW D '&3DVWDUJHWSROOXWDQW E DQG'&3DV
WDUJHWSROOXWDQW F
UHVXOWRI'&3LQ)LJ F ZDVJUDGXDOO\DURXVLQJ
XSIURPWRDVJOXFRVHIHHGFRQFHQWUDWLRQ
LQFUHDVHGIURPPJ/WRPJ/VWHSZLVH
,WZRUNHGRXWWKDWJHWWLQJPD[LPXPELRGHJUDGDWLRQ
UDWHRQ'&3QHHGPRUHJOXFRVHIHHGFRQFHQWUD
WLRQ,WDOVRKDVEHHQFRQILUPHGWKDWWKH PHWDDQG
SDUDVXEVWLWXWHG &3V ZHUH RI JUHDWHU WR[LFLW\ WKDQ
WKDWRIRUWKRVXEVWLWXWHGV[30, 31]

7KH RWKHU '&3V ELRGHJUDGDWLRQ 7KH 
'&3 '&3 DQG '&3 GHJUDGDWLRQ VLWXDWLRQV
DW&ZHUHGHVFULEHGLQ)LJ7KH'&3GHJ
UDGDWLRQHIILFLHQF\JUDGXDOO\ZHQWXSIURPWR
 DV JOXFRVH IHHG FRQFHQWUDWLRQ LQFUHDVHG IURP
PJ/WRPJ/VWHSZLVH:KHQJOXFRVH
IHHGFRQFHQWUDWLRQZDVRYHUPJ/WKHUHZDV
DQ REYLRXV GHVFHQW LQ '&3 GHJUDGDWLRQ HIIL
FLHQF\IRUWKHUHDVRQWKDWH[FHVVRIJURZWKVXEVWUDWHV
PLJKWJDYHULVHWRDFRPSHWLWLYHLQKLELWRU\HIIHFWRQ
GHJUDGDWLRQRIWDUJHWFRPSRXQGV7KHUHZDVDOLWWOH
GLVWLQFWLRQIRU'&3'&3DQG'&3GHJ
UDGDWLRQHIILFLHQF\ ZLWKFKDQJHGJOXFRVHIHHGFRQ
FHQWUDWLRQ
7KH VLPLODU FXUYHV DSSHDUHG LQ '&3 DQG
'&3 UHGXFWLRQ DQG WKH EHVW LQIOXHQW SRLQWV RQ
JOXFRVHZHUHUHVSHFWLYHO\PJ/DQGPJ
/7KH'&3GHJUDGDWLRQHIILFLHQF\LQ)LJ E 
ZDV JUDGXDOO\ DURXVLQJ XS IURP  WR  DV
JOXFRVH IHHG FRQFHQWUDWLRQ LQFUHDVHG IURP  PJ
/WRPJ/VWHSZLVH6LPLODUO\WKHUHGXFWLRQ

CONCLUSIONS
'&3VKDGVWURQJWR[LFLW\WRZDUGVPLFURRUJDQ
LVPV DQG DFWLYDWHG VOXGJH IURP :DVWHZDWHU 7UHDW
PHQW3ODQWKDUGO\KDGWKHDELOLW\WRELRGHJUDGH'&3V
ZKHQ '&3V ZHUH WUHDWHG DV XQLTXH FDUERQ VRXUFH
7KHUHVHDUFKUHVXOWVVKRZHGWKDWJOXFRVHDVDFRPH
WDEROLVP VXEVWUDWH FRXOG HQKDQFH WKH PLFURRUJDQ
LVPV¶ DGDSWDELOLW\ LQ ZDVWHZDWHU HQYLURQPHQW FRQ
WDLQLQJ '&3 DQG VSHHG XS DFFOLPDWLRQ SURFHVV RI
HDFK'&3KLJKHIILFLHQF\GHJUDGDWLRQVWUDLQVZKLFK
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WKXVLQGLUHFWO\LPSURYHGWKH ELRGHJUDGDWLRQUDWHRI
HDFK'&3LQWKHDFWLYDWHGVOXGJH
7KURXJK  GD\V RI DFFOLPDWL]DWLRQ UHVHDUFK
UHVXOWV KDYH FRQILUPHG WKDW PLFURRUJDQLVPV ZHUH
DEOHWRGHJUDGHPJ/'&3PJ/
'&3PJ/'&3DQGPJ/'&3
UHVSHFWLYHO\LQGLIIHUHQWELRUHDFWRUV:LWKWKH VWHS
ZLVH LPSURYHPHQW RI JOXFRVH IHHG FRQFHQWUDWLRQ
'&3GHJUDGDWLRQHIILFLHQF\FKDQJHGDSSDUHQWO\DQG
WKHDGGLWLRQRIDSSURSULDWHGRVDJHRIJOXFRVHZRXOG
REWDLQ RSWLPDO FRPHWDEROLVP HIIHFW RQ HDFK '&3
7KHJOXFRVHLQIOXHQWFRQFHQWUDWLRQVRIPJ/
 PJ /  PJ / DQG  PJ / ZHUH
GHHPHGDVRSWLPDOH[SHULPHQWDOYDOXHUHVSHFWLYHO\
XQGHU WKHVH FRQGLWLRQV ELRGHJUDGDWLRQ FRQFHQWUD
WLRQV RI '&3 '&3 '&3 DQG '&3
ZLWKWKH LQLWLDOFRQFHQWUDWLRQRIPJ /UHDFKHG
XSWRPJ/PJ/PJ/DQG
PJ / FRUUHVSRQGLQJO\ &RPSDUDWLYH DQDO\VLV RQ
WKHVWUXFWXUHRIHDFK'&3WKHVWUHQJWKRIWR[LFLW\RQ
DFWLYDWHGVOXGJHDQGRSWLPDOLQIOXHQWGRVDJHVRIJOX
FRVHZHUHDVDUHVXOWRIGLIIHUHQWVXEVWLWXHQWSRVLWLRQ
ZKHQRQH'&3ZDVVHOHFWHGDVWDUJHWSROOXWDQW7KH
VWXG\WXUQHGRXWWKDWWKHPHWDDQGSDUDVXEVWLWXWHG
&3V ZHUH RI JUHDWHU WR[LFLW\ WKDQ WKH RUWKRVXEVWL
WXWHV¶OLNHWKDW'&3KDGVWURQJHUWR[LFHIIHFWVRQ
DFWLYDWHG VOXGJH DQG ZDV PRUH GLIILFXOW WR EH GH
JUDGHGWKDQRWKHU'&3V

Fresenius Environmental Bulletin

processes. Bioresource Technol., 114: 179-187.
[5] Xiangchun, Q., Hanchang, S., Yongming, Z.,
Jianlong, W. and Yi, Q. (2003) Biodegradation
of 2,4-dichlorophenol in an air-lift honeycomblike ceramic reactor. Process Biochem., 38:
1545-1551.
[6] Ziagova, M., Kyriakou, G. and LiakopoulouKyriakides, M. (2009) Co-metabolism of 2,4-dichlorophenol and 4-Cl-m-cresol in the presence
of glucose as an easily assimilated carbon
source by Staphylococcus xylosus. J. Hazard.
Mater., 163: 383-390.
[7] Song, X., Shi, Q., Wang, H., Liu, S., Tai, C. and
Bian, Z. (2017) Preparation of Pd-Fe/graphene
catalysts by photocatalytic reduction with enhanced electrochemical oxidation-reduction
properties for chlorophenols. Applied Catalysis
B: Environmental, 203: 442-451.
[8] Chen, Y., He, J., Wang, Y., Kotsopoulos, T.A.,
Kaparaju, P. and Zeng, R.J. (2016) Development of an anaerobic co-metabolic model for
degradation of phenol, m-cresol and easily degradable substrate. Biochem. Eng. J., 106: 1925.
[9] Zhao, J., Chen, X., Bao, L., Bao, Z., He, Y.,
Zhang, Y. and Li, J. (2016) Correlation between
microbial diversity and toxicity of sludge treating synthetic wastewater containing 4-chlorophenol in sequencing batch reactors. Chemosphere, 153: 138-145.
[10] Moussavi, G., Ghodrati, S. and MohseniBandpei, A. (2014) The biodegradation and
COD removal of 2-chlorophenol in a granular
anoxic baffled reactor. J. Biotechnol., 184: 111117.
[11] Damianovic, M.H.R.Z., Moraes, E.M., Zaiat, M.
and Foresti, E. (2009) Pentachlorophenol (PCP)
dechlorination in horizontal-flow anaerobic immobilized biomass (HAIB) reactors. Bioresource Technol., 100: 4361-4367.
[12] Wang, Y., Tan, C., Zhuang, S., Zhai, P., Cui, Y.,
Zhou, Q., Zhang, H. and Fei, Z. (2014) In vitro
and in silico investigations of the binding interactions between chlorophenols and trypsin. J.
Hazard. Mater., 278: 55-65.
[13] Cobos-Vasconcelos, D.D.L., Santoyo-Tepole,
F., Juarez-Ramirez, C., Ruiz-Ordaz, N. and
Galindez-Mayer, C.J.J. (2006) Cometabolic
degradation of chlorophenols by a strain of
Burkholderia in fed-batch culture. Enzyme Microb. Tech., 40: 57-60.
[14] Salmeron-Alcocer, A., Ruiz-Ordaz, N., JuarezRamirez, C. and Galindez-Mayer, J. (2007)
Continuous biodegradation of single and mixed
chlorophenols by a mixed microbial culture
constituted by Burkholderia sp., Microbacterium phyllosphaerae, and Candida tropicalis.
Biochem. Eng. J., 37: 201-211.
[15] Mubarik, S., Saeed, A., Athar, M.M. and Iqbal,
M. (2016) Characterization and mechanism of

ACKNOWLEDGEMENTS
7KH ZRUN ZDV VXSSRUWHG E\ 1DWLRQDO 1DWXUDO
6FLHQFH)RXQGDWLRQRI&KLQD  
&XOWLYDWLRQ)XQGIRU%HLMLQJ1HZ&HQWXU\+XQGUHG
7KRXVDQGDQG7HQ7KRXVDQG7DOHQWV3URMHFW

REFERENCES
[1] Peng, Y., Chen, J., Lu, S., Huang, J., Zhang, M.,
Buekens, A., Li, X. and Yan, J. (2016) Chlorophenols in Municipal Solid Waste Incineration:
A review. Chem. Eng. J., 292: 398-414.
[2] Limam, I., Limam, R.D., Mezni, M., Guenne, A.,
Madigou, C., Driss, M.R., Bouchez, T. and
Mazeas, L. (2016) Penta- and 2,4,6-tri-chlorophenol biodegradation during municipal solid
waste anaerobic digestion. Ecotox. Environ.
Safe, 130: 270-278.
[3] Menale, C., Nicolucci, C., Catapane, M., Rossi,
S., Bencivenga, U., Mita, D.G. and Diano, N.
(2012) Optimization of operational conditions
for biodegradation of chlorophenols by laccasepolyacrilonitrile beads system. Journal of Molecular Catalysis B: Enzymatic, 78: 38-44.
[4] Oh, W., Lim, P., Seng, C. and Sujari, A.N.A.
(2012) Kinetic modeling of bioregeneration of
chlorophenol-loaded granular activated carbon
in simultaneous adsorption and biodegradation



© by PSP

Volume 26 ± No. 10/2017 pages 6017-6027

Fresenius Environmental Bulletin

[26] Ekman, A., Campos, M., Lindahl, S., Co, M., B
Rjesson, P.L., Karlsson, E.N. and Turner, C.
(2013) Bioresource utilisation by sustainable
technologies in new value-added biorefinery
concepts ± two case studies from food and forest
industry. J. Clean Prod., 57: 46-58.
[27] Albrecht, R., Perissol, C., Ruaudel, F., Petit, J.L.
and Terrom, G. (2010) Functional changes in
culturable microbial communities during a cocomposting process: Carbon source utilization
and co-metabolism. Waste Mange., 30: 764-770.
[28] Xie, S., Liu, J., Li, L. and Qiao, C. (2009) Biodegradation of malathion by Acinetobacter
johnsonii MA19 and optimization of cometabolism substrates. J Environ Sci (China), 21: 7682.
[29] Sari, A.A., Tachibana, S. and Itoh, K. (2012)
Determination of co-metabolism for 1,1,1-trichloro-2,2-bis(4-chlorophenyl) ethane (DDT)
degradation with enzymes from Trametes versicolor U97. J. Biosci. Bioeng., 114: 176-181.
[30] Prasse, C., Stalter, D., Schulte-Oehlmann, U.,
Oehlmann, J. and Ternes, T.A. (2015) Spoilt for
choice: A critical review on the chemical and biological assessment of current wastewater treatment technologies. Water Res., 87: 237-270.
[31] Dixit, V. and Yadav, R.A. (2015) DFT-B3LYP
computations of electro and thermo molecular
characteristics and mode of action of fungicides
(chlorophenols). Int. J. Pharmaceut, 491: 277284.

the adsorptive removal of 2,4,6-trichlorophenol
by biochar prepared from sugarcane baggase. J.
Ind. Eng. Chem., 33: 115-121.
[16] Baggi, G., Bernasconi, S., Zangrossi, M., Cavalca, L. and Andreoni, V. (2008) Co-metabolism of di- and trichlorobenzoates in a 2-chlorobenzoate-degrading bacterial culture: Effect of
the position and number of halo-substituents. Int.
Biodeter. Biodegr., 62: 57-64.
[17] Huang, L., Gan, L., Zhao, Q., Logan, B.E., Lu,
H. and Chen, G. (2011) Degradation of pentachlorophenol with the presence of fermentable
and non-fermentable co-substrates in a microbial fuel cell. Bioresource Technol., 102: 87628768.
[18] Kim, Y., Murugesan, K., Schmidt, S., Bokare,
V., Jeon, J., Kim, E. and Chang, Y. (2011)
Triclosan susceptibility and co-metabolism ± A
comparison for three aerobic pollutant-degrading bacteria. Bioresource Technol., 102: 22062212.
[19] Moussavi, G., Ghodrati, S. and MohseniBandpei, A. (2014) The biodegradation and
COD removal of 2-chlorophenol in a granular
anoxic baffled reactor. J. Biotechnol., 184: 111117.
[20] Guo, W., Guo, S., Yin, R., Yuan, Y., Ren, N.,
Wang, A. and Qu, D. (2015) Reduction of 4chloronitrobenzene in a bioelectrochemical reactor with biocathode at ambient temperature
for a long-term operation. J. Taiwan Inst. Chem.
E., 46: 119-124.
[21] Van Aken, P., Van den Broeck, R., Degreve, J.
and Dewil, R. (2015) The effect of ozonation on
the toxicity and biodegradability of 2,4-dichlorophenol-containing wastewater. Chem. Eng. J.,
280: 728-736.
[22] Monsalvo, V.M., Mohedano, A.F., Casas, J.A.
and Rodriguez, J.J. (2009) Cometabolic biodegradation of 4-chlorophenol by sequencing batch
reactors at different temperatures. Bioresource
Technol. 100: 4572-4578.
[23] Wang, S., Loh, K. and Chua, S.S. (2003) Prediction of critical cell growth behavior of Pseudomonas putida to maximize the cometabolism of
4-chlorophenol with phenol and sodium glutamate as carbon sources. Enzyme Microb. Tech.,
32: 422-430.
[24] Frascari, D., Zanaroli, G. and Danko, A.S. (2015)
In situ aerobic cometabolism of chlorinated solvents: A review. J. Hazard. Mater., 283: 382399.
[25] Nzila, A. (2013) Update on the cometabolism of
organic pollutants by bacteria. Environ. Pollut.,
178: 474-482.

5HFHLYHG
$FFHSWHG




CORRESPONDING AUTHOR
=KLURQJ6XQ
1DWLRQDO(QJLQHHULQJ/DERUDWRU\IRU$GYDQFHG
0XQLFLSDO:DVWHZDWHU7UHDWPHQWDQG
5HXVH7HFKQRORJ\
%HLMLQJ8QLYHUVLW\RI7HFKQRORJ\
3LQJOH\XDQ&KDR\DQJ'LVWULFW
%HLMLQJ±P.R. &+,1$
(PDLO]UVXQ#EMXWHGXFQ



© by PSP

Volume 26 ± No. 10/2017 pages 6028-6034

Fresenius Environmental Bulletin

678'<21&2.,1*:$67(:$7(575($70(17%<
&$7$/<7,&683(5&5,7,&$/:$7(52;,'$7,21
Dong Xu*, Peifeng Wang, Rui Yang
&ROOHJHRI*HRPDWLFVDQG0XQLFLSDO(QJLQHHULQJ=KHMLDQJ8QLYHUVLW\RI:DWHU5HVRXUFHVDQG(OHFWULF3RZHU35&KLQD

VLQJOHIOXLGSKDVHZLWKRXWWUDQVIHUOLPLWDWLRQLQZD
WHUR[\JHQRUJDQLFPL[WXUH,QWKLVZD\WKHSURFHVV
LQYROYHVDFRPSOHWHHOLPLQDWLRQRIWKHWDUJHWRUJDQLF
PROHFXOHV WR PDLQO\ ZDWHU DQG FDUERQ GLR[LGH LQ
6&: ZLWKH[FHVVR[\JHQLQ DQH[WUHPHO\ IDVWUDWH
>@ )XUWKHUPRUH WKH ORZ GLHOHFWULF FRQVWDQW RI
6&: WUHPHQGRXVO\ UHGXFHV WKH VROXELOLW\ RI LQRU
JDQLFFRPSRXQGV HJVDOWVR[LGHV DQGUHVXOWVLQDQ
HIILFLHQWVHSDUDWLRQIURPZDWHU>@7KHSURFHVVLV
EHLQJ GHYHORSHG DV DQ DOWHUQDWLYH WR LQFLQHUDWLRQ
VLQFHWKHUHLV YLUWXDOO\ QRIRUPDWLRQRI12[DVUH
VXOWV RI WKH UHODWLYHO\ ORZHU RSHUDWLQJ WHPSHUDWXUH
%HVLGHV GLR[LQV DQG RWKHU XQGHVLUHG LQFLQHUDWLRQ
E\SURGXFWV DUH QRUPDOO\ QRW REVHUYHG LQ 6&:2
SURFHVV>@
7KH 6&:2 SURFHVV WDNHV DGYDQWDJH RI WKH
XQLTXH 6&: SURSHUWLHV ZKHUH FRPSOH[ K\GURFDU
ERQV DUH UDSLGO\ R[LGL]HG LQ 6&: PHGLXP
ZLWK!UHPRYDOHIILFLHQF\SURGXFLQJOLTXLGZD
WHU EHQLJQ JDVHV OLNH &2 DQG 1 DQG PLQRU
DPRXQWVRILQRUJDQLFVDOWV GHSHQGLQJRQWKH IHHG
VWRFN FRPSRVLWLRQ  6XFK DGYDQWDJHV SRWHQWLDOO\
SODFH6&:2DVWKHWHFKQRORJ\WRUHSODFHLQFLQHUD
WLRQZLWKDGGHGDGYDQWDJHV L ]HURWR[LFHPLVVLRQV
LL  QR DVK IRUPDWLRQ ODQGILOO LVVXHV  LLL  QR SUH
GU\LQJRIZDVWHLVUHTXLUHG2QWKHWUHDWPHQWKLHUDU
FK\VFDOH6&:2UHSODFHVWKHWZRPRVWXQGHVLUDEOH
DSSURDFKHV QDPHO\ ODQGILOO DQG GLVSRVDO LQFLQHUD
WLRQ ZLWK QR KHDW UHFRYHU\  >@ )XUWKHUPRUH
6&:2LVKLJKO\H[RWKHUPLFSURGXFLQJHQRXJKHQ
HUJ\WRPDNHLWVHOIVXVWDLQLQJLQDGGLWLRQWRSURGXF
WLRQRIJUHHQHOHFWULFLW\>@

ABSTRACT
7KHUHPRYDOHIIHFWVRIPDLQWR[LFRUJDQLFSRO
OXWDQWVLQFRNLQJZDVWHZDWHUE\FDWDO\WLFVXSHUFULWL
FDO ZDWHU R[LGDWLRQ &6&:2  WUHDWPHQW SURFHVV
ZHUHLQYHVWLJDWHG7KHH[SHULPHQWDOUHVXOWVLQGLFDWH
WKDWWKH GHJUDGDWLRQUDWHVRIWKH PDLQSROOXWDQWVLQ
WKH FRNH ZDVWHZDWHULQFUHDVHGZLWKWKH LQFUHDVH RI
WHPSHUDWXUH SUHVVXUH DQG R[LGDWLRQ FRHIILFLHQW
2& 5HVXOWVVKRZHGWKDWWKHPRVWVXLWDEOHFRQGL
WLRQVIRU&6&:2RIFRNHZDVWHZDWHUDUH&
03D 2&  FDWDO\VW GRVH  PJ DQG UHVLGHQFH
WLPH RI  PLQ $IWHU WUHDWLQJ WKH FRNH SODQW
ZDVWHZDWHUE\&6&:2ZLWKDERYHFRQGLWLRQVWKH
PDLQSROOXWDQWVLQWKHWUHDWHGFRNHZDVWHZDWHUZHUH
GHJUDGHGWRDORZOHYHO
.(<:25'6
&RNHZDVWHZDWHU6XSHUFULWLFDOZDWHU&DWDO\WLFR[LGDWLRQ
3ROOXWDQWUHPRYDOUDWH

INTRODUCTION
:DWHU SROOXWLRQ DWWULEXWLQJ WR FRNLQJ
ZDVWHZDWHUSROOXWDQWVKDVDSSHDUHGWREHDJOREDOO\
VHULRXVLVVXHLQUHFHQW\HDUVDQGWKLVLVVXHLVPXFK
PRUHREYLRXVLQ&KLQDZKHUHFRDOSOD\VDYHU\LP
SRUWDQWUROHLQWKHFRXQWU\¶VHFRQRPLFGHYHORSPHQW
DQGLVWUHDWHGDVPDMRUHQHUJ\UHVRXUFHV>@&RN
LQJZDVWHZDWHUFRQWDLQVFRPSOH[RUJDQLFDQGLQRU
JDQLF FRQWDPLQDQWV PRVW RI WKH FRQWDLQPHQWV DUH
QRUPDOO\ WR[LF PXWDJHQLF DQG FDUFLQRJHQLF >@
RQFHWKHFRNLQJZDVWHZDWHUZLWKRXWHIIHFWLYHWUHDW
PHQWLVGLVFKDUJHGLQWRWKHULYHUDQGLWZLOOKDYHVH
YHUH DQG ORQJWHUP LPSDFWV RQ HQYLURQPHQW DQG
HFRORJ\>@
6XSHUFULWLFDO ZDWHU R[LGDWLRQ 6&:2  KDV
EHHQSURSRVHGDVDSURPLVLQJWHFKQRORJ\IRUFRP
SOHWHGHVWUXFWLRQRIZDVWHWKDWDUHULFKLQKD]DUGRXV
RUJDQLFSROOXWDQWVVXFKDVVHZDJH VOXGJH PLOLWDU\
ZDVWHVDQGYDULHW\RILQGXVWULDO ZDVWHV>@,WLV
ZHOONQRZQQRZWKDWVXSHUFULWLFDOZDWHUEHKDYHVDV
DQLQWHUPHGLDWHEHWZHHQLWVJDVHRXVDQGOLTXLGVWDWHV
DQG H[KLELWV KLJK GLIIXVLYLW\ DQG JRRG KHDWWUDQV
SRUWLQJSURSHUWLHV7KHSDUWLFXODUSURSHUWLHVRI6&:
PDNHWKHR[LGDWLRQUHDFWLRQRFFXUULQJJHQHUDOO\LQD

MATERIALS AND METHODS
([SHULPHQWPHWKRGDQGHTXLSPHQW7KHH[
SHULPHQWHTXLSPHQWLVVKRZQLQ)LJXUH
'XULQJ WKH H[SHULPHQW LW FRPSUHVV WKH DLU LQ
WKHVWHHOERWWOHWRWKHDLUSUHKHDWRUZLWKWKHDLUFRP
SUHVVRU$WWKHVDPHWLPHWKURXJKWKHKLJKSUHVVXUH
OLTXLG SOXQJHU SXPS LW LQIXVHV WKH VLPXODWLRQ
ZDVWHZDWHULQWRWKHOLTXLGSUHKHDWHG
7KHJDVOLTXLGUDZPDWHULDODIWHUWKHSUHWUHDW
PHQWPL[ZHOOLVVHQWLQWRWKHUHDFWLRQGHYLFH$IWHU
WKHUHDFWLRQWKHPL[WXUHLVVHQWWKHJDV±OLTXLGVHS
DUDWLRQGHYLFHDIWHUFRROLQJ$IWHUWKHVHSDUDWLRQWKH
JDVFRPHVLQWRWKHEDFNSUHVVXUHYDOYHWKURXJKWKH
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LQFUHDVHRIWKHWHPSHUDWXUHWKHGHJUDGDWLRQUDWHRI
WKH FRNLQJ ZDVWHZDWHU REYLRXVO\ LQFUHDVHV 72&
FRQFHQWUDWLRQ RI WKH FRNLQJ ZDVWHZDWHU REYLRXVO\
GHFUHDVHVZLWKWKHLQFUHDVHRIWKHWHPSHUDWXUH

$QDO\VLV PHWKRG 7KH WRWDO RUJDQLF FRQWHQW
72& LQWKHVDPSOHZDVPHDVXUHGE\DFRPPHUFLDO
72&DQDO\]HU (8527(&+(7$ 

(IIHFWRIGLIIHUHQWUHDFWLRQSUHVVXUHRQFRN
LQJ ZDVWHZDWHU GHJUDGDWLRQ )LJ  DQG )LJ
VKRZV WKH HIIHFW RI GLIIHUHQW UHDFWLRQ SUHVVXUH RQ
72& UHPRYDO DQG72& FRQFHQWUDWLRQ:KHQ UHDF
WLRQSUHVVXUHULVHVIURPWR03D72&UHPRYDO
GHPRQVWUDWHG DQ LPSHUFHSWLEOH LPSURYHPHQW$W 
PLQUHDFWLRQSUHVVXUHULVHVIURPWR03D72&
UHPRYDOLQFUHDVHGIURPWR

RESULTS AND DISCUSSION
(IIHFW RI GLIIHUHQW WHPSHUDWXUH RQ FRNLQJ
ZDVWHZDWHUGHJUDGDWLRQ(IIHFWRIWHPSHUDWXUHRQ
GHJUDGDWLRQUDWHRIWKHFRNLQJZDVWHZDWHULVVKRZQ
LQ )LJXUH  DQG  )URP Υ WR Υ ZLWK WKH

),*85(
6FKHPDWLFGLDJUDPRIWKH6&:2DSSDUDWXV

),*85(
(IIHFWRIGLIIHUHQWWHPSHUDWXUHRQ72&UHPRYDO
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),*85(
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(IIHFWRIGLIIHUHQWUHDFWLRQSUHVVXUHRQ72&FRQFHQWUDWLRQ

),*85(
(IIHFWRIR[LGDWLRQFRHIILFLHQW 2& RQ72&UHPRYDO
DQG WKH FRUUHVSRQGLQJ 72& DW WKLV SRLQW ZDV 
PJ/$W 2&   LW DOVRUHVXOWHG LQ KLJK72& UH
PRYDO  ,WLQGLFDWHVWKDWWKHSUHVHQFHRI2
JUHDWO\ LPSURYHG WKH FRQYHUVLRQ RI WKH FRQWDPL
QDQWV(YHQDWORZHUR[\JHQFRQFHQWUDWLRQDVLJQLI
LFDQWLPSURYHPHQWRQ72&UHPRYDOFDQVWLOOEHRE
WDLQHG

(IIHFWRIR[LGDWLRQFRHIILFLHQW 2& RQFRN
LQJZDVWHZDWHUGHJUDGDWLRQ7KHYDULDWLRQRI72&
DQG72&UHPRYDOYHUVXV2&DUHVKRZQLQ)LJDQG
,QWKHUDQJHRI2&DVLJQLILFDQWLPSURYHPHQW
RI72&UHPRYDOZDVREVHUYHGE\LQFUHDVLQJ2&,Q
WKHUDQJHRI2&!KRZHYHUHQKDQFHPHQWRQ72&
UHPRYDOIURP2&LVYHU\OLPLWHG$PD[LPXP72&
UHPRYDORIZDVIRXQGDW&DQG2&RI
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RI 72& FRQFHQWUDWLRQ ZDV REVHUYHG E\ LQFUHDVLQJ
FDWDO\VW GRVH:KHQ FDWDO\VW GRVH LV  PJ72&
UHPRYDOLVLWLQFUHDVHGE\FRPSDUHG
ZLWKQRWDGGLQJWKHFDWDO\VW

(IIHFWRIFDWDO\VWRQFRNLQJZDVWHZDWHUGHJ
UDGDWLRQ7KH YDULDWLRQRI72&DQG72&UHPRYDO
YHUVXVFDWDO\VWGRVHDUHVKRZQLQ)LJDQG$VLJ
QLILFDQWLPSURYHPHQWRI72&UHPRYDOZDVREVHUYHG
E\LQFUHDVLQJFDWDO\VWGRVH$VLJQLILFDQWUHGXFHPHQW

),*85(
(IIHFWRIR[LGDWLRQFRHIILFLHQW 2& RQ72&FRQFHQWUDWLRQ

),*85(
(IIHFWRIFDWDO\VWRQ72&UHPRYDO
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WLOROLWHSURFHVV)UHVHQ(QYLURQ%XOO

[4] 3HQJ5&<X3DQG/XR<%  $FRP
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WU\ ZDVWHZDWHU )UHVHQ (QYLURQ %XOO 

[5] =KHQ6&  6XSHUFULWLFDO:DWHU*DVLILFD
WLRQ 6&:*  RI &RNLQJ :DVWHZDWHU 2[LG
&RPPXQ
[6] %D]UDIVKDQ ( %LJODUL + DQG 0DKYL $+
  3KHQRO UHPRYDO E\ HOHFWURFRDJXODWLRQ
SURFHVV IURP DTXHRXV VROXWLRQV )UHVHQ (QYL
URQ%XOO
[7] &KX/%:DQJ-/'RQJ-/LX+<DQG
6XQ ;/   7UHDWPHQW RI FRNLQJ
ZDVWHZDWHU E\ DQ DGYDQFHG )HQWRQ R[LGDWLRQ
SURFHVVXVLQJLURQSRZGHUDQGK\GURJHQSHUR[
LGH&KHPRVSKHUH
[8] -LQ;:/L(&/X6*4LX=)DQG6XL
4  &RNLQJZDVWHZDWHUWUHDWPHQWIRULQ
GXVWULDO UHXVH SXUSRVH &RPELQLQJ ELRORJLFDO
SURFHVVHVZLWKXOWUDILOWUDWLRQQDQRILOWUDWLRQDQG
UHYHUVHRVPRVLV-RXUQDORI(QYLURQPHQWDO6FL
HQFHV
[9] <DQ4+RX</XR-0LDR+DQG=KDQJ
+   7KH H[HUJ\ UHOHDVH PHFKDQLVP DQG
H[HUJ\DQDO\VLVIRUFRDOR[LGDWLRQLQVXSHUFULWL
FDO ZDWHU DWPRVSKHUH DQG D SRZHU JHQHUDWLRQ
V\VWHP EDVHG RQ WKH QHZ WHFKQRORJ\ (QHUJ\

CONCLUSIONS
7KH DFWLYH FRPSRQHQW LV 0Q2 ,W DGRSWV WKH
HTXDOYROXPHWRSURGXFHWKH JRRGFDWDO\WLFSHUIRU
PDQFHDQGWKHHIIHFWRIWKHFDWDO\WLFR[LGDWLRQLQWKH
FRNLQJ ZDVWHZDWHU LV VWXGLHG WKH FRQFOXVLRQ LV DV
IROORZLQJ
2QWKHEDVLVRIWHVWLQJWKHFRNLQJZDVWHZDWHU
LW PDNHV VXUH WKH VXLWDEOH SURFHVV FRQGLWLRQ LV WKDW
WKH PRVW VXLWDEOH FRQGLWLRQV IRU &6&:2 RI FRNH
ZDVWHZDWHUDUH&03D2& FDWDO\VWGRVH
PJDQGUHVLGHQFHWLPHRIPLQ$IWHUWUHDWLQJ
WKH FRNH SODQW ZDVWHZDWHU E\ &6&:2 ZLWK DERYH
FRQGLWLRQV WKH PDLQ SROOXWDQWV LQ WKH WUHDWHG FRNH
ZDVWHZDWHU ZHUH GHJUDGHGWRD ORZOHYHO72&UH
PRYDO FDQ UHDFK WR  VR LW FDQ UHDFK WR WKH
HPLVVLRQVWDQGDUGRI*%
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LEVELS OF CHLORINATED PESTICIDES IN HUMAN
ADIPOSE TISSUE FROM BAGHDAD/ IRAQ

Mahmoud A Alawi*, Firas T Al-Tameemi6DQD¶D$O-Aqqad
The University of Jordan, Department of Chemistry, Amman-11942, Jordan

women. A study on infertile men found increased
levels of DDT metabolitHV LQ SDWLHQWV¶ EORRG [10].
Similar statistical work on women in New York
found a significant increased risk of breast cancer in
those with higher DDE levels in their adipose tissue
[11].
The direct measurement of the chlorinated
pesticides levels in human adipose tissue samples is
a good indicator to show the extent of exposure to
the polluted chemicals and to evaluate the health
hazards. In general, after the American invasion in
Iraq in 2003 and according to the UNEP report
(2005), the Iraqi environment was expected to be
polluted with different chemicals, especially the
chlorinated pesticides [12]. This report was about
Al Suwaira Pesticide Warehouses. Al Suwaira is
located to the south of Baghdad. Approximately
100 cubic meters of waste pesticides are present in
the warehouses and these are unsafe to use or even
enter and will remain in that condition unless decontaminated, says the report. After March 2003, it
was looted leading to containers being smashed and
pesticides being spread around the buildings.
It is known that OCPs (not all pesticides) have
been banned in Iraq since 1978 [11], but one has
also to notice that: 1) the half life time for OCPs is
very long and there was accumulation along the 70
years of use. 2) as mentioned above, there was a
source of contamination of ca. 100 m3 of pesticides
in Al-Suwaira warehouse nearby Baghdad which
was looted and smashed leading to contaminations.
Therefore we expect that the Iraqi environment and
the human body are contaminated with OCPs.
There are limited data of Organochlorine pesticide contamination levels in human body in Iraq.
Al-Omar et al., (1985) [14] studied the Organochlorine pesticide levels in human milk samples from
Baghdad. Due to this, the results of the present
study
are considered
important
in
terms
of providing baseline data from different sources of
OCP contamination in Iraq for future studies.
The objective of this study is to measure the
human body burden through measuring the concentrations of chlorinated pesticides in human adipose
tissues samples gathered from Baghdad/Iraq using
gas chromatography with the Electron Capture Detectors (ECD), and then the potential influence of
age, sex, smoking habits, and type of food consumption on the concentration of chlorinated pesticides will be investigated.

ABSTRACT
Twenty human adipose tissue samples which
were gathered from different hospitals in Baghdad/Iraq were analyzed for thirteen different chlorinated pesticide using gas chromatography with
electron capture detector (63Ni). Total concentration
of all analyzed Organochlorine pesticides (OCP) in
adipose tissue samples were 343.9±21.27 μg/kg.
The p,p'-DDT concentrations were below the limit
of detection however the p,p'-DDE levels were
found the most abundant OCP in all analyzed samples with mean concentrations 83.86±3.87 μg/kg .
The results of this study show that the concentrations of OCPs in human adipose tissues from Iraq
were within the levels or lower than the values reported from other countries.
KEYWORDS:
Adipose tissues, Iraq, Organochlorine pesticides, GCECD.

INTRODUCTION
Chlorinated pesticides have raised global concern due to their persistence in the environment,
impact on non-target organisms, and bioaccumulation in the humans and animals via food chain especially in lipid rich tissues and body fluids, such as
adipose tissue [1, 2] and mother milk [3, 4]
Pesticides are substances or mixture of substances meant for attracting, repelling, seducing,
and then destroying, or mitigating any pest [5]. The
most common use of pesticides is as plant protection products, which in general protect plants from
damaging influences such as weeds, plant diseases
or insects [6]. This use of pesticides is so common
that the term pesticide is often treated as synonymous with plant protection product, although it is in
fact a broader term, as pesticides are also used for
non-agricultural purposes. The lipid-rich tissues act
as depots or reservoirs by virtue of physiochemical
interactions of cellular components with them [7].
Thus, analysis of lipid-rich tissues indicates the
magnitude of exposure and diơ usion in the environment [8, 9].
The major risk of Organochlorine pesticides to
human health is the increasing infertility of men,
and the potential increased risk of breast cancer in
6035
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TABLE 1
Participants data
Participants
sample 1
sample 2
sample 3
sample 4
sample 5
sample 6
sample 7
sample 8
sample 9
sample 10
sample 11
sample 12
sample 13
sample 14
sample 15
sample 16
sample 17
sample 18
sample 19
sample 20

Sex
Male
Male
Male
Female
Female
Female
Male
Male
Female
Female
Female
Male
Female
Female
Female
Female
Male
Male
Female
Female

Age
50 years
23 years
35 years
22 years
29 years
22 years
60 years
48 years
33 years
21 years
28 years
54 years
32 years
26 years
16 years
60 years
19 years
39 years
15 years
15 years

Body weight
50 kg
85 kg
106 kg
45 kg
69 kg
55 kg
72 kg
78 kg
87 kg
92 kg
56 kg
60 kg
65 kg
47 kg
65 kg
67 kg
90 kg
73 kg
45 kg
75 kg

Smoker/non smoker
Yes
Yes
NO
NO
NO
NO
NO
Yes
NO
NO
NO
Yes
NO
NO
NO
NO
NO
NO
NO
NO

Food type
meat
vegetarian
vegetarian & meat
vegetarian
vegetarian
vegetarian & meat
meat
meat
vegetarian
vegetarian
vegetarian & meat
meat
vegetarian & meat
vegetarian & meat
meat
vegetarian & meat
vegetarian & meat
meat
vegetarian
vegetarian

>95% was purchased from TEDIA, (USA). Petroleum ether, ACS grade, 95% was purchased from
Carlo Erba, (Italy).

MATERIALS AND METHODS
Sampling and sample locations. Twenty adipose tissue samples combined with questionnaires
about many factors (age, weight, job, smoking,
working) were gathered from patients in cooperation with competent physicians and nurses from
three different hospitals (Al-Kadhimiya, AlYarmouk and Al-Kindy hospital), in Baghdad/Iraq.
Samples were collected with the help of surgeons from patients performing surgery in the
above mentioned hospitals. Adipose tissue samples
were obtained from the patients after getting their
permission in the period January - February 2014.
All samples were stored at -20
o
C until analysis. Information like sex, age,
body weight etc. is listed in Table 1. The mean age
of the monitored population was 32.4 years (range
15-60). Divided according to sex, the mean age for
females was 26.6 years (range 15-60), and for
males was 41 years (range 19-60).

Sample Extraction and Clean-Up. Human
adipose tissue samples were extracted according to
the method of Alawi et al., 1991 [15] with slight
modification. One gram of each homogenized adipose tissue sample was extracted in a Soxhlet apparatus for 4 hours using 180 ml of petroleum ether.
The solvent was then evaporated using the rotary
evaporated at 40º C and 40 mbar to ca. 3 ml.
A glass column (30 x 1.6 cm) was filled as
follows: 25 g of Florisil (3% w/w deionized water)
was filled into the column then 1 cm of anhydrous
sodium sulfate was added. This column was washed
with 100 mL petroleum ether. The residues from
the extraction step were added to the column and
eluted with 60 mL dichloromethane and 240 petroleum ether. The eluates were evaporated at 40º C
and 100 mbar to ca. 1ml, then to dryness using a
gentle stream of nitrogen. The residues were dissolved in 1.0 mL n-hexane containing 1 μg/ml internal standard (Isodrin), and then 1 μl was injected
onto the GC/ECD column [8].

Chemicals and Reagents. Chlorinated pestiFLGHVVWDQGDUGVĮ-HCH, ß-HCH, Heptachlor, Heptachlor-epoxide, Aldrin, Dieldrin, Endrin, p,p`DDT, o,p`-DDT, p,p`-DDD, o,p`- DDD, p,p`-DDE
and HCB (All standards of 97% - 99% purity) were
purchased from Dr. Ehrenstorfer (Augsburg, Germany). The chemicals used for extraction were purchased as follows: Florisil 60, 100 mesh (Riedel-de
Haën, Germany), Florisil was activated by heating
at 550 °C for 5 hours. After cooling in a dessicator,
it was mixed with de-ionized water to give (3%
w/w) mixture. This mixture was shaken for 15
minutes and kept overnight in a closed container
prior to use. Anhydrous sodium sulfate, extra pure
for analysis (Sheung-city Gyonggi ± do Korea).
Dichloromethane, HPLC-grade was purchased from
Janssen Chimica, (Belgium), n-Hexane, ACS grade,

GC Analysis. Gas chromatograph (GC) (Varian, model) was used for the analysis of OC- pesticides. GC was equipped with split- splitless injector, 63Ni-ECD (electron capture detector), and a
fused silica capillary column ZPB-5 (nonpolar, 30
m x 0.25 mm, 0.25 μm film thickness). The GC was
interfaced with computer for further integration,
calibration, and calculation.
GC/ECD operating conditions :Split ratio:
1:10, Injector temperature: 250 °C, Oven temperature program: 150°C (5 min.), 150-220°C (14
°C/min), 220°C (20 min.), 220-250 °C (20°C/min.)
and 250 °C (10 min).Detector temperature: 300°C.
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range 2.3 ± ȝJNJIRUWKHVWXGLHGSHVWicides. The LOQs were determined as signal-tonoise ratio of 10 and found to be in the range from
7.67± ȝJ NJ IRU WKH FKORULQDWHG SHVWLFLGHV
LODs, LOQs and the corresponding retention times
of the studied compounds are shown in Table 2.

Carrier gas: He, (99.999% purity).Carrier gas flow
rate: 1.1 ml/min. Make up gas: Argon-methane
95:5% (99.999% purity).Make up gas flow rate: 25
ml/min.
Each sample was analyzed in triplicate
(weighing, Soxhlet extraction and Florisil column
clean up) and each extract was injected onto the
GC/ECD-column three times. For each 5 samples, a
chromatogram of the standard mixture was produced. Then the relative peak areas (RPA) for each
compound with the IS, in the unknown chromatogram and the standard mixture chromatogram were
calculated, then a comparison was made between
RPA for the standard and RPA for the unknown
with concentration in the standard mixture to calculate the concentration in the unknown as follows:
Concentration of (X), unknown sample =

Recoveries. Three samples, each of one gram
sheep adipose tissue blank sample were spiked with
the chlorinated pesticides standard mixture to give
the concentrations of 100, 500 and 1000 μg/kg.
These samples were mixed thoroughly and extracted, cleaned-up and analyzed according to the above
mentioned method. The recovery tests were done in
triplicate at different times. The average recoveries
of chlorin6ted pesticides were found between 87
and 116%. All recoveries were found to lie within
the acceptable range for trace analysis of 80-120 %
[14].

Concentration of (X) in the standard x (RPA) unknown

(RPA) standard in the mixture
Method Validation. Linear Range. For the
calculation of the performance data, a calibration
was carried out at with five concentration levels
(100, 200, 400, 750 and 1000 μg/L) of the chlorinated pesticides. From the resulting calibration
curves, the regression coefficients were calculated,
characterizing the linearity of the calibration function. The regression coefficients were between
0.992 and 0.997, indicating a good linearity of the
calibration function in this concentration range.

Instrument Precision of Chlorinated Pesticides. The precision of the instrument was measured through the injection of standard solutions
(100, 500, 1000 μg/L) each three times. The coefficients of variation (CV) were found to be less than
the acceptable limit value for trace analysis (CV
<15%) [15], these results mean that the method
have a good instrument precision.

TABLE 2
Peak number in the chromatogram, Retention
time (tR), Limit of detection (LOD) and Limit of
quantitation (LOQ) for the studied chlorinated
pesticides
Peak
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Pesticides
Į-HCH
HCB
ȕ-HCH
Heptachlor
Aldrin
Heptachlor
epoxide
p,p'-DDE
Dieldrin
o,p'-DDD
Endrin
o,p'-DDT
p,p'-DDD
p,p'-DDT

Retention
time [min]
8.3
8.5
9.0
10.3
11.0

LOD
(μg/kg)
2.3
2.8
11.1
4.3
2.4

LOQ
(μg/kg)
7.67
9.33
37.00
14.33
8.00

12.0
13.6
13.7
13.9
14.5
15.2
15.4
17.0

2.5
11.1
3.4
21.9
5.3
19.2
21.1
22.4

8.33
37.00
11.33
73.00
17.67
64.00
70.33
74.67

Detection Limits and Limits of Quantitation. The limits of detection (LODs) and limits of
quantitation (LOQs) were determined for chlorinated pesticides as shown in Table 2. The calculated
LODs represent the lowest concentration levels at
which the target compounds could be detected with
a signal-to-noise ratio of 3 and found to be in the

FIGURE 1
Concentrations of chlorinated pesticides in human adipose tissue samples 1-10 and 11-20
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TABLE 3
Concentration (average ± standard deviation) of the individual pesticides in the studied 20 samples in
[μg/kg]; total concentration in each sample; average total concentration for all samples, and the average
concentration of each pesticide in all samples.
Sample #

ĮHCH

HCB

ȕ-HCH

Heptachlor

Aldrine

o,pDDD

En
dri
n

o,p'DDT

p,p'DDD

p,p'DD
T

$OO
pesticides

1

2.89±
0.16

21.56±
0.95

20.68±
1.03

8.61 ±
0.64

5.79 ±
0.09

60.21
± 9.31

< d.L

< d.L

<
d.L

301.84
±19.47

129.67
±5.75

< d.L

63.58±
4.59

< d.L

< d.L

<
d.L

325.92
±23.04

43.51±
0.23

35.21±
3.04

12.03±0.
23

58.27±
2.71

< d.L

< d.L

<
d.L

196.80
±11.33

31.62±
4.30

40.73±
1.60

83.50
±6.38

13.95±1.
55

51.69
±6.89

< d.L

< d.L

<
d.L

381.11
±24.45

89.78±
9.85

29.10±
3.04

20.68±
1.94

161.48
±8.80

3.98±0.5
8

48.49±
4.09

< d.L

22.35±
2.84

<
d.L

448.35
±37.58

26.95±
2.61

99.12±
11.75

17.31±
0.40

29.43±
0.62

53.38±
5.45

5.32±0.0
6

47.85±
1.21

< d.L

< d.L

<
d.L

307.85
±23.28

33.38±
2.64

30.60±
1.75

104.94
±9.68

18.39±
1.19

50.09±
6.85

237.06
±7.54

< d.L

67.27±
8.31

< d.L

99.76±
5.82

3.90±
0.44

43.85±
6.34

39.87±
4.12

121.84
±3.96

14.06±
1.57

40.16±
5.38

112.10
±1.48

11.91±1.
14

61.43±
4.44

< d.L

< d.L

<
d.L

449.60
±28.87

9

3.55±
0.37

20.64±
0.65

27.26±
3.42

26.68±
2.18

29.59±
4.39

11.64±
1.33

109.52
±6.86

< d.L

43.65±
5.98

< d.L

< d.L

<
d.L

272.53
±25.18

10

5.12±
0.35

31.76±
2.46

22.27±
3.22

77.07±
2.29

18.87±
1.11

42.45±
4.72

118.73
±3.57

< d.L

56.80±
1.23

< d.L

< d.L

<
d.L

373.07
±18.98

11

< d.L

23.63±
0.85

24.49±
1.60

< d.L

20.79±
1.42

46.25±
0.26

75.27±
0.60

6.95±0.2
5

64.98±
0.63

< d.L

< d.L

<
d.L

262.36
± 5.61

12

5.03±
0.08

26.95±
0.32

35.98±
0.55

80.16±
0.99

20.30±
0.19

31.98±
0.60

75.29±
1.01

< d.L

52.61±
2.03

< d.L

< d.L

<
d.L

328.60
± 5.77

13

4.88±
0.59

34.54±
0.85

38.82±
4.11

97.76±
8.68

21.19±
1.51

60.15±
8.37

13.78±
1.58

< d.L

65.97±
8.86

< d.L

< d.L

<
d.L

337.09
±34.55

14

4.88±
0.61

27.98±
0.67

32.18±
1.73

102.11
±3.38

14.70±
1.33

39.21±
3.29

62.50±
6.72

11.22±0.
40

40.93±
3.18

< d.L

< d.L

<
d.L

335.71
±21.31

15

3.29±
0.44

29.52±
2.03

25.93±
2.65

66.86±
5.03

21.95±
1.19

51.37±
7.67

49.30±
4.82

6.34±0.6
7

64.41±
6.61

< d.L

< d.L

<
d.L

318.97
±31.11

16

7.62±
0.45

36.05±
2.05

39.61±
0.81

59.70±
1.46

22.46±
0.48

30.60±
1.23

108.10
±1.69

< d.L

62.79±
1.59

< d.L

< d.L

<
d.L

366.93
± 9.76

17

4.31±
0.02

27.37±
2.70

22.52±
1.20

116.17
±3.86

23.40±
1.56

69.35±
0.70

19.54±
0.83

39.10±0.
76

65.70±
0.15

< d.L

< d.L

<
d.L

387.46
±11.78

18

3.42±
0.29

24.49±
2.14

23.29±
2.51

44.28±
0.48

16.35±
0.73

51.59±
2.75

< d.L

143.44±
8.56

61.79±
6.69

< d.L

< d.L

<
d.L

368.63
±24.15

19

4.89±
0.31

30.40±
2.68

28.14±
0.00

6.78±0
.45

18.92±
0.06

51.49±
2.28

16.33±
1.89

44.86±0.
44

60.59±
6.42

< d.L

< d.L

<
d.L

262.40
±14.53

20

4.53±
0.19

29.83±
0.75

29.26±
0.18

10.77±
0.18

20.36±
2.32

42.63±
0.69

13.47±
0.92

5.09±0.3
8

51.13±
4.64

< d.L

< d.L

<
d.L

207.07
±10.25

Average

4.61
±0.38

28.77
±1.99

28.76
±1.98

66.87
±3.70

20.92
±1.61

42.08
±2.78

83.86
±3.87

23.84
±1.16

57.51
±4.48

<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L
<
d.
L

2

3.75±
0.55

28.03±
3.78

20.27±
0.62

3

2.58±
0.35

14.36±
1.68

4

7.80±
0.41

5

< d.L

6.11 ±
0.43

<
d.L

aver
age
343.90
±21.27

p,p'DDE

Dieldrin

20.98±
1.63

Hchlor
epoxide
41.93±
1.06

119.19
±4.60

11.86±
1.30

22.14±
2.51

46.39±
3.94

14.98±
1.75

< d.L*

15.86±
1.34

31.31±
0.53

41.32±
2.27

79.18
±0.52

7.24±
0.65

34.49±
5.11

30.76±
3.52

6

3.48±
0.39

25.01±
0.79

7

4.33±
0.59

8

*< d.L = under detection limit
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IUHTXHQF\ RI DOPRVW  IROORZHG E\ ĮHCH, p,p'-DDE, were presented in 95% of the studied samples. Heptachlor was detected in 90%, Dieldrin in 60%, p,p'-DDD in 10% of the studied human adipose tissue samples.

RESULTS AND DISCUSSION
In this study, thirteen of the chlorinated pesticides have been determined in human adipose tissue
samples collected from different regions of Baghdad/Iraq.
Comparing the concentration of studied thirWHHQ FRPSRXQGV RQH QRWLFH WKDW WKH Į-HCH was
found in the range from below detection limit
(sample 11) to7.8 μg/kg (sample 4). HCB was
found in the concentration range between 14.36
JNJ VDPSOH   DQG  JNJ VDPSOH   ȕHCH was found in the concentration range between
14.36 μg/kg (sample 3) and 41.32 μg/kg (sample 4).
Heptachlor was found in the concentration range
between below detection limit (samples 3 and 11)
and 121.84 μg/kg (sample 8). Aldrine was found in
the concentration range between 14.06 μg/kg (sample 8) and 31.62 μg/kg (sample 4). Heptachlor
epoxide was found in the concentration range between 11.64 μg/kg (sample 9) and 69.35 μg/kg
(sample 17). p,p'-DDE was found in the concentration range between below detection limit (sample
18) and 237.06 μg/kg (sample 7).
Dieldrin was found in the concentration range
between below detection limit (samples 2, 7,
9,10,12,13 and 16) and 143.44 μg/kg (sample 18).
o,p'-DDD was found in the concentration range
between 40.93 μg/kg (sample 14) and 67.27 μg/kg
(sample 7). p,p'-DDD was found at 22.35 and 99.79
μg/kg in two samples 5 and 7. Endrin, o,p'-DDT
and p,p'-DDT were found below detection limit in
all human adipose tissue samples. All previous results are presented in Figures 1 and Table 3.
Of the thirteen individual studied pesticides,
10 were detected in at least 10 % of all samples (n =
20); their frequencies of detection are shown in
Figure 2. Five pesticides; HCB, ȕ-HCH, Aldrin,
Heptachlor epoxide, o,p'-DDD were found with

FIGURE 2
Percent frequency of individual congeners of the
chlorinated pesticides detected in all human
adipose tissue samples (n = 20)
The total concentration of all studied pesticides in all samples was ranged between 197 and
646 μg/kg.
$OWKRXJK Į-HCH comprises the majority of
HCH technical mixture, ranging from 55 to 80 %
[17], the mean concentration of ȕ-HCH was detected at high mean concentration (14.36 ± 41.32
μg/kg) due to its greater persistency compared to
other HCH isomers [18]. In this study, HCH concentrations were lower than those of DDTs in human adipose tissue samples of Iraq males and females (see Table 4), due to greater bioaccumulation
potential of DDTs than HCHs [16]. A similar pattern is also found in the level of total HCHs for all
countries mentioned in Table 4.

TABLE 4
Comparison of average concentrations (μg/kg) of DDTs, HCHs and HCB of
Iraqi participants with those reported from other countries.
country

n*

Iraq
Korea
Japan
Singapore
The
Czech
Republic
Italy

20
53
10
88
98

Turkey
Mexico

25
21
80

Jordan

32

12

Sex
8 Male
12 Female
Female
Female
Female
5 Male & 93
female
9 Male & 3
Female
Infertile men
fertile men
60 Male & 20
Female
21 Male
11 Female

Sampling year

2014
2008-2009
2003-2004
2004-2006
2007

Total
DDTs
162
135
250
1300
640
616

Total
HCHs
27
36
12
900
190
24

2005-2006

2040

74

152

2002-2007
2008

681
556
2589

342
265
72

125
100
n.d

1990

10060
12800

938
1715

446
710

n* : Number of samples

6039

HCB
28
30
9
35
20
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Although the sampling campaign was different
among investigated countries, the overall mean
concentrations of the DDTs in human adipose tissues of Iraqi participants were the lowest among all
countries mentioned in Table 4; for the HCHs the
Iraqi samples show the third lowest concentration
after Korea and the Czech Republic while the concentration of HCB in the Iraqi samples show also
the third lowest concentration after Korea and Singapore. This low concentration of the studied OCPs
could be attributed to two factors. First the stop of
use of all chlorinated pesticides in Iraq since 1978,
and the second factor is the stop of using pesticides
in the past one and half decade due to the war.
The main objective of this study was to measure the levels of human contamination with OCPs
and it was not expecting that these contaminants are
interring the human body from the local environmental contaminations, but as known the main
source of the body burden is the food contaminations. Therefore we are surprised to find low levels
of OCPs in the Iraqi adipose tissues which meansthat the imported (no local production during the
war) have low levels of OCPs. p,p'-DDT was found
in all studied human adipose tissue samples at a
concentration below the lower limit of detection,
but p,p'-DDE was found among the most abundance pesticides with a mean concentration of
83.86±3.87 μg/kg. In several other studies (Table
4), much higher concentrations (5-10 times more)
were found with higher mean concentration [2; 26 ±
27]. DDE, the primary metabolite of DDT, is rarely
excreted from the body [28]; thus, the association
between age and p,p'- DDE could be explained by
the fact that DDE levels increase when DDT is metabolized.
Levels of some pesticides such as heptachlor
and p,p'-DDE were highest among the oldest participants iQRXUVWXG\ZKLFKLVDFRPPRQ¿QGLQJ>
± 31] and probably due to the longer period of exposure to the bioaccumulating chlorinated pesticides. Also the concentrations of OCPs in the Iraqi
environment during the 1960s and 1970s were
higher than they are today, leading to much higher
body burdens in older people.
There is no correlation found between concentrations of HCB and HCHs with other variables like
sex, but the concentration of the DDTs was found a
little bit higher in males compared with females
(Table 4)
Many persistent compounds can still be detected in samples of the human body decades after
they are banned. For example, DDT s was banned in
Iraq in 1978 [15] but its breakdown products DDE
and the insecticide DDT are still detected in the
human adipose tissue samples because its estimated
half life time in the environment is 2-15 years [32].

CONCLUSIONS
In summary, the results of this study show that
the concentrations of chlorinated pesticides in human adipose tissues from Iraq are within the levels
or lower than the values reported from other countries. The highest concentration of the chlorinated
pesticides was in sample 7 because the patient lives
in Al-amil-district adjacent area of agricultural land
is exposed often to spraying pesticides. Finally, we
found that there is a relationship between the concentration of chlorinated pesticides and the place
where the patient lives. There is no correlation between concentrations of chlorinated pesticides and
with other variables like sex, smoking and meal
type in the human adipose tissue samples.
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AN ESTIMATION OF SOME PLANT TRAITS WITH THE
REMOTE SENSING METHOD IN THE NARBON BEAN
(VICIA NARBONENSIS L.)
Yasar Ozyigit*
Akdeniz University Korkuteli Vocational High School, Antalya, Turkey

atory analyses are generally expensive and time-consuming methods [2, 3, 4]. Laboratory analysis may
also result in environmental pollutants through the
use of chemicals [5]. Furthermore, to be able to determine the biophysical status of plants it is necessary to take measurement from many samples in
many areas. As these measurements are also very
time-consuming, there is a need for new methods to
be developed which can provide results in a shorter
time and at a lower cost.
The spectral properties of leaves and canopies
are affected by the biochemical and biophysical
characteristics of the plant species [6, 7]. In recent
years, there have been increased efforts to obtain information about plants using their optical properties,
such as the function of leaves, the structural biochemicals and water content [8]. The reflectance
properties in the visible and near infrared regions of
the electromagnetic spectrum are affected by interactions between leaf molecules (protein, cellulose,
lignin) and solar radiation. The absorbance, transmittance and reflectance properties of short wavelength solar radiation (280-2800 nm) are also affected by the biochemical, morphological and anatomic components of the plant leaves. Therefore,
changes in the concentrations of absorptive chemicals provide a basis for changes in plant absorbance,
transmittance, and reflectance [9]. These features
help to determine the biochemical and biophysical
traits of plants with the use of remote sensing systems.
Remote sensing systems are rapid and non-destructive methods to determine plant traits. Remote
sensing is the acquisition of information about an object without making physical contact with the object.
In recent years, remote sensing has been used in a
variety of applications including agriculture and forestry [10, 11]. Light energy reflectance can be measured in one or more wavelengths with remote sensing systems. These systems have been used to estimate plant and soil characteristics in many studies
[12, 13, 14, 15, 16, 17].
In the present study, the spectral reflectance
measurements of the narbon bean (Vicia narbonensis L) were analyzed to estimate chlorophyll content,
water content and plant height at the seedling stage.

ABSTRACT
The aim of this study was to estimate some biochemical and biophysical properties of plants such
as chlorophyll content, water content and plant
height at the seedling stage, using spectral reflectance values in the narbon bean (Vicia narbonensis
L). The study was carried out in greenhouse conditions and in plastic pots. Seven nitrogen treatments
(0, 5, 10, 15, 20, 25, 30 kg.da-1) were applied and the
experiment was designed in randomized plots with 3
replications. The reflectance measurements were
taken using a portable spectroradiometer measuring
the wavelength range of 325-1075 nm of the electromagnetic spectrum. A portable chlorophyll meter
was also used to determine chlorophyll content. According to results of the study, good relationships
were recorded between plant traits and spectral reflectance value. In particular, there was a linear relationship (r=0.68) between chlorophyll content and
red region reflectance of spectrum. The results have
shown that spectral reflectance data could be used to
estimate especially the chlorophyll content at the
seedling stage of the narbon bean.

KEYWORDS
Chlorophyll, narbon bean, plant height, remote sensing,
water content,

INTRODUCTION
The biochemical and biophysical properties of
plants (such as nutrient and chlorophyll content,
plant height, leaf area) have a considerable potential
for resistance to environmental conditions. Moreover, these characteristics directly affect the yield in
plants. Therefore, it is very important that these are
determined early in crops.
Chemical analyses are carried out in the laboratory to determine the biochemical contents of
plants. For example, the chlorophyll concentration
of green leaves is usually determined by extraction
from leaf samples and subsequent spectrophotometric measurements [1]. However, all traditional labor-
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are), and that there is no correlation between the independent variables (known as collinearity) [19].
Although the spectroradiometer measurements were
made between 325nm and 1075 nm wavelengths, the
evaluation of the results was limited to the range of
400-900 nm because the data were very noisy at
wavelengths shorter than 400 nm and longer than
900 nm because of instrument and/or atmospheric
noise [20, 21]. In regression analysis, the data obtained from the spectral reflectance measurements
were classified into 5 broad wavebands of blue (400500 nm), green (501-600 nm), red (601-700 nm) and
near infrared (NIR, 700-900 nm). Significant wavelengths which were associated with plant traits were
determined at the end of the analysis and regression
equations were calculated using the selected wavelengths.

MATERIALS AND METHODS
Greenhouse experiment. This greenhouse experiment was carried out with seven treatments (0, 5,
10, 15, 20, 25, 30 kg.da-1 nitrogen) and the experiment was designed in randomized plots with 3 replications. Nitrogen fertilizer doses were applied using
ammonium nitrate. At the first stage, soil (strong alkali, loam, and low organic matter) was uniformly
packed into plastic pots 20 cm in diameter, and ammonium nitrate fertilizers were mixed into the soil in
each pot. Narbon bean seeds were sown with 4 seeds
per pot and after emergence of the seedlings, they
were were thinned to one plant per pot.
Measurements. A Minolta SPAD-502 (Osaka,
Japan) hand-held chlorophyllmeter was used to take
chlorophyll meter readings (SPAD values) and the
readings were repeatedly taken on 5 leaves of each
plant at the 8-leaf stage.
After the chlorophyllmeter readings, reflectance measurements were taken on the same leaves
using a hand held portable spectroradiometer (FieldSpec Handheld Pro FR, Analytical Spectral Devices,
Boulder, USA) with a wavelength range of 325-1075
nm of the electromagnetic spectrum [18]. The reflectance measurements were taken using a plant probe
attached to the spectroradiometer in contact with
leaves. A 100-W halogen lamp mounted on the plant
probe was used as the light source and reflectance
readings were made from a 1cm diameter area. For
each plant sample, 5 replicate spectra were collected
and the average spectrum of these 5 replicates was
used as the data of this plant sample. A white reference panel measurement was made before each of
the 5 measurements. All spectral data were stored in
a portable computer.
Finally, the height of the seedlings (cm) was
determined by measuring the length from the neck of
the root to the terminal bud with a tape measure. The
measured seedlings were then clipped individually at
ground level with scissors and dried in a forced- air
oven at 65°C for 48 hours to determine the dry
weight, and thus, the water content (%).

RESULTS AND DISCUSSION
The relationship between leaf chlorophyll
content and spectral reflectance. The regressions
between chlorophyll content (CHL) and the spectral
reflectance values are shown in Table 1. The maximum number of selected wavelengths was fixed at
12 to avoid problems of overfit. For each spectral region, 4 different models were formed. The results of
the study showed that the highest regression coefficient (R) values were found to be in the red region
with 0.68, in the NIR region with 0.67 and in the
green region with 0.66. The lowest R value was determined in the blue region with 0.46.
Leaf chlorophyll concentration is an important
variable to understand the physiological properties
of plants [22] especially in photosynthesis [23, 24]
and nitrogen status [25]. Chlorophyll molecules provide the energy needed to fuel the photosynthetic reactions, by absorbing light. However, energy is not
absorbed completely by chlorophyll pigments. A
small amount (typically <5%) is re-emitted as a double-peaked spectrum of chlorophyll fluorescence in
the visible to near infrared wavelengths (approximately 650 nm-820 nm) [17]. Chlorophyll is the
main plant constituent determining the reflectance in
the visible region of the spectrum, so optical remote
sensing techniques have great potential in providing
information on canopy chlorophyll and N content.
[26]. Cho et al. [27] recorded significant relationships between observed and predicted total leaf chlorophyll content in the red region (600-700 nm) of
spectrum in various crops and indigenous tree species. Natural chlorophyll fluorescence (CF) occurs
when red and far-red light is emitted from photosynthetic green plant tissues in response to photosynthetically active radiation [28]. The results of the
current study are similar to those of previous reports.

Statistical Analysis. The spectral reflectance
values were transformed into ASCII format using
ASD ViewSpec Pro software (ASD, Inc., Boulder,
CO). Stepwise multiple linear regression was then
applied to the transformed data using MINITAB statistics software. Stepwise regression is the repeated
application of multiple regression, each time removing the weakest correlated variable. The variables finally remaining are those which best explain the distribution. The only requirements are that the data are
normally distributed (or rather, that the residuals
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TABLE 1
The prediction models and R values for chlorophyll content (CHL) and spectral reflectance values

Blue Region
(400-500 nm)
Green Region
(501-600 nm)
Red Region
(601-700 nm)
NIR Region
(701-900 nm)

Regression Equation
CHL = 51.27-(46.3*R402 nm)-(131.4*R418 nm)+(43*R425nm)±(182*R426nm)
+(443*R433nm) ±(615*R434nm)+(578*R435 nm) +(235*R447nm)
+(424*R480nm) +(980*R488nm)±(880*R495nm)±(890*R498nm)
CHL= 66.09+(357*R555nm)+(2588*R534nm)+(1126*R540nm)-(1782*R539nm)
-(3223*R550nm)+(5449*R456nm)+(5337*R549nm)-(3452*R545nm)
-(3496*R548nm)-(1703*R541nm)-(704*R533nm)-(544*R553nm)
CHL=71.44-(1367*R700nm)+(1399*R699nm)-(502*R604nm) +(2154*R636nm)
-(1818*R632nm)+(999*R609nm)-(1688*R628nm)-(1710*R653nm)
+(802*R690nm) +(1396*R650nm)-(658*R658nm) +(817*R647nm)
CHL=51.7-(1363*R711nm)+(2080*R819nm)-(4212*R821nm)+(3129*R707nm)
-(2053*R706nm)+(2032*R814nm)-(1581*R786nm)+(1731*R796nm)
-(687*R703nm) +(1638*R709nm)-(1522*R714nm)+(734*R717nm)

R
0.46
0.66

0.68

0.67

Note: R letters in the tables describe the reflectance. For example, R402 nm shows value of reflectance in 402 nanometer.

The chlorophyllmeter provides an alternative
method for the measurement of relative leaf chlorophyll levels that overcomes the disadvantages of
chemical analysis. It is an inexpensive, hand-held
device based on two light-emitting diodes and a silicon photodiode receptor, that measures leaf transmittance in the red (650 nm; the measuring wavelength) and infrared (940 nm; a reference wavelength used to adjust for non-specific differences between samples) regions of the electromagnetic spectrum [29]. During the last decade, the use of chlorophyllmeters has greatly increased in agriculture research to determine the chlorophyll concentration of
plants such as maize [30], cotton [31], wheat [32]
and barley [33]. Although chlorophyllmeters provide rapid and non-destructive measurements of
chlorophyll concentration [34], one of the most important disadvantages of this device is the small
measuring area (about 13 mm2) [35]. Although the
chlorophyll content of the plants can be determined
with a chlorophyllmeter without time-consuming laboratory analysis, it requires 30 or more readings to

be taken from representative plants in each area of
interest, which can be time-consuming for large
fields that have spatial variations [36]. Therefore, remote sensing systems have certain advantages compared to chlorophyllmeters, such as an extensive
measurement area (e.g. 10 mm diameter with plant
probe) and measurements can be taken at numerous
wavelengths (according to the device, 751 or 2125).
The relationship between water content and
spectral reflectance. The estimation equations of
the relationships between water content (WC) and
spectral reflectance are shown in Table 2. According
to the results in the table, there was a weak relationship between leaf water content and spectral reflectance. While the highest relationships were determined in the NIR region and the red region with 0.42
and 0.41 respectively, weak relationships were calculated in the green (0.36) and blue regions (0.25) of
the spectrum.

TABLE 2
The prediction models and R values for water content (WC) and spectral reflectance values
Regression Equation
Blue Region
(400-500 nm)
Green Region
(501-600 nm)
Red Region
(601-700 nm)
NIR Region
(701-900 nm)

WC = 87.0+(34.0*R406nm)-(55.6*R407nm)-(38.7*R416nm)-(20.3*R417nm)
WC = 81.79-(143*R507nm)-(185*R509nm)+(334*R510nm)+(1273*R580nm)
-(619*R581nm)-(753*R587nm)-(2013*R590nm)+(5718*R591nm)
-(5904*R592nm) +(2699*R593nm)-(885*R594nm)+(428*R599nm)
WC= 81.73+(309*R666nm)-(1103*R652nm)-(2172*R649nm) +(2828*R651nm)
+(1042*R674nm)+(78*R679nm)-(2164*R659nm)+(1106*R646nm)
-(1169*R634nm) +(1338*R640nm)-(815*R665nm)+(666*R647nm)
WC = 79.25+(89*R701nm)-(1296*R704nm)+(833*R707nm)+(1993*R710nm)
-(1575*R711 nm)+(1013*R712nm)-(2180*R716nm)+(1382*R718 nm)
+(1301*R720nm)-(2992*R721nm) +(2333*R724nm)-(948*R725nm)

R
0.25
0.36

0.41

0.42

Note: R letters in the tables describe the reflectance. For example, R406 nm shows value of reflectance in 406 nanometer.
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TABLE 3
The prediction models and R values for plant height (PH) and spectral reflectance values

Blue Region
(400-500 nm)
Green Region
(501-600 nm)
Red Region
(601-700 nm)
NIR Region
(701-900 nm)

Regression Equation
PH=38,43-(33*R435nm)+(421*R433nm)+(154*R402nm)-(741*R449nm)
+(107,1*R415nm)+(189,4*R421nm)-(347*R480nm)+(174*R499nm)
-(1031*R489nm) +(638*R497nm)+(99,5*R418nm)+(236*R491nm)
PH=36,33-(665*R506nm)+(558*R504nm)-(1177*R501nm)+(738*R522nm)
-(748*R553nm)+(62*R525nm)+(1531*R539nm)-(1314*R537nm)-(1419*R520nm)
+(480*R511nm)+(1181*R513nm)+(607*R531nm)
PH=18,63-(3192*R667nm)+(726*R684nm)+(734*R666nm)+(1490*R678nm)
+(62*R661nm)-(278*R610nm)+(647*R620nm)+(3469*R630nm)-(1499*R608nm)
-(1136*R635nm)+(650*R603nm)-(1646*R629nm)
PH=-17,9+(3009*R767nm)-(419*R772nm)+(5541*R776nm)-(2478*R804nm)
+ (4944*R799nm)+(3403*R846nm)-(4177*R816nm)-(2100*R771nm)
-(5529*R775nm)-(1899*R829nm)+(1089*R880nm)-(1330*R853nm)

R
0.55

0.53

0.54

0.52

Note: R letters in the tables describe the reflectance. For example, R435 nm shows value of reflectance in 435 nanometer.

Thenkabail et al. [42] also found that the accuracy in
estimating plant height could be improved by using
reflectance in narrow spectral wavebands in the red
and NIR regions (R2 = 0.64). Payero et al. [43] compared 11 vegetation indices in order to estimate grass
(Festuca arundinacea) and alfalfa (Medicago sativa)
plant height, and good relationships were reported
between plant height and vegetation indices, especially in the NDVI. The results of the current study
are similar to those of previous reports.

In plants, the spectral values of the near and
mid-infrared regions of the electromagnetic spectrum can be used to estimate crop water status remotely. As water absorption is strong in these regions, the reflectance at 950±970 nm has proved to
be particularly useful for the estimation of plant water status [37]. Furthermore, water strongly absorbs
radiation at 970 nm, 1200 nm, 1450 nm, 1930 nm,
and 2500 nm bands, and these wavelengths can be
used to estimate leaf water content remotely [37, 38].
According to the study results, the highest relationships were determined in the NIR region and red regions, but the regression coefficient of the obtained
result was low. The reason for this was that the maximum measurement value of the spectroradiometer
used in the study was 900 nm, so data could not be
obtained at larger wavelengths.

CONCLUSIONS
A rapid estimate of the foliar chemistry and
growth traits of plants is quite important, and the reflectance spectrum of green plants is considerably
affected by their biochemical and biophysical properties. Relationships between spectral reflectance
values and some plant features were determined in
the present study. The results of this study demonstrated the potential of using spectral reflectance data
to estimate the foliar chemistry and growth traits, especially chlorophyll content and plant height, in the
narbon bean (Vicia narbonensis L.)

The relationship between plant height and
spectral reflectance. When the relationships between plant height and reflection values were examined, the R values were observed to be close to each
other in different regions (Table 3). The most important associations were determined in the blue region and the regression coefficient value was calculated as 0.55. The blue region was followed by the
red zone with 0.54, and the regression coefficients of
the green and NIR regions were 0.53 and 0.52, respectively.
Morphological and biochemical characteristics
are significant determinants of photosynthetic activity and nutrient cycling in plant canopies [39]. Vegetation height is an important measurement for ecological and environmental application such as
screening plant biodiversity, conservation planning,
fire modeling and biomass estimation [40]. In some
remote sensing studies, significant relationships
have been recorded between spectral reflectance values and plant height. For example, Choubey and
Choubey [41] determined a linear relationship between spectral reflectance and rice plant height (r=
0.97), for band 1 (450±520 nm) reflectance values.
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precipitation for enmeshing small particles, a mechanism known as sweeping is the main cause of flocculation [3].
Final floc characteristics, including size, morphology, strength and size distribution, all directly
affect the solid-liquid separation process. It is universally accepted that the growth of flocs is determined by random collisions between colloidal particles resulting in nonlinear characteristics. Fractals
are commonly used to describe the nonlinear mechanisms of geometrically irregular objects with selfsimilarity and scale-invariance structures and have
been applied in the structural description of nanoparticle agglomerates [4], asphaltene aggregates [5, 6]
and proteins [7]. The morphology of flocs is described by a fractal dimension defined by the exponential relationship between mass (M) and characteristic length (R) shown in equation 1 [8, 9].
ሺሻ ܴ ן ሺͳሻ
Image analysis, settling and light scattering are
the main methods for the determination of fractal dimensions [9], with the former currently more
broadly applied due to the rapid development of digital camera technology.
Floc breakdown is a problem because it interferes with the course of floc growth. The two modes
of floc rupture classified as surface erosion and
large-scale fragmentation are common behaviors of
flocs due to the local high shear generated in flocculation systems [10]. Floc break down results in an
increase of small particles and associated reduction
in the removal efficiency of colloids. The breakage
resitance capacity of a floc is determined by its structure, formation mechanism and internal attractive
and repulsive forces. Additionally, the reaggregation
ability of post-breakage small flocs is another important property which determines whether the
breakage is reversible or not. Consequently, floc
breakage factor (ܤܨ floc strength factor (ܵܨ ) and
floc recovery factor (ܴܨ ), as defined by equations
2, 3 and 4, have been used frequently to characterise
flocs [10-13].
ௗ ିௗ
ܤܨ ൌ ೌ ್ ൈͳͲͲΨሺʹሻ

ABSTRACT
Floc recycling flocculation (FRF) derived from
traditional flocculation (TF) is a controversial, but
widely used, technology to enhance the removal efficiency of contaminants. In this study, the effect of
floc recycling on zeta potential, residual turbidity
and floc characteristics was made via a comparison
between FRF and TF with a series of polymeric aluminium chloride doses. Compared with TF, the high
coagulant dosage caused higher zeta potential in
FRF, and the residual turbidity was optimized by
charge neutralization and deteriorated at the high
dosage of coagulant. The floc growth and physical
characteristics were analysed with pictures captured
by a high speed imaging system. The results showed
that, by FRF, larger flocs were formed, and the formation rate was improved. However, floc recycling
weakened the strength of flocs at low coagulant dosDJH   PPRO/-1), but strengthened flocs at
KLJKGRVHV PPRO/-1). Floc size recovery was
better at charge neutralization and worsened above
0.015mmol.L-1. The fractal dimension of final flocs
in FRF was superior to that in TF at low dosage, and
the concentration of small flocs following FRF was
much less than TF.

KEYWORDS:
Floc recycling flocculation; Floc growth; Charge neutralization; Isoelectric point; Morphology

INTRODUCTION
Flocculation is one of the most widely applied
physical/chemical technologies in water treatment
for the separation of solids from liquid. Generally,
aggregation of colloidal substances involves species
being hydrolyzed by aluminum or ferric salt coagulants [1]. The mechanism by which flocculation occurs is potentially affected by floculant concentration. At low dosages, charge neutralization is the
probable dominant mechanism of colloid destabilization [2]. However, when charge reversal occurs,
the colloids restabilize. Alternatively, where the dosage is high enough to create plenty of amorphous

ܴܨ ൌ
ܵܨ ൌ
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6FKHPDWLFIORZGLDJUDPRIWKHDSSOLFDWLRQRIIORFUHF\FOLQJ
where ݀ is the size of the floc plateau before
breakage, ݀ is the floc size after the breakage, and
݀ is the steady-state floc size after regrowth.
Floc recycling flocculation (FRF) derives from
traditional flocculation which was recorded as early
as 1873 [14], involving returning floc sediments to
raw water and conducting a new flocculation cycle
after rapid mixing (Fig.1). The efficiency of FRF application and its mechanism of action have been
strongly debated for many years and until recent
years, many research applications reported that it reduced coagulant dosages and improved flocculation
efficiency [15-18]. Suggestions of mechanistic action included enhancement of collision opportunities
due to increased floc concentration and the full utilization of unsaturated adsorption. Alternately, Fu et
al. argued that recycled flocs have compact structures with huge specific surface areas to induce contact flocculation [19] while Guan et al. reported that,
after recycling, some aluminum species exposed due
to the raw alum sludge unentirely enclosed by particles can become to be activated sites when the rapid
mixing introduced [20]. Delichatsios and Probstein
analysed the theoretical model of floc recycling and
elucidated the kinetic equation of initial particle removal rate [21], however, this research failed to take
the effect of floc breakage into account which is an
obvious consequence of FRF. For now, studies focusing on regrowth of broken flocs under various
conditions have proved that their recovery capacity
is linked to flocculation mechanism and coagulant
dosage [22-25]. At low dosage, the flocs formed by
PACl tended to reversibility, and irreversibility at
high dosage. Therefore, this gives rise to the question, when the flocs recycle into the raw water system, how it changes the aggregation strategy of colloidal particles. It will explain the performance of
FRF from a viewpoint of basis study.
This study aims to significantly enhance flocculation theory and the application of FRF via elucidation of how the introduction of flocs to raw water
affects the aggregation of colloidal particles. Polymeric aluminum chloride (PACl) was used as the coagulant to treat colloidal suspensions of tap-water
and kaolin. The subsequent effects on floc formation, strength, recoverability, fractal structure and

size distribution were measured by an established
high speed imaging system.

MATERIALS AND METHODS
Materials and suspension preparation. Colloidal stock suspensions were prepared from kaolin
particles (100 g) suspended in deionized water (1 L)
with high speed stirring (2 hr, 1000 rpm). The pH
was adjusted to 8.5 with NaOH (0.5 mol·L-1) and the
supernatant decanted into polyethylene reserve tanks
following overnight standing.
The kaolin particle size distribution was determined by a particle size analyzer (S3500, Microtrac,
USA) to within the range from 1 to 10 μm.
The test water was prepared via a dilution of the
stock suspension with tap water of temperature =
20.8~25.9°C, pH = 7.6±0.3, alkalinity = 8.4~15.9
mg CaCO3·L-1. The pH was adjusted to 7.9±0.05 by
the addition of NaOH solution (0.5 mol·L-1) and HCl
(2 mol· L-1), and alkalinity was adjusted by adding
0.5 mmol·L-1 NaHCO3. The turbidity (2100Q, Hach,
USA) of the prepared suspension was tested to be
40±2 NTU.
Commercially available polyaluminium chloride with 30% Al2O3 content and 70±75% basicity
was used as the coagulant.
TF/FRF jar test. Jar test experiments were
performed by an equipment of High speed imaging
system for flocculation monitoring which was the
same to that of previous research[26].
To model TF, the system was mixed rapidly for
120s at 300rpm followed by a 15min flocculation
phase at 70rpm and finally a 10 min settlement period with no agitation. Water samples were collected
from 3 cm below the liquid surface for a residual turbidity measurement by portable turbidimeter. Subsequently, a 60s rapid breakage stage at 300rpm followed by a 15 min recovery phase at 70rpm and a 10
min settlement with no mixing were performed to
test the ܤܨ ܵܨ and ܴܨ , using formulae 2, 3 and
4. The residual turbidity was measured again.
For the FRF experiment, flocs gathered from
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To investigate the change of floc morphology following breakage, the reversibility of
morphology is defined by the morphology recovery
factor (05I ) which is calculated as follows.
' ି'
05I ൌ F E ൈሺሻ

the parallel TF experiment prior to breakage and recovery were poured into a reactor pre-loaded with
suspension before an analogous mixing procedure to
that described above was repeated.
PACl dosages of: 0.005, 0.008, 0.010, 0.015,
0.020, 0.030, 0.040, 0.060, 0.080, 0.100, 0.150,
0.200 mmol·L-1 were added at 60s during the rapid
mixing stage to assess their effect on flocculation.
After 50s from dosing of coagulant, zeta potential
was measured by a zeta potential analyzer (90Plus
Zeta, Brookhaven, USA). To investigate the effect of
floc recycling on zeta potential, the water sample
collected at 50s after the addition of flocs in the FRF
experiment was also measured.

'D ି'E

Where 'D , 'E and 'F are the fractal dimension
of terminal flocs captured after growth, breakage and
recovery, respectively.

RESULTS AND DISCUSSION

Effect of floc recycling on zeta potential and
residual turbidity. The variation of zeta potential
and residual turbidity at increasing PACl dosage in
Image acquisition and analysis. Photographs
TF and FRF is shown in Fig 2. For TF with PACl
were acquired twice per min during breakage period
only, a rapid increase of zeta potential to 0 mV and
and once per minute during slow mixing and anaa decrease of residual turbidity were observed
lysed as follows.
clearly with increasing coagulant doses below 0.015
Background subtraction and binarization using
mmol·L-1. This implies that charge neutralization
image-pro plus software (Media Cybernetics, USA)
was the main mechanism of floc formation. The zeta
were used to assess floc size and size distribution.
potential switched from negative to positive charge
According to the software documentation, the diamat a dosage of 0.02mmol·L-1 and continued to ineter of a single floc was defined by the average
crease gradually with PACl dosage above this point
length of secants measured at 2 degree intervals
while the residual turbidity remained approximately
SDVVLQJWKURXJKWKHREMHFW¶V FHQWUH7KH PD[LPXP
constant indicating an increasing domination of
diameter-area power law relationship was applied
sweep flocculation in floc formation.
for the assessment of the fractal dimension of single
For FRF in the absence of PACl, the zeta pofloc which is defined by formula 4.
ORJ$
tential of the colloid rose above the original kaolin
ሺͷሻ
IUDFWDOGLPHQVLRQ ൌ
ORJ/
suspension which was close to -30 mV (Fig 2a) sugWhere $ and / are the projected floc area and
gesting that the addition of primary flocs neutralized
maximum diameter of flocs, respectively. The slope
part of negative charge attached to the colloid. Comof ORJ$ െ ORJ/ is considered to be the fractal dimenpared to flocs formed by charge neutralization, the
sion. Lower fractal dimension values represent
neutralization capacity of flocs formed by excess
looser and linearly structured flocs, while higher valcharge neutralization is stronger.
ues imply compact, circular structures.

),*85(
9DULDWLRQVRIWKH D ]HWDSRWHQWLDOLQWKHFRQGLWLRQRI7))ORFUHF\FOLQJZLWKRXWFRDJXODQWDQG)5)DQG
E UHVLGXDOWXUELGLW\E\7))5)DQGWKHLU5HIORFFXODWLRQZLWKGLIIHUHQWFRDJXODQWGRVDJH
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&RPSDULVRQRIJURZWKDQGUHJURZWKDIWHUEUHDNDJHEHWZHHQ7)DQG)5)

With respect to the above analyses of variation
in zeta potential and residual turbidity, coagulant
doses of 0.008, 0.015, 0.060 and 0.200 mmol·L-1
were denoted as the far isoelectric point (IEP), near
IEP, over IEP and sweep point respectively in terms
of the colloid charge state.

But it seems that there is no benefit for aggregation
of flocs after adding PACl. Because the zeta potential of FRF was larger than that of TF at dosages over
0.015mmol·L-1 which would hinder further floc
growth. Under these conditions, it can be seen from
(Fig. 2b) that the residual turbidity during FRF presented an upward trend which was worse than the TF
until the coagulant dose rose to 0.10 mmol·L-1. However, increasing the dose further caused a reduction
of residual turbidity. This could be attributed to the
precipitation of amorphous Al hydroxide at the high
dosage, where the sweep flocculation occupied the
mechanism of flocs formation completely. A similar
situation was observed with the residual turbidity of
regrowth after breakage during TF and FRF. At the
other condition of dosage less than 0.015 mmol·L-1,
the zeta potential of FRF was found to be nearly the
same as that of TF which indicated the system was
in charge neutralization zone. The optimization of
residual turbidity comparing to TF was observed in
FRF, as well as the floc regrowth after breakage.
That the breakage and regrowth of flocs formed
at low coagulant dosage optimizes the effluent quality has been confirmed by this study in agreement
with previously published research [27, 28]. Except
the double concentration of particles, the characteristic change of secondary flocs by the properties of
primary flocs described above will be investigated in
the following texts as the main causation leading to
the observed variation in residual turbidity after floc
recycling (Fig 2b).

Effect of floc recycling on flocs growth. Floc
size during formation and breakage under TF and
FRF at increasing PACl dosage is shown in Fig 3.
The mean floc diameter during floc recycling was
consistently larger under FRF than TF regardless of
the coagulant dose.
Generally, the flocs grew rapidly following coagulant addition until a steady-state size distribution
was reached, a process accelerated by higher floc
growth rates. As can be seen in Fig 3, during TF, the
steady state was not reached during the initial 15min
of flocculation when the system was charge neutral
(<0.015 mmol· L-1), however, it was reached before
15 min in the FRF experiments. For example, when
the PACl dosage was at far and near IEP, steady
VWDWHVZLWKPHDQGLDPHWHUVRIȝPDQG
ȝPZHUHUHDFKHGE\PLQDQGPLQUHVSHFWLYHO\
under FRF compared with unsteady state diameters
RIȝPDQGȝPXQGHU7):LWKWhe increasing of coagulant dosage, the maximum floc size
ZDVIRXQGWREHȝPDWPLQLQ7)DQG
ȝPDWPLQLQ)5)ZKHQWKHFKDUJHVWDWHZDVRYHU
,(3DQGȝPDWPLQDQGȝPDW
min when it was sweep point.
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7KHHIIHFWVRIFRDJXODQWGRVHRQ D EUHDNDJHIDFWRU E VWUHQJWKIDFWRUDQG
F VL]HUHFRYHU\IDFWRUXQGHU7)DQG)5)

Der Waals force is the main force inducing the cohesion of colloidal particles. Regardless of the operation of flocs, that aggregation mode between colloids
did not change after FRF. Also, an increase of floc
size generally leads to a decrease of floc strength [10,
29]. Due to both two reasons, larger flocs will be easily broken by natural turning. However, at high coagulant dosage, particles are connected by formation
of amorphous metal hydroxide. After floc recycling
without coagulant dosing the small flocs deposited
by precipitates could adsorb high concentrations of
colloids by electrostatic forces, and then form secondary flocs with more complex internal force structures after coagulant dosing potentially explaining
the resistance of secondary flocs to breakage.
As suggested by Jarvis et al. [30], when higher
dosages were used, broken flocs could not fully connect with other flocs at the breakage points as the
chemical bonds were broken. Yu et al. also believed
that, after breakage, the broken flocs have fewer potential points for connecting with each other than
during the aggregation of primary flocs. With increasing dosage, the FRf decreased rapidly to charge
neutralization and then fell more slowly at doses
above 0.015 mmol·L-1 (Fig. 4b). During charge neutralization, the FRf with FRF was lower than with
TF, which could be explained by invalid active sites
of primary flocs. However, the result

These results suggest that, after FRF, larger,
steadier flocs are obtained more quickly independent
of coagulant dose, indicating that floc recycling enhances floc formation.
Effect of floc recycling on floc strength and
reversibility. Flocs were characterized according to
Eqs. (2), (3) and (4) to determine floc regrowth at 70
rpm for 15 min following a floc breakage period at a
shear rate of 300rpm for 1min. As shown above, a
new stable steady-state floc size was reached quickly
once the recovery phase was introduced, but the recovery level differed depending on coagulant dosage.
The effect of floc recycling on the properties of
flocs under different coagulant doses is shown in
Fig. 4. These results showed that the strength factor
declined rapidly with initially increasing coagulant
dose before slowly increasing at doses above 0.05
mmol·L-1, which was opposite to the breakage factor
as expected intuitively. More specifically, the breakage factor of at the far IEP was higher withFRF than
TF (55.76% vs. 52.1%),but lower at near IEP, over
IEP and the sweep point (57.09% vs. 61.04%,
56.44% vs. 60.27%, 48.99% vs. 52.57%, respectively). Contrastingly, the strength factor of FRF was
lower at the far IEP and higher at the other charge
states. These findings may be attributed to the larger
floc size under FRF. At low coagulant dosage, Van

6053

© by PSP

Volume 26 ± No. 10/2017 pages 6049-6057

Fresenius Environmental Bulletin



),*85(
D )UDFWDOGLPHQVLRQDQG E 05IRIILQDOIORFVE\7)DQG)5)

),*85(
)LQDOIORFVL]HGLVWULEXWLRQVE\7))5)DQG5HIORFFXODWLRQRI7)DWWKH
(a) IDU,(3 E QHDU,(3 F RYHU,(3DQG G VZHHSSRLQW
was inverted at dosages from 0.02 to 0.20mmol·L-1.
This may be due to the adsorption of colloids on
small flocs mentioned in the previous paragraph. For
example, the final floc sizes of TF and FRF at the
sweep point was close, whilst the steady-state size of
FRF after breakage phase was greater than that of TF
(Fig.3).

that the MRf is fully reversible with FRF and TF if
charge neutralization dominates the coagulation
mechanism, with a sharp degradation in morphology
recovery by floc recycling.The MRf values for FRF
at dosages between 0.02 and 0.06 mmol·L-1 were
slightly lower than those of TF, before becoming increasingly higher at dosages of more than 0.06
mmol·L-1. The reversibility of morphology may result in the higher fractal dimension after FRF at low
dosage.

Effect of floc recycling on floc structure. The
fractal dimension of flocs influences the floc density,
with a lower value indicating a more open structure
and lower effective density. From the results shown
in Fig. 5a, fractal dimension of FRF was higher than
that of TF at low coagulant dosage (<0.02 mmol·L1
), but lower when the coagulant dosage was more
than 0.02 mmol·L-1. As the flocs regrow, the morphology recovery, expressed by MRf and calculated
by Eq. (6), is shown in Fig. 5b. The results suggest

Effect of floc recycling on floc size distribution. Effluent quality is significantly affected by the
size distribution of the final flocs, especially the
small flocs with poor removal efficiency. There is a
popular belief that for the similar floc densities, the
settling velocity is slower for the smaller flocs [32,
33].
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0HFKDQLVPRI)5)DWORZFRDJXODQWGRVDJH

complex ions attach to the surface of the colloids and
tiny flocs, destablizing the colloids and increasing
active sites on microflocs. During the growth of secondary flocs, the colloidal particles and tiny flocs
can aggregate with each other. However, the more
significant interactions are between tiny flocs with
open structure which act as condensation nuclei for
accelerating the rate of floc growth with the colloidal
particles and some microflocs resulting in lower residual turbidity. Hence, the morphology of secondary flocs becomes more compact with higher fractal
dimensions which restrict the reversibility of flocs.
At a high dosage of coagulant, amorphous aluminum hydroxide deposits on the surface of colloids
forming primary flocs, exhibiting low morphological recovery following breakage. During FRF, the
loose precipitates adsorb and swallow some colloidal
particles, creating the surfaces of broken flocs covered by colloids. Subsequently, following second coagulant dosing, aluminum precipitate appeared and
partially deposited on the surface of flocs and colloids once again. This creates flocs with complex internal mechanical structures which maybe the main
reason why the secondary flocs presented higher
breakage resistance. However, it also blocks the aggregation of secondary flocs, therefore, many microflocs cannot be trapped leading to a deterioration in
residual turbidity. As the effective contact decreases,
the flocs grow depend on the un-deposited parts of
the colloidal surface or mechanical collision and
show a loose morphology with a lower fractal dimension.
It is particularly necessary to point out that the
results involving reversibility of primary floc breakage in this study only partially agree with the previous research. Many researchers hypothesise that, by
charge neutralization, the broken Al-flocs could
fully regrow to the level before breakage which was
not the same as we observed at the near IEP. However, the floc morphology was more compact implying that the optimization of residual turbidity at low
dosage is significantly relevant to not only the larger
size but also the superiority of floc morphology, as

The size distribution of final flocs for TF, FRF
and regrowth of TF after breakage in the four charge
states are shown in Fig. 6. The results suggest that,
the size distribution of secondary flocs was obviously the widest ranging among the three cases, regardless of the charge state involved. Additionally,
when flocculation was conducted by charge neutralization (Fig. 6a and Fig. 6b), the count of small flocs
(< 50 μm) by FRF and regrowth of TF was far less
than by TF which caused the improvement of residual turbidity. In contrast, for secondary flocs and regrown flocs after breakage, the count of flocs larger
than 200 μm at the far IEP and 100 μm at the near
IEP was greater than for primary flocs. However, at
the over IEP and sweep point, the number of secondary flocs (< 50 μm) was higher than the primary
flocs, causing a deterioration of residual turbidity,
and the secondary flocs larger than 100 μm was
fewer. This means that floc recycling gives a diverse
size distribution at different charge states.

DISCUSSION AND MECHANISMS
In this study, residual turbidity was similar between FRF and regrowth following TF. To investigate the origins of this similarity, we studied the effects of primary floc recycling on secondary flocculation via investigation of growth, structure and size
distribution of flocs.
It is very likely that the floc variability between
FRF and TF is due to the interactions among the broken recycled flocs, the colloidal particles in raw water and the coagulant dose. The mechanism which
has been reported for explaining the phenomenon of
floc regrowth after breakage can also enhance the
understanding of FRF. As can be seen in Fig. 7, at
low dosages of coagulant, numerous tiny flocs with
uneven positive charge are produced by the breakage
of primary flocs. Once the tiny flocs collide with colloidal particles, migration of partial charge occurs
which slightly reduces the Zeta potential. After the
second dosing of coagulant, polynuclear hydroxyl
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higher effective density facilitates the settlement of
flocs. In addition, the relationship of floc strength between FRF and TF did not reverse at the near IEP
either, but rather after the far IEP. It is possible that
the surface properties of flocs changed after floc recycling. Yu et al. considered that floc regrowth after
breakage relies on the chemical characteristics of the
floc surface which has changed from that of primary
flocs [31]. James and Healy proposed that the surface charge alteration is attributed to the coverage of
colloid particles by metal hydroxide gels and precipitates [34, 35]. Hence, it can be assumed that the deposition of amorphous aluminum hydroxide was present before complete charge neutralization was
achieved, before or after floc recycling. That was the
inevitable result by transition of flocs formation
mechanism from charge neutralization to enmenshment with the increasing of coagulant dosage. If
such a condition (precipitates appear in the charge
neutralization) arises, the weaker the bonding in the
precipitate or between gel and colloids surface than
the electrostatic force between colloidal particles can
explain why the relationship reversed before the near
IEP.
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polycyclic aromatic hydrocarbons (PAH), 10% phenolic compounds, and 5% N-, S-, and O-heterocyclics [2]. The relative concentrations of volatile organic compounds (VOCs) and polycyclic aromatic
hydrocarbons (PAHs) differ in the composition of tar
used and variations in the distillation process [3].
Gallego et al. [1] reported that the main components
of the vapors released from the creosote-treated
wood were naphthalene, toluene, m+p-xylene,
ethylbenzene, o-xylene, isopropylbenzene, benzene,
and 2-methylnaphthalene. Recently, special attention is being paid to VOCs since these compounds
are found in about two-thirds of the total contaminated areas. Additionally, eight species of VOCs are
listed on the top 100 toxic substances priority chart
published by the Agency for Toxic Substances and
Disease Registry [4].
The enzymes produced by soil microorganisms
are involved in the catalytic transformation of organic pollutants and it is a crucial step in their biodegradation [5]. The VOCs degradation involves oxygenase, dehydrogenase, and ligninolytic enzymes.
The fungal ligninolytic enzymes consist of lignin peroxidase, laccase, and manganese peroxidases [6].
The activity of enzymes is also one of the markers of changes occurring in the soil environment with
the effect of natural and anthropogenic factors, especially organic xenobiotics [7]. The changes in soil
enzymatic activities are among the earliest signals
indicating the changes in the intensity of environmental life processes because multiple chemical
compounds assume a toxic or mutagenic character
following the metabolic transformations occurring in
the living organisms [8].
In this paper, we characterize the impact of
VOCs emitted from the creosote-treated wood on the
activity of different enzymes involved in carbon,
phosphorus, and nitrogen cycles in two different
soils: loamy sand and sandy loam.

ABSTRACT
This paper presents the comparison of changes
in the enzyme activities involved in carbon, phosphorus, and nitrogen cycle in soil exposed to volatile
organic compounds (VOCs) emitted from creosotetreated wood. The laboratory experiment was carried
out on two soil samples: loamy sand (Corg 8.71 g kg1
, pHKCl 6.36) and sandy loam (Corg 10.92 g kg-1,
pHKCl 6.81). The soil samples were incubated with
ground sleepers impregnated with creosote. After 21
days of incubation, in the soil samples the activities
of dehydrogenases, catalase, E-glucosidase, o-diphenol oxidase, lipase, acid phosphomonoesterase, alkaline phosphomonoesterase, phosphodiesterase,
phosphotriesterase, inorganic pyrophosphatase, urease, nitrate reductase, and proteases were determined. VOCs emitted from the creosote-treated
wood significantly changed activities most of the soil
enzymes. Increase in activity was found for dehydrogenases (in both soil types) and lipase (in loamy
sand). The highest inhibition was observed for inorganic pyrophosphatase, nitrate reductase, and proteases. Calculated values of resistance index showed
that among the measured enzymes involved in carbon, phosphorus, and nitrogen cycle, dehydrogenases, inorganic pyrophosphatase, and proteases were
the most sensitive to VOCs, respectively.

KEYWORDS:
creosote, soil enzymes, volatile organic compounds
(VOCs), resistance index, cluster analysis, principal component analysis

INTRODUCTION
Creosote is a wood-preserving product obtained by fractional distillation of crude coal tar produced by high-temperature carbonization of bituminous coal [1]. It is composed of approximately 85%
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according to the formula developed by Orwin and
Wardle [21]:

MATERIALS AND METHODS
The tests were performed on two soil materials
collected from the topsoil of Brunic Arenosol in Agricultural Experimental Station in Lipnik (53°24'N,
14°28'E) and from the topsoil of Gleyic Chernozem
in the Gumieniecka Plain (53°41'N, 14°47'E), in the
West Pomeranian District, Poland. According to the
classification of the United States Department of Agriculture, it was soil with a granulometric composition of loamy sand and sandy loam. Some of the soil
properties are presented in Table 1.
TABLE 1
Properties of soils used in experiment
Properties
-1

Organic carbon (g kg )
Total nitrogen (g kg-1)
Hydrolytic acidity
(mmol(+) kg-1)
Cation exchangeable bases (mmol(+) kg-1)
Cation exchange capacity (mmol(+) kg-1)
pH in 1 M KCl

Loamy
sand
8.71
0.83

Fresenius Environmental Bulletin

RS 1 

where C is the soil resistance under natural conditions (not exposed to VOCs) and P the resistance
of soil exposed to VOCs; D = CíP.
The results were processed using Statistica 12.5
software (StatSoft, Inc.). The homogeneous groups
were identified using TuNH\¶VWHVWDWDVLJQLILFDQFH
level of P<0.05. The enzymatic resistance indices to
the VOCs were described using the hierarchical cluster analysis (CA) applying :DUG¶VPHWKRGDQG(X
clidean distance. Enzymatic responses to VOCs were
compared using principal component analysis
(PCA). CA and PCA were conducted by exploring
multidimensional data sets.

Sandy loam
10.92
1.03

13.02

11.81

10.50

13.39

23.52

25.20

6.36

6.81

2D
C D

RESULTS AND DISCUSSION
The results of the experiment indicate that soil
exposed to VOCs emitted from creosote-treated
wood produced different levels of enzyme activities.
Among the enzymes involved in the carbon cycle,
statistically significant increase in the activity of
DHA (48.11%) and Lip (24.48%) in loamy sand and
in the activity of DHA (14.50%) and CAT (12.99%)
in sandy loam were observed compared to the control (Table 2). As reported by Praveen-Kumar and
Tarafdar [22], an increased DHA activity in the soil
can prove the accelerated metabolism of soil microorganisms, mainly bacteria and actinomycetes. The
activity of dehydrogenases in soil is related to the activity of several enzymes or enzymatic systems commonly found in soil microorganisms [9] and the active DHA are present in soil as an integral part of the
intact microbial cells [23]. Przybulewska et al. [24]
showed an increase in the number of bacteria and actinomycetes in the soil as well as a decline in the
number of fungi under the influence of o-xylene. An
increase in the number of bacteria and decrease in the
number of fungi in the soil contaminated with creosote was confirmed in the study conducted by
Blakely et al. [25]. In turn6WUĊNand 7HOHVLĔVNL>@
showed an increase in the DHA activity in the first
seven days following the creosote introduction into
the sandy soil at a dose of 50 g·kg-1. In the further
part of the experiment, creosote showed an inhibiting
activity for the enzyme. Moreover, the activity of oDPO was reduced compared to the control during the
whole 28-day experiment. This study also found statistically significant loss in the o-DPO activity affected by VOCs, both in loamy sand (19.07%) and
sandy loam (18.54%), as well as the Gluc activity in
sandy loam (12.39%).
When analyzing the changes in the activity of
enzymes involved in phosphorus compounds

The soil collected from the field was air dried
and then sieved through a sieve (2 mm mesh diameter). The soil was divided into samples of 0.5 kg
weight and their moisture content was brought down
to 60% of the maximum water capacity. The prepared soil samples were placed on 200 mm diameter
Petri dishes in tightly closed desiccators of 15 dm3
volume half filled with chopped railroad ties saturated with creosote oil. The reference points were
soil samples stored in desiccators without shavings
of railroad ties. The samples were incubated for 21
days. After 21 days, the samples were analyzed for
the activity of enzymes involved in the metabolism
of carbon compounds: dehydrogenases (EC 1.1.1.x)
[9], catalase (EC 1.11.1.6) [10], o-diphenol oxidase
(EC 1.10.3.1) [11], ȕ-glucosidase (EC 3.2.1.21) [12],
and lipase (EC 3.1.1.3) [13]; phosphorus compounds: acidic phosphomonoesterase (EC 3.1.3.2)
and alkaline phosphomonoesterase (EC 3.1.3.1)
[14], phosphodiesterase (EC 3.1.4.1) [15], phosphotriesterase (EC 3.1.8.1) [16], and inorganic pyrophosphatase (EC 3.6.1.1) [17]; and nitrogen compounds: urease (EC 3.5.1.5) [18], nitrate reductase
(EC 1.6.6.1) [19], and proteases (EC 3.4.4.x) [20].
Deionized water purified using the HLP Smart
2000 demineralizer (manufactured by Hydrolab, Poland) with a mean appropriate conductivity of 0.15
ȝ6āFP-1 and a surface tension of 72.3 mN·m-1 at
25°C was used for the preparation of solutions
needed for analyzes. UV-1800 spectrophotometer
(Shimadzu) was used for the spectrophotometric analyzes.
The results obtained were used to calculate the
index of enzymatic resistance (RS) to effect of VOCs
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TABLE 2
Activity of soil enzymes exposed to VOCs emitted from creosote-treated wood
Enzyme
Enzymes of carbon cycle
DHA (mg TPF kg-1 DM h-1)
Gluc (mg p-NP kg-1 DM h-1)
CAT (mg H2O2 kg-1 DM h-1)
o-DPO (mg OC kg-1 DM h-1)
Lip (mg p-NP kg-1 DM h-1)
Enzymes of phosphorus cycle
Pac (mg p-NP kg-1 DM h-1)
Pal (mg p-NP kg-1 DM h-1)
PD (mg p-NP kg-1 DM h-1)
PT (mg p-NP kg-1 DM h-1)
IPP (mg PO43- kg-1 DM h-1)
Enzymes of nitrogen cycle
Ure (mg N-NH4 kg-1 DM h-1)
NR (μg N-NO2- kg-1 DM h-1)
Prot (mg Tyr kg-1 DM h-1)

Loamy sand
Control

VOCs

Sandy loam
Control

VOCs

1.06 b
89.95 a
140.75 a
27.68 a
24.51 b

1.57 a
92.06 a
148.82 a
22.40 b
30.51 a

1.31 b
94.44 a
162.60 b
32.41 a
28.08 a

1.50 a
82.74 b
183.73 a
26.40 b
28.52 a

67.99 a
217.86 a
5.00 a
15.87 a
151.53 a

67.97 a
167.77 b
4.89 a
16.58 a
111.90 b

79.46 a
212.18 a
5.89 a
17.89 a
191.22 a

69.96 b
147.00 b
4.65 b
17.14 a
108.03 b

79.42 a
2.47 a
26.30 a

67.43 b
1.68 b
15.09 b

85.49 a
2.00 a
40.20 a

71.45 b
1.34 b
21.46 b

Values denoted with the same letters in line do not differ statistically at P<0.05

FIGURE 1
Resistance indices of enzyme activities in soil exposed to VOCs emitted from creosote-treated wood

31.98%, and 42.62%, and in sandy loam it was
16.42%, 33.00%, and 46.62%, respectively (Table
2). An inhibition of the activity of enzymes involved
in the nitrogen cycle under the influence of variety
of oil products was reported by many authors [23,
31±33].
It was found based on the calculated values of
resistance index that among the enzymes involved in
carbon metabolism, the most sensitive to VOCs in
loamy sand was DHA (RS 0.35), while in sandy
loam it was o-DPO (RS 0.69). However, in the case
of enzymes involved in phosphorus cycle both in
loamy sand and sandy loam, the lowest RS values
were found in the activity of IPP (0.58 and 0.39, respectively). Among the enzymes involved in the metabolism of nitrogen compounds, in both soils, the
lowest RS values were observed for Prot activity, in
the loamy sand it was 0.40 and in the sandy loam it
was 0.36 (Figure 1).
According to Griffiths and Philippot [32] and
Orwin and Wardle [21], soil resistance values can be
XVHGWRGHWHUPLQHWKHDQDO\]HGHFRV\VWHP¶VVHQVLWLY
ity to various stressors. Soil resistance indicators

metabolism, it was found that VOCs in loamy sand
caused statistically significant inhibition of the activity of Pal (22.99%) and IPP (26.15%). In turn, activity of all examined enzymes except PT in sandy loam
was subject to decrease under the influence of VOCs.
The observed inhibition of activity for Pac, Pal, PD,
and IPP was 11.96%, 30.72%, 21.05%, and 43.50%,
respectively (Table 2). Changes in the activity of soil
phosphatases could show the disturbances in hydrolyze compounds of organic P and transform them
into inorganic P forms, which can be assimilated by
plants and microorganisms [27]. Decrease in alkaline
phosphomonoesterase could indicate some dysfunctions in the metabolism of microorganism, because
this enzyme has not been detected in plants and it is
mainly produced by soil bacteria and soil microorganisms other than arbuscular mycorrhizal fungi
[28].
The activity of examined enzymes involved in
the metabolism of nitrogen compounds, i.e., urease,
nitrate reductase, and proteases, decreased in both
soils under the influence of VOCs, and compared to
the control this decrease in loamy sand was 15.10%,
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method and principal component analysis.
The results RIFOXVWHUDQDO\VLVLQYROYLQJ:DUG¶V
method are presented in a dendogram in Figure 2. A
high degree of similarity was observed between
Gluc, Pac, and CAT, between o-DPO and Ure, and
between Pal and NR, whereas Lip was the most significantly differed compared to remaining enzymes.

provide information about the status of soil environments contaminated with organic compounds, including hydrocarbons [33, 34]. There is a general
scarcity in the published data about the influence of
volatile organic compounds on soil resistance, and
the results of this study can increase our knowledge
about the resistance of soil contaminated with creosote.
Nannipieri et al. [35] reported that the interpretation of the effect of any pollutant on soil enzyme
activities is problematic because of the limitations of
the enzyme assays currently used (as already discussed) and the presence of direct and indirect effects
on the target enzyme. For example, the inhibition of
enzyme activity by a pollutant may be masked by the
growth of surviving microorganisms with the expression of genes codifying the enzyme; the microbial growth may be due to the use of microbial debris
(derived from microbial cells killed by the pollutant)
by the surviving microorganisms [36].

TABLE 3
Pearson product-moment correlation coefficients
between responses of enzyme activities in soil exposed to VOCs emitted from creosote-treated
wood.
Enzyme
PCA1
PCA2
DHA
0.68
-0.59
Gluc
-0.57
0.01
CAT
0.25
-0.90
o-DPO
-0.84
-0.30
Lip
0.50
-0.58
Pac
-0.67
-0.68
Pal
-0.88
0.38
PD
-0.84
-0.37
PT
-0.22
-0.88
IPP
-0.97
-0.14
Ure
-0.91
-0.08
NR
-0.73
0.66
Prot
-0.91
-0.34
PCA was carried out to establish the relationships between the response of soil enzymes to VOCs.
Eigen values from PCA indicated that the first two
principal components accounted for 81.53% of the
variance of data (PC1: 53.20% and PC2: 28.33%;
Figure 3). IPP, Ure, Prot, Pal, and o-DPO had a maMRU QHJDWLYH HIIHFW RQ 3& í í í
íDQGíUHVSHFWLYHO\ ZKLOH&$7DQG3'
KDG D PDMRU QHJDWLYH HIIHFW RQ 3& í DQG
íUHVSHFWLYHO\ +RZHYHUWKH3&ZDVWKHPRVW
positively correlated with DHA (0.68) and the PC2
with NR (0.66) (Table 2).

FIGURE 2
Similarities in the responses of enzyme activities
in soil exposed to VOCs emitted from creosotetreated wood

CONCLUSION
We showed that VOCs emitted from creosotetreated wood affected the enzymatic activity of the
soil. The biggest changes occurred in the activity of
enzymes involved in the metabolism of nitrogen
compounds. Among all examined enzymes, the most
frequently observed effect was activity reduction. A
stimulating effect of VOCs was only reported for dehydrogenases and lipase. Moreover, more changes in
the enzymatic activity were noted in sandy loam
compared to loamy sand.

FIGURE 3
Principal component analysis for responses of
enzyme activities in soil exposed to VOCs emitted from creosote-treated wood
For this reason, the responses of the tested enzymes to VOCs emitted from creosote-treated wood
ZHUHFRQILUPHGE\FOXVWHUDQDO\VLVLQYROYLQJ:DUG¶V
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improved method to evaluate the o-diphenol oxidase activity of soil. Soil Biology and Biochemistry 32(8-9), 1927-1933.
[12] Eivazi, F., Tabatabai, M.A. (1988) Glucosidases
and galactosidases in soils. Soil Biology and Biochemistry 20, 601-606.
[13] Margesin, R., Feller, G., Hämmerle, M., Stegner, U., Schinner, F. (2002) A colorimetric
method for determination of lipase activity in
soil. Biotechnology Letters 24, 27-33.
[14] Tabatabai, M.A., Bremner, J.M. (1969) Use of
p-nitrophenyl phosphate for assay soil phosphatase activity. Soil Biology and Biochemistry
1(4), 307-310.
[15] Browman, M.G., Tabatabai, M.A. (1978) Phosphodiesterase activity of soils. Soil Science Society of America Journal 42, 284-290.
[16] Eivazi, F., Tabatabai, M.A. (1977) Phosphatases
in soils. Soil Biology and Biochemistry 9, 167172.
[17] Dick, W.A., Tabatabai, M.A. (1978). Inorganic
pyrophosphatase activity of soils. Soil Biology
and Biochemistry 10, 59-65.
[18] Kandeler, E., Gerber, H. (1988) Short-term assay of soil urease activity using colorimetric determination of ammonium. Biology and Fertility
of Soils 6, 68-72.
[19] Abdelmagid, H.M., Tabatabai, M.A. (1987) Nitrate reductase activity of soils. Soil Biology and
Biochemistry 19, 421-427.
[20] Ladd, I.N., Butler, J.H.A. (1972) Short-term assay of soil proteolytic enzyme activities using
proteins and dipeptide derivates as substrates.
Soil Biology and Biochemistry 4, 19-30.
[21] Orwin, K.H., Wardle. D.A. (2004) New indices
for quantifying the resistance and resilience of
soil biota to exogenous disturbance. Soil Biology and Biochemistry 36, 1907-1912.
[22] Praveen-Kumar, J.C., Tarafdar (2003) 2,3,5-Triphenyltetrazolium chloride (TTC) as electron
acceptor of culturable soil bacteria, fungi and
actinomycetes. Biology and Fertility of Soils 38,
186-189.
[23] /LSLĔVND $ :\V]NRZVND - .XFKDUVNL -
(2015) Diversity of organotrophic bacteria, activity of dehydrogenases and urease as well as
seed germination and root growth Lepidium sativum, Sorghum saccharatum and Sinapis alba
under the influence of polycyclic aromatic hydrocarbons. Environmental Science and Pollution Research 22, 18519-18530.
[24] Przybulewska, K., Wieczorek, A., Krzywy*DZURĔVND ( =DUĊED 1 7XUDáD $  
Effect of environmental contamination with orthoxylen on the number of soil micr-oorganisms. In: Musialik-Piotrowska, A., Rutkowski,
J.D. (Ed-s.) Air protection ± chosen problems.
3=,76:URFáDZ-251 [In Polish].

ABBREVIATIONS
CAT, catalase; DHA, dehydrogenases; Gluc, Eglucosidase; IPP, inorganic pyrophosphatase; Lip, lipase; NR, nitrate reductase; o-DPO, o-diphenol oxidase; Pac, acid phosphomonoesterase; Pal, alkaline
phosphomonoesterase; PD, phosphodiesterase; Prot,
proteases; Ure, urease
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EVALUATION OF ECOLOGICAL TOLERANCE AND
REQUIREMENTS OF EXOTIC CONIFERS IN THE URBAN
LANDSCAPE OF BURSA
Nilufer Seyidoglu Akdeniz, Elvan Ender, Murat Zencirkiran*
Department of Landscape Architecture, Faculty of Agriculture, University of Uludag, 16 059 Gorukle, Bursa, Turkey

of a city and provide biological diversity and several
other benefits such as improved climate, hygiene,
aesthetics, recreational opportunities, environmental
protection and biodiversity, while they also help
meet the social, spiritual and psychological needs of
urban people [3, 4]. Plants (especially trees and
shrubs) are the most important materials to be used
while forming living green spaces or liveable green
spaces. However, the importance of green spaces in
urban areas is due to their role in aspects of urban life
[5]. Some functions of plants especially trees in urban areas are ecological, economical, aesthetical and
social. Trees play a crucial role as providers of ecosystem services, which enhance human well-being
directly and indirectly [6, 7, 8]. Meanwhile, plants
are examined under different groups such as native,
exotic, naturalized and of unknown origin in terms
of their origin. The diversity in the origins of the species is important for landscaping and it allows the
emergence of different applications. Enhancement of
biodiversity in urban ecosystems can have a positive
impact on the quality of life and educate urban dwellers, thus ultimately facilitate the preservation of biodiversity also in natural ecosystems [9].
Species diversity also provides greater security
against environmental changes and stochastic
events, including pest invasions, by increasing the
potential for adaptation and survival. Urban biodiversity, in particular, increases the amount of exposure that city residents have to a wide spectrum of
nature, which is an important element in stimulating
SHRSOH¶V GHVLUH WR VXSSRUW FRQVHUYDWLRQ $GGLWLRQ
ally, evidence suggests a range of positive psychological and physiological effects are present when
people interact with areas high in biodiversity [10].
Urban trees deliver measurable benefits to urban environmental quality and residential quality of
life. They reduce urban heat stress, building energy
use, atmospheric carbon dioxide (CO2), rainfall runoff, flooding, noise levels, and wind speed, and remove air pollutants. Trees cooling effects in urban
areas will become more important given the impact
of climate change [11]. The speed of climate change
is expected to exceed the ecological amplitude for
adaptation of many tree species. Air temperature is
expected to increase in southern Europe between 2
and 3oC before 2050, recent research suggests that
climate change will result in extreme inter annual

ABSTRACT
Plants are alive landscape elements showing
lively, dynamic, decorative, aesthetic and functional
features and they are actively used both in urban and
rural landscape applications. Effective compositions
can be created by using a combination of native and
exotic (foreign originated) plants in urban landscaping instead of being content just with native species.
In this study, exotic conifers that appear in the urban
landscape of Bursa, which has a rich diversity due to
its location and ecologic situation, is determined in
detail with their potentials and their evaluation in
terms of their ecological tolerance (frost, drought,
and salt tolerance) and ecological requests (soil properties, light requirements). As a result of the evaluation, 17 genera belonging to 5 families, 46 species
and 72 cultivars have been found to be used in the
urban landscape of Bursa. Many of the exotic conifers were determined to be resistant to urban conditions and had high environmental tolerance

KEYWORDS:
Ecological requests, urban landscape, ecological resistance.

INTRODUCTION
Urbanisation is a global phenomenon with a
higher rate in developing nations. It has brought immense benefits to human society and resulted in
higher living standards. In addition to this, social,
economic opportunities and urbanization cause people living in rural areas to settle in cities [1]. However, it has also caused a large scale negative impact
on the global environment including increased pressure on native biodiversity, unprecedented increase
in production of waste and pollution [2] and environmental problems have increased worldwide along
with an increase of urbanization [3]. Due to human
influences, the quality of urban landscapes and land
use is often impaired.
On the other hand, green spaces have been one
of the key components of urban landscapes and play
an important role in improving the quality of life of
city-dwellers. They are capable of shaping the image
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variability in terms of heat and cold waves. These
extreme events can have a great ecological importance in tree species survival [12].
Accordingly, when selecting trees for urban
landscapes, planners must prioritise stress resistance
and climate adaptation above aesthetic appeal and
functional aspects [13]. The selection of tree species
for urban sites should consider the adaptability to the
environmental site conditions, functions of the tree,
and low costs of propagation, production, establishment, and management. Functions of the tree include
benefits to people and aesthetic quality of the site.
However, little is known about which tree characteristics are relevant to perception and how they are associated with tree's aesthetics. Furthermore, within
tree species composition in urban sites, there is a
troubling conflict between the aesthetic preference
for visual uniformity and the ecological need for species diversity. In the face of climate change, the importance of species diversity is growing even more,
as higher temperatures and longer periods of drought
increase the vulnerability of urban trees to pests and
diseases [11].
This study was carried out in order to ensure the
sustainable use of the plant in the urban landscape of
Bursa which closely feels the pressure of urbanization and climate change. For this purpose, exotic
woody plant species and landscape characters used
in the urban landscape have been identified and ecological tolerances of these plants (soil, light, temperature, etc.) have been tried to be exhibited.

FIGURE 1
Research area
TABLE 1
Bursa climate in last 65 years*.
14.5
Average temperature (oC)
Maximum temperature (oC)
43.8
-19.2
Minimum temperature (oC)
Precipitation (total-mm)
695.1
*Turkey, General directorate of meteorology data
2016.
Method. This study, which was carried out in
order to identify exotic conifers species, consisted of
two phases which are observation phase and analysis
and evaluation phase. In the first phase of the study
(observation phase), streets, traffic islands, small bazaar squares, small and large scaled squares and
parks, garden houses in Bursa and its counties have
been seasonally examined in line with the current site
plan and the species of the conifers used for landscaping of the mentioned places have been identified
and their dendrological features have been defined.
[8, 10, 11, 13, 14, 15, 16, 17] The exotic conifers
species are evaluated as follows [18, 19]: trees: short
trees (up to 10m of height), medium-sized trees
(from 10 to 18 m of height), large trees (over 18 m
of height), giant trees (over 50 m of height); shrubs:
large shrubs (over 3 m of height), medium-sized
shrubs (from 1.5 to 3 m of height), short shrubs (from
1 to 1.5 m of height), dwarf shrubs (from 0.3 to 0.75
m of height), prostrate (creeping) shrubs.
In the second phase of the study (analysis and
evaluation phase), ecological tolerances (soil properties, light requirements, frost tolerance, drought tolerance, and salt tolerance) of the identified exotic conifers on the study area have been revealed [18, 19,
20, 21, 22, 23, 24, 25]. As a result of this evaluation,
recommendations have been developed for the use of
exotic conifers in urban landscape of Bursa.

MATERIAL AND METHODS
Research material and study area. Our study
was focused on Bursa, one of the biggest cities of
Turkey. The province Bursa, which is subject to the
study, is located in Susurluk basin in the south of
Marmara Region 39° 35'- 40° 40' north latitude and
28° 10'- 30° 00' east longitude. It has a land area of
1 104 301 ha (Figure 1). Uludag, which is the most
significant elevation of the Marmara Region, is located within the boundaries of Bursa. Iznik and
Uluabat lakes, which are located within the boundaries of the province, constitute the two major freshwater lakes. Although plains of Bursa shows the general characteristics of the Mediterranean type of climate, the region has a low mean temperature and a
high annual precipitation whose distribution by
months is also partly regular compared to the Mediterranean Region. According to De Mortanne
drought index equation, summer months are dry and
autumn and spring months are less humid (Table 1)
[14, 15]. The material of the study consists of exotic
conifers located within the boundaries of the province Bursa.
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TABLE 2
Plant species, varieties and cultivars of exotic conifers used in urban landscape in Bursa.
Genus
Cupressus

Chamaecyparis

Thuja

Juniperus

Calocedrus
Cupressocyparis
Abies
Cedrus
Picea
Pinus
Pseudotsuga
Taxus
Cryptomeria
Metasequoia
Sequia
Taxodium
Ginkgo

Species, varieties and cultivars
Cupressus sempervirens L. (var. Pyramidalis), Cupressus arizonica :RRGDOO FY µ*ODXFD¶ µ*ODXFD &RP
SDFWD¶¶*ODXFD 3\UDPLGDOLV¶  Cupressus goveniana GORD., Cupressus macrocarpa GORD. (C. lambertiana
*25'  FYµ*ROGFUHVW¶µ:LOPD¶
Chamaecyparis lawsoniana 0855 3$5/ FYµ$OXPLL¶µ$XUHDYDULHJDWD¶µ(OOZRRGLL¶µ(OZRRG¶V*ROG¶µ6WULFWD¶
µ/XWHD¶µ0LQLPD*ODXFD¶ Chamaecyparis pisifera (SIEB =8&& (1'/ FY)LOLIHUD¶µ)LOLIHUD$XUHD¶µ1DQD¶
µ%RXOHYDUG¶ µ6TXDUURVD $XUHD 1DQD¶  Chamaecyparis obtusa (SIEB
=8&& (1'/ FY µ1DQD *UDFLOLV¶ 
Chamaecyparis nootkatensis ''21 63$&+ FYµ3HQGXOD¶
Thuja orientalis L. (Biota orientalis / (1'/  FYµ&RPSDFWD¶µ&RPSDFWD$XUHD¶µ3\UDPLGDOLV¶µ3\UDPLdalis
$XUHD¶µ(OHJDQWLVVLPD¶ Thuja occidentalis / FYµ3\UDPLGDOLV¶µ5KHLQJROG¶µ6PDUDJG¶µ6XQNLVW¶µ+ROPVWUXS¶
µ'DQLFD¶µ7LQ\7LP¶ Thuja plicata D.DON (T. lobbii +257H[*25'  FYµ$XUHD¶µ=HEULQD¶
Juniperus chinensis L. (cv: µ$OERYDULHJDWD¶µ$XUHD¶ µ%OXH $OSV¶ µ&ROXPQDULV¶ µ.DL]XND¶  µ6SDUWDQ¶ µ6WULFWD¶
µ3ILW]HULDQD¶ µ3ILW]HULDQD *ODXFD¶  Juniperus comminus / FY µ*UHHQ &DUSHW¶ µ+LEHUQLFD¶ µ2EORQJD 3HQGXOD¶
µ5HSDQGD¶ Juniperus conferta PARL. (J. litoralis MAXIM.), Juniperus drupacea LABILL., Juniperus virginiana
/ FYµ&DQDHUWLL¶ a µ&XSUHVVLIROLD¶µ*UH\2ZO¶µ+LOOLL¶  Juniperus horizontalis 02(1&+ FYµ$OSLQD¶µ%DU
+DUERU¶µ%OXH&KLS¶µ*ODXFD¶ Juniperus procumbens 6,(%H[0,4 FYµ1DQD¶ Juniperus foetidissima Willd.,
Juniperus scopulorum 6$5* FYµ6N\URFNHW¶
Calocedrus decurrens 7255 )/25,1 FYµ$XUHRYDULHJDWD¶
Cupressocyparis leylandii (DALLIM Jacks.)DALLIM.
Abies concolor (GORD.)LINDL., Abies alba MILLER
Cedrus libani Link., Cedrus atlantica 0$1(77, FYµGlauca¶µ*lauca 3HQGXOD¶ Cedrus deodora G. DON. (cv:
µ$XUHD¶3HQGXOD¶
Picea orientalis (L.) Link., Picea excalsa LINK (P. Abies (L.)KARSTEN), Picea omorika (PANCIC) PURKYNE,
Picea pungens (1*(/0 FYµGlauca¶µ+RSSVLL¶ µ*ORERVD¶ Picea glauca (MOENCH) VOSS.(P.alba LINK)
(var. albertiana µ&RQLFD¶
Pinus brutia TENORE, Pinus griffithii Mc.Clelland., Pinus nigra subsp. pallasiana (var.pyramidata), Pinus pinaster
AIT (P. maritima POIR.), Pinus strobus L., Pinus mugo TURRA (P. mughus Scop) (var. pumilia)
Pseudotsuga menziesii (MIRB.) FRANCO
Taxus baccata / FYµ)DVWLJLDWD¶ µ$XUHD)
Cryptomeria japonica ''21 FYµ(OHJDQV¶µ*ORERVD1DQD¶
Metasequoia glyptostroboides HU CHENG.
Metasequoia glyptostroboides HU CHENG.
Taxodium distichum (L.) RICH.
Ginkgo biloba L.

FIGURE 2
Application rates of exotic coniferous plants in Bursa.

shrubs are not preferred for landscaping (Figure 2).
When the distribution of the plants used in the urban
landscape by genus and species examined, it has
been identified that the family containing the highest
amount of genus is Cupressaceae with 35.29%. Pinaceae, Taxodiaceae, Taxaceae and Ginkgoaceae
families follow this family with 29.41, 23.53 and
5.88%. When the distribution of species examined, it
has been observed that the families are rich in diversity. Cupressaceae family includes the highest
amount of species with 48.89%. Pinaceae and Taxodiaceae families follow the Cupressaceae family
with 37.78 and 8.89%. Families containing the least
amount of species are Taxaceae and Ginkgoaceae
with 2.22 % (Figure 3). It has been observed that a
large number of cultivars of exotic coniferous plants
appear in the landscape of Bursa and cultivars belonging to species are stated in Table 3.

RESULTS
Evaluation of exotic conifers in terms of species. In Bursa 17 genus, 46 species and 72 cultivars
in 5 families belonging to Gymnospermae subdivision have been identified. It has been observed that
23 of these species are located in Cupressaceae family, 17 in Pinaceae family, 1 in Ginkgoaceae family,
1 in Taxaceae family and 4 in Taxodiaceae family
(Table 2). Analyses on the application rates of exotic
coniferous plants have indicated that tall trees dominate the urban landscape (46.55%). Medium-sized
trees follow this group with 25.86% and short trees
with 15.52%. On the other hand, when shrubs are analysed, it has been detected that the highest rate belongs to large shrubs, and dwarf and prostrate (creeping) shrubs has the lowest share with 3.45 %. Short
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TABLE 3
Cultivar distribution according to species.
Genus
Cupressus

Chamaecyparis

Thuja
Taxus
Cedrus

Species
C. sempervirens
C. arizonica
C, macrocarpa
C. lawsoniana
C. pisifera
C. obtusa
C. nootkatensis
T. orientalis
T. occidentalis
T. plicata
T. baccata
C. atlantica
C. deodora

Cultivar (%)
1,39
4,17
2,78
9,72
6,94
1,39
1,39
6,94
9,72
2,78
2,78
2,78
2,78

Genus

Juniperus

Picea
Pinus
Cryptomeria
Calocedrus

Species
J. chinensis
J. comminus
J. virginiana
J. horizontalis
J. procumbens
J. scopulorum
P. pungens
P. glauca
P. nigra
P. mugo
C. japonica
C. decurrens

Cultivar (%)
12,5
6,94
5,56
5,56
1,39
1,39
2,78
1,39
1,39
1,39
2,78
1,39

FIGURE 3
Distribution of species and genus in coniferous plants according to families.

Ecological tolerances of exotic conifers were
examined in terms of frost, drought, salt resistance
and air pollution (Table 5). 81.40% of the determined
exotic conifers were resistant to frost, and 67.44%
showed higher durability to drought. Only 32.56% of
the detected conifers were found to be salt tolerant
(Figure 5)

These cultivars are found to be mostly of Juniperus,
Thuja, Chamaecyparis and Cupressus species. According to the evaluation made on the basis of the
species among the cultivars used in urban landscape,
the highest rate belongs to the cultivars of the species
J. chinensis (12.50%). C. lawsoniana and T. occidentalis (9.72%), T. orientalis and J. communis
(6.94%), J. virginiana and J. horizontalis (5.56%)
and C. arizonica (4.17%) follow J. chinensis. On the
other hand, species not having any cultivars and being represented by single species such as Abies concolor, Picea orientalis, Pinus grifittii, Pseudotsuga
menziesii, Metasequoia glyptostroboides, Sequoia
sempervirens, Taxodium distichum and Ginkgo biloba are found out to be used in urban landscape.

TABLE 4
Soil properties of exotic conifers in Bursa.
Soil properties
Soil texture

Soil mass

Evaluation of exotic conifers in terms of ecological tolerance and requirements. Exotic conifers that were determined were grouped in terms of
ecological requirements (soil and light) and ecological tolerance of plants were evaluated for resistance
to drought, frost and salt. The results obtained on the
evaluation of soil properties, soil texture class, mass
class and pH are given in Table 4. It is determined
that 36.89% of the detected plants liked sandy soil,
54.1% of them wanted good drainage and 51.79% of
them had good growth in acidic soil.
A classification is made according to light requests of exotic conifers, and 37.60% of the conifers
need full sun, 26.09% need sun, 30.43% need partshade, 5.80% of them need shade (Figure 4).

pH

sandy
clay
loamy
well-drained
moist
wet
acidic
neutral
alkaline

Frequencies (%)
36,89
27,18
35,92
54,1
40,98
4,92
51,79
7,14
41,07

FIGURE 4
Light requirements of exotic conifers in Bursa.
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FIGURE 5
Distribution of ecological tolerance (%) of exotic conifers in Bursa.
TABLE 5
Ecological tolerance of exotic conifers in Bursa.

Abies alba
Abies concolor
Calocedrus decurrens
Cedrus atlantica
Cedrus deodora
Cedrus libani
Chamaecyparis lawsoniana
Chamaecyparis nootkatensis
Chamaecyparis obtusa
Chamaecyparis pisifera
Cryptomeria japonica
Cupressoscyparis leylandii
Cupressus arizonica
Cupressus goveniana
Cupressus macrocarpa
Cupressus sempervirens
Ginkgo biloba
Juniperus chinensis
Juniperus comminus
Juniperus conferta
Juniperus drupacea
Juniperus foetidissima
Juniperus horizontalis
Juniperus procumbens
Juniperus scopulorum
Juniperus virginiana
Metasequoia glyptostroboides
Picea excelsa
Picea glauca
Picea omorika
Picea orientalis
Picea pungens
Pinus brutia
Pinus griffithii
Pinus mugo
Pinus nigra
Pinus pinaster
Pinus strobus
Sequoia sempervirens
Taxodium distichum
Taxus baccata
Thuja occidentalis
Thuja orientalis

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*

*
*
*

*

*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*

*
*

*
*
*
*

*
*
*
*

*
*

*
*
*

*
*

*
*
*

*
*

*
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low

high
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*

*
*
*

*
*
*
*
*
*

*
*
*
*

*
*

*
*
*
*
*

*
*
*

*

*

low
*
*

*

*
*
*
*
*

high

low

*
*
*
*
*

air pollution

moderate

salt

high

full hardy
(down to -15 °C)

(-5 °C) ± (-15°C)

Plant name

hardy

Ecological tolerance
frost
drought

*
*
*
*

*
*
*
*
*
*
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function well in terms of providing ecosystem services even though they are diverse [16].
The stressful urban environment (e.g. exposure
to heat, low air humidity, periods of drought, high
soil pH, limited soil volume, de-icing salt and other
pollutants), together with the predicted climatechange-related increases in average temperature and
more frequent heat waves and droughts in some areas during summer create challenges. On the other
hand, the argument for the use of exotic species often
refers to fluctuating environmental conditions,
which are expected to increase under climate change.
Under such conditions it is suggested that exotic species have a better chance to cope with these fluctuations than native species. There are also suggestions
that compromises should be made and that natural
sites should be established that mainly contain natives, whereas semi-natural and artificial sites could
accommodate both [16].
The results reveal that Bursa urban landscape
has a rich diversity in terms of the exotic plants used
in design. Indeed, it has been evaluated that exotic
conifers determined in city scape are compatible
with different soil structures. On the other hand, it
has been determined that most of those species have
a good performance standing on frost, drought and
salt. The importance of increasing the proportion of
species, which are resistant to adverse conditions as
a result of climate change in the city scape, was observed. In this context, for the elimination of the deficiencies and creating public awareness for sustainable landscape areas, measures to be taken by the local governments are inevitable.

DISCUSSION AND CONCLUSION
Plants contributing to urban aesthetics and ecology in the creation of liveable cities are one of the
most indispensable elements in landscape design.
Also, the history, identity, cultural characteristics
and geography of cities may have an impact on
plants in cities [5]. Aesthetic and functional characteristics of plants are of great importance as they improve and enrich their environment with their appearance. On the other hand, Steiner [26] has stated
that planning with nature can improve the quality of
urban settlements for people, plants and animals, and
enhance ecosystem services. Both native and exotic
plant species and their number vary depending on geographic location, soil type, economic structure, land
use, climate and local governments [17, 27, 28, 29].
The impact of the vast fertile lands of Bursa
plain, of the semi-terrestrial and Mediterranean climate type that starts from high altitudes and is seen
up to the coastal areas, on the diversity is inevitable.
Both in the city centre and at the counties of Bursa it
is observed that several exotic species are used in
many areas such as official institutions, home gardens, open green spaces and parks. It is seen that especially in urban landscaping, medium-sized coniferous tree species which are included in the species
Juniperus, Cupressus, Chamaecyparis and Thuja are
used dominantly. This situation is in compliance
with Jim [27] and Yilmaz and Irmak [17]. Hence,
Jim [27] and Yilmaz and Irmak [17] stated that the
plant species used in the cities and their application
rates vary depending on the area, geographic location, the history of the city, local governments and
individual preferences. According to Foresman et al.
and Lister, µUrban ecosystems represent the most
complex mosaic of vegetative land cover and multiple land uses of any landscape¶ which may be because they are formed by human design [16].
Good planning and governance practices for
greater urban tree diversity do exist across the globe.
Enhanced tree diversity has become integrated in
Singapore green infrastructure planning, while cities
such as Copenhagen and Denmark try to get away
from a tradition of using only a few, dominating tree
species, such as elm and lime [13]. On the other
hand, poor planning and governance practices lead
to the emergence of some problems. For example,
more than 1.8 million cedar trees were planted on the
periphery of Tokyo, Japan, decades ago and today,
during their pollination in spring, they have turned
this mega-city into the allergy capital of the World
with three million allergic residents in Tokyo [30].
Many studies have reported that the number
(and proportion) of exotic species tends to increase
along the urban±rural gradient, moving towards the
urban centre. There are concerns that exotic species
will out-compete native species and therefore urban
landscapes with too many exotic species will not
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INFLUENCE OF STORED PRODUCT INSECTS ON
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amino acids such as lestin and treptofan, and also
contains 61% carbohydrates and4-4.5% lipids [6]. In
Jordan and some other Arab countries, chickpea can
be sold and eaten as green chickpeas called ³Hamleh´. In addition, their dried seeds can be eaten in the
famous ³Homous´ dish and ³Falafel´ by Jordanians
daily or at least weakly.Dried chickpea seeds must
be stored for several months to provide citizens with
the required amounts [1]. During storing the seeds of
chickpea for several months, they might be attacked
by several beetles and weevils. Dried seeds might
have significant quantitative and qualitative losses
due to pests infestation, particularly insects.These
insect pests might cause physical and chemical
changes in the chickpea seeds such as holes, bad
odor, unacceptable appearance and size and increase
in temperature and humidity, leading to more infestation by other pests such as fungi and bacteria [21,
15]. The insect pests might kill embryos and produce
punctured seeds and undesirable flour[4, 13]. In addition, seeds might be contaminated with dead insects molting skins, posses hair, and attacked insects
are potential to transmit diseases causals [1, 17].
It is the aim of this study to find influence of
chickpea seeds stored in the farms conditions when
being attacked with stored product insects, particularly beetles and weevils infesting several cultivars.
In addition, it is very useful to report the different
beetles and weevil attacking the stored seeds of
chickpeas which will be helpful to protect stored
seeds by using several integrated pest management
practices in chickpea stores.

ABSTRACT
Seeds samples of five cultivars of chickpea
were collected from stores of farms from different
locations in Jordan during 2014 and 2015 to evaluate
the biological factors including stored product insects on the plant production. Purities, viability and
germination % of chickpea seeds of the samples
were examined according to the international standards seed germination was ranged from 60 to 100%
and seeds viability between 25 and 100% relying on
the chickpea cultivar and the location of seed gathering. The correlation between viability % and seed
germination% was medium positively. The seed purity % was ranged between 92 and 100% in all chickpea cultivars. Number of holes resulted from the activity of the attacked insects in all examined chickpea seeds of the Turkey and Balady were significantly less than the other cultivars. The most common insects in the seeds samples of all the five cultivars from different sites of Jordan were Rhyzopertha dominica followed by Anthrenus museorum,
Bruchus rufimanus, and Sitophilus granaria, and
from Amman governorate wasC allosobruchus
chinenensis,
B.rufimanus,
B.quingnegntlatus,
C.macutals, B.lentis, Trogoderma granarium, and
B.pisorum.Several agricultural measures were concluded and recommended to avoid insect infestation
and to get high quality of chickpea seeds to be cultivated.

KEYWORDS:
Chickpea, Seeds cultivars, Germination, Viability, Purity,
and Chickpea .Stored insects.

MATERIALS AND METHODS
Chickpea seeds sampling. (1) Stores in
farms. During 2014 and 2015, random samples of
chickpea seeds from different locations from stores
of farmers in Jordan were collected. The locations
from which the collected seeds were farms cultivated
with chickpea by the farmers of Jordan. These samples were put in brown bags of paper, carried to the
laboratory of School of Agriculture in the University
of Jordan, placed at room conditions and then taken
for the needed tests. Temperatures in farm stores
where they were collected were ranged between 5-

INTRODUCTION
Chickpea (Cicer arietinum) is an old legume
that has been grown in most world countries. It is an
important crop grown in Asia, Africa and the Middle
East countries particularly Jordan [5, 26]. It is
planted in Jordan in high land with total production
of 3729 tones and 33220 tons annually in average in
the last ten years [25].
Chickpea contain protein 20%and three times
more than in wheat or maize or rice. It does have
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were calculated according to the following
formula [4].
% of seed purity= Weight of seeds before removing
impurities/Weight of seeds after removing impurities X 100.

40°c and % of relative humidity were ranged between 40-85%.
The replications of the collected samples for
each of the cultivars were ranged between 4 to 6 replicates. For three biological health seed tests, 2-3 kgs
were sampled from the large stored amounts of
chickpea seeds for each location were mixed separately and placed in obvious labeled bags containing
code numbers, locations of collections and then kept
at room temperature until insect examination. % of
relation humidity in stored room were ranged between 40 to 70% and temperatures were 22± in average. Samples of chickpea seeds were collected
from Amman the capital of Jordan and Madaba in
the middle of Jordan and Shoubak in the south, and
Mafrak and Irbid in the north of the country.

Viability of seeds test. This examination was
carried out according to the work of several authors
[13, 2, and 4].The chickpea seeds were placed onto
moistened filter paper with tap water, for two days
period to test viability of seeds, under the room conditions. The % of germinated seeds were taken by
the calculation of the seeds with emerged embryos.
The examination was repeated but after one week period to get the normal seed germination.
Number of seeds holes. From each chickpea
cultivar, fifty grams from each replicate were separately and randomly considered. The taken seeds
were placed into a glass Petri dish with 10 cm in diameter to count the number of holes in all seeds
made by the infested insects by bare eyes and sometimes under the binocular dissecting microscope particularly when needed [2, 4]. Total number of punctures (holes) and means numbers of holes per one
seed were calculated. The experimental design was
randomly completely design (RCD). The differences
between means for number of holes for all examined
seeds and per one seed for all the five chickpea cultivars were got using one way analysis of variance (F
test) and LSD test.

(2) Amman governorate. Samples of chickpea
seeds were randomly gathered from governorate of
Amman, the capital from various store houses of
farms for several years extended between 2010 and
2016. The other needed requirements were described
as above in materials and methods (1).
Seeds germination tests. Samples of chickpea
of fifty grams were taken. There were four replicates
of samples. All impurities in each replicate particularly weeds seeds other crops seeds, small stones and
small earth masses, gravel particles and other impurities were removed and weighed, according to the
international standards, [13, 18, 4]. The tested seeds
were dipped for 24 hour in tap water to determine the
germination %. Four hundred of the impregnated
chickpea with the four replications were taken and
then divided into four groups [4].There were 100
seeds per group. These seeds were placed into a plastic dish lined with moistened filter paper. The dish
was then covered with muslin cloth to minimize drying opportunity and placed in the lab at room conditions. Temperature in the lab was in average of
25±2°c and percent of relative humidity was of
60±5. These seeds were evaluated after five days[13,
4]. The germinated seeds were grouped according to
several workers [14, 4] to healthy, not healthy and
dead ones. To confirm the first counting, the seeds
were revaluated and recounted after fourteen days of
the start [14, 4]. The germination % of tested seeds
were recalculated adopting the following formula
[2].
% seed germination = Normal seedlings/Total number of seedsX100
and then the average of the four replicates was obtained.

Beetles and weevils of chickpea seeds in five
cultivars. From each chickpea cultivars, fifty grams
were separately and randomly transferred into glass
Petri dish from that sample gathered between 2014
and 2015 from all regions of Jordan and those gathered from Amman governorate between 2010 and
2016. There were four replications at least from each
examined cultivar for insect evaluation [2, 4]. The
found stored chickpea insect were separated and also
counted for each species. Several keys were adopted
to confirm or identity weevils and beetles which normally infested seeds of stored legumes [5, 17,24,6]
In addition to confirm and identify insects infesting
chickpea seeds but normally infest seeds of stored
cereals, the key of Pfadt [20] was adopted. The experimental design was the completely randomized
design (CRD) in all experiment [4]. Moreover, the
differences between the number of each insect species for the five tested chickpea cultivar or the
Balady cultivar in the governorate of Amman were
detected using one way analysis of variance (F-test)
and the LSD test.

Purity of seeds test. Fifty grams from each
chickpea samples were taken with four replicates
and weighed. The weed seeds, other crop seeds,
gravel particles and small stones, and other impurities were removed. The pure chickpea seeds were
then reweighed [13, 18, 2]. The % of seeds purity
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Germination of seeds. Seeds germination% of chickpeas were ranged between 60 to 100
(Table 1). The correlation between viability % and
germination % was positively medium (r²= 0.57)
(Table 2). Generally, germination % for that sample
collected from the northern, middle and southern locations of Jordan were about similar (Table 1). The
lowest germination in all sites was 10% for Hindi
cultivar from Amman sites (Table 1).

RESULTS
Viability of seeds. Seeds viability % of chickpea were ranged between 25 and 100%, depending
on the source of collection, the period of storing in
store house of farms, and the cultivars are shown in
Table 1. The northern sites of Jordan especially from
Mafrak and Irbid with viability % ranged between 80
and 95%. Chickpea collected from stores in the middle region in Jordan particularly Amman and
Madaba were ranged between 25 to 100% viability.
The southern sites of Jordan particularly from Karak,
Shoubak, and Tafila were ranged between 60 to 95%
viability. Hindi cultivar was the lowest in viability;
it was 25% from Amman location. Local cultivar,
Balady was ranged between 80 to 100% viability.
Balady from Madaba was the greatest in viability %
(100%), Mexico in Irbid (97%) followed by Turkey
in Amman (95%) (Table 1).

Purity of seeds. Chickpea seeds purity percentages were ranged from 98 to 100 in all cultivars collected from all locations in different parts of Jordan
(Table 1). Purity percentages of chickpea seed collected from all locations of Jordan were relatively
high and did not differ significantly (Table 1). The
correlation coefficient between purity and viability
was positively weak (r²=0.156) (Table 2). The correlation coefficient between seeds germination % and
seeds purity% was positively poor (r²=0.025) (Table
2).

TABLE 1
Percentages of purity%, germination% and viability% for chickpeas seeds of several cultivars collected
from different locations of Jordan in 2014 and 2015.
Sample no.
7
8
9
10
11
12
13
14
21
22
23
30
31
38
39
40
41
44
45
52
53
58
59
78
79
82
83
105
106
121
122
123
124

Sample source

Cultivar

Amman
Amman
Amman
Amman
Amman
Amman
Amman
Amman
Madaba
Madaba
Madaba
Madaba
Madaba
Karak
Karak
Karak
Karak
Shoubak
Shoubak
Tafella
Tafella
Shoubak
Shoubak
Madaba
Madaba
Madaba
Madaba
Mafrak
Mafrak
Irbid
Irbid
Irbid
Irbid

Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Hindi
Hindi
Balady
Balady
Balady
Balady
Balady
Balady
Balady
Turkey
Turkey
Balady
Balady
Turkey
Turkey
Balady
Balady
Balady
Balady
Balady
Balady
Turkey
Turkey
Mexico
Mexico
Syria
Syria
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Purity
100%
100%
100%
100%
100%
98%
100%
99%
99%
98%
100%
99%
98%
99%
99%
100%
98%
99%
98%
100%
98%
99%
100%
99%
98%
100%
98%
100%
99%
99%
98%
100%
98%

Percentage %
Germination
90%
95%
90%
100%
98%
100%
60%
65%
85%
90%
95%
85%
80%
100%
100%
99%
100%
100%
99%
95%
98%
100%
95%
85%
85%
99%
98%
95%
90%
99%
97%
85%
80%

Viability
95%
95%
70%
75%
90%
75%
25%
35%
100%
98%
97%
90%
90%
90%
95%
90%
95%
95%
90%
60%
65%
90%
80%
100%
98%
100%
99%
90%
93%
97%
80%
90%
85%
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TABLE 2
Values of correlation coefficient (r²) between germination%, viability% and purities% for chickpeas seeds
collected from different sources in Jordan during 2014 and 2015.
Variables
Seeds germination% vs seeds viability %
Seeds purity% vs seeds germination %
Seeds purity% vs seeds viability

Correlation coefficient (r²)
0.57
0.025
0.156

TABLE 3
Means numbers of holes caused by several stored product insects in five chickpeas cultivars collected from
different locations in Jordan in 2014 and 2015.
No. of holes ± ISE
All seeds in 50g
Per seed
27 ± 4.1 a
0.54 ± 0.07 a
Mexico
10 ±1.9 c
0.20 ± 0.02 c
Turkey
13 ± 2.2 c
0.26 ± 0.03 c
Balady
30 ± 5.2 a
0.60 ± 0.08 a
Hindi
18 ± 2.9 b
0.36 ± 0.05 b
Syria
Means in columns sharing the same letter do not differ significantly at 5% using LSD test.
Chickpeas cultivar

TABLE 4
Means numbers of stored product insects for live check peas cultivars seeds collected from different
locations in Jordan in 2014 and 2015.
No. of counted insects / cultivar ± SE
Sitophilus
Sitophilus
Tribolium
Oryzaephilus
oryzae
granaria
castaneum
surinamensis
Mexico
0.0 ± 0.0 b
0.0 ± 0.0 c
0.0 ± 0.0 b
0.0 ± 0.0 c
Turkey
0.2 ± 0.12 a
0.80 ± 0.39 a
0.3 ± 0.02 a
0.09 ± 0.01 b
Balady
0.0 ± 0.0 b
0.8 ± 0.04 a
0.0 ± 0.0 b
0.3 ± 0.03 a
Hindi
0.1 ± 0.09 a
0.3 ± 0.02 b
0.2 ± 0.01 a
0.2 ± 0.02 a
Syria
0.0 ± 0.0 b
0.0 ± 0.0 c
0.0 ± 0.0 b
0.0 ± 0.0 c
No. of counted insects / cultivar ± SE
Chickpeas
Bruchus
Cryptolestes
Anthrenus
Anthrenus
cultivars
rufimanus
ferrugineus
museorum
verbasci
0.0
±
0.0
b
0.0
± 0.0 c
Mexico
0.0 ± 0.0 b
7.0 ± 0.2 a
1.0 ± 0.02 b
Turkey
0.0 ± 0.0 b
0.0 ± 0.0 b
0.0 ± 0.0 b
1.3 ± 0.08 a
Balady
0.0 ± 0.0 b
0.0 ± 0.0 b
0.0 ± 0.0 b
2.5 ± 0.1 a
Hindi
0.2 ± 0.0 a
0.0 ± 0.0 b
0.1 ± 0.01 a
1.5 ± 0.09 a
Syria
0.0 ± 0.0 b
0.0 ± 0.0 b
0.0 ± 0.0 b
Means in columns sharing the same letter do not differ significantly at 5% level using LSD test
Chickpeas
cultivars

Rhyzopertha
dominica
7.3 ± 0.16 a
1.2 ± 0.15 b
0.8 ± 0.05 c
0.6 ± 0.04 c
1.5 ± 0.20 b

TABLE 5
Means numbers of 2 stored product insects for Balady cultivar from Amman governorate in Jordan
between 2014 and 2015.
Insect species
No. of counted insects ± SE
9.4 ± 0.34 c
Callosobruchus maculates
14.1 ± 0.14 a
Callosobruchus chinensis
11.2 ± 0.38 b
Bruchus rufimanus
12.1 ± 0.39 b
Bruchus quingnegntlatus
7.5 ± 0.31 c
Bruchus incarnates
6.3 ± 0.31 d
Bruchus pisorum
8.5 ± 0.33 c
Bruchus lentis (ervri)
5.6 ± 0.33 c
Trogoderma granarium
Means in columns sharing the same letter do not differ significantly at 5% level using LSD test.
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ticularly when stored for long time [1, 17, 10].
Classic methods such as the use of pesticides and fumigants are still globally in use to reduce insect infestation affecting stored products [15, 4] to avoid
losses in grains, bad quality and contamination commodities with dead insects, molting skins. Some
stored product insects might infest chickpea pods
and move to the stored seeds [1, 5]. Among the attacked insects, bruchids cause substantial loss during
storage [1, 23]. Stored chickpea seeds must protected
from the direct and indirect attack by insects to reduce the caused damage qualitatively and quantitatively [1, 5] particularly when insects density increased to population outbreaks, If bins and grain
stores left unchecked regularly. This might increase
in micro environmental temperatures and relative
humidity which lead to insect development and fungi
infection[8, 1, 17]. Abnormal chickpea seed particularly those broken or small or shrunk or infested with
insects, should be separated from healthy ones, because their viability and germination might be very
low. It is necessary that post harvested seeds should
be kept and stored in well established and prepared
storages, clean, free of insects, water content with
less than 12% and other needed measures for grain
storing [ 27, 2, 4]. However, chickpea seeds infested
with stored product insects in the present investigation in some cases were low in their vigor. Some Jordanian workers on other stored grains found similar
results on wheat [3], barley [2]and lentil [4]. In this
study, beetles and weevils and their mobile and immobile stages might move from grown plants in the
field or to the stored chickpea seeds [3, 4]. Biological
factors such as purity, viability, seed germination
and pests are important in seed technology. It is important to select the chickpeas seeds to meet successfully the previous mentioned factors which are urgently needed in the agricultural steps [12, 3, 4]. Insects may transfer cultivation from country to another country through packing and sold. Beetles and
weevils attacking harvesting, chickpea seeds may
reach any part of the world through the previous
mentioned practices, leading to important postharvest loss in the stored production [16, 3,4]. In this
study, flour such as Tribolum castaneum which normally attacked non healthy cereal seeds, but in this
study it was found infesting stored chickpea seeds in
few numbers [20, 22, 2]. The third group is usually
infesting legume stored seeds. Of these are B.rufimanus, C.ferrugineus, A.museorum, and A.verbasci
but attacked the five cultivars of chickpeas seeds collected from different locations in Jordan in few numbers, and callosobruchus chinensis, C.maculatus,
B.quingnegnthlatuns, B.rufimanus, B.incarnatus,
B.pisorum, B.lentis, and T.granarim in Balady cultivar of chickpea seeds collected from Amman governorate. The beetles which normally infest seeds of
legume members are named bruchids. These insects
complete their cycles in and on seeds of legumes
such as the studied chickpeas, faba bean, beans, peas

Holes in seeds. Table 3 shows the means numbers of holes in the five cultivars of chickpea seeds
collected from different locations in Jordan during
the period between 2015 and 2016, which done by
different beetles and weevils in all seeds and per
seed. Number of counted holes in all tested seeds in
the Hindi cultivar and followed by Mexico, but without different significances (Table 3). Turkey cultivar
had holes in all seeds was significantly less than the
other cultivars, followed by Balady but without significant differences. Moreover, means numbers of
holes per seed in the five cultivars had similar trend
as described in case of numbers of holes in all seeds
(Table 3).
Stored chickpeas insects. (1) Different regions in Jordan. Table 4 shows means numbers of
seven insect species in the tested five chickpea cultivars seeds collected from different locations in Jordan between 2015 and 2016. The highest common
insect species in the chickpea seeds samples of the
five cultivars was Rhyzopertha dominica, the lesser
grain borer, followed by Antherus muserun, the large
faba bean beetle Bruchus rufimanus and then Sitophilus granarium (Table 4). The mexico cultivar was
significantly infested by Rhyzopertha dominica (7.3)
with a greater mean compared with the other cultivars infestation (Table4). Hindi cultivar (0.8) was
significantly the least infested with the previous
mentioned borer without significant differences,
with the Balady cultivar (0.6), followed by Turkey
and Syria cultivars. However, the other insects
namely Sitophilus oryzae, Sitophilus granaria, Tribolium castaneum, Oryzaephilus surinamensis,
Bruchus rufimanus, Cryptolestes ferrugineus, Anthrenus museorum and A.rerbasci had attacked the
various chickpea cultivars but in a few numbers (Table 4).
(2) Governorate of Amman. Means number
of eight stored product insects separated from
Balady cultivar from governorate of Amman between 2010 and 2016 are shown in Table (5). The
most common insect in the seeds samples of chickpea of the Balady cultivar was significantly Callosobruchus chinensis, followed by Bruchus rufimanus and B.quingnegntlatus without significant
differences, Challosobruchus maculates, B.lentis
(evri) and Trogoderma granarium without significant differences and then Bruchus pisorum which
was the least significantly.

DISCUSSION
Stored products grains including cereals and
legumes might be attacked by several species of insects and then followed by bacteria and fungi infection leading to deteriorate these stored comedies par-
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barely seeds stored for planting in Jordan.
Advances in Environmental Biology 9(23):338344.
[3] Al Antary,T.M. and Thalji, T.(2016) Biological
factors affecting seeds of wheat cultivars stored
for cultivation with emphasis on stored product
insects. Entomologia Generalis, 35(4):307-315.
[4] Al Antary, T.M. and Thalji, T. (2017) Biological factors affecting seeds of lentil cultivars
stored for planting with emphasis on grain legumes beetles and weevils. Advances in Environmental Biology 11(3):52-57.
[5] Al-Momany, A. and Al-Antary, T.M. (2008)
Pests of Home and Garden, the 2nd edition. Jordan University Publication, Amman. 518 pp.
[6] Benish, C. (2016) German Beefle Fanna-kertier.
De.photo overview Bruchidae (seed Beetles of
Germany).https://www.kerbtier.de/enindex.html.
[7] Bhalla, S., Gupta, K., Lal, B. and Kupar,
M.(2008) Efficacy of various nonchemicals
methods against pulse beetle, Callosobruchus
maculates (Fab). Diver, Crop Prot. 41:12-15.
[8] Dunkel, F. (1988) The relationship of insects to
deterioration of stored grain by fungi. Internat.
J.Food Microbiology 7:887-244.
[9] Gandhi, N. and Pillai, S. (2011) Control of
Ryzopertha dominoca (Coleeptera: Bosirichidae) by pulverized leaves of Punice granatum
(Lythraveae) and Mueeaya koeniqi (Rutaccae).
Internat. Journal of Agricultural Biology
13(4):535-540.
[10] Haile, A.(2015) Eco-friendly management of
chickpea storage pest, Callosobruchus chinensis L. (Coleoplern: Bruchidae) under laboratory
conditions in Eritrea. Journal of Stored Products
and Postharvest 6(8):66-71.
[11] Howe, R. and Currie, J. (1964) Some laboratory
observations on the rates of development, mortality and oviposition of several species of
Bruchidae breeding in stored pulses. Bull. Entom. Research 55:437-477.
[12] Igncimuthu, S. and Prakash, S. (2006) Agrobacterium- mediated transformation of chickpea
with a-amylase inhibitor gene for insect resistance. J. Biosci. 31(3): 339-345.
[13] International Seed Testing Association (ISTA)
(1999), International Rules for Seed Testing,
Rules. Zurich. 333 pp.
[14] Klys,M.(2012) Emigration activity of the sawtoothed grain beetle Oryzeaphilus surinamensis
L. (Coleoptera: Silvanidae) in various environmental temperature. Journal of Plant Protection
Research 52(4):397-400.
[15] Loganathan, M., Jayas, D., Fields, P. and White,
N.(2011) Low and high temperature for the control of cowpea beetle, Callosobruchus maculates (F.) (Coleoplera: Bruchidae) in chickpea.
Journal of stored Product Research 47:244-248.

and lentils resulting in small and large holes and
powdered products [11, 17, 6, 4] Seeds of Turkey
and Balady chickpea cultivars from this study have
shown the least in numbers of holes in all seeds and
per seed under the present experimental conditions.
These obtained results might be used in agricultural
extension to adopt the cultivation of these two chickpea cultivars by the Jordanian farmers. Moreover,
agronomist particularly crop breeder asked to conduct research with economic entomologies in the
purpose of finding new chickpea cultivars suit Jordanian conditions, with high production and less attack with field and stored pests.
The primary categorized stored product insects
and the Brunched insects might complete their life
cycle within stored chickpea seeds destroying the
embryos, decreasing seeds germination and viability
as reported by several workers [1, 3, 4]. In addition,
these insects might cause holes in the healthy stored
seeds leading other or secondary pests to attack damaging the seeds qualitatively and quantitatively [19,
3,4].
In conclusion, cooperation between agronomic
and entomologists are needed to improve the local
chickpea cultivars concerning production of high
quality and quantity chickpea seeds and to tolerate
pests particularly stored insects. Local chickpea
seeds with great standards are needed to get high viability and germination, and great yield. Stores for
chickpea seeds should be cleaned, prepared, and insects controlled to be ready for storing the seeds
which should be harvested after well ripened, separated from unhealthy seeds, crushed, broken, weed
seeds, impurities, stones and well insects controlled
to avoid insects and diseases infection in store
houses. Regular monitoring for relative humidity
and temperature for stored seeds should be considered.
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SOIL CARBON MINERALIZATION IN ARBUTUS
ANDRACHNE AND CUPRESSUS SEMPERVIRENS GROWING
ON THE DIFFERENT ELEVATIONS
Ilay Cevik, Husniye Aka Sagliker*
University of Osmaniye Korkut Ata, Faculty of Science and Letters, Department of Biology, Osmaniye, 80000-Turkey

increasing altitude [7], the higher amounts of total
organic carbon happens because of a lower microbial
activity [8], which is due to the colder soil
temperatures occurring at higher elevations [9, 10].
The increase of altitude in high-frigid forest causes a
decrease in the average temperature, but the
temperature fluctuation increases [11]. Differences
in environmental factors such as drying and wetting
plus freezing and thawing cycles and water content
at freezing contributed to variation in the aggregates
formation and stability of soil aggregates along the
altitudinal gradient. Higher altitudes with colder and
wetter climate tended to benefit the formation and
stability of macro-aggregates [8]. The quality of
litter indirectly affects soil aggregation by altering
microbial activity [12]. Different plant litters
affecting the microbial community also contribute to
changes of soil properties [13]. It has been reported
that soils of coniferous dominated forest ecosystems
are acid and beneficial to the reproduction of fungi
[14, 15], with more fungal hyphae being released as
a binding agent. All these factors surrounding the
different organisms and soils are individually
important. All of the biological durations in the
environment influence microorganisms, either
positively or negatively [16, 17]. Soil microbial
diversities and their activities were impressed by
different tree kinds [18, 19]. There are differences
between soils under evergreen tree and the soils
under decidious tree in these studies.
In this study, it was determined C and N content
(%) of shoots, leaves and soils of Arbutus andrachne
L. (Ericaceae) and Cupressus sempervirens L. (Cupressaceae) growing naturally on the two different
altitudes (250 m and 1000 m) in Zorkun plateau (Osmaniye) of Eastern Mediterranean Region of Turkey.
Soil organic carbon mineralization (28°C, 30 days)
was comparatively measured both two different
plants and 250 m and 1000 m elevations.

ABSTRACT
In this study, it was determined carbon (C) and
nitrogen (N) contents (%) at shoots, leaves and soil
samples of Arbutus andrachne L. and Cupressus
sempervirens L. growing naturally on the two different elevations (250 m and 1000 m) of Zorkun plateau
of Osmaniye. It was also studied the carbon mineralization (28°C, 30 days) of soil samples at the same
elevations. C mineralization of these soils was determined by CO2 respiration method. There was no significant difference between 250 m and 1000 m of Arbutus andrachne L. in terms of view of C mineralization values (P > 0.05) at the end of 30 days of incubation experiments. In contrast to Arbutus, carbon
mineralization value of Cupressus sempervirens L.
soil at 1000 m was statistically higher than 250 m (P
= 0.001). C mineralization ratio of Arbutus at 250 m
was significantly higher than the other plant and elevation soils (P < 0.05). These findings exhibited that
C mineralization of both plants might vary depending on the elevation difference.

KEYWORDS:
Arbutus andrachne; carbon mineralization; elevation; Cupressus sempervirens

INTRODUCTION
Mineralization of soil organic carbon expressed
also as soil respiration is known the decomposition
of the organic carbon in soil by microorganisms into
carbon dioxide [1]. Soil respiration is an important
parameter reverberating the level of microbial
activity, soil organic matter (SOM) content and its
decomposition [2, 3]. It reflects the capacity of soil
and supports soil vita including all of plants and soil
organisms [3] and is affected by variations of
vegetation type, altitude, topographic position, soil
organic matter, temperature and soil humiditiy [4-6].
The plant biomass together with soil respiration is
also under the influence of some ecological factors
like altitude, temperature and humidity conditions.
Although the plant biomass production decreases by

MATERIALS AND METHODS
6WXG\ 6൴WH &KDUDFWHU൴VW൴FV 7K൴V VWXG\ ZDV
FDUU൴HGRXWDWWZRG൴IIHUHQWDOW൴WXGHV PDQG
P ൴QWKH=RUNXQ3ODWHXRI2VPDQ൴\H )൴J 
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FIGURE 1
The location of Osmaniye (A) and the zoomed image of Osmaniye in Turkey map
TABLE 1
Some physical and chemical characteristics of Arbutus andrachne L. soils at the different
Elevations (250 m and 1000 m; mean ± standard error; n = 3)
Arbutus andrachne
Characteristics
Sand (%)
Loam (%)
Clay (%)
Texture type
Field capacity (%)
pH
CaCO3 (%)
C (%)
N (%)
C/N

250 m
65.3
13.9
20.8
25.8
6.75
8.66
2.73
0.27
9.99

1000 m
±
3.79
56.4
±
8.89
22.4
±
5.86
21.2
Sandy clay loam (SCL)
±
0.36
43.6
±
0.24
7.10
±
0.29
3.17
±
0.18
3.34
±
0.00
0.24
±
0.57
13.7

±
±
±

3.77
2.09
1.72

±
±
±
±
±
±

0.55
0.04
0.22
0.20
0.00
0.79

P
0.172
0.409
0.945
0.000*
0.224
0.000*
0.086
0.003*
0.019*

* express significant difference between two different altitudes at the P < 0.05.
TABLE 2
Some physical and chemical characteristics of Cupressus sempervirens L. soils at the
different elevations (250 m and 1000 m; mean ± standard error; n = 3)
Cupressus sempervirens
Characteristics
Sand (%)
Loam (%)
Clay (%)
Texture type
Field capacity (%)
pH
CaCO3 (%)
C (%)
N (%)
C/N

250 m
63.5
±
22.7
±
13.8
±
Sandy loam (SL)
37.8
±
6.96
±
20.2
±
3.71
±
0.28
±
13.4
±

5.06
3.19
1.91

1000 m
72.4
16.3
11.3

±
±
±

0.83
0.12
0.77

P
0.156
0.116
0.282

0.56
0.07
0.32
0.34
0.00
1.22

38.6
6.98
19.7
5.19
0.23
16.4

±
±
±
±
±
±

1.40
0.08
0.50
0.39
0.10
1.01

0.603
0.831
0.385
0.044*
0.013*
0.134

* express significant difference between two different altitudes at the P < 0.05
JURZDWWZRG൴IIHUHQWHOHYDW൴RQV PDQGP 
൴Q =RUNXQ 3ODWHDX RI 2VPDQ൴\H $OO VDPSOHV
EHORQJ൴QJ WR OHDYHV EUDQFKHV DQG VR൴OV RI $UEXWXV
DQGUDFKQH DQG &XSUHVVXV VHPSHUY৻UHQV XVHG DV
PDWHU൴DODQGVDPSOHGIURPERWKPDQGP
DOW൴WXGHVZHUHFROOHFWHGRQ)HEUXDU\

0HG൴WHUUDQHDQ FO൴PDWH FRQG൴W൴RQV DUH GRP൴QDWHG ൴Q
2VPDQ൴\H Z൴WK VRPH P൴QRU G൴IIHUHQFHV ൴Q
PRXQWD൴QRXVDQGSOD൴QV6XPPHUVDUHJHQHUDOO\KRW
DQG DU൴G Z൴QWHUV DUH ZDUP DQG UD൴Q\ ൴Q 2VPDQ൴\H
>@:K൴OHWKHDYHUDJHDQGWKHK൴JKHVWWHPSHUDWXUHV
DUH&DQG&UHVSHFW൴YHO\UD൴QIDOOSHU൴RG
൴V PRUH WKDQ WKH RWKHU PRQWKV ൴Q WKH Z൴QWHU DQG
DXWXPQPRQWKVWKHDYHUDJHDQQXDOUD൴QIDOO൴V
PP>@

3K\V൴FDODQG&KHP൴FDO$QDO\V൴VRI6DPSOHV
6R൴O WH[WXUH S+ DQG &D&2 FRQWHQW   ZHUH
PHDVXUHG E\ K\GURPHWHU PHWKRG >@ ,QR/DE S+
PHWHU >@ DQG 6FKH൴EOHU FDOF൴PHWHU UHVSHFW൴YHO\
>@)൴HOGFDSDF൴W\  ZDVGHWHUP൴QHGE\YDFXXP
SXPS Z൴WK  DWPRVSKHUH SUHVVXUH >@ 7RWDO 1
FRQWHQWV  DQGRUJDQ൴F&FRQWHQW  RIVR൴ODQG

7DN൴QJ RI 6DPSOHV 7KH UHVHDUFK PDWHU൴DOV
ZHUHOHDYHVEUDQFKHVDQGVR൴OVWDNHQIURPFP
GHSWK RI WZRG൴IIHUHQWWUHHV $UEXWXVDQGUDFKQH/
DQG &XSUHVVXV VHPSHUY৻UHQV /  ZK൴FK QDWXUDOO\
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TABLE 3
C, N and C/N ratios (%) in the shoots and leaves of Arbutus andrachne L. and Cupressus sempervirens L.
at the two different elevation gradients (250 m and 1000 m; mean ± standard error; n = 3)

Leav Shoo
es ts

Parts

Elements
C (%)
N (%)
C (%)
N (%)

Arbutus andrachne
250 m
1000 m
45.9±0.88
44.1±1.68
0.57±0.03
0.80±0.04
44.8±0.47
49.0±2.24
1.33±0.08
1.66±0.07

P
0.383
0.011*
0.141
0.036*

Cupressus sempervirens
250 m
1000 m
46.6±0.83
45.3±0.61
0.57±0.04
0.80±0.01
47.0±0.57
45.8±1.30
1.12±0.03
0.70±0.05

P
0.278
0.087
0.472
0.002*

* express significant difference between two different altitudes at the P < 0.05
OHDIVSHF൴PHQVRIERWKVSHF൴HVZHUHGHWHUP൴QHGE\
WKH PRG൴I൴HG .MHOGDKO PHWKRG DQG $QQH PHWKRG
UHVSHFW൴YHO\>@7KHFDUERQP൴QHUDO൴]DW൴RQRIWZR
G൴IIHUHQWSODQWVR൴OVDWWKHWZRDOW൴WXGHV PDQG
P ZDVPRQ൴WRUHGXQGHUFRQWUROOHGFRQG൴W൴RQV
 &  RI I൴HOG FDSDF൴W\  E\ &2 UHVS൴UDW൴RQ
PHWKRGIRUGD\V>@

significantly between them (P = 0.003 and P = 0.019,
respectively). There was a significant difference
between Cupressus soils at the two different
elevation gradients in terms of organic C and
nitrogen concentrations (P = 0.044 and P = 0.013,
respectively). C/N ratio did not vary between two
Cupressus soils (P > 0.05, Table 2).
Although a similar trend occurred for C
contents in the shoots and leaves of both Arbutus and
Cupressus, it was not significant between the 250 m
and 1000 m elevation gradients (P > 0.05, Table 3).
N contents in the shoots and leaves of Arbutus
located in the 250 m were significantly lower than
1000 m (P = 0.011 and P = 0.036, respectively).
However, leaf N content of Cupressus located in the
1000 m (0.70%) was lower than 250 m (1.12%, P =
0.002). There was a significant relationship between
soil chemical properties and different elevation.
Soil composition also changed with elevation
differences. Some researchers found in their study
that Pearson correlation coefficient analysis showed
significantly negative correlation (P < 0.01, P < 0.05)
of clay, silt, bulk density, particle density, pH and
cation exchange capasity whereas positive
correlation of sand and organic carbon (P < 0.01)
with altitude [28]. Hence, these findings suggest the
altitudinal variations in soil physico-chemical
properties. These altitude differences might affect
climatic variables such as especially temperature and
precipitation [29]. In our study, the soil field
capacity, CaCO3, C and N contents (%) and C/N
ratio of the Arbutus andrachne showed significant
difference between 250 m and 1000 m altitudes. The
content of all these characteristics increased with
increasing elevation. Cupressus sempervirens soils
were significant between two different altitudes in
terms of C and N contents (%). Soil C content (%) of
1000 m was higher (5.19) than 250 m (3.71), but soil
total N content was significantly lower in 1000 m.
Our findings were supported by some researchers
[30-34]. They were presented in their studies that soil
carbon concentration increased together with rising
altitude. The alteration in elevation gradients
impresses soil organic matter and its content by
controlling soil water balance, elevational
temperature, soil erosion, species and biomass
production of the native vegetation [35-37]. The
varying climatic conditions at the high altitudes
might be obligating the significant differences on

6WDW൴VW൴FDO $QDO\V൴V *HQHUDO /൴QHDU 0RGHO
ZDV XVHG WR GHWHUP൴QH WKH V൴JQ൴I൴FDQW G൴IIHUHQFHV
EHWZHHQ ERWK WZR SODQWV $UEXWXV DQGUDFKQH DQG
&XSUHVVXV VHPSHUY৻UHQV  DQG WZR DOW൴WXGHV  P
DQG  P  IURP WKH SR൴QW RI Y൴HZ RI FDUERQ
P൴QHUDO൴]DW൴RQRYHU൴QFXEDW൴RQW൴PH>@)RUHDFKRI
WKH DERYH PHQW൴RQHG DQDO\VHV  UHSHW൴W൴YH
PHDVXUHPHQWVZHUH PDGH IRUFRPSDU൴VRQV5HVXOWV
ZHUHRIIHUHGDVPHDQVWDQGDUGHUURU൴QWKHDOOWDEOHV
DQG WKH I൴JXUHV 3   ZDV D V൴JQ൴I൴FDQW YDOXH
VWDW൴VW൴FDOO\

RESULTS AND DISCUSSION
Plant and Soil Charactestics. The study
included comparatively work on some physical and
chemical characteristics of soils of Arbutus andrachne L. and Cupressus sempervirens L. growing
on the two different altitudes (250 m and 1000 m) in
the Zorkun plateau of Osmaniye and its soil
microbial activity via carbon mineralization. The
some soil properties of the Arbutus and Cupressus at
the 250 m and 1000 m altitudes were separately
presented in Table 1 and Table 2.
While Arbutus had a soil textured sandy clay
loam (SCL) at both altitudes, Cupressus was loamy
sand (LS) at 250 m and sandy loam (SL) at 1000 m.
A significant difference of field capacities of Arbutus
soils was observed between two different elevation
gradients (P = 0.000), but it did not change between
the same altitudes of Cupressus soils (P > 0.05). Soil
pH was not affected by the altitude difference in both
plant soils (P > 0.05). CaCO3 contents (%) of
Arbutus soils decreased significanty from 250 m
(8.66) to 1000 m (3.17, P = 0.000), but it was not
significant between Cupressus soils (P > 0.05).
While organic C concentrations (%) of Arbutus soils
were not significant between two elevations (P >
7DEOH LW¶VN contents and C/N ratios varied
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soil organic matter decomposition against to its
storage. Some study results showed that soil organic
matter and carbon contents increased with altitude in
different localities like Tuscan Volcanic Plateau of
California, Chugach Mountains of South-Central
Alaska DQG.D]GDJÕRI7XUNH\, respectively [36, 38,
39]. Both N contents of Arbutus leaves and shoots
were significantly higher at 1000 m than 250 m
elevation opposite to N contents of Cupressus leaves
and shoots. These results reflected to normally
variety of nutrient element status between two
different plant species and temperature degrees in the
presence of different altitudes (250 m and 1000 m).
Higher environment like 1000 m is recognized by
high solar radiation, low temperature and rapid
temperature changes [40]. Temperature is the most
considerable constraint factor for nitrogen turnover
in the soil from the others [39]. Lower environment
like 250 m is known by the higher temperature and
different humidity conditions. These varying factors
affect each plant and its performance in this altitude.
The height, structure and physiology of each plant
change with the changing climatic and
environmental properties together with elevation.
Soil characteristics and plant diversity are also
affected by these factors in the different altitudes
[41].

significant differences between Arbutus and
Cupressus at the both 250 m and 1000 m (P = 0.000
and P = 0.015, respectively), but this difference was
not observed in between both two across altitudes
and plants (P > 0.05, Fig. 2-3).

Soil Carbon Mineralization. At the end of
incubation period (30 days), a great difference was
observed between Arbutus located in 250 m and
1000 m from the point of view of soil organic carbon
mineralization (P = 0.001, Fig. 2).

C mineralization of Cupressus was the greatest
at the 1000 m elevation while this value was high at
Arbutus growing on the 250 m. The soil microbial
activity of both Arbutus and Cupressus affected from
the elevation difference, but two plants showed
different sensitivity to the elevation difference.
These results might be explained with both tree litter
quality differences between elevations and different
plant composition and also having significant impact
on some soil characteristics of the changes in altitude
[31, 33, 36, 42]. A research result showed that mean
annual air and soil temperatures decreased
approximately 0.5 °C with every 100 m increase in
elevation result [43]. It means that air and soil
temperatures and organic matter decomposition
amount decline with increasing altitude [32], but this
sitiation was not current for soil carbon
mineralization of Cupressus growing on Zorkun
Plateu of Osmaniye. It can be associated with
organic matter quality of vegetation [44] and the
strong stoichiometric homeostasis [45] of soil
microorganisms at the 1000 m. All these differences
showed that soil organic C mineralization was
affected by differences of plant type, elevation and
the other climatic factors.

FIGURE 3
Cumulative carbon mineralization (mean ±
standard error; n = 3) at the different incubation
times (30 days) under the controlled laboratory
conditions (28°C, 80 % of field capacity) in soils
of Cupressus sempervirens L. (C) growing on 250
m and 1000 m elevations

FIGURE 2
Cumulative carbon mineralization (mean ±
standard error; n = 3) at the different incubation
times (30 days) under the controlled laboratory
conditions (28°C, 80 % of field capacity) in soils
of Arbutus andrachne L. (A) growing on 250 m
and 1000 m elevations

Carbon Mineralization Ratios of The Soils.
Carbon mineralization ratio of Arbutus soils was not
affected by the elevation difference (P > 0.05, Fig. 4)
while there was a significant difference between 250
m and 1000 m altitudes for Cupressus soils (P =
0.011). It might be proposed that microorganisms

Cumulative C mineralization showed a
significant difference between two elevation
gradients of Cupressus at the P = 0.003 significance
level. Microbial activity increased with increasing
altitude in Cupressus soil. There were also
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living in Arbutus soil were stable and showed similar
tendency in both 250 m and 1000 m elevations than
soil microorganisms of Cupressus in the light of this
result.
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Zinc is essential to life, playing an important
role in biological processes of all living organisms
(humans, animals, and plants). Zinc an essential
mineral for the proper functioning of our daily intake. It is also used as the food supplement and biofortification of cereals. Zinc is an important part of
cellular metabolism as well as the catalytic activity
of enzymes [1]. Zinc is crucial for cell division, protein synthesis, the immune system and growth.
Moreover it is known that zinc influences on basic
plant life processes, such as nitrogen metabolism and
photosynthesis.
Zinc deficiency in soil appears to be the most
widespread and frequent micronutrient deficiency
problem in field crops, resulting in severe losses in
all grain yield components and mineral contents of
grain and other plant parts. Zinc deficiency has been
a major nutritional problem mostly in cereal growing
areas in many countries, and the lack of zinc in the
soil reduces grain yields as well as the resistance of
crops to diseases [2]. Zinc deficiency in soils, especially arid and semi-arid regions, occurs in the calcareous soils, necessitating enrichment of these soils
in terms of zinc minerals [3]. Zn-deficient arable
lands in Turkey are about 14 million hectares [4].
The grown plants in low zinc soils have lower
protein content due to low the rate of protein synthesis [5]. For this reason, zinc deficient arable lands
have to be fertilized with zinc fertilizer to have
higher yields. Zinc deficiency in plants is removed
by using various methods with zinc fertilization [6].
Zinc fertilization is mostly applied to the soil, seeds
and also foliar applications are common in worldwide. In general, soil application of Zn is recommended for plant growth. Zinc application to soil in
high amount of zinc therefore this method is quite
costly. There are also some reports of applying Zn to
crop through foliar spray [7]. The foliar application
of Zn has the advantage that much smaller quantities
of Zn are needed compared to soil application.
The sufficient urea for crop growth has become
an essential aspect for high crop yield [8]. Urea fertilizer is applied as a nitrogen source to soil or via
foliar for optimum plant growth and improve protein

ABSTRACT
This current study was conducted to evaluate
the effects of different rates of urea and zinc on grain
yield and some important grain mineral contents in
barley (Hordeum vulgare L. conv. Distichon cv. Tokak 157/37). The experimental design was a randomized complete block (RCB), arranged as split-plot
with two doses of urea (0, 20 kg ha-1) (main plots)
and five zinc doses (0, 0.5, 1.0, 2.0 and 4.0 kg ha -1)
(subplots) with 3 replicates. The recorded agronomic
parameters were grain yield (kg ha-1), plant height
(cm), spike length (cm), seeds spikes-1, 1000 kernel
weight (g), seeds weight spike-1and grain mineral
contents (N, P, Zn and Fe). When used solely, either
urea or zinc significantly increased grain yield and
all measured parameters. Besides, the use of the
combined higher zinc doses with the urea (20 kg urea
ha-1+4 kg Zn ha-1, 20 kg urea ha-1+2 kg Zn ha-1) increased grain yield (3.49 t ha-1 and 3.64 t ha-1). These
yields were not statistically different between each
other, suggesting that 20 kg urea ha-1 + 2 kg Zn ha-1
application dose would be sufficient for higher grain
yield. Moreover, the foliar application of urea and
zinc affected the protein content and grain mineral
contents (N, Zn and Fe) when sprayed at boot stage
of barley. To conclude, zinc & urea treatment via foliar will maintain better quality and higher quantity
barley grains under under semi arid conditions.

KEYWORDS:
Barley, Grain yield, Nutritional properties, Urea, Zinc

INTRODUCTION
Barley is considered as the most important cereal crops in the semi arid region of Turkey. Barley
(Hordeum vulgare L. conv. Distichon) has been
grown for malting but also it can be grown for human
food and animal feed where sufficient carbohydrate
sources are not available, such as corn in many ecological conditions.
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synthesis. Recently, it has been suggested that foliar
uptake of urea for optimal growth and protein contents of cereals. Availability of nitrogen late in the
season, when soil moisture content and root uptake
is often low, is especially necessary for increasing
grain protein content [9]. Studies conducted in this
respect were obtained success like as in wheat, foliar
urea application at the end of tillering increased the
grain number per m-2, dry matter yield, grain yield,
harvest index and total nitrogen uptake [10]. Similarly, Salwau [11] observed that foliar application of
6% (w/v) urea at booting stage led to a higher wheat
grain yield as compared with soil urea application.
The risk of damage appears to be less with urea than
with other forms of nitrogen fertilizer solution because urea has a low salt index and, therefore, desiccation of leaf cells through osmosis is reduced [12].
Khan et al. [13] reported that low (4 %) urea solution
was applied as foliar spray had higher grain yield.
The higher concentrations of urea spray were not
found to be useful and economical as it declined the
grain yield by 25 % or even more probably due to its
toxicity.
Recently, erratic rainfall due to climatic
changes may cause to drought stress during grain
filling periods in cereals, therefore the application of
urea and zinc via foliar may have a positive effect on
increasing of the grain zinc content and grain crude
protein. There has been a limited study in the barley
production with the use of the combined zinc with
the urea in zinc-deficient soils. Above mentioned
reasons, the present study was carried out at Van
ecological condition to examine the effects of zinc &
urea treatment via foliar on two rowed barley in respect of grain yield and nutrient contents at marginal
experimental area being fairly low zinc content (generally about 0.52 ppm).
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MATERIALS AND METHODS
Experimental area. This study was conducted
in a field condition of the eastern of Turkey (Van
province) (38o-¶1o ± ¶(PDERYHVHD
level).
Plant material. A barley cultivar (Hordeum
vulgare L. conv. Distichon cv. Tokak 157/37) was
used as a seed material that has environmental tolerance compared to other barley varieties, moreover it
has higher yields in poor soil conditions in province
of Van.
Climatic description. Table 1. illustrates the
climatic data of the experimental region. During the
experiment, from October to July in 2009-2010
years, rainfall was observed higher in the autumn
and winter seasons compared to the data belonging
to long term period (1954-2010).
The properties of the experimental soil. In
the analysis of soil, the texture was determined by
%RX\RXFRXV¶ K\GUR-metric method, pH value in
1/2.5 soil/water suspension, lime by calcimetric
methods, organic matter by the modified Walkley
Black method, salt content by Richards, total nitrogen by Kjeldahl method, available phosphorous by
the method of Olsen, potassium by extracted with 1
N neutral ammonium acetate, total elements by
atomic absorption spectrophotometry (AAS) [14].
Table 2 shows the chemical and physical characteristics of experimental soil. Experiment soil was
low in organic matter, nitrogen and alkaline, sandyclay loam texture, rich in potassium and calcium
content, medium phosphorus and low zinc content
[15].

TABLE 1
Climatic data of Van province in 2009-2010 years and long term (LTM).

Months
September
October
November
December
January
February
March
April
May
June
July
Total Rainfall
Average

Rainfall (mm)
LTM*
2009-2010
15.4
16.0
49.6
45.9
47.5
91.1
32.1
34.8
41.9
51.6
35.4
71.1
46.2
38.3
57.5
46.3
40.5
69.8
16.8
41.0
5.5
323.4
505.9
-

Temperature (0C)
LTM
2009-2010
16.3
9.5
10.3
12.6
4.3
4.3
-1.1
2.0
-3.6
0.1
-3.5
1.4
0.5
5.8
7.0
8.4
13.0
13.3
17.8
19.8
22.0
24.0
7.5
9.2
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Moisture (%)
LTM
2009-2010
55.2
48.9
63.2
46.8
67.0
61.1
69.0
63.6
69.0
63.4
64.0
65.6
57.0
58.9
50.0
62.2
44.0
61.2
41.0
43.6
43.0
34.3
56.58
55.41
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TABLE 2
The experimental soil properties.
Depth
(cm)
0-20
20-40

Lime
(%)
4.7
4.9

pH
8.20
8.19

Salinity
(ms/cm)
276
266

Organic
matter (%)
0.98
0.81

P
(ppm)
6.79
5.51

N
(%)
0.069
0.057

K
(ppm)
214
229

Zn
(ppm)
0.60
0.52

Fe
(ppm)
6.93
7.52

Grain mineral analysis. Grain materials were
analysed based on [15] and AOAC [17] as following:
Grains were cleaned and washed with pure water,
dried at 70 oC and finally ground. Nitrogen content
in grain was analysed by using of the Kjeldahl
method. Available phosphorous by the method of
Olsen. Some plant nutrient (Fe, Zn) were analysed
by using flame atomic absorption spectrophotometer
apparatus with graphite furnace (AAS). The crude
protein was found by the formulae N x 6.25 (1/0.16
= 6.25) to convert the analysed nitrogen content into
crude protein content.

Methods. The design of the experiment was
randomized complete block (RCB), arranged as
split-plot with two (2) doses of urea (main plots) and
five (5) different doses of zinc fertilizer (subplots)
treatments with 3 replicates with a total number of
30 plots. Area of each plot was 6.0 m-2 (1.20 m-1 x 5
m-1 each one).
Sowing and agricultural applications. Barley
cultivar (Tokak 157/37) seeds were sown on October
15, 2009. Cleaned seeds were hand-drilled at 5 cm
(4-5 cm) soil depths. The distance between each row
was 20 cm (500 seeds m-2). Each plot was sown 3
meters away each other due to limit the mixing of
treatments. Plots were fertilized at seeding time with
150 kg ha-1 di-ammonium phosphate (18 % N and 46
% P2O5) and 250 kg ha-1 ammonium sulphate (21 %
N) was applied at tillering stage. In this current study
was conducted to determine the effect of five different zinc rates (0, 0.5, 1.0 and 2.0 and 4.0 kg Zn ha-1).
In this study ZnSO4·7H2O (21.0 % Zn) was used as
a source of zinc (Zn). Urea (45 % N) doses were 0
kg N ha-1 and 20 kg N ha-1. The volume of spray was
1000 L ha-1 using a precision sprayer with constant
pressure of 0.4 MPa. The sprays of zinc and urea
treatments were applied at booting stage (Zadoks
growth stage, ZGS 43-45) [16] about 05-08 p.m. The
control plots were sprayed with tap water. Grain
yield (kg ha-1), plant height (cm), spike length (cm),
seeds spikes-1, seeds weight spike-1, 1000 kernel
weight (g), grain crude protein (%) and grain N (%)
and some mineral contents (P, Zn and Fe ppm) were
evaluated.

Statistical analysis. The obtained data were
analysed statistically (analysis of variance) for significant differences. These analyses were performed
by the procedure of MSTATc statistical package.
Means were grouped in Duncan Multiple Comparison Test (P<0.05).

RESULTS AND DISCUSSION
Grain Yield and Some Grain Yield Components. Means of grain yield and some yield components are shown in Table 3. Foliar application of urea
and zinc treatments significantly enhanced grain
yield and grain yield components compared to control. In other words, data analysis showed that foliar
application of urea and zinc affected positively all
measured parameters. These effects were found
higher than those of unfertilized control plots on the
mentioned parameters.
When we evaluate the positive effects of zinc
and urea applications on yield and yield traits separately, it was found that the foliar application of urea
increased plant height, but this has not been found to
be a statistically significant. Besides, the increasing
of zinc rates positively changed plant height in barley. Furthermore, the combined zinc with urea fertilizer significantly increased plant height and the
highest plant height was obtained with 63.9 cm by
the highest zinc dose with urea via foliar applied
plot. (U1Zn4) (Table 3).
As important yield traits, spike length was affected significantly by urea and the zinc fertilization.
The longest spike length with 12.3 cm was obtained
by the foliar application of urea (20 kg ha-1). On the
other hand, the shortest spike length was obtained in
unapplied urea plots. The increased zinc doses increased spike length in dose dependent manner. It

Plant Measurements. The following agronomic traits were recorded: Plants were harvested at
the beginning of July 2010. Plant height was measured as the height of the tallest culm of approximately 15 plants from the soil surface to the tip of
the spike, awns excluded. Spike length was measured from the base of the spike to the tip of the apical
spikelets, excluding awns on the same plants at physiological maturity. Grains were threshed by hand,
and seeds spike-1 and seed weight spike-1 were calculated based on spike-1. Thousand seeds weight in
g, measured as the average of 4 samples of 100 kernels per plot. Grain yield (t ha-1) were measured at
harvest time. Four central rows were harvested and
they were air dried and weighed it on a digital scale
accurate to 0.1 g to record grain yield which were
calculated per hectare basis.
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were largely impaired, more likely, due to the reduced levels of indole acetic acid and proteins [21,
22].
It was observed in the study that seeds weight
per spike significantly were increased by urea via foliar (Table 3). The measured data showed that plots
supplied with urea had the maximum seeds weight
per spike with 1.00 g. The lowest seeds weight per
spike was obtained in control plot. Similarly, the increased zinc doses up to 4.0 kg ha-1 increased seeds
weight per spike. The same increase was seen in
combined urea (N) and zinc (Zn) application without
statistical significance.
It is known that thousand grain weight is an important yield components, which is mostly determined by genetic potential. Nevertheless, it was observed in the study that the foliar application of urea
significantly increased thousand grain weight (Table
3). Similarly the increasing of zinc doses increased
thousand grain weights. Combined effect of urea (N)
and zinc (Zn) tended to increase thousand grain
weights compared to control without any statistical
significance. In other study, the foliar spray of 4%
urea solution yielded heavier seeds compared to control (water spray). This may be due to the provision
of nitrogen through urea spray which might have enhanced accumulation of assimilates in the grains and
thus resulting in heavier grains in wheat [13]. It was
reported that 1000 grain weight and spike length increased by foliar application of zinc fertilizer compared with the control. Therefore, the increase of
1000 grain weight and spike length can be the cause
of high grain yield as compared to the control [23].

was found that there was a significant urea and zinc
interactions on spike length. The highest spike
length was obtained with 14.39 cm by the combined
dose of 20 kg urea ha-1 and 4 kg zinc ha-1 via foliar.
Besides the shortest spike length 8.43 cm was obtained in control treatment. The combined urea and
zinc fertilizer were found to be more effective on
spike length in comparison when used solely, either
urea or zinc.
The number of seeds per spike were affected
significantly by foliar urea and zinc application.
Likewise, the combined effect of urea (N) and zinc
(Zn) on number of seeds per spike were also significant. The maximum number of seeds 27.4 per spike
was obtained by 20 kg urea ha-1 and 4 kg zinc ha-1
foliar treatment. It was 17.17 in control plot which
was the lowest number of seeds per spike.
The foliar application of Zn fertilizer had positive and considerably high effect on spike length and
number of seed per spike compared to control plots.
It could be explained by the fact that zinc deficiency
affects the development of plants by lowering enzyme activity [18]. Similarly improvement in different grain yield components with an increase in Zn
levels could be attributed to adequate Zn supply that
might have affected the metabolic and enzymatic activity [19]. Also, Yilmaz et al. [20] demonstrated that
the effect of Zn on grain yield was higher than biomass. These results indicate that the importance of
Zn nutrition for grain set is greater than for vegetative growth. It was reported that anther and pollen
seed development in zinc deficient wheat plants

TABLE 3
Foliar application of zinc and nitrogen on some yield traits.

Urea
Zinc
Urea and zinc Interactions

U0
U1
F Value
Z0
Z1
Z2
Z3
Z4
F Value
U0Zn0
U0Zn1
U0Zn2
U0Zn3
U0Zn4
U1Zn0
U1Zn1
U1Zn2
U1Zn3
U1Zn4
F Value

Plant
Height (cm)
58.1
59.5
1.95 ns
57.1 b***
58.2 ab
58.6 ab
58.9 ab
60.9 a
3.45*
56.9 b
57.9 b
58.8 b
58.9 b
58.0 b
57.4 b
58.6 b
58.3 b
59.0 b
63.9 a
3.04*

Spike
Length (cm)
10.38 b
12.35 a
95.50*
8.74 d
11.06 c
11.85 bc
12.17 ab
12.99 a
54.87**
8.43 h
9.78 fg
10.97 ef
11.14 de
11.59 cde
9.06 gh
12.35 bcd
12.74 bc
13.21 ab
14.39 a
3.78*

Seeds
Spikes-1
19.91 b
24.54 a
66.05*
18.46 d
21.03 c
23.11 b
23.98 ab
24.55 a
59.35**
17.17 g
19.00 f
20.90 de
20.83 def
21.66 cd
19.76 ef
23.06 c
25.33 b
27.13 a
27.43 a
5.11**

Seeds
Weight Spike -1
0.84 b
1.00 a
70.85*
0.83 c
0.87 bc
0.90 b
0.99 a
1.01 a
17.82**
0.75
0.79
0.81
0.91
0.92
0.90
0.95
1.00
1.06
1.10
0.14ns

1000 Seeds
Weight (g)
43.57 b
46.10 a
1131.03**
42.51 c
44.25 bc
44.58 abc
46.00 ab
46.83 a
7.62**
41.03
42.66
43.00
44.66
46.50
44.0
45.83
46.16
47.33
47.16
0.76 ns

Grain Yield
(T ha-1)
2.83 b
3.22 a
20.65*
2.65 d
2.85 c
3.05 b
3.24 a
3.35 a
43.61**
2.61 e
2.65 de
2.86 cd
3.00 bc
3.06 bc
2.70 de
3.06 bc
3.23 b
3.49 a
3.64 a
4.59*

ns: not significant, * P < 0.05; ** P < 0.01, ***different letters indicate means significantly different (Duncan
Multiple Comparison test).
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average of 10.56 %. Moreover, it was found that significant urea and zinc interactions on grain protein
ratio. The higher grain protein content (12.47 and
12.66 %) was obtained in the higher doses of zinc
with added urea (U1Zn3 and U1Zn4, Table 4) without
statistical significance between each other. On the
other hand, the lowest protein content (9.26 %) was
observed in the control plot. It resulted that combined urea and zinc was obtained more effective on
grain protein ratio compared to alone zinc and urea
applied plots. The recent studies showed the foliar
applied urea between anthesis and late milk development was most likely to have the most effects on
grain protein. Besides, the applied urea at the right
time to plants, foliar application of urea would be
more effective on grain protein content than granular
nitrogen [25]. In many plants grown in zinc deficient
soils have low protein contents. Besides, many studies about the effects of zinc on protein showed positively higher affects. It could be explained by the fact
that zinc applied to plants increased grain protein due
to the higher rate of protein synthesis in plants [29].
Likewise, zinc has been shown to have a significantly increased grain protein and enhanced grain
zinc contents, while the reduced grain phosphorus
concentration [30]. Nitrogen efficiency was more essential for zinc absorptions and uptakes in cereals.
Since zinc has a direct effect on the increase of protein in grains, the deficiency of this element in crops
would reduce the grain protein and thus amino acids
could not be accumulated [31]. The increase of total
nitrogen uptake induced by zinc application was
confirmed on its primary effect on main physiological processes related to nutrients uptake [5]. The
availability of nitrogen can affect the chlorophyll
content of the leaves which is positively correlated
with leaf nitrogen content and its allocations into
seeds [32].
Data analysis showed that urea and zinc affected significantly grain nutrients (N, P, Zn and Fe).
The content of each mineral in the grain was affected
differently by urea and zinc treatments. N content in
barley grain was significantly affected with the foliar
applied urea and zinc, compared to those of their
controls. Even, it was found that urea and zinc interactions affected significantly grain nitrogen content
(Table 4). The results when evaluated for grain phosphorus contents, the grain phosphorus content was
affected significantly by the foliar application of
urea. On the contrary, the applied the increasing zinc
doses decreased grain phosphorus content in dose
dependent manner but this was not statistically different. Even, it was found that significant urea and
zinc interactions on grain phosphorus content (Table
4). The higher P contents were determined with 3.54
and 3.47 ppm from U1Zn1 and U1Zn2 respectively.
But these P contents were not significantly different.

Grain yield was tended to increase in the foliar
applied urea fertilizer. The highest grain yield was
obtained from the foliar application of urea in comparison only water sprayed plots (Table 3). The increasing of zinc doses increased grain yield in the
dose dependent manner. The higher grain yields
(3.24 t ha-1 and 3.35 t ha-1) were obtained in the respective higher zinc application doses (Zn3 and Z4,
Table 3). Since these yields were not statistically different between each other, it can be suggested that 2
kg ha-1 zinc application dose would be sufficient for
higher grain yield. On the other hand, the control plot
produced the lowest grain yield in average 2.65 t ha1
. As results of this study, it was found that significant urea and zinc interactions on grain yield. Barley
produced higher grain yields (3.49 t ha-1 and 3.64 t
ha-1) in the use of the combined the highest zinc
doses with the urea via foliar (U1Zn3 and U1Zn4, Table 3). These yields were not statistically different
between each other, therefore, 20 kg urea ha -1 +2 kg
Zn ha-1 application dose would be sufficient for high
grain yield. On the other hand, the control plot produced the lowest grain yield. Another expression,
plots not supplied with any urea and zinc showed the
lowest grain yield in average 2.61 t ha-1. It was
demonstrated that foliar applied urea at different
plant growth stages had different effects on grain
yield such as mean grain yield response to foliar urea
was optimized by applications during ear emergence. Effects of urea via foliar on grain yield may
be more pronounced in drought years or late season
of vegetative growth where uptake of soil applied
urea may be restricted, or in situations where rooting,
or root efficiency is restricted where take all disease
is a problem [24, 25]. The application time in the current study is similar to their findings. The increase in
grain yield with increasing urea and zinc doses could
be ascribed to more productive number of seeds per
spike, the higher seeds weight per spike and spike
length. Similar findings were reported by many studies in rice [26, 27] and in wheat [28].
Grain chemical contents: Means of crude protein and mineral contents of barley seed are presented in Table 4. Data analysis confirmed that the
grain protein content was significantly affected by
urea. The foliar applied urea had positive and significantly high effects on grain protein content that was
obtained with 12.19 % compared to control (10.63
%) (Table 4). Even, zinc application increased significantly grain protein over control. The higher
grain protein (11.39, 11.47, 11.70 and 11.92 %) were
obtained respective higher zinc application doses
(Zn1, Zn2, Zn3 and Zn4, Table 4). These were not statistically different between each other, suggesting
that 0.5 kg ha-1 (Zn1) zinc application dose would be
sufficient for higher grain protein content. Whereas,
the control plot produced the lowest grain protein in
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TABLE 4
Foliar application of zinc and nitrogen on some plant nutrients.

Urea
Zinc
Urea and zinc Interactions

U0
U1
F Value
Z0
Z1
Z2
Z3
Z4
F Value
U0Zn0
U0Zn1
U0Zn2
U0Zn3
U0Zn4
U1Zn0
U1Zn1
U1Zn2
U1Zn3
U1Zn4
F Value

Crude Protein (%)
10.63 b***
12.19 a
47.29*
10.56 b
11.39 a
11.47 a
11.70 a
11.92 a
11.87**
9.26 d
10.78 c
10.97 c
10.93 c
11.19 bc
11.86 ab
12.01 ab
11.97 ab
12.47 a
12.66 a
4.18*

N (%)
1.70 b
1.95 a
45.03*
1.69 c
1.82 b
1.83 ab
1.87 ab
1.90 a
11.93**
1.48 d
1.73 c
1.76 c
1.74 c
1.79 c
1.90 b
1.92 ab
1.91 b
1.99 ab
2.03 a
4.30*

P (ppm)
2.74 b
3.28 a
51.62*
3.12ns
3.02
3.05
3.00
2.85
1.01 ns
2.79 cd
2.50 d
2.64 cd
2.90 bcd
2.85cd
3.44 ab
3.54 a
3.47 a
3.11abc
2.85 cd
4.90**

Zn (ppm)
21.91b
26.37 a
140.93**
18.47 d
21.77 c
24.30 b
27.33 a
28.85a
71.76**
15.02 f**
20.19 e
23.18 cd
25.60 c
25.58 c
21.91 de
23.34 cd
25.42 c
29.06 b
32.17 a
4.54*

Fe (ppm)
85.68
94.61 a
133.55**
71.96 d
92.26 b
108.85 a
92.66 b
85.00 c
67.29**
58.00 e**
92.06 bcd
97.66 b
94.00bc
86.66 cd
85.92 cd
92.45 bcd
120.03 a
91.33 bcd
83.33 d
21.07**

ns: not significant, * P < 0.05; ** P < 0.01, ***different letters indicate means significantly different (Duncan
Multiple Comparison test).

leaves to the stem, lower leaves and roots is substantial. It was concluded that zinc was highly mobile in
phloem. Enrichment of wheat grain with zinc was
maximized when plants were supplied sufficiently
with nitrogen fertilizers [35]. Similarly, Shivay et al.
[36] reported that foliar applied Zn-coated urea fertilizer significantly increased both grain yield and
grain zinc contents in spring wheat. In addition, enrichment of barley grain with zinc fertilizations also
produces bigger roots and shoots during their early
growth. Greater root mass would be beneficial in
later growth stages for nutrients and water uptake
when plants face water shortage in case of early
drought periods that are fairly often during springs
in semi-arid areas [37]. In the study, observed zinc
content in grain was below unhealthy levels. Zinc
concentration in wheat grain should be < 34 mg kg-1
for it to be suitable for human consumption [38].
As it appeared from the result of the experiment
in this research, the foliar applied urea significantly
increased iron contents in grain. Additionally, it was
found that the lower zinc levels increased grain iron
content but this zinc effect on iron content was lost
with higher zinc doses. But grain iron levels was significantly higher at all amount of zinc levels compared to control. The highest iron content (120.0
ppm) in barley grain was obtained from the foliar application of 1.0 kg Zn ha-1 and 20 kg N ha-1. Habib
[23] reported that foliar application of (Zn) at tillering and heading stage increased Fe concentration
compared with control (from 84.93 to 123.7 mg kg1
). Their findings are similar to our results.

The zinc contents in grain changed between
21.91 and 26.37 ppm in the dose manner. It was
found that the applied urea had higher zinc content
(26.37 ppm) compared to control (21.91 ppm). Similarly the increasing of zinc levels significantly increased grain zinc content. The higher grain zinc
contents (27.33 and 28.85 ppm) were determined
from respective higher zinc application doses (2.0
and 4.0 kg ha-1 Table 4). These higher zinc levels in
grain were not statistically different between each
other, suggesting that 2.0 kg ha-1 zinc application
dose would be sufficient for grain zinc contents. Besides foliar application of combined zinc with urea
increased grain zinc content. The highest zinc content in grain (32.17 ppm) was obtained by the highest
zinc concentration with added urea. On the other
hand, the control plots produced the lowest grain
zinc content in average 15.02 ppm.
Many reports showed about zinc fertilization
has great effects on zinc content. Zinc application via
foliar was observed to be more effective in grain Zn
increase and grain Zn recovery compared to other
applications [8]. <ÕOPD]HWDO[20] reported that zinc
fertilizers could increase grain Zn concentration up
to three- or fourfold. Similarly, Habib [23] reported
that foliar application of (Zn) at tillering and heading
stage increased Zn concentration up to 50.9 from
12.17 mg kg-1. The remobilization of Zn from leaves
to grain contributed to the Zn content of grain. Thus
foliar applied zinc that easily moves to corn grain
should be adopted as a practice for agronomic biofortification of corn [30]. Similarly, Haslett et al.
[34] reported that transport of Zn in phloem from
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CONCLUSION
The higher grain yields (3.49 t ha-1 and 3.64 t
ha-1) were obtained the respective higher zinc with
combination of urea doses (20 kg urea ha -1 + 2 kg
Zn ha-1; 20 kg urea ha -1 + 4 kg Zn ha-1) without statistical significance between each other. Therefore,
20 kg urea ha -1 + 2 kg Zn ha-1 application dose
would be sufficient for high grain yield. Also, the foliar application of urea and zinc solutions enhanced
the protein content and grain mineral contents (N, Zn
and Fe) when sprayed at boot stage. The foliar application of urea increased grain phosphorus content.
On the contrary, zinc treatment decreased grain
phosphorus content. To conclude, zinc & urea treatment via foliar will maintain better quality and
higher quantity barley grains or other cereals under
under semi arid conditions.
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maintenance and conservation.

ABSTRACT
In this study we present sedimentological and
geochemical parameters in order to evaluate the environmental status of an internationally protected
shallow coastal lagoon, Prokopos Lagoon, Western
Greece. Six gravity cores with sediment depth up to
0.70 m l were collected and analyzed for K2O, CaO,
Na2O, MgO Fe2O3, MnO, Al2O3, P2O5, TOC, V, Cr,
Zn, Ni, Cu, Cd, Pb. In addition the clay, sand and silt
content were determined and the mean size (Mz),
VRUWLQJ ı VNHZQHVV 6N DQGNXUWRVLV .* YDOXHV
were deduced. The lagoon's sediments are composed
mainly of fine silt to medium sand. The clay content
of the samples ranges from 0.76 % to 6.73 % and the
average values of the silt and sand content are 50.20
% and 42.56 % respectively. The geochemical evaluation indicates that mainly the terrigenous input of
the surrounding catchment materials controlling inter ±element and grain size association. The Cr, Ni,
Cu and Zn affiliated in the aluminosilicates fraction
identifying their primarily detrital origin. Fe and Mn
is representative of the oxides/hydroxides group and
thus Cd is associated with this fraction of the sediments. The calculation of three geochemical indices
(the enrichment factor - EF, contamination factor CF and index of geo-accumulation - Igeo) were used
in order to distinguish between affected and unaffected sampling sites. The EF values calculated for
Cd showing significant enrichment in some sampling sites while the CF values for Cd, Cr, Cu, Pb
and Zn are indicative for a low contamination. Cr
and Ni exceed the Toxicity Screening Values (TSVs)
and Threshold Effect Level (TEL) according to sediment quality guidelines for metals. Nevertheless,
the Zn, Cd, Cu and Pb average concentration values
are bellow the Toxicity Screening Values (TSVs)
and the Threshold Effect Level (TEL). By contrast,
Cr and Ni exceed the TSVs and TEL values in the
Prokopos lagoon sediments. The study of sediment
geochemical characteristics can be considered as a
baseline for future monitoring in accordance to the
European Union Directives and for any future engineering interventions for the lagoon environmental

KEYWORDS:
Geochemistry, coastal sedimentology, lagoons, pollution
indices, Prokopos Greece

INTRODUCTION
Lagoon environment affected as a result of intensive agriculture activities, overexploitation of the
water resources and urbanization [1, 2]. The anthropogenic input of pollutants is concentrated to the lagoon sediments and threats the aquatic ecosystems
[3, 4]. Sea level fluctuations, storm and river flooding as well as human activities also affect the lagoon
environment [5].
The geochemical investigation of lagoon bottom sediments can often delineate changes in the
chemical, biological, and physical conditions of the
environment [6, 7, 8, 9]. For example, Mn and Fe
change their chemical forms and concentrations according to the redox condition [10, 11], while distribution profiles of some bio-elements such as Ca, P
and Si, are sensitively affected by biological activity
[12, 13]. +RZHYHUPHWDOV¶ enrichment factors, pollutions indices and statistical analysis have been developed in order to define sediment quality assessment [14, 15, 16, 17].
In this study we use the enrichment factor
(EF), the contamination factor (CF) and the index of
geo-accumulation (Igeo) in order to find enrichments
or depletions at the metals distribution in sediment
samples collected from the Prokopos Lagoon, Western Greece [18]. Moreover this study can be consider
as a baseline for future monitoring in accordance to
the European Union Directives and for any future engineering interventions for the lagoon environmental
maintenance and conservation. This is of a great environmental and social importance because of the
significant and substantially development of inner
waters fishery and fish
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FIGURE 1
(a) General map of Greece, (b) Simplified geological map of the surrounding area of Prokopos Lagoon
and western Peloponnese and (c) the sites of the coring P1, P2, P3, P4, P5 and P6 of the study area

farming in the region of Western Greece as well as
for the touristic development of the study area.

Natura 2000 European Community Network with
code GR232001 as a Special Protected Area (SPA)
and Site of Community Importance (SCI) with code
GR233007.
It is a very shallow lagoon with a maximum
depth of 1 m. It is a brackish lagoon with a surface
area fluctuating between 1km2 and 4km2 in summer
and winter respectively, and is connected with the
sea by a 2.5 km canal. A number of small rivers and
streams supply the protected area with freshwater;
and as it cannot reach the sea due to the sand dunes,
it stays in the area forming a large brackish wetland
consisting of lagoon and marshes (Figure 1). It has
an average declared fish production of 25 t/year
(50% eels, 45% mullet, 5% bass) so it is used as an
extensively fish farm.

MATERIALS AND METHODS
Study area. In the western Peloponnese are located the most important coastal ecosystems of
Greece, the lagoons Kotychi [19], Pappas [20], Gialova [21], Kaifa [22] and Prokopos (Figure 1). The
study area is the Prokopos Lagoon which is located
at the prefecture of Western Greece (Figure 1). The
Prokopos lagoon is situated approximately 35 km
south-west of Patras in the Peloponnese, Greece. It
is one of the most important ecological Greek areas,
with international significance as it is listed in the
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TABLE 1
Results of sedimentological analysis of the Prokopos Lagoon sediments
Depth
(m)

Clay
%

Silt
%

Sand
%

Mean
ĭ

Sorting
Skewness
ĭ
ĭ
Gravity Core P1
1.52
0.403

Kurtosis
ĭ

Mean

Sorting

Skewness

Kurtosis

Color

1,304

Medium
Sand
Coarse Silt

Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted

Very Fine
Skewed
Symmetric
al

Leptokurti
c
Platykurtic

7.5Y 4/1

Fine
Skewed

Platykurtic

7.5Y 4/2

Coarse
Skewed

Platykurtic

7.5Y 4/2

Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted

Fine
Skewed

Mesokurtic

7.5Y 4/3

Symmetric
al

Platykurtic

7.5Y 4/2

Fine
Skewed

Mesokurtic

7.5Y 4/2

0

0.76

11.84

87.4

1.72

0.2

8.66

61.08

30.25

5.58

2.48

0.02

0.794

0.32

4.74

45.4

49.86

4.29

2.69

0.161

0.889

Very
Coarse Silt

0.46

7.83

59.33

32.84

5.43

2.75

-0.133

0.776

Coarse Silt

0

4.76

51.01

44.23

4.6

Gravity Core P2
2.46
0.108

0.969

Very
Coarse Silt

0.2

8.74

57.49

33.76

5.33

2.86

-0.1

0.771

Coarse Silt

0.35

4.01

40.79

55.19

4.06

2.55

0.273

0.927

Very
Coarse Silt

0

3.26

40.64

56.1

3.98

Gravity Core P3
2.32
0.343

0.995

Very Fine
Sand

0.15

4.48

36.99

58.54

3.7

2.81

0.391

0.827

Very Fine
Sand

0.3

3.54

32.85

63.61

3.49

2.55

0.433

0.979

Very Fine
Sand

0.4

2.83

28.54

68.63

3.34

2.5

0.397

0.978

Very Fine
Sand

0

3.08

43.64

53.28

3.82

Gravity Core P4
2.25
0.091

1,133

Very Fine
Sand

0.15

3.98

50.3

45.72

4.82

1.94

0.377

1,009

0.3

2

28.03

69.96

3.03

2.31

0.339

0.978

Very
Coarse Silt
Very Fine
Sand

0.45

10.02

68.35

21.64

5.93

2.62

-0.206

1,038

Coarse Silt

0.55

11.1

58.14

30.75

5.79

2.89

-0.27

0.754

Coarse Silt

0.7

4.78

47.77

47.44

4.48

2.69

0.09

0.869

Very
Coarse Silt

0

2.17

32.64

65.19

3.15

Gravity Core P5
2.26
0.262

0.97

Very Fine
Sand

0.12

7.5

64.66

27.83

5.38

2.78

-0.155

0.85

Coarse Silt

0.27

21.38

78.47

0.15

7.89

1.36

-0.002

0.959

Fine Silt

0.38

19.76

80.06

0.17

7.79

1.37

0.016

0.933

Fine Silt

0.47

17.24

82.74

0.02

7.66

1.37

-0.004

0.92

Fine Silt

0.55

19.81

79.7

0.49

7.74

1.43

0.018

0.929

Fine Silt

1

Very Fine
Sand

Gravity Core P6
2.37
-0.065

0.16

2.91

54.55

42.55

3.99

0.21

5.12

65.84

29.04

4.81

2.59

-0.058

1,008

Very
Coarse Silt

0.32

3.59

36.96

59.46

3.75

2.69

0.336

0.834

Very Fine
Sand

Sampling and grain size analysis. In order to
estimate the spatial distribution of sediment characteristics six gravity corers (P1, P2, P3, P4, P5, P6)
were taken and sediments samples were collected
from a maximum depth of 0.70 m bellow the lagoon
bottom (Figure 1). Positioning was achieved with a
hand held GPS (accuracy 3 m). All samples were analyzed for their grain size distribution. Material
FRDUVHUWKDQĭZDVGU\VLHYHGZKLOHILQHJUDLQHG
PDWHULDO!ĭZDVDQDO\]HGXVLQJMalvern Mastersizer 2000. Moment measures were calculated using

5Y 4/2

Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted

Very Fine
Skewed

Mesokurti
c

7.5Y 3/1

Very Fine
Skewed

Platykurtic

7.5Y 4/2

Very Fine
Skewed

Mesokurti
c

7.5Y 4/1

Very Fine
Skewed

Mesokurti
c

7.5Y 4/1

Very
Poorly
Sorted
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted

Symmetric
al

Leptokurti
c

7.5Y 3/2

Very Fine
Skewed
Very Fine
Skewed

Mesokurti
c
Mesokurti
c

7.5Y 3/2

Coarse
Skewed

Mesokurti
c

5Y 5/1

Coarse
Skewed

Platykurtic

2.5Y 5/2

Symmetric
al

Platykurtic

10Y 4/1

Very
Poorly
Sorted
Very
Poorly
Sorted
Poorly
Sorted
Poorly
Sorted
Poorly
Sorted
Poorly
Sorted

Fine
Skewed

Mesokurti
c

7.5Y 3/2

Coarse
Skewed

Platykurtic

7.5Y 3/2

Symmetric
al
Symmetric
al
Symmetric
al
Symmetric
al

Mesokurti
c
Mesokurti
c
Mesokurti
c
Mesokurti
c

7.5Y 4/1

Symmetric
al

Mesokurti
c

2.5Y 5/2

Symmetric
al

Mesokurti
c

2.5Y 5/2

Very Fine
Skewed

Platykurtic

7.5Y 4/1

Very
Poorly
Sorted
Very
Poorly
Sorted
Very
Poorly
Sorted

7.5Y 3/2

7.5Y 4/1
10Y 4/1
10Y 4/1

GRADISTAT V.4 [23] and based on Folk (1974) nomenclature [24], and finally grain size distribution
was calculated.
Sediments colour was identified using a Minolta CM-2002 hand held spectrophotometer. To access the interrelation between the grain size analysis,
the major and trace elements and the total organic
carbon, Principal Components Analysis (PCA) applied in order to distinguish factors with common geochemical characteristics. Statistical analyses were
performed using the SPSS 17.0 software package.
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geochemical analysis of six gravity cores from
the study area is presented in Table 2. The concentrations of the elements in the Upper Continental
Crust (UCC) and the DYHUDJH VKDOH¶V FRPSRVLWLRQ
are also reported. The mean values of Zn, Cu, Pb, Cr
and V are bellow than the average shale values reported by Turekian and Wedepohl (1961) (Table 2)
[26]. The Ni and Cd average values are above of that
UHSRUWHG IRU VKDOH¶V E\ 7XUHNLDQ DQG :HGHSRKO
(1961) [26]. The Fe2O3 , Al2O3, Na2O, K2O, MgO and
MnO are depleted, while CaO and P2O5 are enriched
relative to the shale values reported by Turekian and
Wedepohl (1961) [26].
TOC profiles of the sediments analyzed showing variation ranging from 0.00% to 9.49%. Elevated
TOC values are observed at P3, P4 and P5 core locations for the surface sediment samples (Table 2).
TOC is related to the primary biological production
and represents that the biological fraction controlled
by precipitation and temperature [27, 28]. By contrast, the Al2O3, K2O and Fe2O3, commonly associate
with the detrital fraction of the sediments and their
distribution controlled by weathering, runoff, and
erosion within the catchment, representing the terrigenous input of the surrounding lagoon area [29, 30].
The clay fraction of the sediments showing a tendency to increase with depth in cores P4 and P5 indicating the input of fine grain materials during the
past.
A model of tree factors accounts for 83.77% of
the total variance (Table 3). Factor 1 (53.87%) can
be clearly identified as WKHµWHUULJHQRXVDOXPLQRVLOL
FDWHV¶IDFWRUVKRZLQJKLJKORDGLQJVIRU$O)H.9
Cr, Ni, Cu and Zn (Table 3). Most of the heavy metals are mainly represented in this factor, identifying
their primarily detrital origin. Aluminosilicates are
concentrated in the silt and clay fraction, which
shows positive loading in Factor 1. Factor 1 is negatively loaded in Ca and the sand fraction, implying
its antipathetic relation to autochthonous biogenic
carbonates, which are coarse-grained. TOC, P2O5,
Na, Mg, Cu and Pb are loaded in Factor 2 (20.13%).
Factor 2 corresponding to the 20.13% of the total
variance (Table 3), thus represents the organic fraction of the sediments which scavenge effectively
some metals, eventually in the form of sul¿des [27,
31]. The presence of Cu and Pb in factor 2 indicating
that TOC is a good carrier, for both elements, in the
analyzed samples. In addition Na and Mg related
with salinity and authigenic input [32, 33]. Factor 3
(9.77%) is positively loaded in Mn, Fe, and Cd representing the hydroxides and/or oxides group (Table
3). The presence of Fe and Cd in this factor explained
both their terrigenous origin and their association
with the Mn-oxyhydroxides phases [34, 35].

Geochemical analysis. Approximately 1g ±
0.1mg of sample was digested with 2.35 mL of 65%
HNO3 and 7 mL of HCl (aqua regia) in a microwave
digestion system (Berghof speedwave MWS-3+).
The temperature digestion protocol was as follows:
at 145°C for 5 min, at 170°C for 10 min and at 170°C
for 15 min. The resulting solutions were cooled for
30 minutes and diluted to 10 mL with distilled water.
The clear solutions were analyzed on a Thermo Scientific iCAP 6000 ICP OES. The operating conditions were: nebulizer gas flow rates: 0.5 l/min; auxiliary gas flow: 0.5 l/min; plasma gas flow: 15 l/min;
pump rate: 45 rpm; ICP RF power: 1100 W.
Aliquots of an ICP commercially multi-element standard solution (100 mg/L Merck) containing
the analyzed elements, was used in the preparation
of calibration solutions. Working standard solutions
were prepared by dilution of the stock standard solutions to the desired concentration in 1% HNO 3. The
ranges of the calibration curves (6 points) were selected to match the expected concentrations for all
the elements of the samples analysed by ICP-OES.
The correlation coefficient R2 obtained for all cases
was 0.999. The detection limits were calculated as
the concentrations of an element given by the standard deviation of a series of ten consecutive measurements of blank solutions. The quality control was
performed using sRLOVDPSOHVIURP%,3($¶VSURIL
ciency testing scheme A15 to ascertain the accuracy
of the measurements.
Replicate analyses performed in order to estimate the precision of the elements determination.
For all elements studied the precision was better than
±5%. The Total Organic Carbon (TOC) content was
determined according to Wakley-Black titration
method modified by Gaudette et al. (1974) [25].

RESULTS AND DISCUSSION
Sedimentological analysis. Based on the grain
size analyses of the sediment samples, the mean size
(Mz) ranged from 1.72 to 7.89 ĭ with an average
value of 4.83 ĭ LQGLFDWLQJ WKDW WKH ODJRRQ V VHGL
ments are composed mainly of fine silt to medium
sand (Table 1). The analysis of the moment measures
showed that the sediments are characterized by
poorly to very poorly VRUWHG ı DQGUDQJHIURP
to 2.89 ĭE\DQDYHUDJHYDOXHRIĭ(Table 1).
This can be interpreted by the existence of very
weak currents into the lagoon and the low wave action that prevails in it. The skewness of the analyzed
sediments ranged from coarse skewed to very fine
skewed (Sk = ±0.27 to 0.3 ĭ ZLWKDQDverage value
RIĭ(Table 1). The calculation of kurtosis displays a fluctuation from very platykurtic to leptokurtic values (KG= 0.75 to 1.30 ĭ .
Inter-element geochemical association. The

Sediment quality assessment. In order to assess metals background enrichments or depletions
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TABLE 2
Geochemical analysis of the Prokopos Lagoon sediments. Upper Continental Crust (UCC)
and Shales values are also reported
Elements

Al2O3

CaO

Fe2O3

K 2O

MgO

MnO

Na2O

P 2O 5

TOC

Cd

Cr

Cu

Ni

Pb

V

Zn

Units

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Detection
limit

0.047

0.011

0.005

0.12

0.001

0.001

0.214

0.018

-

0.001

0.006

0.006

0.001

0.005

0.005

0.001

0

4.51

16.93

1.86

0.39

1.84

0.05

0.88

0.83

-

0.37

40.6

19.97

50.72

19.41

23.34

32.31

0.2

6.06

10.75

3.77

0.49

1.33

0.08

0.38

0.16

4.51

0.72

75.92

21.31

103.71

19.72

36.11

40.5

0.32

3.05

19.27

2.56

0.33

1.2

0.13

0.29

0.13

4.33

0.5

47.26

11.48

64.46

9.13

20.16

25.35

0.45

5

7.27

3.74

0.78

1.47

0.07

0.37

0.12

2.74

0.71

87.91

23.79

117.17

12.97

42.02

47.1

Depth(m)
Gravity Core P1

Gravity Core P2
0

3.85

7.06

2.66

0.47

1.57

0.04

0.99

0.65

-

0.52

55.43

26.4

70.01

20.16

30.26

40.42

0.2

5.18

8.17

4.3

0.57

1.39

0.09

0.46

0.16

3.69

0.82

95.06

24.98

129.21

14.22

43.03

47.34

0.35

2.35

18.59

2.2

0.33

1.08

0.1

0.35

0.1

3.48

0.43

42.58

10.63

57.62

4.86

19.16

22.2

0.53

3.82

15.85

2.68

0.51

1.12

0.09

0.38

0.12

3.36

0.52

50.84

12.66

71.23

9.49

30.01

26.73

0

4.1

4.22

2.69

0.54

1.34

0.03

1.04

0.74

7.96

0.5

53.23

19.5

67.54

19.68

25.11

41.06

0.15

4.57

10.2

3.43

0.45

1.28

0.08

0.55

0.18

3.65

0.62

62.6

17.35

89.73

16.03

29.38

38.13

0.3

2.26

16.97

1.78

0.25

0.86

0.08

0.25

0.09

2.56

0.32

32.14

6.44

45.88

5.39

13.42

17.67

0.4

3.88

14.95

1.99

0.35

1.06

0.07

0.39

0.11

3.11

0.36

35.61

10.85

54.46

11.48

23.93

22.9

30.57

Gravity Core P3

Gravity Core P4
0

2.65

9.03

2.23

0.5

1.41

0.03

1.26

0.49

8.23

0.42

45.91

22.61

55.39

16.93

21.57

0.15

4.11

7.16

4.08

0.63

1.38

0.08

0.94

0.2

-

0.77

72.41

21.21

96.39

17.56

32.17

42.7

0.3

4.96

13.68

3.46

0.59

1.32

0.08

0.67

0.17

6.48

0.64

62.64

14.42

73.75

10.22

30.64

32.59

0.45

4.17

13.45

1.82

0.49

1.17

0.06

0.38

0.08

2.85

0.27

47.66

11.25

58.81

13.09

20.43

26.45

0.55

6.71

8.21

4.48

0.8

1.42

0.06

0.45

0.1

3.85

0.86

83.89

21.73

135.12

14.6

43.43

43.16

0.7

7.81

13.88

2.91

0.51

1.32

0.09

0.55

0.13

4.36

0.49

49.7

15.26

75.8

22.18

32.54

30.4

Gravity Core P5
0

3.6

7.8

1.95

0.59

1.47

0.03

1.78

0.56

9.49

0.37

43.32

23.5

48.8

17.27

23.64

30.99

0.2

7.4

1.31

2.93

0.73

1.24

0.01

0.58

0.09

3.78

0.44

71.78

20.28

113.39

21.99

44.65

48.02

0.35

6.32

0.22

3.64

1.01

1.44

0.02

0.44

0.06

2.33

0.49

115.48

24.32

123.68

16.81

60.52

52.53

0.45

4.17

13.45

1.82

0.49

1.17

0.06

0.38

0.08

n.a

0.27

47.66

11.25

58.81

13.09

20.43

26.45

0.55

6.76

0.23

4.02

1.05

1.57

0.02

0.51

0.09

2.36

0.69

117.97

27.92

162.08

20.39

55.33

60.22

Gravity Core P6
0

3.43

17.35

1.19

0.33

1.99

0.03

1.35

0.38

-

0.26

22.2

12.69

31.25

16.3

14.62

23.5

0.16

3.29

25.23

1.12

0.22

1.26

0.06

0.52

0.13

4.44

0.21

17.88

7.28

27.59

11.23

10.84

14.87

0.25

2.83

23.05

1.61

0.3

0.98

0.06

0.42

0.08

3.15

0.27

27.69

7.18

41.36

7.16

14.08

15.9

0.32

4.04

12

2.74

0.54

1.15

0.06

0.44

0.12

3.85

0.51

52.99

13.21

85.17

11.23

28.87

34.08

Average

4.48

11.71

2.73

0.53

1.33

0.06

0.63

0.23

3.64

0.5

57.72

17.02

78.12

14.54

29.25

33.86

Min

2.26

0.22

1.12

0.22

0.86

0.01

0.25

0.06

2.33

0.21

17.88

6.44

27.59

4.86

10.84

14.87

Max

7.81

25.23

4.48

1.05

1.99

0.13

1.78

0.83

9.49

0.86

117.97

27.92

162.08

22.18

60.52

60.22

UCC1

15.2

4.2

5.00a

3.4

2.2

0.08b

3.9

-

-

0.098

35

25

20

20

60

71

15.11

3.09

6.75

3.2

2.49

0.11

1.29

0.16

-

0.3

90

45

68

20

130

95

2

Shales

1. UCC: [52]
2. Shales: [26]. The Al2O3, CaO, Fe2O3 , K2O, MgO, MnO, Na2O and P2O5 concentrations calculated using
the appropriate molar ratio
a: Calculated after the results given by [52] for Fe 3.50%
b: Calculated after the results given by [52] for Mn 600 ppm
n.a.: Not analyzed
-: Not reported

EF= (Csample / CAl sample) / (Cstandard / CAl standard)
(1)
where Csample is the concentration of the element and
CAl sample is the concentration of Al in the sample. The
Al normalization is utilized because concentrations
of most elements show correlation with Al2O3. The
selected reference sample is usually an average crust
or a local background sample [38, 39, 40]. Average
shale values are used as the standard in our study
[26].

in the Prokopos Lagoon sediments, we employ three
geochemical indices, the enrichment factor, the contamination factor and the index of geo-accumulation.
However, other techniques and heavy metal pollution indices can be applied in order to assess the
quality of soils and fresh waters [36, 37].
Enrichment Factor (EF). The calculation of
the EF values contacted using the following equation
1 [1]:
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FIGURE 2
Enrichment Factors (EF) calculated for Zn, V, Pb, Ni, Cu, Cr and Cd in the Prokopos lagoon sediments
Contamination Factor (Cif). The Cif values for
the Prokopos lagoon sediments were deduced from
the equation 2 [42, 18]:

TABLE 3
Factor loadings and communalities of the PCA
applied for all variables in the Prokopos lagoon
sediments
n=27

F1 (53.87%)

F2 (20.13%)

F3 (9.77%)

Communality

K2O

0.932

-

-

0.883

CaO

-0.849

-0.333

-

0.840

Na2O

-

0.884

-0.221

0.834

MgO

0.503

0.677

-

0.718

Al2O3

0.769

-

-

0.599

P2O5

-0.175

0.903

-

0.850

Fe2O3

0.828

-

0.511

0.950

MnO

-0.414

-0.478

0.673

0.853

TOC

-0.180

0.304

-0.172

0.154

V

0.967

-

-

0.941

Cr

0.964

-

0.143

0.957

Zn

0.951

0.212

0.117

0.962

Ni

0.944

-0.143

0.232

0.966

Cu

0.800

0.529

-

0.924

Cd

0.690

-

0.656

0.907

Pb

0.587

0.596

-0.127

0.717

Clay

0.824

-0.373

-0.299

0.907

Mz

0.803

-0.460

-0.322

0.960

Silt

0.665

-0.490

-0.453

0.888

Sand

-0.727

0.478

0.431

0.943


ܥ ൌ ܥିଵ
ܥ

(2)

ܥିଵ
is

Where
the mean content of then substance i from at least 5 sample sites, and ܥ the
pre-industrial reference level for the substance.
The pre-industrial reference level (Table 4) determined from various European and American lakes is
given by Håkanson (1980) [42].
The contamination factor of Cd, Cr, Cu, Pb and
Zn calculated for the surface horizon (0.00 m) and
the deep sediment layer (0.45 m) is below than 1
(Cif<1; Figure 3) indicating a low contamination
[42]. The elements Zn, Cu and Pb are enriched in
the surface sediment horizon in comparison to the
deep sediment layers. By contrast Cd and Cr shows
depletion to the surface samples, while they are enriched in the deep horizon (Figure 3).

-: absolute value <0.100
According to the EF criterion the sediments for
the elements Pb, Ni and Cr characterized as for moderate enrichment, while V, Zn and Cu shows depletion to mineral enrichment. In the case of Cd, sediments are showing significant enrichment in the P1,
P2 and P4 sampling sites, especially for the 0.15 m,
0.32 m and 0.35 m sediment horizons (Figure 2). The
enrichment factor for the elements studied, except
that of V is well above 1 (Figure 2). This is indicative
of the source input of fine grain materials from the
surrounding catchment area. In this case the EF>1
could be interpreted as enrichments caused by anthropogenic activities [41].

FIGURE 3
Element Contamination Factor (CF) for Cd, Cr,
Cu, Pb and Zn in the sediments at Prokopos
lagoon
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FIGURE 4
Index of geo-accumulation (Igeo) for Zn, v, Pb, Ni, Cu, Cr and Cd calculated for the
Prokopos lagoon sediments

TABLE 4
Comparative data of Prokopos lagoon sediments with other areas in Greece. UCC, average Shales, Preindustrial reference levels, Threshold Effect Level (TEL) values and Toxicity Screening Values (TSVs) for
metals are also reported
Element
Unit

Fe2O3

MnO

Fe

Mn

Zn

Cu

Pb

Ni

Cr

V

Cd

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Reference

Prokopos lagoon, mean

2.73

0.06

1.91*

464.70*

33.86

17.02

14.54

78.12

57.72

29.25

0.5

This study

Prokopos lagoon, range

1.124.48
3.37

0.010.13
0.08*

0.783.13*
2.36*

77.451006.85*
630

14.8760.22
60

6.4427.92
20

4.8622.18
16

27.59162.08
84

17.88117.97
101

10.8460.52
75

0.210.86
-

This study

Koumoundourou lake

0.83

0.02*

0.58*

155

83

21

53

28

58

23

-

[49]

Aetoliko lagoon

5.96*

0.11*

4.17

837

122.2

88

-

75.6

140

-

-

[53]

Kleisova lagoon

2.34*

0.07*

1.64

562

29

13

-

62

-

-

-

[35]

Rhodia lagoon

4.04*

0.11*

2.83

867

72

37

36

124

231

112

-

[48]

Tsoukalio lagoon

4.52*

0.15*

3.16

1191

76

31

26

131

274

108

-

[48]

Logarou lagoon

6.78*

0.12*

4.74

922

105

44

25

221

302

153

-

[48]

Tsopeli lagoon

5.69*

0.09*

3.98

665

100

48

26

168

295

129

-

[48]

UCC

5.00*

0.08*

3.5

600

71

25

20

20

35

60

0.098

[52]

Shales

6.75*

0.11*

4.72

850

95

45

20

68

90

130

0.3

[26]

Threshold Effect Level
(TEL) in sediment quality
guidelines for metals
Pre-industrial reference
level
Toxic-response factor

-

-

-

-

123

35.7

35

18

37.3

-

0.6

[51]

-

-

-

-

175

50

70

90

-

1

[42]

-

-

-

-

1

5

5

2

-

30

[42]

Toxicity Screening Values
(TSVs) for Freshwater
sediments
Toxicity Screening Values
(TSVs) for Marine or
Estuarine sediments

-

-

-

-

124

25.2

35.3

18.7

20.2

-

0.991

[50]

-

-

-

-

142

28.7

41.3

19.5

25

-

1.31

[50]

Messolonghi lagoon

[33]

*: Calculated concentrations using the appropriate molar ratio.
-: not reported.

Index of geo-accumulation (Igeo). The Igeo calculated using the following equation 3 [43, 18]:
Igeo = log2 [Cn / (1,5 Bn)],
(3)
where Cn is the measured concentration in the

sediment for the metal n, Bn is the background value
for the metal n and the factor 1.5 is used because of
possible variations of the background data due to
lithological variations. However, several researchers
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ZKLOHWKHNXUWRVLVYDULHGIURPĭWR
ĭLQGLFDWLQJDYHU\SODW\NXUWLFWROHSWRNXUWLFFKDUDF
ter. The Al2O3, K2O, Fe2O3, V, Cr, Ni, Cu, Zn associate with the detrital fraction of the sediments. The
Cu and Pb relation with the organic fraction indicates
that TOC is a good carrier for both elements in the
Prokopos lagoon sediments. By contrast, Na and Mg
concentrations are related to salinity and authigenic
input following the water evaporation-precipitation
cycles due to the regional climatic conditions. The
sediment quality evaluation with respect to the EF
values indicate that the elements Pb, Ni and Cr are
moderate enriched and V, Zn and Cu are depleted.
An exception for Cd occurs showing a significant enrichment in the P1, P2 and P4 sampling sites. However, Zn, Cu and Pb are enriched in the surface sediment horizon in comparison to the deep sediment
layers. By contrast Cd and Cr show depletion to the
surface and enrichment in the deep sediments layers
using the CF criterion. The Igeo values calculated for
Cd are 0<Igeo1, showing unpolluted to moderately
polluted features in the P1, P2, P3, P4 and P5 sampling sites. The P6 sampling site shows unpolluted
features with respect to the Igeo values calculated for
the Zn, V, Pb, Ni, Cu, Cr and Cd. The concentrations
of Cr and Ni in the Prokopos lagoon sediments are
above than the TSVs and TEL values, while Zn, Cd,
Cu and Pb average values are depleted compared to
the TSVs and TEL values according to the sediment
quality guidelines for metals.

have used the previous expression using regional
backgrounds and on the less than 63±65 ȝm sediment fraction [44, 45].
In this study, Igeo has been calculated using
global average shale data from Turekian and
Wedepohl (1961) [26], because they refer to the bulk
concentrations and are naturally very rich in fine
grain sizes [46, 47]. In addition we do not establish
a local baseline value because pollution effects may
extend to a considerable variation in depth, while the
selection of the low concentration samples for baseline averaging is best done by inspection of the metal
trends in the lower core.
In respect to the geo-accumulation index calculated the Igeo values are 0 for the majority of the samples analyzed, showing unpolluted features for the
Prokopos lagoon sediments. However, the Igeo values for Cd are indicative of the class 1 Müller (1979)
[43], (0<Igeo1), showing unpolluted to moderately
polluted features in the subsurface sediment horizons
in sampling sites P1, P2, P3 and P4. In addition, the
deep horizon at the P4 and P5 sampling sites shows
high loadings with respect to Cd concentration (Figure 4). The Ni shows unpolluted to moderately polluted features in P1, P2, P4 and P5 sampling location
especially in the subsurface and deep sediment horizons (Figure 4). The most affected samples are of the
P1, P2, P3, P4 and P5 sampling sites with respect to
the Cd and Ni concentrations, while P6 sampling site
shows unpolluted features with respect to the Igeo values calculated for the Zn, V, Pb, Ni, Cu, Cr and Cd.
The geochemical evaluation of the Prokopos
lagoon sediments shows the same features in comparison to other studies in Greece (Table 4). The
contamination factor calculated for Cd, Cr, Cu, Pb
and Zn in the sediments collected from the Prokopos
lagoon area, are comparable with that reported for
the Messolonghi, Rodia, Tsoukalio, Logarou,
Tsopeli lagoons, and Koumoundourou Lake sediments in Greece [48, 49, 33]. In addition the Zn, Cd,
Cu and Pb average values in the Prokopos lagoon
sediments are below the Toxicity Screening Values
(TSVs) reported by McDonald and Ingersoll (2010)
[50], while Cr and Ni exceed the TSVs concentrations in a factor about three. The same geochemical
patterns are observed for Zn, Cd, Cu, Pb, Cr and Ni
using the Threshold Effect Level (TEL) in sediment
quality guidelines for metals reported by Burton
(2002) [51] (Table 4).
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to prevent harmful impacts. The monitoring plan
and regular analysis of the results enables timely
response [1-5].

ABSTRACT
The paper presents chemical analysis of
groundwater after sudden release of substances.
Construction of monitoring was setting on 4 locations, two in the vicinity of City complex process
systems. Measuring apparatuses were placed in the
vicinity of complex process systems area at the
depth of 50m. Result of chemical analysis presents
organic substances, halogen hydrocarbon, aromatic
hydrocarbon (benzene, toluene and xilene), phenol
and other chemical substances. Review of chosen
gas chromatograms for benzene, toluene and xylene, low-chlorate hydrocarbons, polychlorinated
biphenyls (PCB) and poly aromatic hydrocarbons
polycyclic aromatic hydrocarbons (PAH) was presented.

EXPERIMENTAL
Construction of monitoring was setting on 4
locations, two in the vicinity of City complex process systems. On each location four piezometers of
varying depths were drilled through which underground water samples were collected for chemical
analysis to determine the actual situation at this
time of the pollution state of underground waters
and, in future, monitor pollution emission from
these industrial plants. In the first phase of monitoring, piezometers and chemical analyses were done
by the Institute for Health Protection, which are
taken as starting/reference parameters, called "zero
analysis". These results will be presented in a sepaUDWH FKDSWHU LQ WKLV UHSRUW DQG DUH QDPHG ³]HUR
analyVLV´7KHVHFRQGSKDVHLVDQWLFLSDWHGWRJRRQ
for the next two years. Every three months samples
will be taken from the piezometers for chemical and
microbiological analysis. The aim of these investigations is to determine the quality of underground
waters, that is, determine the degree of pollution
and potential of this locality for bioremediation, i.e.
self-purification. Bioremediation processes are basically physical and chemical, chemical and microbiological-biochemical. Sorption characteristics
depend on both the type and quality of the soil
(conWHQW RI KXPXV VDQG FOD\ JUDQXODWLRQ«  DQG
type of chemical in question. Sorbing on the land is
regulated by kinetics of degradation processes.
Location number 1 is located some 100 m
from the fence of the complex process systems. On
location 1, 2, 3and 4 the project anticipated construction of 4 piezometers, depths: 45m, 25m, 15m
and 7m. HDPE (Polyethylene High Density) pipes,
160 mm in diameter, were built in the piezometers.
Around the filter part quartz granulate 1-3 mm was
poured in. Above it, a clay tampon was made and
the space between the pipes and walls of the hole
above the clay tampon was filled with drilled material. All piezometers were washed with pure water

KEYWORDS:
chemical analyses, groundwater, monitoring

INTRODUCTION
Groundwater pollution is one of the most dangerous forms of contaminating the natural environment. Pollution of groundwater is very difficult or
impossible to clean, especially if the contamination
of organic origin. It is enough to express the fact
that the pollution caused by hydrocarbons uselessness million times larger quantities of water in relation to the initial pollution. Yet the nature of the
event processes, which in a certain way reduce the
initial concentration of pollutants, so it comes to
cleansing groundwater to some extent. The dangers
of pollutants groundwater can come from various
sources, ranging from industrial waste water, municipal water settlements, waste water in agriculture
and other human activities that threaten surface
water and water reservoirs. This paper presents the
risk of pollution caused by a sudden release of hazardous and toxic pollutants in the country after the
accident situations. The main concern in the protection of groundwater against pollution must have a
preventive character, taking the necessary measures
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pearance of PAH is expectable and their concentration is variable, what bring us the problem in sampling concentration. Appearance of chlorinated hydrocarbons is unstable intensity. For now, we do
not know, how can it be possible transformation of
some chlorinated hydrocarbons, because we still do
not know their precursor on this location?
The results of these examinations indicate an
increased organic content in the water. The concentrations of ammonia ions are increased. There is
also evidence of the presence of pyralene type substances. Concentration of halogenated hydrocarbons, especially 1,2-dichlorethane are considerably
high. The 45m sample showed an increased content
of hydrocarbons originating from petrol. At all
depths aromatic hydrocarbon (BTX) are present
(Fig2). Phenol concentrations are very high, as was
the ace with the previous sample. Moreover, at all
depth the presence of mercury was noted.

by a pump followed by air-lift piezometer compression until the water was completely clear. Also piezometers were secured by protective metal caps and
locks (Fig1).

RESULTS AND DISCUSSION
During the last year, as measuring testing of
pollutants have been observed, the concentration is
still high. Spreading of the pollutants still lasts, in
our opinion beside everything decreasing of concentration hydrocarbons from the crude oil and the
BTEX (benzene, toluene, ethylbenzene and xylene)
group you can see optimistic result. Exemption of
this is high sudden jump of concentration of the
toluene is last circle of sampling. Supposition is
that it is the result of fresh pollution. Measuring
contents of the PCB substances were under line of
detection for ECD (1,2-dichlorethane). Casual ap-

FIGURE 1
Sketch of locations

FIGURE 2
Review of chosen gas chromatograms for benzene, toluene and xylene
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TABLE 1
Result of chemical analysis taken from piezometric on location No.1
Sampling point
Temperature (air)
Temperature (water)
pH value
Turbidity (descriptive)
Turbidity
Oxygen Dissolved, O2
Saturated with oxygen
Redox potential
Conductivity
COD
BOD
TOC
KMnO4 demand
Nitrates
Nitrites
Ammonia ion
Phosphates
Dissolved iron
Manganese
Lead
Total hydrocarbons
PAH (total)
Naphthalene
Fluorene
Phenanthrene
Fluoranthene
Pyren
Benzo(a)anthracene
Chrysene
Benzo(a)pyrene
Benzene
Toluene
Xylene
Ethylbenzene
1,2-dichlorbenzene
1,2-dichloethane
Chloroform
Trichloethylene
Tetrachloroethylene
PCB
Phenol

O

C
O
C

(NTU)
(mg/L)
(%)
( mV )
(mS)
(mg O2/l)
(mg O2/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
(mg/l)
(mg/l)

PA-1/7
34.8
-7.0
23.2
9.0
6.5
7.61
clear
turbid
0
35.24
7.33
8.1
86.03
70.1
359
475
1405
1378
55.1
84.0
5.1
9.6
4.62
256
30.0
0.14
1.55
0.01
< 0.005
1.74
1.1
0.3
0.04
8.72
8.96
1
0.96
< 0.0020 < 0.0020
0.132
< 0.005
< 0.005
< 0.0002
<0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0002
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
19.1
2.0
925
9.3
22
<1.0
13.2
<1.0
11.6
<0.5
20.5
183.0
<5
1.7
< 0.1
< 0.08
0.023
< 0.005
< 0.001
< 1.0
<0.0005
125.0

PA-1/15
32.7
-7.0
23.2
10.8
6.64
7.72
clear
turbid
0
27.44
6.55
7.2
76.88
64.9
320
469
781
1092
9.18
315.0
<3
<3
3.92
7.6
26.6
1.75
1.07
< 0.005
< 0.005
0.08
1.97
0.08
0.16
<0.05
4.33
< 0.02
0.27
< 0.0020 < 0.0020
< 0.005
< 0.005
< 0.005
<0.0004
<0.005
< 0.002
< 0.005
0.0004
< 0.005
< 0.0002
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
22
7.8
562
15.6
13.5
<1.0
4.1
<1.0
13.2
<0.5
50.1
461.0
164.04
6.0
14
<0.08
6.83
< 0.005
< 0.001
1.9
<0.0005
62.0

PA-1/25
32.7
-7.0
23.2
12.0
6.59
7.62
clear
turbid
0
5.72
4.22
2.8
49.53
25.9
346
456
522
1024
12.46
142.8
<3
45.0
3.86
6.3
49.0
2.09
1.31
< 0.005
< 0.005
0.02
1.32
0.04
0.30
<0.05
0.56
< 0.02
0.16
< 0.0020
0.80
< 0.005
< 0.005
< 0.005
< 0.0002
<0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0002
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
11
6.2
324
3.2
1
<1.0
<1.0
<1.0
18.4
<0.5
85.2
265.0
<5
2.7
0.39
<0.08
0.37
< 0.005
< 0.001
< 1.0
<0.0005
8.0

PA-1/45
32.7
-7.0
23.2
11.2
6.36
7.64
clear
turbid
0
6.05
3.88
5.9
45.54
53.6
354
459
745
938
15.68
88.2
<3
24.0
3.38
11.1
25.6
1.16
2.32
< 0.005
< 0.005
0.16
1.12
0.08
0.16
0.28
1.57
< 0.02
0.72
< 0.0020
0.85
< 0.005
< 0.486
< 0.005
0.0004
<0.005
< 0.002
< 0.005
0.0004
< 0.005
< 0.0002
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
81.3
9.8
318
10.1
30
<1.0
27.3
<1.0
22.5
<0.5
1300
407.0
443.2
1.6
20.01
<0.08
21.7
0.009
< 0.001
< 1.0
<0.0005
68.0

FIGURE 3
Review of chosen gas chromatogram for low-chlorinated hydrocarbons
present but to a lesser extent than at location No.1.
Organic substance strain is considerable (Table 1).
Contamination by chlorinated hydrocarbon derivate
is also present, as well as by phenol derivatives
(Fig3). PCB presence was noted.

On this location exits trend of reduce concentration of some contaminant in previous period of
examination. Extremely high jump of the chlorinated derivate coincides with results of piezometric on
same location. Samples at all depths are characterized by high conductivity. Mercury pollution is
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TABLE 2
Result of chemical analysis taken from piezometric on location No. 2
Sampling point
Temperature (air)
Temperature (water)
pH value
Turbidity (descriptive)
Turbidity
Oxygen Dissolved, O2
Saturated with oxygen
Redox potential
Conductivity
COD
BOD
TOC
KMnO4 demand
Nitrates
Nitrites
Ammonia ion
Phosphates
Dissolved iron
Manganese
Lead
Mercury
Total hydrocarbons
PAH (total)
Naphthalene
Fluorene
Phenanthrene
Fluoranthene
Pyrene
Benz(a)anthracene
Chrysene
Benzo(a)pyrene
Benzene
Toluene
Xylene
Ethylbenzene
1,2-dichlorbenzene
1,2-dichloethane
Chloroform
Trichloroethylene
Tetrachloroethylene
PCB
Phenol

O

C
O
C

(NTU)
(mg/L)
(%)
( mV )
(mS)
(mg O2/l)
(mg O2/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
ȝJO
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
(mg/l)
(mg/l)

PA-2/7
34
-6.6
23.2
11.3
6.83
7.58
clear
turbid
0
1.23
8.22
5.9
96.48
53.8
373
465
3450
30.92
64.3
2570
6.4
50.3
3.22
8.5
354
19.9
0.33
7.75
0.017
0.196
< 0.02
< 0.02
0.16
0.06
0.09
< 0.05
0.05
0.93
< 0.0020 < 0.0020
0.15
0.024
< 0.005
< 0.005
< 0.0002
<0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
5.8
<0.5
18.5
455.0
35.2
<1.0
< 0.1
0.16
< 0.02
<0.005
<0.001
<1.0
< 0.0005
180

PA-2/15
35.1
-6.5
23.2
11.7
6.68
7.92
clear
turbid
0
2.19
7.11
4.7
83.45
43.2
374
423
1800
30.18
9.18
1318
7.2
83.8
3.84
17.0
15.5
33.2
0.93
2.14
0.018
< 0.005
< 0.02
0.73
0.05
0.39
0.16
2.20
0.61
0.67
< 0.0020 < 0.0020
0.26
0.079
< 0.005
< 0.005
< 0.0002
<0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
10.0
<0.5
25.3
36.1
22.5
5.0
< 0.1
0.10
< 0.02
<0.005
<0.001
<1.0
< 0.0005
150.0

PA-2/25
33.8
-6.4
23.2
12.1
6.73
7.63
clear
turbid
0
9.98
4.22
5.0
49.53
46.4
377
439
858
30.14
18.63
1061
8.4
155.1
2.96
20.0
6.6
237.1
1.92
1.97
< 0.005
< 0.005
0.14
1.26
0.03
0.16
0.09
3.49
< 0.02
0.13
< 0.0020 < 0.0020
0.16
0.027
0.285
< 0.005
< 0.0002
<0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
<0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<18.2
<0.5
40.5
147.0
28.5
3.9
< 0.1
< 0.08
< 0.02
<0.005
<0.001
4.4
0.0042
130.0

PA-2/45
33.8
-6.6
23.2
12.5
6.54
7.56
clear
turbid
0
2.66
2.77
7.3
32.51
68.4
374
454
683
30.51
14.22
1076
5.2
29.3
3.55
7.1
6.3
12.6
1.38
0.18
0.005
< 0.005
0.05
1.67
0.04
0.03
<0.05
0.23
< 0.02
0.59
< 0.0020 < 0.0020
0.22
0.048
0.103
< 0.005
0.0013
<0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
<0.005
0.0009
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
12.6
<1.0
46.8
<1.0
<1.0
<1.0
<1.0
<1.0
20.5
<0.5
1020
580.0
1238.2
1.4
38.42
< 0.08
37.8
<0.005
<0.001
<1.0
< 0.0005
75.0

TABLE 3
Result of chemical analysis taken from piezometric on location No. 3
Sampling point
Temperature (air)
Temperature (water)
pH value
Turbidity (descriptive)
Turbidity
Oxygen Dissolved, O2
Saturated with oxygen
Redox potential
Conductivity
COD
BOD
TOC
KMnO4 demand
Nitrates
Nitrites
Ammonia ion
Phosphates
Dissolved iron
Manganese
Mercury
Lead
Total hydrocarbons

O

C
O
C

(NTU)
(mg/L)
(%)
( mV )
(mS)
(mg O2/l)
(mg O2/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)

PA-3/7
38.2
-4.0
23.2
12.0
6.55
7.01
clear
turbid
0
16.35
5.3
5.7
62.21
52.8
387
398
3580
27.51
13.8
4410
<3
46.1
4.88
93.0
28.4
33.5
1.93
0.72
0.005
< 0.005
< 0.02
< 0.02
0.01
0.21
0.15
0.98
0.49
< 0.02
< 0.0020
< 0.0020
0.27
0.021
< 0.005

PA-3/15
43.5
-4.0
23.2
12.4
6.53
7.64
clear
turbid
0
21.54
7.1
6.5
83.45
60.7
368
387
3840
28.40
36.6
6120
<3
146.0
3.56
8.0
32.6
249.7
< 0.04
3.34
< 0.005
< 0.005
0.27
0.76
0.29
0.57
0.12
1.42
0.1
< 0.02
< 0.0020
< 0.0020
<0.10
0.265
0.243

6107

PA-3/25
32.6
23.2
6.78
clear
turbid
0
344
6.2
2.6
72.77
24.5
350
-127
6040
11.25
13.7
1190
<3
3.48
99.5
19.3
246.5
1.39
5.22
< 0.005
< 0.005
1.14
6.08
0.16
0.61
0.05
0.28
0.03
< 0.02
< 0.0020
< 0.0020
0.18
0.695
0.613

PA-3/45
32.6
23.2
6.46
clear
turbid
0
127
5.8
2.9
68.08
27.4
359
-71
17710
12.69
0
41200
<3
449.2
4.46
269.0
35.4
150.1
1.79
5.22
0.019
< 0.005
1.87
5.62
0.04
0.39
<0.05
1.17
0.05
< 0.02
< 0.0020
< 0.0020
0.98
0.096
1.719
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Sampling point
PAH (total)
Naphthalene
Fluorine
Phenanthrene
Fluoranthene
Pyrene
Benz(a)anthracene
Chrysene
Benzo(a)pyrene
Benzene
Toluene
Xylene
Ethylbenzene
1,2-dichlorbenzene
1,2-dichloethane
Chloroform
Trichloroethylene
Tetrachloroethylene
PCB
Phenol

(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
(mg/l)
(mg/l)

PA-3/7
< 0.005
< 0.0002
< 0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
< 0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
<1.0
<1.0
53.4
<1.0
<1.0
64.5
11.2
<1.0
15. 2
<0.5
120
12.5
672.2
4.1
24.02
0.71
14.2
<0.005
<0.001
2.5
< 0.0005
73.0
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PA-3/15
0.07
< 0.0002
0.05
< 0.002
0.02
< 0.0004
0.005
< 0.0004
< 0.005
< 0.0007
< 0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
68.2
<1.0
240
<1.0
<1.0
92.9
<1.0
<1.0
22.0
3.6
155
172.0
270.71
71.6
7.63
24.40
0.05
0.022
<0.001
<1.0
0.0035
95.0

PA-3/25
< 0.005
0.008
< 0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
< 0.005
0.008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
503.3
<1.0
1100
4.1
<1.0
575.0
<1.0
<1.0
14.6
17.5
180
266.0
237.39
624.0
15.2
8.77
1.37
0.089
<0.001
<1.0
< 0.0005
350.0

PA-3/45
< 0.005
< 0.0002
< 0.005
< 0.002
< 0.005
< 0.0004
< 0.005
< 0.0004
< 0.005
< 0.0007
< 0.005
< 0.0008
< 0.005
< 0.0005
< 0.005
< 0.0004
< 0.005
< 0.0009
24.9
<1.0
566
<1.0
21.1
134.0
4.8
<1.0
27.6
<0.5
130
528.0
58.79
110.0
4.76
3.05
2.42
<0.005
<0.001
<1.0
< 0.0005
60.0

TABLE 4
Result of chemical analysis taken from chosen locations in the direction of village
Sampling point
pH value
Turbidity (descriptive)
Turbidity
Oxygen Dissolved, O2
Saturated with oxygen
Redox potential
Conductivity
COD
BOD
TOC
KMnO4 demand
Nitrates
Nitrites
Ammonia ion
Phosphates
Dissolved iron
Manganese
Lead
Total hydrocarbons
PAH (total)
Naphthalene
Fluorine
Phenanthrene
Fluoranthene
Pyrene
Benz(a)anthracene
Chrysene
Benzo(a)pyrene
Benzene
Toluene
Xylene
Ethylbenzene
1,2-dichlorbenzene
1,2-dichloethane
Chloroform
Trichloroethylene
Tetrachloroethylene
PCB
Phenol

P-738

(NTU)
(mg/L)
(%)
( mV )
(mS)
(mg O2/l)
(mg O2/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
ȝJO
(mg/l)
(mg/l)

6.6
clear
0
3.8
44.60
367
700
0
<3
3.22
12.6
0.12
< 0.005
1.87
0.06
23
0.21
< 0.0020
0.023
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
6.7
<1.0
<1.0
<1.0
<1.0
<1.0
<5
< 0.1
< 0.02
<0.001
<0.0005

The examination results indicate enormous
electrolytic conductivity of samples at all depths. At
depths of 25 and 45 meters, an increased concentration of ammonia ions was noted, as well as the or-

P-739
7.85
turbid
12.46
7.2
320
26.55
1238
14.2
4.0
31.6
0.66
< 0.005
6.84
0.05
17.25
0.13
< 0.0020
< 0.005
< 0.0002
< 0.0020
< 0.0004
< 0.0004
< 0.0007
< 0.0008
< 0.0005
< 0.0004
< 0.0009
<1.0
<1.0
<1.0
<1.0
<0.5
1.1
0.6
0.26
0.005
<1.0
332.0

6.87
clear
0
2.9
34.04
358
1329
0
<3
4.55
60.1
0.2
0.005
0.77
0.04
1.03
0.07
< 0.0020
0.141
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
25.2
972
18
<1.0
<1.0
36
20.59
< 0.1
0.51
< 0.001
0.0028

7.54
turbid
4.58
5.1
401
28.67
819
9.4
9.5
60.1
0.89
< 0.005
4.18
0.51
0.82
0.21
< 0.0020
< 0.005
< 0.0002
< 0.0020
< 0.0004
< 0.0004
< 0.0004
< 0.0008
< 0.0005
< 0.0004
< 0.0009
<1.0
<1.0
<1.0
<1.0
<0.5
2.2
0.8
0.41
0.006
1.4
288.0

Cesma
6.69
clear
0
6.7
78.64
404
558
0
<3
3.88
2.5
0.42
0.007
0.17
0.06
3
0.06
< 0.0020
0.031
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<5
< 0.1
< 0.02
< 0.001
0.0014

ganic substance strain. The appearance of pyralene
substances is worrying, although their concentrations are low. Chlorinated hydrocarbons and phenol
derivatives are the main polluters at this location
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occasion, conductivity see as one who marks pollution, we can see similarly with examination of piezometrics. Under current circumstances it would be
very brave supposition to talk about pollution migration. High conductivity, existing of total hydrocarbons source from oil, BTEX, also like chlorinated hydrocarbons, lead us to think about pollution
moves to populated village(Fig5). Figure 2, 3,4 and
5 shows gas chromatograms for benzene, toluene
and xylene; low-chlorinated hydrocarbons; PCB
and poly nuclear aromatic hydrocarbons PAH.
From the biological indicators of the quality of
surface waters, commonly examined following:
microbiological composition of the water and hydrobiological water quality. A large number of underground water containing bacteriological contamination. Because of its importance to human health,
the content of bacteria and other microorganisms.
Water is the most important sanitary and hygienic
quality indicator water. In natural and waste water
can be present various microorganisms - bacteria,
viruses, protozoa. Microbiological assay, however,
generally include only certain indicator microorganisms that indicate the occurrence of pollution,
and sometimes to its origin [6]. As an indicator
microorganisms apply coliform bacteria, which,
however, are not specific indicators of fecal pollution [7]. Therefore, in addition to total coliform
additionally tested bacteria and thermotolerant coliforms - fecal coliform (A typical example of Escherichia coli - Escherichia coli), streptococci and enterococci and fecal origin (Enterococcus), as well
as the sulfato-reducing clostridia (Clostridium
perfringens). Analyzes of physic-chemical and microbiological composition of the water very useful
indicators of the current status of the water body,
but do not show long-term picture of the observed
ecosystem. Therefore, in order to assess the longterm status of the water bodies apply different
methods of hydrobiological characterization water,
among which are indices of diversity, biotic indices, saprobioticke methods assess the quality of the
habitat and the like [8].

(Table 2). This location also shows evidence of
mercury pollution. Location No. 3 is specific for the
high concentration of chlorinated derivate of hydrocarbons (Table 3). High concentration of chloroform leads us to the process of chlorinated humic
substances. During the time, the third sampling is
come to the increased concentration of hydrocarbons from group BTEX. High concentration is obvious.

FIGURE 4
Review of chosen gas chromatogram for PCB

FIGURE 5
Review of chosen gas chromatogram for poly
nuclear aromatic hydrocarbons PAH

Examinations shows that has been a migration
of pollution towards populated areas. Increased
FRQFHQWUDWLRQV RI DPPRQLD LRQV PHUFXU\ LURQ«
were detected. The presence of PCB, halogen hydrocarbon derivatives and phenol was observed
(Fig4). The results indicate an urgent need to underWDNHPHDVXUHVRIIXUWKHUSROOXWLRQVSUHDG,W¶VEHHQ
stressed out that near this contaminated area, in the
direction of underground waters, is an inhabited
area where part of the population uses well water
for drinking. As far as we know, the water quality
in these wells is not defined. Since the health of
these people is at stake, we select 3 wells in use
under. Parameters that would be determined would
be same as parameters on locations 1, 2, 3, and 4.
Calculated values show us that the well P-739 is
most endangered object (Table 4). If we by this

CONCLUSION
We came to a conclusion that the underground
water in the vicinity of main piezometers is polluted. At the complex process systems area results of
these tests indicate a higher amount of organic substance in the water. The amount of reduction produce such as ammonium ion has also been increased. The amount of halogen hydrocarbon is
very high as well. In a sample taken at the depth of
45m there is a high amount of hydrocarbon, originating from oil. There is aromatic hydrocarbon at
all depths (benzene, toluene and xylene). The
amount of phenol is high, whereas the amount of
mercury is low. Tests have proven that substances
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of pyralene type are also present. Samples at all
depths have high specific conductivity. Results of
the tests performed in the vicinity of complex process systems area shown enormous electrolytic
conductivity of samples at all depths. At 25m and
45m we found a high amount of reduction produce
of the ammonium ion type, as well as organic and
pyralene substance load. Even though the amounts
of these substances are low, these indicators are
worrying. Chlorinated hydrocarbons and phenol
derivatives represent the main pollutants. On the
basis of the provided information, it is obvious that
we are dealing with a long-term pollution of the
environment. As a solution to this huge problem, a
number of foreign projects have been implemented
and proved that the soil pollution could be successfully dealt with. Due to the level of pollution, there
is a necessity for the continual implementation of
projects for the remedying of contaminated soil.
Depending on the used technology, these projects
contribute to the adequate reduction of pollution [919].
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functions of ecosystems have to be preserved. In order to control and improve water supply and quality,
the behavior of water resources system needs to be
investigated.
Urbanization results in an increase in impervious surfaces areas and enhanced proportion of impervious surface areas results in shorter delay time
between inception of precipitation and peak flow
rate. Thus, overall hydraulic performance of a catchment basin is affected by urbanization [3]. Total
storm water runoff volume rises in receiving water
leading to flooding, and the degradation of instream
ecosystem status [4, 5]. In addition, excessive storm
water runoff affects also flooding potential of highways, parking lots and buildings. Furthermore, excess runoff accelerates pollutant transport and causes
water pollution in water resources. In reaching solutions to minimize the aforementioned problems, a
number of researchers have been working on monitoring and modeling studies related to the storm water runoff [6, 7]. For example, storm water control
measures (SCMs) is suggested to obtain better water
quality through forested watershed stream hydrograph fractions comprised of surfaces runoff, shallow interflow and groundwater surge [8]. Seveso
catchment in the Lombardy Region in Italy is modelled and calibrated by using the EPA SWMM to observe the impacts of green roof implementation on
peak runoff rates and runoff volumes [9].
Characteristics like area, imperviousness,
slope, land cover and land use of sub-catchments are
fundamental factors for controlling storm water runoff quantity and quality. According to these characteristics, different techniques can be taken into account in selecting the optimum scenario for rural and
urban runoff management [10]. Recently, the cost efficiency of Low Impact Development Best Management Practices (LID-BMPs) implementation has
been dramatically received much recognition as
storm water management and a comprehensive land
use planning technique to assist planners and decision-makers for evaluating and mitigating urban runoff impacts on hydrology and water quality and pollutant loadings to streams [11, 12, 13, 14]. This approach has been suggested as an alternative to storm
water design [15], and research on individual LID
practices such as green roof, permeable pavement,

ABSTRACT
Increase in urbanization adversely affects our
water resources. Therefore, new solution techniques
related to the protection of drinking watersheds
should be investigated to avoid present and future
problems such as floods, droughts, and pollution. In
this study, a hydrological model for Alibeyköy Watershed is developed by using Environmental Protection Agency Storm Water Management Model (EPA
SWMM). The model is calibrated by using the rainfall and flow data obtained from the stations in the
area. Then, Low Impact Development (LID) type of
storm water Best Management Practices (BMPs) is
implemented into the model in areas nearby the main
streams to reduce adverse impacts of urbanization
such as flood in Alibeyköy Watershed. Finally, sevHUDO/,'W\SHV¶VFHQDULRVsuch as bioretentions, vegetative swales, permeable pavements, and infiltration trenches are simulated to observe the influence
of LID Implementation on peak flow rate causing
flood.

KEYWORDS:
Best Management Practices, Low Impact Development,
Flood Control, Watershed Modeling.

INTRODUCTION
Water resources, their protection and regulation are essential to meet drinking water demand and
to prevent hazards such as flood events and contamination. Therefore, exploring and evaluating the results of human activities with direct influence on water resources and hazardous events are of concern for
researchers in the hydrology area. Protection of both
surface water and ground water for sustainable life is
one of the essential and crucial topics of current and
past decade. Freshwater is a fundamental and an irreplaceable resource for retaining environmental
sustainability of human survival and social development [1, 2]. Supplying sufficient amount of good
quality water for the entire population of the planet
is the general objective that must be met. For this
purpose, the hydrological, biological and chemical
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the hydrological impacts of LID to storm water management systems. Several Low Impact Development
(LID) types such as bioretention, infiltration trench,
porous pavement, rain barrel and vegetative swale,
can be modeled with EPA SWMM.

infiltration trenches, bioretention cells, vegetative
swales and rainwater cisterns has been gained attention [16, 17, 18, 19]. There are successful experimental studies related to hydrological performances
of LID in the literature [20, 21, 22, 23, 24, 25].
The aim of this study is to investigate the effects of the LID type of BMPs implementation on the
surface water quantity by a calibrated hydrological
model for Alibeyköy watershed. For this purpose,
first, a hydrological model for Alibeyköy watershed
is developed with the EPA SWMM. Then, for calibration of the model, flow rate and rainfall data are
measured by installing a flow meter and a rain gauge
into the field site. Simulations are carried out first for
current conditions of the watershed. Then, the simulations are repeated by increasing the impervious areas from 20% to 40%. Four types of LIDs, i.e., bioretention, permeable pavement, vegetative swales,
and infiltration trench, are incorporated into the
model and the possible effects of LIDs on surface
runoff are observed. Thus, impacts of rapid urbanization and LID implementation as a possible solution are analyzed.

Study Area: Alibeyköy Watershed. Alibeyköy Watershed is located on the European Continental side of Istanbul in Turkey. It has a drainage area
of 161 km2 and supplies an important portion of IsWDQEXO¶VGULQNLQJZDWHU7KHUHDUH0 streams which
gather overland flow generated over the basin. These
streams are Cebeci stream, Bogazkoy stream, Bolluca stream, Kocaman stream, Ciplak stream, Ayvali
stream, Elmali stream, Gulgen stream, Malkoc
stream, Ciftepinar stream. The land morphology of
the great part of the watershed is in the form of sandy
clay loam. The altitude of the watershed is between
30-170 m in the topographic boundaries. Alibeyköy
Watershed area is composed of 23% of agricultural
and pasture land, 15% of residential and industrial
areas, 60% of forest and 2% of dam area. However,
there is a great potential of population growth due to
the new developments of infrastructures in the basin.
These new infrastructures include third Bosphorus
Bridge, third airport of Istanbul and finally Canal Istanbul project. Therefore, high urbanization is expected within the next 10 years and these changes
will have negative effects on the ecosystem in the
future, if no action is taken. In Fig. 1, the boundary
of Alibeyköy Watershed and Alibeyköy Dam are
shown.

MATERIALS AND METHODS
EPA SWMM. Environmental Protection
Agency Storm Water Management Model (EPA
SWMM) is a hydrological simulation model for the
surface runoff developing on a watershed during a
storm [26, 27]. The quantity and quality of surface
runoff on each subcatchment; the flow rate, the
depth, and the concentration in each conduit and
junction can be calculated by EPA SWMM. Input
data for the watershed profile is composed of width,
slope, area, and percent perviousness-imperviousness for each subcatchment; length, cross section,
height, and slope for each conduit; and elevation for
each junction. The outputs from the program are
change of flow rate (hydrograph) and change of concentration (pollutograph) through time, while the
change of the rainfall intensity through time (hyetograph) is given as input to the program. In order to
calculate flow rate, EPA SWMM solves the continuity and momentum equations for flood routing. One
can select kinematic, diffusion, or dynamic wave options according to the characteristics of the considered catchment. The most general form of the flood
routing equations is the dynamic wave equations
which describe unsteady non-uniform flow. Kinematic wave equations can be derived from the dynamic wave equations by neglecting both inertial
and pressure terms in the momentum equation,
whereas diffusion wave equations are obtained by
ignoring only the inertial terms. In order to calculate
infiltration, EPA SWMM uses three methods,
namely the Green-Ampt Method, the Integrated Horton Method and the SCS Curve Number Method.
Furthermore, EPA SWMM is capable of assessing

Data Collection. Flow rate and rainfall data
need to be measured on the watershed in order to calibrate Alibeyköy Watershed model in EPA SWMM.
A rain gauge (Fig. 2 (a)) is set up on the watershed
in order to measure rainfall data in terms of volume
each time rainfall occurs. And, a flow meter (Fig. 2
(b)) is set up close to the downstream of the main
stream in the Alibeyköy Watershed. The rainfall data
is continuously collected by automatic data logger
and flow rate is measured during rainfall events.
Model Development. In order to determine the
input parameters for the hydrological model in EPA
SWMM, topographical map of the modeled area,
cross-sectional area of the main stream and soil properties of the study area are used. The watershed area
is divided into 24 subcatchments by using the topographical maps of the Alibeyköy Watershed. Slope,
area, and width are defined as input data for each
subcatchment. Using topographical maps, main
channels, which collect the surface runoff generated
over the watershed, are determined and introduced
into the program as conduits. Length, cross sectional
area, roughness, and start-end points of conduits are
defined as input data for conduits. All conduits have
trapezoidal cross sections and a total number of 46
conduits are formed. Each link is connected with

6113

© by PSP

Volume 26 ± No. 10/2017 pages 6112-6120

Fresenius Environmental Bulletin

method chosen within the program. Green-Ampt infiltration parameters, which are suction head and hydraulic conductivity, are defined according to the
soil type. In Fig. 3, the hydrological model of
Alibeyköy Watershed modelled by using EPA
SWMM is shown.

junctions which are described by invert elevation
and maximum depth. And 46 junctions and one outlet are defined into the Alibeyköy Watershed model.
A rain gauge is defined in the model which
reads rainfall data in terms of intensity, volume, or
cumulative precipitation with identified time series.
Infiltration is calculated with the Green-Ampt

FIGURE 1
General view of Alibeyköy Watershed and subcatchments
(Retrieved from Google Earth).

(a)

(b)
FIGURE 2
General view of rain gauge (a) and flow meter (b) in Alibeyköy Watershed.
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FIGURE 3
Hydrological model of Alibeyköy Watershed in EPA SWMM.
TABLE 1
Calibrated parameters for subcatchments, open channels and soil in EPA SWMM.
Water Quantity Parameters for subcatchments, open channels and soil
0DQQLQJ¶VURXJKQHVVFRHIILFLHQWIRULPSHUYLRXVDUHD(N)
0DQQLQJ¶VURXJKQHVVFRHIILFLHQWIRUSHUYLRXVDUHD(N)

Type
Asphalt
Concrete
Soil
Grass
Woods

Depth of depression storage on impervious area (d) (mm)
Depth of depression storage on pervious area (d) (mm)
0DQQLQJ¶VURXJKQHVVFRHIILFLHQWIRUWKHRSHQFKDQQHO(n)
Hydraulic Conductivity (K) (mm/hr)

Concrete
Excavated or dredged
Natural channels

Value
0.011
0.012
0.12
0.27
0.50
0.09
0.10
0.015
0.04
0.06
1.8

PRGHO0DQQLQJ¶VURXJKQHVVFRHIILFLHQW N) for pervious and impervious area, depth of depression storage (d) RQSHUYLRXVDQGLPSHUYLRXVDUHD0DQQLQJ¶V
roughness coefficient for conduits (n), and hydraulic
conductivity (K) are selected initially according to

Calibration. Storm events such as rainfall and
flow rate data are monitored for five months. The
measured data recorded during these storm events
are used to calibrate the model developed by using
EPA SWMM. For the calibration of the hydrological
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their typical values reported in the literature [26, 27,
28]. Then, the values of these parameters are tuned
until the flow rate simulated by the model matches
the measured flow rate. The final values of the calibrated parameters are listed in Table 1. During the
calibration stage of the study, many trials are done
manually in order to match model results with the
measured data. During calibration process, we were
interested in time and amount of peak flow rate and
shape of flow rate curve. Simulated and measured
flow rate results match with each other during rainfall event on February 05-08, 2016 as shown in Fig.
4.
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next step, several LID types such as retention basin
(bio-retention cell), infiltration trench, vegetative
swale and permeable pavement (porous pavement)
are introduced into the calibrated model in order to
decrease negative effects of high urbanization on the
watershed. While implementing these four types of
LID into the model, the relevant parameters are defined in the model and are given in Table 2. The values of these parameters are chosen by referencing
EPA SWMM manual [27].
LIDs are performed on 3.7 km2 of an area
which corresponds to about 2% of the modeled watershed. The implemented LID types in the model
are bioretention, vegetative swale, infiltration trench
and permeable pavement and the properties of these
LID types are given in Table 2. The surface layer
properties are used to describe the surface properties
of bioretention, vegetative swale, infiltration trench
and permeable pavement; the soil layer properties
are used to describe the properties of the engineered
soil mixture used in bioretention and permeable
pavement types of LIDs; the storage layer properties
are used to define the properties of the crushed stone
or gravel layer used in bioretention, infiltration
trench and permeable pavement; the drain layer
properties are used to describe the drain properties of
bioretention, infiltration trench and permeable pavement; the pavement layer properties are used to define values for permeable pavement types of LID
systems.

Urbanization and LID Implementation Scenarios. In this part of the study, the effect of population increase on the water quantity is investigated.
With the population increase, residential areas also
increase which result in a rise in the impervious surfaces. Therefore, the peak of the outflow hydrograph
over the catchment also increases which may cause
flooding. Alibeyköy watershed area is currently
composed of 23% of agricultural land, 10% of residential and industrial areas, 65% of forest and 2% of
dam area. Model simulations are made for current
population, which corresponds to approximately
20% of impervious area, and for estimated population, which corresponds to 40% of impervious area,
and results are compared in order to examine the effect of population growth on the hydrograph. As the

FIGURE 4
Measured and calculated flow rates during rainfall event on February 05-08, 2016 at downstream of
the watershed.
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TABLE 2
Properties of surface, pavement, soil and storage layers for LID implementation [27].

Layer

Surface

Soil

Storage

Drain

Pavement

Parameters
Bern Height (Storage Depth) (mm)
Vegetation Volume (Fraction)
Surface Roughness 0DQQLQJ¶V1
Surface Slope (Percent)
Swale Side Slope (run/rise)
Thickness (mm)
Porosity (volume fraction)
Field Capacity (volume fraction)
Wilting Point (volume fraction)
Conductivity (mm/hr)
Conductivity Slope
Suction Head (mm)
Thickness (Height) (mm)
Void Ratio (voids/solids)
Seepage Rate (mm /hr)
Clogging Factor
Flow Coefficient
Flow Exponent
Offset Height (mm)
Thickness (Height) (mm)
Void Ratio (voids/solids)
Impervious Surface (fraction)
Permeability (mm/hr)
Clogging Factor

Vegetative
Swale
500
0.3
0.1
1.0
5.0
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

LID Types
Permeable
Bioretention
Pavement
Cell
10
500
0.0
0.2
0.1
0.1
1.0
1.0
NA
NA
400
1000
0.5
0.5
0.2
0.2
0.1
0.1
400
380
10
10
35
19
150
500
0.75
0.75
0.5
0.5
0
0
0
0
0.5
0.5
6
6
100
NA
0.15
NA
0
NA
100
NA
0
NA

Infiltration
Trench
400
0.0
0.1
1.0
NA
NA
NA
NA
NA
NA
NA
NA
1000
0.75
0.5
0
0
0.5
6
NA
NA
NA
NA
NA

NA: Not Applicable

FIGURE 5
Simulated flow rate versus time at the outfall of the Alibeyköy Watershed during storm event observed
between February 05-08, 2016.
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FIGURE 6
Simulated flow rate versus time at the outfall of the Alibeyköy Watershed during storm event observed
between September 07-09, 2009.
TABLE 3
Peak of the hydrograph generated over Alibeyköy Watershed during rainfall events I-II.

Water Quantity
Peak of the hydrograph for current urbanization
Peak of the hydrograph for projected urbanization
Peak of the hydrograph for projected urbanization with LID
Peak reduction after LID

Rainfall Event I
February 05-08, 2016
(m3/s)
(%)
56
96
88
8
8.3

Rainfall Event II
September 07-09, 2009
(m3/s)
(%)
106
207
188
19
9.2

08, 2016 and on September 07-09, 2009, respectively.
Fig. 5 shows the rainfall intensity and the corresponding flow rates at the outfall of the Alibeyköy
Watershed occurred during the rainfall event on February 05-08, 2016 under current urbanization, under
projected urbanization and under projected urbanization with LID implementation. Current urbanization
is simulated with 20% of impervious area, and projected urbanization is simulated with 40% of impervious area. As it can be seen from this figure, the
peak of the hydrograph increases from 56 m3/s to 96
m3/s, if the impervious area increases from 20% to
40%. After LID implementation, the peak of the hydrograph decreases from 96 m3/s to 88 m3/s. In other
words, when 2% of LID area is considered in the watershed, the peak of the runoff generated over the
catchment decreases 8.3% under the Rainfall Event
I. The simulations are repeated for the storm event
occurred on September 07-09, 2009 and the result is

RESULTS AND DISCUSSION
The simulation results are presented for the
storm event observed during February 05-08, 2016
and September 07-09, 2009 to model low and high
(extreme) rainfall intensity impacts, respectively.
The change in surface runoff with and without LID
BMP implementations are observed and compared.
Effects of LID BMP implementation on runoff volume and peak flow rate are predicted.
Urbanization Effects under Typical and Extreme Storm Events. The surface runoff developed
over Alibeyköy Watershed is simulated under 2 rainfall events. The first one has a low intensity measured by the rain gauge set on the field site and the
second one has a high (extreme) intensity recorded
at Florya Meteorological Station in Istanbul, Turkey.
These rainfall events are occurred on February 05-
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[2] Cai, Y., Yue, W., Xu, L., Yang, Z. and Rong, Q.
(2016) Sustainable urban water resources management considering life-cycle environmental
impacts of water utilization under uncertainty.
Resources, Conservation and Recycling, 108,
21±40.
[3] Gulbaz, S. and Kazezyilmaz-Alhan, C.M.
(2013) Calibrated Hydrodynamic Model for
Sazlidere Watershed in Istanbul and Investigation of Urbanization Effects. Journal of Hydrologic Engineering, 18, 75-84.
[4] Shuster, W.D., Bonta, J., Thurston, H., Warnemuende, E. and Smith, D.R. (2005) Impacts of
impervious surface on watershed hydrology: A
review. Urban Water Journal, 2(4), 263±275.
[5] Sun, Y., Li, Q., Liu, L., Xu, C. and Liu, Z.
(2014) Hydrological simulation approaches for
BMPs and LID practices in highly urbanized
area and development of hydrological performance indicator system. Water Science and Engineering, 7(2), 143±154.
[6] Albek, M., Bakir Ogutveren, U. and Albek, E.
(2004) Hydrological modeling of Seydi Suyu
watershed (Turkey) with HSPF. Journal of Hydrology, 285(1-4), 260±271.
[7] Fonseca, A., Botelho, C., Boaventura, R.A. and
Vilar, V.J. (2014) Integrated hydrological and
water quality model for river management: a
case study on Lena River. The Science of the total environment, 485-486, 474±89.
[8] Cizek, A.R. and Hunt, W.F. (2013) Defining
predevelopment hydrology to mimic predevelopment water quality in stormwater control
measures (SCMs). Ecological Engineering, 57,
40±45.
[9] Masseroni, D. and Cislaghi, A. (2016) Green
roof benefits for reducing flood risk at the catchment scale. Environmental Earth Sciences,
75(7), 579.
[10] Ghodsi, S.H., Kerachian, R. and Zahmatkesh, Z.
(2016) A multi-stakeholder framework for urban runoff quality management: Application of
social choice and bargaining techniques. Science of The Total Environment, 550, 574±585.
[11] Lee, J.M., Hyun, K.H. and Choi, J.S. (2013)
Analysis of the impact of low impact development on runoff from a new district in Korea.
Water Science and Technology, 68(6), 1315±
1321.
[12] Jia, H., Yao, H., Tang, Y., Yu, S.L., Field, R.
and Tafuri, A.N. (2015) LID-BMPs planning for
urban runoff control and the case study in China.
Journal of environmental management, 149, 65±
76.
[13] Liu, Y., Ahiablame, L.M., Bralts, V.F. and Engel, B.A. (2015) Enhancing a rainfall-runoff
model to assess the impacts of BMPs and LID
practices on storm runoff. Journal of environmental management, 147, 12±23.

presented in Fig. 6. As it can be seen from this figure,
the peak of the hydrograph increases from 106 m3/s
to 207 m3/s due to the urbanization. And, it decreases
from 207 m3/s to 188 m3/s with LID implementation.
In other words, when 2% of LID area is considered,
the peak of the surface runoff generated over the
catchment decreases 9.2% under the Rainfall Event
II. The results are summarized in Table 3.

CONCLUSIONS
A hydrological model is developed for Alibeyköy Watershed in Istanbul, Turkey by using EPA
SWMM in this study. Rainfall on the Alibeyköy Watershed and flow rate at downstream of main stream
have been measured with rain gauge and flow meter
set into the study site. Calibration of the hydrological
model has been accomplished by making use of the
measured data set. Then, the surface runoff for current urbanization, projected urbanization and projected urbanization with LID implementation are
simulated under typical and extreme rainfall events
using the calibrated model. After implementing LID
type of storm water BMPs, which are bioretention,
vegetative swales, infiltration trench and permeable
pavement, it is found that LID implementation in the
Alibeyköy Watershed results in a considerable decrease in the peak of the hydrograph and helps control peak surface runoff. Further research area of this
study would include developing a calibrated water
quality model for the Alibeyköy Watershed. Furthermore, there is room for extending the rainfall and
flow data in Alibeyköy Watershed. The long term
data will be established with the existing stations set
in the field, which are still in function.
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producers. If we calculate by considering that average 20 % of 17 million tons of coal we use annually
is ash, approximately 3.5 million tons of ash comes
out as waste material. When the volumetric space of
3.5 million tons of ash coming out in a year is calculated (1.74482 m3 per ton), it covers 5.932.388 m3
volume [3].
Coal ash, which is the residue material after
coal is burnt for energy production and heating purposes, forms environmental pollution when left to
nature in the way it is, while creating serious space
problem due to its covered space when batching is
made. However, ash usage as a soil regulator may fix
soil tissue and water holding capacity, increases pH
value of soil and enriches efficiency of the soil itself.
Barman et al., [4], state that fly ash coming out of
thermal plants may be used in increasing efficiency
of agricultural soil due to its regulating effect on
physical and chemical qualities of problematic lands.
Protection of soil and its goal-oriented use in
our country are conducted in accordance with the
subjects defined in Soil Protection Act and Environment Law. Legislations that are issued based on
these laws, fertilizer mixable to agricultural soil, soil
regulator and waste materials, qualities along with
permissible amount of pollutant elements are given
in detail in [5] and [6].
The effects of fly ashes on soil and plant were
researched in India, fly ash was mixed into soil with
doses changing between 10-50 t ha-1 and effects of
fly ash on efficiency and development of wheat
(Triticum aestivum L.), mustard (Brassicajuncea L.),
lentil (Lensesculenta Moench L.), rica (Oryzasativa
L.) and corn (Zeamays L.) plants along with certain
important physical and chemical qualities of the soil
were examined. According to obtained results, ash
application had positive effects on efficiency together with soil qualities [7].
Sing [8] stated that using coal ash coming out
of thermal plants has benefits and risks. For benefits,
improvement of permeability condition of soil, improvement of soil efficiency, increasing textural
qualities and aeration of soil, reducing shell and
compact formation along with mass density, improving water holding capacity and porosity, optimum
soil pH for plants, procurement of micronutrients
like Mo- B- Mn- Fe- Zn- Cu and macronutrients like
Mg- S- K- P- Ca, being alternative liming material

ABSTRACT
The objective of this study is to define whether
the ash, which is formed after burning of lignite coal,
can be used as soil regulator in agricultural lands and
to determine its doses if it has applicable value. A
randomized experimental design with three replications was used with two different soil textures, being
clay and sandy loam, and four different ash dosages
(0, 5, 15 and 20%) are taken into consideration. As a
result, it is defined that coal ash within two different
soil textures and having four different doses GLGQ¶W
form heavy metal pollution according to existing
regulations in terms of Ni, Zn, Cd, Pb, Hg, Cr, Sn
and Cu elements. However, 15 and 20% affected the
increase in Cr amount while the amount applied as
20% affected increase of Ni and Cu values to sandy
loam soil texture. More than 5% coal ash is not recommended as it increases heavy metals on soils.
With the usage of coal ash, which is processed as
waste material in agriculture; prevention of environmental pollution, savings in natural resources are expected.

KEYWORDS:
Coal ash, soil pollution, heavy metal, soil conditioner

INTRODUCTION
Total coal reserves of Turkey is 8.2x109 t according to MTA (General Directorate of Mineral Research and Exploration) data, while 1 billion tons of
the need for coal burnt in industry and heaters used
in homes is provided with production [1]. It is generally stated that ash amount of our lignite coals is
around 15-30 % [2]. According to General Directorate of Turkish Coal Ankara Coal Sector Report
2008 data, by the year 2007, 76 % of the lignite coal
production of General Directorate of Turkish Coal
was consumed by using in thermal plants while 24
% was used in industry and heating sector. By 2008,
it was predicted that our country needed around 17
million tons of coal needs and half of that need was
imported while remaining half was covered by General Directorate of Turkish Coal and other domestic
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Hydrofluoric, nitric, sulfuric and perchloric acids along with copper, zinc, nickel, lead and chromium amounts passing from wet decomposed soil
and ash sample to solution were determined by using
ICP-MS [13, 14].
Data obtained from treatments were analyzed
using of variance (ANOVA). The least significant
test (LSD) was used to compare and rank treatments
[15]. Differences were declared significant at p <
0.05 or 0.01.
The obtained heavy metals data from treatments were evaluated according to [5, 6] (Table 1).

for plaster used for acidic soil in sodium soil and increase of organic materials along with other microbial activities may be counted. Meanwhile, its risks
include toxic effect formation of heavy metal accumulation for cultivated plants, pollution of underground waters due to contamination of heavy metal
to soil layers and possibility of causing soil sterility
due to excessive dosage use in agricultural lands.
In this study, defining whether the ash formed
after burning of lignite coal that is used in excess
amounts in industry and with heating purposes can
be used as a soil regulator in agricultural lands,
whether it will create heavy metal pollution and if it
is applicable, which doses can be worked is targeted.
For this purpose, heavy metal condition of soils is
examined by applying four different doses of coal
ash to soil in two different texture classes. Accordingly, it is taken as a basis that the ash formed after
burning of coal not forming environmental pollution,
while benefiting from certain qualities within the ash
in waste condition.

TABLE 1
Heavy metal levels of the regulations
Elements
Cu
Zn
Ni
Pb
Cr

Heavy metal levels (ppm)
[5]
[6]
3129
450
23464
1100
1564
120
400
150
235
350

MATERIALS AND METHODS
TABLE 2
Some physical and chemical analysis results of
the soil used in the experiment

A randomized experimental design with three
replications was used with two different soil textures, being clay and sandy loam, and four different
ash dosages are taken into consideration. Coal ash
dosages to be applied to soil textures were defined as
0 % (D1), 5 (D2), 15 (D3) and 20 (D4). The 20% level,
which was chosen as the highest dose, is taken into
hand in order to define the condition that might give
harm. Before practice, coal ash was turned into small
practices by beating and better mixture was provided
with the soil. Mixtures were prepared with weight
calculation compared to percentage rates to be 1000
g total in each pot. Vetch plant was grown into pots.
In the study, the ash formed after burning of
coal, which was taken from Tekirdag± Malkara district, for heating purposes in boiler is used as a material. Also, the soil samples as clay and sandy loam
soil were taken from Tekirdag± Kapakli and Saray
District. Heavy metal analysis for coal ash and soil
samples was conducted before the experiment. Also
the physical and chemical analyses were conducted
for two soil samples.
The oven dry soil weight was determined after
dried in air conditions and sieved from 2 mm sieve.
The pH of coal ash and two different soil textures
was calculated electrometrically in saturation extract
[9] while electrical conductivity rates were measured
with electrical conductivity measure device in water
soluble total salt saturation extract [10]. Also, organic material amounts were assigned with
Walkley± Black method [11], while soil texture analyses were determined with Bouyoucos hydrometer
method [12].

Elements
pH (1/2.5 soil-water)
(& ȝ6FP-1)
Organic matter (%)
Sand (%)
Silt (%)
Clay (%)
Texture Class

Clay soil
8.14
510.00
0.93
39.06
12.73
48.21
Clay

Sandy loam soil
4.70
197.00
1.32
70.08
10.16
19.76
Sandy loam

RESULTS AND DISCUSSION
Soils used in treatment are classified in clay
texture class with 48.21% clay according to texture
analysis results while being classified in sandy loam
texture class with 70.08% sand [16]. The soil in
sandy loam texture class is classified in 4.70 medium
acid classes. Organic substance amounts are in
1.32% low in sandy loam texture soil while being
0.97 very low classes in clay texture soil. Both soils
are classified in salt-free class [9] (Table 2).
Zn amount measured as 4.65 ppm for sandy
loam soil, 10.15 ppm for clay soil and 29.75 ppm for
coal ash. The obtained data for zinc amount was far
below according to Anonymous 2010 and 2014 [5,
6]. The other elements amounts as zinc for two soil
types and coal ash were measured under heavy metal
regulations according to [5] and [6]. Also, all elements except nickel in coal ash were higher than in
two soil types (Table 3).
The soil samples were taken from pot after
plant harvest and total copper (Cu), zinc (Zn), nickel
(Ni), lead (Hg), and chromium (Cr) values are given
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in Table 4. Copper element is a plant nutrient and
considered as soil pollutant when it passes certain
barrier levels in our existing legislations.
In the evaluations made according to legislations, it is seen that copper amount in treatment soils
GLGQ¶WSDVVVRLOSROOXWLRQSDUDPHWHUV7H[WXUHFRQGL
tion of the soil and the difference between applied
ash dosages p<0.01 was found significant. Clay soil
and D4 dosages gave the highest copper amounts

Fresenius Environmental Bulletin

than sandy loam soil and the other dosages (Figure
1). However, the interaction between texture class
and applied ash dosages was not found significant in
terms of statistics. According to LSD results; clay
textured soil in terms of soil qualities. 20% dosage
in terms of application dosages forms upper groups.
7KLV UHVXOW VKRZV WKDW FRDO DVK XVDJH GRHVQ¶W JLYH
any Cu pollution harm to the soil.

TABLE 3
Heavy metal analysis results of coal ash and soil samples used in the experiment
Elements
S
Zn
Ni
Pb
Cr

Coal ash (ppm)
29.75
40.30
5.09
12.19
50.40

Clay soil (ppm)
10.15
23.85
13.20
6.13
8.33

Sandy loam soil (ppm)
4.65
13.10
4.19
4.64
3.04

TABLE 4
The contents of Cr, Ni, Pb, Zn and Cu (ppm) for treatments
Soil texture
Clay

Sandy loam

Doses
D1
D2
D3
D4
D1
D2
D3
D4
LSD

Clay
Sandy loam
LSD
D1
D2
D3
D4
LSD

Copper (ppm)
12.79
14.46
20.84
25.17
4.90
6.68
12.66
13.54
ns
18.32 a
9.45 b
1.819**
8.847 c
10.572 c
16.747 b
19.357 a
2.384 **

Zinc (ppm)
22.18 cd
23.83 bc
35.24 a
28.40 b
14.12 e
13.62 e
16.82 e
17.58 d
4.810**
27.41 a
15.53 b
4.369**
18.150 b
18.723 b
26.027 a
22.985 a
3.430 **

Nickel (ppm)
13.91
26.66
45.51
62.25
4.20
13.15
34.62
44.56
ns
37.08 a
24.13 b
11.428**
9.05 d
19.91 c
40.07 b
53.40 a
8.804 **

Lead (ppm)
7.76 b
10.94 a
6.97 b
7.04 b
7.90 b
7.69 b
7.22 b
7.71 b
1.710**
8.18
7.63
ns
7.83 ab
9.31 a
7.10 b
7.38 b
1.699**

a.b.c. ««/6'JURXSV. ns: Not significant. ** : significant at p < 0.01

FIGURE 1
The copper amount variations between before and after treatment
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Chromium (ppm)
8.33 cde
11.64 bcd
19.97 a
25.41 a
2.98 f
6.28 de
12.08 abc
14.16 ab
2.850**
16.64 a
8.89 b
2.258 **
5.65 d
8.96 c
16.02 b
19.79 a
2.011 **
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FIGURE 2
The zinc amount variations between before and after treatment

FIGURE 3
The nickel amount variations between before and after treatment

fore treatment were lower than after treatment (Figure 3). Soil texture and dosage levels statistically affect nickel values changing between 4.20 and 62.25
ppm among treatment subjects while not affecting
the interaction between soil texture and dosage level.
Just like in copper, clay soil stands forward with
37.08 ppm among soil textures while 20% dosage
level stands forward with 53.40 ppm among dosage
levels.
Lead values measured in treatment subjects
changed between 6.97 and 10.04 ppm. It can be said
that obtained lead values were very lower than permissible values (Table 3 and Figure 4). As a result of
the statistical analyses made between lead values,
1% level differences were present between soil textures, between ash levels and between texture and
dosage level interactions. According to LSD test results, 5% level as coal dosage and accordingly lead
values obtained in 5% ash dosage applied in clay soil
stand forward.

When zinc values given in Table 4 are examined, it can be seen that obtained values are lower
than permissible values. Zinc values changing between 13.62 and 35.24 ppm were obtained among
treatment subjects, while 1% level differences were
obtained between soil textures, between different ash
levels and between texture and dosage level interactions. According to LSD test results, clay soil stands
forward as soil texture, while 15 and 20% levels
stand forward as ash dosage and accordingly zinc
values obtained in 15% ash dosage applied in clay
soil stand forward as well. Even though total zinc
values in all soils according to REWDLQHGUHVXOWVGLGQ¶W
pass legal values in legislations. The 15% and 20%
dosage ash application shows an important increase
in total zinc amounts in soil (Figure 2).
Just like zinc values, nickel values were lower
than permissible values (Table 4). The heavy metal
levels in coal ash, clay soil and sandy loam soil be-
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FIGURE 4
The lead amount variations between before and after treatment

FIGURE 5
The chromium amount variations between before and after treatment

Chromium values measured in treatment
changed between 2.98 and 25.41 ppm. It can be said
that obtained values are lower than the permissible
values given in Table 3. As a result of the statistical
analyses made among chromium values, there were
1% level differences between soil textures, between
different ash dosage levels and between texture and
dosage levels. According to LSD test results, chromium values obtained in clay soil as a soil texture,
20% level as ash dosage and accordingly 20% ash
dosage applied in clay soil stand forward.
The previous studies [8, 17, 18, 19 and 20]
stated that with the mixture of coal ash to soil. Cadmium, tin, mercury, nickel, zinc, copper, lead and
chromium elements among heavy metals are within
permissible levels in soil. They prove with the results
WKH\ RIIHU WKDW FRDO DVK GRHVQ¶W IRUP KHDY\ PHWDO
pollution when used with control.

CONCLUSION
The ash coming out of the burning of coal used
in energy production, heating and industry is processed as a waste material but it is possible to use in
agriculture as soil regulator and plant nutrient as it
GRHVQ¶WFDXVHDQ\KHDY\PHWDOSROOXWLRQ
Values of heavy metals within the ash are suitable in terms of mixing to soils according to our existing legislations. Heavy metals Cd, Hg, Zn, Pb, Cu,
Sn, Cr and Ni in soil after mixture of different
amount of ashes to clay and sandy loam textured soil
GLGQ¶WSDVVEDUULHUOHYHOVDQGFDXVHSROOXWLRQDFFRUG
ing to existing legislation. However Ni showed important increase in soils with 20% ash dosage while
Cr showed considerable increase in 15± 20% dosages in sandy loam textured soils. It is presented that
E\ FRQVLGHULQJ WKH IDFW WKDW WKLV LQFUHDVH GRHVQ¶W
form nickel and chromium accumulation in soils in
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[12] Tuzuner, A. (1990) Toprak ve Su Analizi Laboratuvarlari El Kitabi. T.C. Koy Hizmetleri
Genel Mudurlugu Yayinlari. Ankara.
[13] Jackson, M.L. (1958) Soil Chemical Analysis.
Prentice-Hall. Inc. Englewood Cliffs. N.J. USA.
[14] Kacar, B. (1994) Bitki ve Topragin Kimyasal
Analizleri. III. Toprak Analizleri. A.U. Ziraat
Fakultesi Egitim Arastirma ve Gelistirme Vakfi
Yayini. No: 3. Ankara.
[15] Yurtsever, N. (1984) Deneysel Istatistik Metotlari. Koy Hizmetleri Genel Mud. Yayinlari
No: 56.
[16] FAO, (1984) Fertilizer and Plant Nutrition
Guide. FAO Fertilizer and Plant Nutrition Bulletin. No: 9 Rome.
[17] 7XQD $ /DQG *LUJLQ $ 5   0ÕVÕUGD
(Zea mays / JHOLúPHPLQHUDOEHVOHQPHYHD÷ÕU
PHWDO LoHUL÷L ]HULQH <DWD÷DQ WHUPLN VDQWUDO
uçucu küllerinin etkisi. Ekoloji,15(57), 29-37.
[18] Im-Erb, R., Bamroongrugsa, N., Kawashima,
K., Amano, T. and Kato, S. (2004) Utilisation of
coal ash to improve acid soil. Songklanakarin J.
Sci. Technol. 26(5), 697-708.
[19] Yunusa, I.A.M., Mele, P.M., Rab, M.A., Schefe,
C.R. and Beverly, C.R. (2002) Priming of soil
structural and hydrological properties by native
woody species, annual crops, and a permanent
pasture. Aust. J. Soil. Res. 40, 207-219.
[20] Scott I. A., Lombi, E., Carini, F. and Silva, S.
(1996) Effects of fly ash treatment of soil on
yields and chemical composition of chicory.
Agrochimica. 40(5-6), 293-303.

time and application of coal ash to land in field conditions. 5% practice on agricultural soils should have
more positive effects.
With the usage of coal ash, which is processed
as waste material in agriculture; prevention of environmental pollution, savings in natural resources are
expected. When the expenses made by municipalities in order to remove coal ash coming out of building radiators are considered expenses and effort loss
can be minimized by using coal ash in agriculture.
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INCREASED 8-HYDROXYDEOXYGUANOSINE RESPONSES
AS A MARKER OF DNA DAMAGE AFTER STRENUOUS
ANAEROBIC EXERCISE IN SEDENTARY YOUNG
CIGARETTE SMOKERS AND NONSMOKERS
Hayriye Cakir-Atabek1,*, Filiz Ozdemir2
1

Department of Coach Training in Sports)DFXOW\RI6SRUWV6FLHQFH$QDGROX8QLYHUVLW\(VNLúHKLU7XUNH\
2
'HSDUWPHQWRI%LRFKHPLVWU\)DFXOW\RI3KDUPDF\$QDGROX8QLYHUVLW\(VNLúHKLU7XUNH\

under in vivo conditions [1]. It has been well documented that chronic oxidative stress has a strong relationship with numerous illnesses, such as lung cancer, chronic bronchitis, and coronary heart diseases
[2]. Cigarette smokers have an increased risk of these
diseases, possibly because of the increased FR production [3]. A smoker is exposed to more than 1015
FR in the gas phase alone. Considering the tar inhaled instead of air, this rate becomes greater than
1017 [4]. Previously, it has been shown that the oxidative stress biomarkers were higher in smokers
[3,5-8], whereas the antioxidant defense system
components (enzymes and vitamins) were lower
than those in nonsmokers [3,5,6,9]. Despite a similar
dietary intake, these results were unchanged [3].
Regular physical exercise is known to have
many positive effects on human health. However,
different types of acute aerobic or anaerobic exercises were reported to increase FR production, affect
the antioxidant defense system, and cause oxidative
stress [10-12]. Research that focused on the effect of
exercise on oxidative stress primarily focused on individuals who did not smoke, did not use antioxidant
medicines, and did not have any metabolic diseases
[13-15]. Thus, there is a limited number of studies
focusing on exercise-induced oxidative stress in
smokers, and the findings of these studies are contradictory [2,16,17]. A limited number of studies on this
topic and their conflicting results encouraged us to
design this study.
The type, intensity, and duration of the exercise
might affect the outcomes related to oxidative stress.
In addition, the frequency of exercise and its effects
(acute or chronic) might affect oxidative stress responses. From this point of view, the purpose of the
current study was to compare the oxidative stress responses to strenuous anaerobic exercise between cigarette smokers and nonsmokers by measuring 8-hydroxydeoxyguanosine (8-OHdG), an indirect marker
of DNA damage, before and after exercise. Our hypothesis was that the 8-OHdG responses following a
single anaerobic exercise would be higher for smokers than nonsmokers.

ABSTRACT
Both cigarette smoking and strenuous exercise
are associated with increased oxidative stress. Therefore, we aimed to investigate the effects of strenuous
anaerobic exercise on oxidative stress, assessed with
8-hydroxydeoxyguanosine (8-OHdG), in cigarette
smokers and nonsmokers. Healthy male smokers
(n=13) and nonsmokers (n=12) participated in this
study. Each participant performed a graded treadmill
exercise test to determine maximal oxygen consumption (VO2max), and the Wingate anaerobic test
as a strenuous exercise. Blood samples were obtained before and on completion of the test, and then
again at 60 min after the test. There were no statistically significant differences in exercise performance
values (VO2max, peak power, average power) between the two groups (p>0.05). Blood lactate concentration increased significantly in both groups
(p<0.001); however, no significant smoking status
(p>0.05) or smoking status over time interaction
(p>0.05) was observed for blood lactate. Level of 8OHdG increased in both groups; significant main effect of exercise (times effects) were noted (p<0.001)
for 8-OHdG, with higher values for smokers. Therefore, no significant smoking status (p>0.05) or smoking status over time interaction (p>0.05) was found
for 8-OHdG. Consequently, strenuous anaerobic exercise exacerbated the oxidative stress damage evaluated by 8-OHdG, both in cigarette smokers and
nonsmokers. Results indicated that an inactive lifestyle is as harmful as smoking itself.

KEYWORDS:
cigarette; oxidative stress; 8-OHdG; strenuous exercise;
sedentary lifestyle

INTRODUCTION
Cigarette smoking has various harmful effects
on health. Smoking increases free radical (FR) production and significantly increases oxidative stress
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participants came to the laboratory in the morning
(9:00 a.m.) to perform WAnT. The participants were
instructed not to perform any strenuous physical
tasks during the 48-hour period before the WAnT to
avoid potential muscle soreness [13,16]. All tests
were completed in the morning (9:00 a.m.-12:00
p.m.) after 8 to 10 h of overnight fasting [13,16]. On
arrival at our facility, the participants had a rest period of at least 10 minutes in a sitting position [13],
after which the systolic and diastolic blood pressures
(SYS-BP and DIA-BP) were measured on the upper
arm using a sphygmomanometer (Erka Perfect Aneroid, Germany). Then, the pretest blood samples
were obtained.
The WAnT was performed on a bicycle ergometer with a mechanical brake (894 Ea, Monark, Sweden). The WAnT session started with a standardized
warm-up period of 5 min of cycling at a speed of 50
to 60 rpm against no load. After the warm-up period,
the participants were asked to apply sprints that
lasted 3 to 4 seconds. The test was conducted as soon
as the participants indicated that they were ready, after 3 to 5 min of passive resting. Necessary adjustments were made on the bicycle ergometer in accordance with body sizes, such as leg height, saddle, and
handle bar adjustments, to ensure an optimal cycling
position. A load that corresponded to 7.5% of total
body weight was put on the bicycle for resistance
during the test, and the test was then started [19,20].
As soon as the participant reached the maximum
pedaling speed, the load was taken away, and the
participant was instructed to continue pedaling as
fast as possible despite the resistance. The duration
of the test was 30 seconds. The participant was verbally motivated during the test. Maximum anaerobic
power, in other words peak power (PP) and mean
power (MP) were calculated automatically by the
program through a computer software (Monark Exercise, Sweden) and were recorded for further analyses. Following the test, the participants rested for an
hour, including 10 min of active recovery and 50 min
of passive recovery, sitting on a chair.

MATERIALS AND METHODS
Participants. Thirteen cigarette smokers and
12 nonsmokers volunteered and met all criteria to be
included in the study. Participants were all sedentary
men, who were free of major signs and symptoms of
cardiovascular and pulmonary disease [16,18], and
free of orthopedic limitations that might affect exercise testing. Major exclusion criteria were current
use of medications or nutritional supplements that
might affect the dependent variables, and maximal
oxygen consumption (VO2max) higher than 50 mL.kg1
.min-1 WRHQVXUHSDUWLFLSDQWV¶ILWQHVVVWDWXV3articipants needed to regularly smoke at least five cigarettes/day [16] and to be smoking continuously without interruption at least for a year to be enrolled as a
smoker. At the beginning of the study, all participants were informed about possible risks and benefits of the study, and written informed consents were
obtained. The study was approved by the local ethical committee according to the principles set forth in
the Helsinki Declaration.
Evaluation of Maximum Oxygen Consumption (VO2max). After collecting the anthropometric
data, each participant underwent a graded treadmill
exercise test, using the Bruce protocol, to determine
VO2max (mL.kg-1.min-1) [1,14]. Oxygen consumption, carbon dioxide production, and heart rate were
measured continuously using the computerized,
breath-by-breath analyzing system Master-ScreenCPX (Care Fusion, Germany). The test started after
all participants were informed in detail about how to
use the motorized treadmill. Initially, resting oxygen
consumption of the participants was recorded for 1
min prior to the test. The running speed and slope
increased gradually every 3 min during the test, according to the Bruce protocol. Oxygen uptake was
considered maximal when three of the following criteria were met: (a) attainment of age-predicted maximal heart rate (HR) ([220 ± age] ± 10 beats/min), (b)
the respiratory exchange ratio exceeded 1.20, and (c)
subject became exhausted and was unable to continue testing. At the end of the test, subjects had a 3min recovery period of walking. Following the 3min recovery time, the mask was removed, and the
individual left the treadmill. The average of respiratory parameters that were measured during the last
minute was recorded as VO2max.

Blood sampling and analysis. Venous blood
samples were obtained before the test, within 1 min
immediately after the test, and again 60 mins after
the test. Samples were analyzed for whole blood lacWDWHDVDQLQGLFDWLRQRIWKHSDUWLFLSDQW¶VHIIRUWVDQG
for 8-OHdG as a marker of DNA damage. The blood
samples collected without the use of an anticoagulant
were centrifuged at 2000 g for 20 min at 4°C. Serum
samples were separated, aliquoted into tubes, and
stored at -80°C until analysis.

Familiarization. Following the assessment of
VO2max, participants had a rest, and the strenuous anaerobic exercise test was then explained in detail.
Each participant performed the first 10 s of the Wingate Anaerobic Test (WAnT) to become familiar
with the exercise intensity.

Analysis of blood lactate (LA). Blood lactate
(LA) was analyzed based on the enzymatic-amperometric measuring method and was administered
using the Biosen C-line (EKF Diagnostic GmbH,
Germany) technical device.

Strenuous Anaerobic Exercise: Wingate Anaerobic Test (WAnT). Three to seven days after the
VO2max evaluation and familiarization session, the
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plied to determine pairwise differences. All statistical analyses were performed using the 18.0 version
of SPSS (Statistical Package for the Social Sciences,
SPSS Inc.) for Windows. A power analysis (1-ȕ) was
performed, and the level of statistical significance
was set at p<0.05.

Analysis of 8-OHdG. Serum 8-OHdG analysis
was performed using an enzyme-linked immunosorbent assay kit (Enzo Life Science, Assay Design,
Germany; catalogue no: ADI-EKS-350). The serum
8-OHdG assay procedure was completed as follows:
Serum samples that were stored in polypropylene
tubes were diluted and vortexed in sample diluent at
a ratio of 1:20 (v/v). Then, 50 μL of standard solutions, zero standard (0 ng/mL), and sample solutions
were added to the appropriate wells and 50 μL of
pre-diluted anti 8-OHdG was added to each well, except the blank. The plate was covered and incubated
for 1 h at room temperature. Then, the liquid in the
wells was drained, and 300 μL of 1X washing tampon was added. The washing operation was complete
after six washes. The 100 μL pre-diluted anti-mouse
IgG: HRP conjugate was added to each well, except
the blank. The plate was covered and incubated again
for 1 h at room temperature. The washing operation
was repeated (for six washes). The 100-μL TMB
substrate was added to each of the wells, and the
plate was incubated for 15 min in darkness at room
temperature. Finally, 100 μL of stop solution-2 was
added, and the absorbance was read at 450 nm. The
intra-assay coefficient of variation for 8-OHdG was
<10%. Assays were performed in duplicate on first
thaw.

TABLE 1
Descriptive characteristics of smokers and
nonsmokers
Variables
Age (years)
Height (cm)
Weight (kg)
Percent Body Fat
(%)
Body Mass Index
(kg/m2)
Cigarettes per day
Years smoking
Resting Systolic
BP (mmHg)
Resting Diastolic
BP (mmHg)

Smokers
(n = 13)
28.46 ± 5.96
176.15 ± 7.81
78.17 ± 8.34

Nonsmokers
(n = 12)
31.42 ± 5.47
173.95 ± 7.60
78.97 ± 11.47

18.90 ± 5.16

20.83 ± 5.02

25.24 ± 3.13

26.20 ± 3.94

23.00 ± 8.92
11.08 ± 6.24

NA
NA

113.07 ± 13.77

118.75 ± 17.85

75.38 ± 11.26

79.17 ± 9.96

Note: NA: not applicable; BP: blood pressure.

TABLE 2
Graded treadmill exercise test (Bruce protocol)
and Wingate anaerobic power test values of the
smokers and nonsmokers

Analysis of dietary records. To rule out potentially confounding effects of diet, the subjects were
required to complete dietary logs for 3 days before
the test and for 24 h after the test. Subjects were encouraged to maintain their normal dietary habits during the study period. To ensure standardization of the
dietary records, all subjects were instructed individually how to fill out the dietary record. The dietary
logs were used to quantify the average intake of calories, protein, carbohydrate, fat, vitamin C, vitamin
A, and vitamin E for both experimental groups. The
diet logs were analyzed using a computerized dietary
DVVHVVPHQWSURJUDP %(%ø6YHUVLRQ7XUNH\ 

Smokers
Nonsmokers
Graded treadmill lexercise test (Bruce protocol)
VO2max (mL.kg-1.
41.13 ± 5.07
42.07 ± 5.39
min-1)
RER
1.34 ± 0.10
1.28 ± 0.09
Max Heart Rate
184.38 ± 7.60
180.25 ± 8.08
(beats/min)
Wingate anaerobic test-WAnT
Load (kg)
5.87 ± 0.60
5.93 ± 0.85
Peak Power (w)
923.83± 112.81
899.89 ± 148.24
Peak Power (w/kg)
11.90 ± 1.15
11.45 ± 1.16
Mean Power (w)
468.46 ± 57.52
481.43 ± 66.41
Mean Power (w/kg)
6.03 ± 0.50
6.14 ± 0.57

Note: VO2max: maximal oxygen consumption; RER: respiratory exchange ratio.

Statistical analysis. All data are presented as
mean ± standard deviation (SD). The KolmogorovSmirnov test of normality demonstrated that the data
were normally distributed. Then, independent sample t-tests were performed to determine possible
group differences for the physical characteristics and
for the performance variables, as well as for the total
intake of calories (kcal.day-1) and macronutrients
[carbohydrate (g), fat (g), protein (g), vitamin C, vitamin A, and vitamin E]. The effects of strenuous anaerobic exercise on examined variables (blood LA
and 8-OHdG) were analyzed using a two-way [2
(groups) x 3 (measurements)] repeated-measures
analysis of variance (ANOVA). The Greenhouse±
Geisser correction was used where sphericity was violated; furthermore, the Bonferroni method was ap-

RESULTS
Descriptive characteristics and test performance (graded treadmill exercise test, and Wingate
anaerobic power test) values of smokers and nonsmokers are presented in Tables 1 and 2. Both groups
were similar in mean age, height, weight, percent
body fat, BMI, and systolic and diastolic blood pressures. There were no significant differences observed in these variables between the smokers and
the nonsmokers. In addition, there were no significant differences in VO2max, respiratory exchange ratio (RER), maximum heart rate, peak power, and
mean power values between the two groups (p >
0.05). The dietary intake of the
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TABLE 3
Macronutrient dietary intakes and selected antioxidants consumed for 3 days
before the test in smokers and nonsmokers
Calories (kcal.day-1)
Carbohydrate (g.kg-1)
Fat (g.kg-1)
Protein
(g.kg-1)
Vitamin A (μg)
Vitamin C (mg)
Vitamin E (mg)

Smokers
2135.08 ± 496.16
3.21 ± 1.20
1.12 ± 0.39

Nonsmokers
2061.02 ± 344.66
3.10 ± 1.00
1.07 ± 0.30

Recommended
5-8 gr/kg Á
JUNJÁ

0.98 ± 0.34

0.93 ± 0.18

0.8 ± JUNJÁ

1198.71 ± 1117
63.73 ± 35.76
15.23 ± 7.16

1315.80 ± 1241
83.72 ± 35.26
17.55 ± 6.69

700 ± 900 μgG
75 ± PJG
PJG

1RWH9LWDPLQ$YDOXHVSURYLGHUHWLQROHTXLYDOHQWVÁDQG'LHWDU\5HIHUHQFH,QWDNHV '5,V [32,33]

FIGURE 1
Blood lactate (LA) responses to strenuous anaerobic physical work in smokers and
nonsmokers. **p< 0.001 compared with PRE values, # p<0.001 compared with POST values

FIGURE 2
Serum 8-OHdG responses to strenuous anaerobic physical work in smokers and non-smokers.
**p< 0.001 compared with PRE values, # p<0.001 compared with POST values

different between the groups (p > 0.05); furthermore,
there were no significant group x measurements interaction for blood LA (p > 0.05).
As illustrated in Figure. 2, serum 8-OHdG values increased significantly after the WAnT in both
groups (p < 0.001; 1-ȕ ). The mean serum 8OHdG levels increased from 0.259 ± 0.10 ng/mL to
0.337 ± 0.11 ng/mL, and continued to increase 60
min after the test, to 0.458 ± 0.10 ng/mL in smokers.
Similarly, the mean 8-OHdG levels increased from
0.226 ± 0.09 ng/mL to 0.308 ± 0.07 ng/mL, and continued to increase at 60 min after the test, to 0.447 ±
0.09 ng/mL in nonsmokers. It has been observed that

participants is presented in Table 3. There were no
statistically significant differences for total kilocalories, macronutrients, or micronutrients between the
groups (p > 0.05; Table 3).
The blood LA concentration increased significantly in both groups (p < 0.001; 1-ȕ 1.00; Figure.
1). The mean LA level increased from 0.950 ± 0.39
mmol/L to 8.096 ± 2.71 mmol/L, and then decreased
to 2.434 ± 0.92 mmol/L at 60 min after the test in
smokers. Similarly, the mean LA level increased
from 1.171 ± 0.82 mmol/L to 9.562 ± 2.64 mmol/L,
and then decreased to 2.440 ± 0.86 mmol/L at 60 min
after the test in nonsmokers. These changes were not
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the serum 8-OHdG levels of smokers were higher
than the 8-OHdG levels of nonsmokers, but there
were no significant differences between the groups
(p > 0.05); furthermore, there were no significant
group x measurements interaction for serum 8OHdG (p > 0.05).
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On the other hand, Gochman et al. [17] investigated both the effects of exercise and smoking on oxidative stress, by conducting a study on trained
smokers. PC and lactate dehydrogenase (LDH) level
increased for smokers (n=15) and nonsmokers
(n=15) at an important level after a standard maximal
exercise test; however, plasma conjugal diene level,
which is one of the other indicators of oxidative
stress, and lipid peroxide level increased for smokers
only. Plasma antioxidant level was found to be lower
at a significant level in smokers than in nonsmokers
[17]. Because of the lower antioxidant capacity, the
smokers could be more vulnerable to lipid peroxidation.
It is known that age, fitness status, exercise intensity, and dietary intake affect oxidative stress
[16]; hence, we attempted to control these variables.
The findings of the current study showed that there
were no statistical differences for age between
groups. In addition, the findings of our study showed
that the physiological (VO2max, RER, HRmax, blood
LA) and performance (peak power and mean power)
variables of smokers and nonsmokers were similar,
and there were no significant differences between the
two groups. These findings demonstrated that the individuals who participated in the study were at the
same fitness status and they had an inactive lifestyle.
Moreover, the diet analysis conducted on both
groups showed that they had similar eating habits.
The diet analysis proved that vitamin A, vitamin C,
and vitamin E consumption was similar for both
groups. Furthermore, the mean intake of antioxidant
vitamin A was higher than the current Dietary Reference Intake (DRI) recommendation, and the mean
intake of vitamin E was in the range of the current
DRI recommendation. However, it should be pointed
out that the smokers consumed fewer antioxidants
than the nonsmokers did.
Furthermore, in the current study, DNA damage significantly increased in both smokers and nonsmokers. These results agree with the results of
Bloomer et al. [16] with one difference: the DNA
damage increment was much higher than the increment recorded in the mentioned study. The different
types of exercise applied may explain this situation.
The Bruce protocol differs from the anaerobic test
used in this study in terms of duration (scope of exercise) and energy metabolism used. The Wingate
test takes only 30 s, but it is performed at the maximum intensity. The anaerobic energy system is dominant during the test. Both energy systems have different FR production and oxidative stress formation
mechanisms.
It has been well documented that oxygen metabolism in the mitochondria is related to FR production [23,24]. Ninety-five to ninety-nine percent of
the consumed oxygen is converted to water by the
mitochondrial cytochrome oxidase system, whereas
the remaining (1±5%) parts form the superoxide radical [25]. It was emphasized that the increase in FR

DISCUSSION
The findings of the current study indicate that
strenuous anaerobic exercise increases 8-OHdG in
young sedentary smokers and nonsmokers. It has
been well documented that smoking increases FR
production. Aside from cigarette smoking, intense
physical exercise is an important stimulus of FR production that cause oxidative stress. For this reason,
studies that examined the effect of exercise focused
primarily on nonsmoking individuals [13,15]. However, the number of people who smoke and participate in various types of physical activities is considerable. Thus, it is important to clarify the exerciseinduced oxidative stress responses of smokers. This
study therefore focused on examining the effect of
strenuous anaerobic exercise on individuals who
smoke.
Surmen±Gur et al. [21] conducted the first
study that investigated the effect of exercise on oxidative stress in smokers. Aerobic pedaling and isokinetic knee extension exercises were used as a combined physical stimulus. Oxidative stress, assessed
by lipid peroxidation (MDA) level, did not differ between smokers and nonsmokers [21]. Similarly,
Taito et al. [2,22] demonstrated that plasma oxidative stress, assessed by lipid hydroperoxide, did not
differ between smokers and nonsmokers after maximal and moderate-intensity exercises.
In another study, an exercise with progressive
intensity (Bruce protocol) was applied, and sedentary smokers (n=14; at least five cigarettes/day) and
nonsmokers (n=15) were compared [16]. No significant difference was observed between the groups in
terms of maximum HR and blood LA values after
test. Protein carbonyl (PC) level increased at a rate
of 52% for smokers and 25% for nonsmokers after
the exercise, and the change in PC (%) had a positive
correlation with the number of cigarettes smoked per
day (r = 0.578, p = 0.03). Smoking condition and
time interaction was recorded for MDA. MDA level
was reported to increase (37%) only for smokers.
DNA damage, assessed by 8-OHdG, was not affected by smoking and exercising at a significant
level; 8-OHdG was reported to increase at a rate of
16% for smokers and 5% for nonsmokers [16]. Consequently, in the mentioned study, compared with
the nonsmokers of the same age, smokers who were
young, healthy, and had a sedentary lifestyle demonstrated intense oxidative stress responses for forced
physical activities [16].
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production during prolonged submaximal aerobic
exercise was primarily due to the large increase in
oxygen consumption [24], resulting in substantially
increased mitochondrial electron flux [17], and in
turn increasing superoxide radical production from
the mitochondria during the mitochondrial electron
transport chain [17, 25-27]. Despite the lower oxygen demands, the generation of FR during anaerobic
exercise is possible through other mechanisms: (a)
the xanthine oxidase pathway, (b) respiratory burst
of neutrophils, (c) catecholamine auto-oxidation, (d)
local muscle ischemia, and (e) conversion of the
weak superoxide to the strong hydroxyl radical by
lactic acid [25,28,29].
Regular aerobic or anaerobic exercises are
proved to strengthen the antioxidant defense system
and decrease oxidative stress damage [11,15]. Despite this protective effect of exercise, the net effects
of it on smoking-induced oxidative stress damage are
not clear. However, the findings of this study show
that intense anaerobic exercises caused oxidative
damage in nonsmokers as much as in smokers.
VO2max values in this study were recorded as 41.13 ±
5 (mL.kg-1.min-1) for smokers and 42.07 ± 5 (mL. kg1
.min-1) for nonsmokers, and these values were lower
than the VO2max values of individuals who followed
a formal exercise program regularly [18]. In conclusion, an inactive lifestyle might cause as much oxidative stress damage as the damage caused by smoking after forced anaerobic exercises, even if the individual is a nonsmoker. However, lack of information
about passive smoke exposure in a social environment is one of the limitations of the current study. In
addition, in the present study, the oxidative stress
was evaluated only with the 8-OHdG (an indirect
marker of DNA damage), and not with other oxidative stress indices. This factor unfortunately limits
our discussion in terms of explaining the effect of intense anaerobic exercise on oxidative stress in smokers.
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important contribution in the development of
cancer. Barley grass contains 3000 enzymes that are
used by the body [2]. Furthermore, BG is promoted
as a source of antioxidants, the most important
being superoxide dismutase (SOD), catalase (CAT),
vitamin E, vitamin C, and carotenoids [3].
Aminoglycoside antibiotics are frequently
used in the treatment of severe infections of urinary
tract [4]. Gentamicin (GM) is used to be an important aminoglycoside antibiotic against life
threatening gram negative bacterial infections [5].
However, nephrotoxicity and ototoxicity is major
side effect after long terapy and high dose clinical
use for 10±15% of all cases of acute renal failure
[6].
There is a remarkable balance between antioxidants and oxidants in a healthy body. Health problems occur due to a rise of free radicals or fall of
antioxidants.Total antioxidant status (TAS) and
total oxidant status (TOS) measurement is the most
practical, economic and rapid practice that detects
oxidant and antioxidant amounts [7;8]. It is commonly recognised that reactive oxygen species
(ROS) are involved in a variety of physiological
and pathological processes. ROS production can
induce DNA damage, leading to a variety of chronic health problems, such as cancer, aging, chronic
inflammation [9]. And today, 8-hydroxydeoxygu
anosine (8OHdG) is regarded as an indicator of
oxidative DNA damage [10].
Nowadays, it is a well-known that oxidative
stres plays an important role in the pathophysiogenesis of kidney deases. The kidney is an organ highly
vulnerable to damage caused by ROS [11].
In recent years, although many studies are
available the changes in the lipid peroxidation,
antioxidant enzyme activities in barley seed and its
different extracts such as metanol, etanol, phenol, in
vivo [12] and in vitro [1] there is limited information about whether any effect of barley grass on
the urea, creatinine, TAS, TOS, DNA damage and
renal histolojical examination in rat with nefrotoxicity. Therefore, in the present study, we have investigated effect of BG levels of urea, creatinine, TAS,
TOS, DNA damage and renal histolojical changes
in rat with with renal failure.

ABSTRACT
This study was aimed to search the effect of
barley grass (BG) on the Total Antioxidant (TAS)Oxidant Status (TOS) and DNA damage (8OHdG)
in rat with renal failure. The rats which are used in
the study were randomly divided into 4 groups that
each of has 8 rats: Control (C) group; injected i.p.
with physiological saline once a day for 7 days, GM
group; Gentamicin (80 mg/kg/day) was injected i.p.
for 7 days, BG group; was given oral BG (250
mg/kg/day) for 4 weeks, GM+BG group was injected gentamicin (80 mg/kg/day) with i.p. for 7 days
and BG (250 mg/kg/day) was given by oral for 4
weeks. After from the process of experiment for 4
weeks, blood sample and kidney tissue were taken.
The analyses of urea and creatinine were done by
autoanalyser; TAS, TOS levels by colorimetric kits;
8OHdG level by ELISA kits in serum. The kidney
tissues were examined histologically. In the
GM+BG group was statistically decreased levels of
urea, creatinine, TOS (p<0.05) and OSI (p<0.01)
compared to GM group. In the group of BG was
determined the levels of TAS p<0.05 statistically
increased other groups. The statistical significance
was not found in the level of serum 8OHdG differences between the groups. BG decreased widespread damage to the renal glomerulus and proximal tubulus. As a result, adverse effects of highdose gentamicin application such as kidney damage
can be reduced when used barley grass.
KEYWORDS:
barley grass, DNA damage, gentamicin, kidney, TAS,
TOS.

INTRODUCTION
Barley (Hordeum vulgare L.), one of the
ZRUOG¶V PRVW H[WHQVLYHO\ FXOWLYDWHG FURSV LV Uegarded as salt tolerant compared with other Triticeae members [1]. Barley grass (BG) is the new
sprouts of barley and contain a wide range of nutrients and plant hormones. BG because of its alkaline
content is reduces the intense acidity which is an
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MATERIALS AND METHODS

TAS.

Study groups. A total of 32 Wistar albino rats
weighing between 200 and 250 g, were used in a
climate-controlled animal care facility, with a 12 h
light/dark cycle. The animals were given with
standard rat chow and water, ad libitum. All animal
handling procedures were approved by the local
ethics committee of Yuzuncu Yil University, Van,
Turkey (YYUHADEK: 2015-08)
They were randomized four groups, each containing 8 rats, as follows: Control (C) group was
injected physiological saline with i.p. for 7 days;
Gentamicin (GM) group, Gentamicin (80
mg/kg/day, Genta 80 mg) was injected with i.p. for
7 days; Barley Grass (BG) group was given BG
(250 mg/kg/day, Now Foods, Organic Barley Grass
500 mg, USA) with orally for 4 weeks; GM+BG
group gentamicin (80 mg/kg/day) was injected with
i.p. for 7 days and BG (250 mg/kg/day) was given
with orally for 4 weeks.

Histological analysis. Kidney tissues taken
from rats of all the groups were fixed in 10% buffered formaldehyde for 24 hours to histopathological
examinations were blocked by the paraplastl after
routine tissue processing and serially sectioned
ZHUHWDNHQDWȝPWKLFNQHVV7KHJHQHUDOstructures
of the organs were examined with painted CrossPDQ¶VPRGLILHG0DOORU\WULSOHVWDLQ[13].

Sample collection. At the end of four weeks,
blood and kidney samples were collected from all
the rats and sacrificed by anesthetizing with 70
mg/kg of ketamine HCl (Ketalar, Pfizer) and
xylasine HCl (Rompun, Bayer) 10 mg/kg i.p. injection.
Blood samples were taken from hearts with
sterile injector and placed into tubes with coagulated. The bloods were separated into serum by centrifugation at 1800 g (3000 RPM) for 10 min. Serum was stored (-20 °C) until the analysis. The
kidneys were dissected out and preserved in 10 %
formalin for the histological study.

Serum Findings. The mean levels of serum
urea, creatinine, TAS-TOS-OSI and 8OHdG of all
groups are shown in table 1. According to the table
1 the mean levels of serum of urea, kreatinin, TOS
(p<0.05) and OSI (p<0.01) in GM group were determinated significantly higher than other groups.
Gentamicin increased the levels of urea, creatinine,
TOS-OSI but decreased the levels of TAS compared to control gropus. And these values in
GM+BG group were smiliar to control group. BG
supplement provided marked protective effect and
improvement on these parameters. Furthermore, the
mean TAS value in BG group was statistically
significant for increases compared with other
groups (p<0.05). However, there was no difference
the mean levels of serum 8OHdG among the other
groups.

Statistical analysis. All data were analyzed
using the Kruskal-Wallis test. Dunn test was performed to determine the different groups. Statistics
Calculator taken as 5 % level of significance and
SPSS statistical software 16.0 for Windows was
used for the calculations. The data was given as
means±stantard deviation (SD).

RESULTS

Serum analysis The serum urea and creatinine were measured by autoanalizor (Modular PP,
Roche). The oxidative DNA damage 8- hydroxy-2'deoxyguanosine (8OHdG) levels were analysis by
ELISA kit (Enzo life sciences, USA); TAS, TOS
values using a novel automated measurement method developed by Erel [7;8] by colorimetric kits (Rel
Assay, Türkiye) in serum. The oxidative stress
index (OSI) was calculated with the ratio of TOS to

Histolojical assessment. The score table was
prepared to assess histological changes. According
zero (0) =no cell damage; 1=small tubular damage
(25% of affected tubulus); 2= middle tubular damage (50 % of affected tubulus); 3= intensive

TABLE 1
The values of serum urea, creatinine, TAS-TOS-OSI. 8OHdG in all groups.

8OHdG (ng/mL)
TAS (mmol Trolox
Equiv/L)
TOS ȝPRO +2
Equiv/L)
OSI
(Arbitrary
Unit)
Urea (mg/dL)
Creatinine (mg/dL)

C group
Mean ± SD
11.43±5.14
0.54±0.15b

BG group
Mean ± SD
13.54±4.26
0.94±0.17a

GM group
Mean ± SD
17.3±4.57
0.38±0.15b

GM+BG group
Mean ± SD
15.56±5.19
0.62±0.16b

P value

0.05

5.38±1.42b

4.43±1.51b

9.21±2.26a

6.42±1.78b

0.05

0.99±0.31b

0.47±0.15c

2.42±0.78a

1.04±0.65b

0.01

31.85±3.75c
0.50±0.05b

34.53±4.15c
0.53±0.04b

65.24±4.98a
0.76±0.07a

45.57±2.99b
0.57±0.06b

0.05
0.05

a,b,c: in the same line values with different letters show statistically significant differences.
C: Control, BG: Barley grass, GM: Genatmisin, 8OHdG (8- hydroxy-2'-deoxyguanosine), TAS - Total antioxidant status;
TOS - total oxidant status; OSI -oxidative stress index
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TABLE 2
The scores of histological grade tubular damage in rats (n=8)
Group
0 degree
1 degree
2 degree
0
0
8
Control (C)
0
0
8
Barley Grass (BG)
5
3
0
Gentamicin (GM)
2
3
3
Gentamicin+Barley Grass (GM+BG)

3 degree
0
0
0
0

FIGURE 1
Photomicrograph of tubules proximalis and glomerulus of rat kidney section (A, B, C, D, Scala Bar 50
μm). A-Control Group: Tubules proximalis and glomerulus are normal. B-Barley Grass Group: Tubules
proximalis and glomerulus are normal for rat applied barley grass (250 mg/kg) only. C-Gentamicin
Group: Tubules proximalis damage eand glomerulus dejenerayon are showing for rat applied with
gentamicin (80 mg/kg). D- Gentamicin + Barley Grass Group are similiar to the control goup.

tubular damage (75 % of affected tubulus) (14).
According to the histological score table were
determined 37.5% 1st degree and 62.5 % 2nd degree of the rats in the GM group with kidney damage. Indeed, 37.5% of rats is similar to rats in control group, the other 37.5% 1st degree and 25% 2nd
degree were showed of kidney damage in GM+BG
group.
Histological changes in the kidney of rats were
determined by comparing with the control group.
The degenerative structure and any damage were
not showed in the C group and BG group (Fig 1- A,
B). The proximal tubule damage, structural changes, degeneresyon and expands in lumen of in cells
of forming the wall of the tubular and abnormalities
in the structure of glomerulus were determined in
the GM group. (Fig 1 ±C). The kidneys in groups of

GM + BG were showed to be healing. The regeneration and recovery of the proximal tubule some rats
in the GM+BG group was determined to be close in
the control group. Furthermore, tubular epithelial
cells and lumen impairments was shown to improve
(Fig. 1 -D).

DISCUSSION
Gentamicin is the aminoglycoside antibiotic to
be an important agent against life threatening gram
negative infections [15], it may be applied single
doze intravenous, intramuscular and subcutaneous
in animals [16]. However, high dose gentamicin
application is a major complication for nephrotoxicity [15]. It is known that the applications of gen-
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tamicin 70-100 mg/kg/day for 7 days could nephrotoxicity and decline in glomerular filtration rate
and increase in serum creatinine [17; 18] and urea
[15; 19]. The present study indicates that high gentamicin application significantly increase in levels
of serum creatinine, urea according to control
group. However, these values in the GM+BG group
were significantly lower than in the GM group
S 6R%*VXSSOHPHQWFRXOGGHFUHDVHOHYHOV
of serum urea and creatinine in rat with nephrotoxicity.
Reactive oxygen species (ROS) including hydroxyl radical have been implicated in the aetiology
of gentamicin nephrotoxicity [20; 21; 22; 23]. In
this case, ROS activity may increase and reduce the
activity of antioxidant enzymes [22; 24; 25]. Free
radicals can lead to loss of membrane integrity and
genetic mutation [26].
In the recent years increasing interest has been
observed in the role of free radicals and oxidative
damage in a variety of high dose gentamicin application. In theese studies were evaluated
antioxidants separately and it was determined decreases the activities of catalase (CAT), gutathione
peroxidase (GSHPx), the level of glutathione
(GSH) [27; 28; 29] and glutathione reductase (GR),
TAS (15); but increase lipid peroxidation MDA
[27; 29]. However, there was no difference in SOD
activity in gentamicin nephrotoxicity rats [25; 29].
Some antioxidants can protective of this toxicity [30]. Endogenous antioxidants can partial
protect the body against reactive oxygen species, so
it is necessary to take extra antioxidants from the
outside. Some plants has excess antioxidant enzymes [31]. There are growing interests in barley
products due to their high content of phenolic compounds such as phenolic acids, proanthocyanidins,
tannins, flavonols, chalcones, flavones, and amino
phenolic compounds [32].
There are some studies which decrease of oxidants such as MDA and increase of antioxidants
such as GSH, GSH -Px, SOD, CAT of barley grass
extract [12;33;34]. But according to our knowledge,
there are no published reports effect of barley grass
on serum oxidative stress parameters such as TASTOS, OSI DNA damage and renal histological
examination in rats with nefrotoxicity. Thus our
results provide the first data about the effects of BG
supplementation on serum TAS-TOS, OSI DNA
damage and renal histological examination in rats
with nefrotoxicity.
In this study the levels of serum 726 S 
DQG 26, S  ZHUH significantly decreased
ZKLOHWKHOHYHORIVHUXP7$6 S ZDV significantly increased in BG and GM+BG groups compared to the control. There was no difference the
level of serum 8OHdG among the groups, but it
was higher in GM group than other groups.
Indeed, oxidative DNA damage at low levels
can effectively repaire with minimal risk of error
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[35]. The H2O2, such as O2, does not directly
damage in DNA. To be effective on DNA of OH
UDGLFDOV PXVWEH IRUPHGLQ '1$RULW¶V very close
[36].
Gentamicin accumulates in the proximal renal
tubular and leads to membrane damage or renal
toxicity [19]. In another studies on renal histological examination reported that gentamicin causes
especially varying degree of damage and damage in
proximal tubules [15; 29; 37], decrease in glomerular filtration [18]. In this study proximal tubule
necrosis, structural changes, degeneresyon and
expands in lumen of in cells of forming the wall of
the tubular and abnormalities in the structure of
glomerulus were determined in the (GM) group
while were displaying to be healing kidneys of rats
in GM+BG group.

CONCLUSIONS
In the present study renal damage produced by
gentamicin was confirmed by histological examination of the kidneys. BG decreased widespread damage to the renal glomerulus and proximal tubulus.
As a result we have tested that BG may reduce
levels of serum urea, creatinine, TOS and OSI
while increases TAS in rat with gentamicin nefrotoxicity. BG is also protective to renal glomerular and tubular damage. So we think that adverse
effects of high-dose gentamicin application such as
kidney damage can be reduced when used barley
grass.
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munotoxic both in invertebrates and vertebrates. Mitochondria and membrane functions seem to be a
preferred target of these lipophilic pollutants. The inhibition of key membrane-bound enzyme complexes
such as Na, K-ATPases, accompanied by perturbation of hydromineral balance, membrane potential
and bioenergetics, has been reported [5]. OTCs
could be included in other biological routes occurring in cells, specifically in peroxide oxidation of lipids. The latter process is very important from the
viewpoint of physiology, and it follows a radical
chain mechanism. Acceleration of peroxide oxidation of lipids in cells leads to accumulation of hydroperoxides, degeneration of cell membranes, and
various pathologies in organisms [6].
Reactive oxygen species (ROS), such as superoxide anion radicals, hydrogen peroxide, and hydroxyl radicals, are continuously formed in oxygenconsuming organisms. Exposure to xenobiotics or
toxic chemical pollutants may produce an imbalance
between these endogenous and exogenous ROS and
can subsequently induce a decrease in antioxidant
defenses or cause oxidative damage outright in organisms [7]. Defence systems that tend to inhibit
ROS formation include the antioxidant enzymes
such as catalase (CAT; EC 1.11.1.6), superoxide dismutase (SOD; EC 1.15.1.1) [8]. Lipid peroxidation
(LPO) has also been used as a bioindicator of oxidative damage in aquatic organisms exposed in polluted environmental conditions. LPO can be increased in the tissues of fish, as indicated by an increased production of malondialdehyde (MDA). The
most widely used test for oxidative stress is the
measurement of MDA, a product of lipid peroxidation, by the thiobarbituric acid (TBA)-reacting substances assay [7].
Fish have been widely used as models to evaluate the health of aquatic ecosystems in toxicologic
pathology [9]. In the present study, Cyprinus carpio
was chosen as an experiment model, because of its
wide availability and suitability for toxicity testing.
We have studied the effects of sublethal concentrations of FBTO (0.15 and 0.30 mg/L) for 96 hours on
oxidative stress biomarkers in muscle, liver, kidney
and brain tissues of C. carpio.

ABSTRACT
In this study, effects of sublethal concentrations
of fenbutatin oxide on catalase (CAT) and superoxide dismutase (SOD) activities and lipid peroxidation in muscle, liver, kidney and brain tissues of Cyprinus carpio were investigated. The 96-hours LC50
value for fenbutatin oxide was determined as 1.544
mg/L for C. carpio in this study. 0.15 mg/L (1/10 of
LC50) and 0.30 mg/L (1/5 of LC50) sublethal concentrations were applied for 96 h (4 days) in this experiment. The CAT activities in tissues were increased
relation to doses applied. The SOD activities were
decreased by 0.30 mg/ L. The tissue MDA levels
were significantly increased in relation to dose applied.

KEYWORDS:
Cyprinus carpio, fenbutatin oxide, oxidative stress, lipid
peroxidation.

INTRODUCTION
Fenbutatin oxide, (bis[tris(2-methyl-2-phenylpropyl)tin] oxide; FBTO) is an organotin acaricide with the molecular formula C60H78OSn2. FBTO
is very toxic to fish and accumulates in tissues, and
it is also very toxic to aquatic organisms [1]. The accumulation and eco-toxicological effects of organotins along the food chain requires a whole classification of organotin levels tissue of organisms of
lower and higher trophic stages [2].
Organotin compounds (OTCs) are one of the
most widely used organometallic compounds. Over
the last several decades, they have been utilized for
a variety of industrial and agricultural applications
including pesticides, fungicides and anti-fouling
agents [3]. They are composed of an atom of tin that
is covalently bonded to one or more organic chains
and another functional group, such as chloride, oxide, or hydroxide, which are represented by methyl,
butyl, octyl, and phenyltin groups [4]. OTCs are im-
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ºC, and supernatant was used for biochemical analyses.

MATERIALS AND METHODS
Chemicals. Fenbutatin oxide, (bis[tris(2-methyl-2-phenylpropyl)tin] oxide) was purchased as
the Pestanal grade chemical (Sigma-Aldrich). The
chemicals used for enzyme activity measurements
were purchased from Sigma-Aldrich.

Enzyme Assays. The CAT activities of liver
tissues were determined according to the method of
Aebi [10]. The enzymatic decomposition of H2O2
was followed directly by the decrease in absorbance
at 240 nm. The difference in absorbance per unit
time was used as a measure of CAT activity. The enzyme activities are given in U/mg protein.
The SOD activity was measured by the inhibition of nitroblue tetrazolium (NBT) reduction due to
O2 generated by the xanthine/xanthine oxidase system [11]. One unit of SOD activity was defined as
the amount of protein causing 50% inhibition of the
NBT reduction rate. The reduction in NBT by superoxide anion to blue formazan was measured at 560
nm. The enzyme activities are given in U/mg protein.

Toxicity test. For the toxicity tests, groups containing 10 fish were placed into glass aquarium. Fish
were starved 2 days before the beginning of the experiments. Fish were divided into control and test
groups. Different concentrations of FBTO were applied (0.05, 0.10, 0.50, 1.00, 1.50, 2.00 mg/L). During the 96-h experiment, the water was aerated continuously. Each test solution was renewed daily. The
dead fish were removed and recorded. At the end of
the experiment, median lethal concentrations (LC50)
were determined for 96-h. The LC50 values were calculated by probit analysis using SPSS Version 15.0
software. The 96-h LC50 value for C. carpio was determined as 1.544 mg/L for in this study.

Measurement of MDA levels. The levels of
MDA homogenized tissue, as an index of LPO, were
determined by TBA reaction using the method of
Yagi [12]. Malondialdehyde and other aldehydes
when boiled with thiobarbituric acid at acid pH give
a pink-colored product that can be assayed spectrophotometrically. Briefly, a 50 μL of tissue homogenate was mixed with 750 μL of TBARS reagent. The
mixture was incubated for 30 min in a boiling water
bath. After cooling, the mixture was centrifuged at
3,500 rpm for 15 min. Absorption was measured at
532 nm, and the values are expressed as nanomoles
of MDA/mg protein.

Test animals and treatment. Cyprinus carpio
(mean weight: 19.00±0.90 g; mean length 9.90±0.30
cm) were obtained from Mersin University, Fisheries Faculty, Aquaculture Department and transferred
to laboratory to where the temperature was kept at
23±2°C (12:12 L:D). Throughout the experiments,
dechlorinated tap water with pH value of 7.85, an alkalinity of 326 mg/L CaCO3, and oxygen concentration of 6.70 mg/L was used. The fish were allowed
to acclimatize to these conditions for 2 weeks. The
fish were fed at a rate of 2% body weight/day with a
commercial pellet diet (Camli-Yem, Izmir-Turkey)
during the acclimation period. Experiments were
conducted in glass aquaria containing 100 L test solution. Fish were exposed to 0.15 (1/10 of LC50) and
0.30 (1/5 of LC50) mg/L sublethal concentrations of
fenbutatin oxide for 96 h (4 days). Stock solution
was prepared by fenbutatin and diluting it in acetone
to give the dosing concentrations. The water was refreshed every 2 days to compensate for the pesticide
lost in the exposure medium.
Twenty-four fish were divided into three experimental groups (n: 8 in each group), as follows: Control (Cont) group; Treatment1 (T1) group (0.15
mg/L FBTO) and Treatment2 (T2) group (0.30 mg/L
FBTO). The control group was exposed to acetone
at the highest concentration of stock solution used in
the fenbutatin oxide-exposed groups (the absence of
insecticide). At the end of exposure period, eight fish
were removed from each tank, and killed by transaction of the spinal cord. The muscle, liver, kidney and
brain tissues of both control and treated fish were
dissected. Tissues were homogenized to 1/5 (w/v) ratio in physiological saline solution (0.8 % NaCl)
with homogenizer and then centrifuged at 13.500
rpm for 10 min in a Sigma 2-16K centrifuge at +4

Protein determination. The tissue protein
contents were measured only to determine the specific activity of antioxidant enzymes according to the
method developed by Lowry et al. [13] using bovine
serum albumin as standard. Absorbance of samples
were measured at 750 nm wavelength by spectrophotometer.
Statistical analysis. The LC50 values were calculated by probit analysis using SPSS Version 24.0
software (SPSS Inc., USA). Data were presented as
mean±standard error of the mean (SEM) and analyzed by one-way analysis of variance (ANOVA).
The significant means were compared by Duncan's
multiple range tests at p<0.05.

RESULTS
Toxicity Assay. In the present study, different
concentrations of FBTO were administrated to C.
carpio. The mortality rates of fish were calculated as
a percentage after 96 hours of insecticide treatment.
The mortality of C. carpio increased depending on
the dose of fenbutatin oxide. The data were obtained
from the toxicity test was evaluated using the Probit
Analysis Method. The LC50 96 h value for C. carpio
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respectively, in liver, kidney and brain tissues compared to control.
The SOD activities in tissues of fish were
shown in Fig. 2. FBTO did not make any significant
changes in muscle tissue SOD activities compared to
control. 0.30 mg/L concentration of FBO caused a
significant inhibition (P<0.05) by 28% and 16% respectively, in liver and brain tissues compared to
control. The SOD activity in kidney was increased
(26%) by 0.30 mg/L.

was found to be 1.544. 95% confidence limits were
between 1.331-1.806 mg/L (Table 1).
Biochemical Assay. The CAT activities in tissues of fish were given in Fig. 1. FBTO did not make
any significant changes in muscle tissue enzyme activity compared to control. The CAT activity of liver
and brain were significantly increased (P<0.05) by
0.15 and 0.30 mg/L concentrations of FBTO, but, in
kidney tissue were significantly increased (P<0.05)
by 0.30 mg/L. 0.30 mg/L concentration caused a significant elevation by 46%, 34% and 44% (P<0.05),

TABLE 1
96 hours toxicity results of the fenbutatin oxide bioassay on C. carpio
(LC: Lethal concentration; SE: Standart Error)
Points of Lethal Concentration
LC 1.00
LC 5.00
LC 10.00
LC 30.00
LC 50.00
LC.80.00
LC.90.00
LC 99.00

Concentration (mg/L)
0.579
0.771
0.899
1.238
1.544
2.203
2.653
4.123

Cont
300

95% Confidences Limits (mg/L)
0.325-0.768
0.505-0.959
0.637-1.083
1.010-1.428
1.331-1.806
1.873-2.915
2.181-3.843
3.006-7.565

T1

Intercept±SE
1.030± 0.249

T2
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FIGURE 1
CAT activities in tissues of C. carpio exposed to sublethal concentrations of FBTO; 0.15 mg/L (T1) and
0.30 mg/L (T2). Each value is the mean ± standard error (n = 8). Multiple comparisons were made
separately for each tissue and means with different superscript in tissues are significantly different
(P< 0.05).
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FIGURE 2
SOD activities in tissues of C. carpio exposed to sublethal concentrations of FBTO; 0.15 mg/L and 0.30
mg/L. Each value is the mean ± standard error (n = 8). Multiple comparisons were made separately for
each tissue and means with different superscript in tissues are significantly different (P< 0.05).
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FIGURE 3
MDA levels in tissues of C. carpio exposed to sublethal concentrations of FBTO; 0.15 mg/L (T1) and
0.30 mg/L (T2). Each value is the mean ± standard error (n = 8). Multiple comparisons were made
separately for each tissue and means with different superscript in tissues are significantly different
(P< 0.05).
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Compared with the control, a significant lower CAT
activity was observed in fish exposed to higher concentrations [22]. Researchers have explained that the
same chemical having opposite effects may be related to the differences of fish species, exposure condition and concentrations of TBT [18]. The toxicity
level of OTCs may be related to its concentration,
the timing of exposure, bioavailability, and sensitivity of the biota, as well as to the persistence of various compounds in the environment [4].
Similar results have also been reported in other
fish species exposed to different pesticides. Zhang et
al. [23] observed that CAT activity in the liver of C.
auratus were increased although SOD activity was
inhibited gradually with 2,4-dichlorophenol concentration increasing. Thomaz et al. [24] reported that
CAT activity was increased and SOD activity was
decreased in liver of O. niloticus exposed to the insecticide trichlorfon for 96 h. Lushchak et al. [25]
found that the activity of CAT in liver and kidney of
C. auratus was elevated by exposure to glyphosate.
Exposure to methyl parathion resulted in a significant induction of CAT activity in Brycon cephalus
liver [26]. Özkan et al. [27] reported that an increase
in CAT activity following 96 h of toxicity by
chlorpyrifos concentrations but a decrease SOD activity of liver tissue in O. niloticus. CAT and SOD
enzymes have related functions. SOD catalyzes the
dismutation of the superoxide anion radical to H2O
and H2O2, which is detoxified by both CAT and
GSH-Px activities. Due to the inhibitory effects on
ROS formation, the SOD±CAT system provides the
first defense line against oxygen toxicity and usually
used as an indirect biomarker indicating ROS production [8, 28]. An increase in CAT enzyme activity
is probably a response toward increased ROS generation in pesticide toxicity [26]. Usually, an induction
of tissue SOD activities was observed when exposed
to organic pollutant [29]; however, the excess production of superoxide radicals or after their transformation to H2O2 causes an oxidation of the cysteine
in the enzyme and deactivates SOD [20]. The decreased antioxidant enzymes result in increased oxidative stress, an indication of impaired antioxidant
defense mechanism due to excessive generation of
free radicals generated by pesticide [31]. The toxicity of FBTO in present study may be caused by the
unbalance between free radicals and antioxidants,
which might have resulted in inhibition of SOD activity.
The activity of the antioxidant enzymes could
be increased or inhibited by xenobiotic exposure depending on the intensity and the duration of the stress
applied, as well as the susceptibility of the exposed
species. It is not a general rule that an increase in xenobiotic concentrations induces antioxidant activity
[32]. Antioxidant enzymes also show tissue-specific
differences in activities that reflect the functions of
the tissues and the oxidative stress load that they ex-

The levels of MDA in tissues were given in Fig.
3. The MDA levels of tissues (except muscle) were
significantly increased (P<0.05) by both of concentrations of insecticide. 0.30 mg/L concentration of
FBTO caused a significant elevation by 73%, 61%
and 70% respectively, in liver, kidney and brain tissues compared to control.

DISCUSSION
Fenbutatin oxide is one of the toxic insecticide
for fish. The 48-h LC50 values of FBTO for fish have
EHHQGHWHUPLQHGWREHȝg/L for rainbow trout,
ȝJ/IRUP\VLGVKULPS [1]. There is no data about
LC50 values of this pesticide for C. carpio in previous studies. The 96-h LC50 value for FBTO was determined as 1.544 mg/L for C. carpio in this study.
The different sensitivity of fish may be due to differences of sensitivity of enzymes activation [14] and
species, strain, age, and sex of the animal, the dose
and route of exposure, and the effect of various environmental, nutritional and physiological factors
[15]. As a result of the ecological risk assessment for
the 1994 Reregistration Eligibility Decision (RED),
the agricultural use of FBTO was classified as restricted use due to high acute toxicity to aquatic organisms [16].
The antioxidant system responses constitute
important sensors in connecting the pollutant effects
and the metabolic alteration in aquatic organisms
[17]. In general, the measurement of enzyme activities can provide an indication of the antioxidant status of fish and can also serve as biomarkers of oxidative stress [8]. In the present study, we observed
an increase in CAT activities of liver, kidney and
brain tissues following 96 h of toxicity by FBTO
concentrations. SOD activities were decreased in
liver and brain tissues but increased in kidney. There
is no data on the effects of FBTO on antioxidant defence systems in fish. Also, there are limited data on
the toxicity of OTCs in fish. Zhang et al. [18] showed
that with an increase in tributyltin (TBT: one of the
organotin) dose, the activities of total SOD, CAT and
glutathione peroxidase (GSH-Px) in liver of Danio
rerio were significantly decreased compared to the
control. Conversely, Wang et al. [19] reported that
hepatic SOD and CAT activities were significantly
induced when Sebastiscus marmoratus were exposed to TBT for 4 days. Wang et al. [20] showed
that GST activity was induced by the lower doses of
TBT, while it tended to be inhibited by the higher
doses of TBT. Al-Ghais and Ali [21] showed that organotin compounds (tributyltin :TBT, triphenyltin;
TPT, and dibutyltin; DBT) inhibited Glutathion-STransferase (GST) activities of liver and kidney in
Siganus canaliculatus and Sparus sarba. SOD activities in brain of C. carpio were slightly increased in
lower concentration group and significantly decreased in the highest concentration of the TBT [22].
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perience [25]. In the present work, the studied enzymes responded in a different level in liver, kidney
and brain tissues. The response of antioxidant system to oxidative stress in various tissues shows differences from one species to another due to the differences in free radical generation and different antioxidant potential of these tissues.
In this study, lipid peroxidation end product
MDA were significantly elevated in liver, kidney
and brain tissues of C. carpio exposed to FBTO compared with control group. Previous investigations
have reported on the induction of LPO in the tissues
by different OTCs. Li et al. [22] reported that a significant evaluation in MDA level in brain of C. carpio exposed to TBT when compared with the control. Wang et al. [20] found Sebastiscus marmoratus
exposed to TBT for up to 7 days showed a rise in
liver MDA level. MDA content was significantly increased with TBT exposure in liver of D. rerio [18].
Earlier investigations have reported on the induction
of LPO in the tissues by different pesticides OzkanYilmaz et al. [33] found that MDA levels were increased in the liver of methidathion-treated in O. niloticus. Hai et al. [34] reported that level of LPO was
elevated in liver and brain of catfish (Ictalurus nebulosus) exposed to dichlorvos. Lipid peroxidation is
the reaction of oxidative deterioration of membrane
polyunsaturated fatty acids (PUFA). Fish tissues are
characterized by high concentration of PUFA and
may therefore be susceptible to lipid peroxidation
[35]. Pesticide exposure could produce free radicals,
which resulted in the increase in lipid peroxidation.
The increase in lipid peroxidation may be attributed
to alterations in the antioxidant defense system [36].
An increase in the MDA levels of tissues might be
induced by the possible involvement of ROS in
FBTO induced toxicity. In the present work, elevation of the MDA contents may be due to the fact that
when the amount of ROS and other radicals exceeds
the capacity of antioxidant enzymes. Excess production of radicals may increase in ROS level, while a
rise in ROS may increase lipid peroxidation, as
measured by MDA intensity [18]. Our results
showed that the capacity of FBTO to produce lipid
peroxidation.
In the present work, antioxidant enzymes responded in a different level in muscle, liver, kidney
and brain tissues. The response of antioxidant system to oxidative stress in various tissues shows differences from one species to another due to the differences in free radical generation and different antioxidant potential of these tissues [37]. In this study,
liver tissue was found to be more sensitive than other
tissues. In the previous studies, it was found that
liver was a more sensitive target organ to OTCs oxidative damage than kidney and muscle [38]. Also, it
has been reported that organotin compounds accumulation at higher levels in liver than in most other
organs [2, 39].
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CONCLUSION
Fenbutatin oxide exposure can induce significant changes in activities CAT, SOD and MDA levels in the tissues of the C. carpio. The increasing
doses are essential factors when evaluating oxidative
stress responses caused by sublethal concentrations
of FBTO in liver, kidney and brain tissues of fish.
Compared to liver, muscle, kidney and brain was
more sensitive to the oxidative damage.
The aquatic environment is contaminated by a
number of foreign chemical. Fish antioxidant responses are very sensitive to environmental contamination. These are used as a biological indicator of
aquatic environmental health. There is limited available data on OTCs toxicity in animals. For this reason, more detailed research is needed to explain the
mechanism.
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EVALUATION OF TURKISH MINE WASTE MANAGEMENT
POLICY WITH RESPECT TO MARINE POLLUTION
Esin Esen*
SRK Consulting Turan Gunes Bulvari No: 86/3, 06550 Yildiz, Ankara Turkey

ABSTRACT
Large volumes of wastes are produced by the
mining activities and mine waste management is one
of the most important environmental issues which directly affect the feasibility of the mine related to permitting. The slurries or waste materials left over after
mineral is extracted from ore via physico-chemical
processing are called tailings which must be safely
disposed to prevent the release of contaminates into
the environment. Tailings are generally stored onland surface impoundments; can be used in backfilling the voids in exhausted underground mines and/or
transferred through pipes and disposed to a watercourse under the water level subaqueously. In deep
sea tailings placement (DSTP) method, the tailings
are disposed to deep sea zones far from the shore.
The environmental legislations are improving, forcing the mining industry to take strict measures regarding tailings management. The Turkish Regulation on Mining Wastes have been published in 2015
and is going to be in force by July 15, 2017 where
DSTP is adressed as a possibility for non-hazardous
wastes disposed to anoxic layer of Black Sea. This
manuscript aims to provide guidance on the environmental permitting of DSTP practices as an option in
7XUNH\¶V/HJLVODWLRQ

FIGURE 1
General Flow Scheme for Mining [8]
Tailings may contain suspended solid particles
consisting of economically worthless minerals and a
small amount of valuable minerals, dissolved solids,
metal ions, chemical reactives and reaction products
[9]. The heavy metals, which are important in terms
of environmental pollution, contained in tailings are
listed as: Boron (B), Cadmium (Cd), Chromium
(Cr), Berilium (Be), Antimony (Sb), Silver (Ag), Arsenic (As), Lead (Pb), Mercury (Hg), Manganese
(Mn), Nickel (Ni), Selenium (Se), Titanium (T), Uranium (U), Vanadium (V), Zinc (Zn) and Aluminum
(AI) and other environmental problems encountered
are the Metal Leach (ML) and Acid Rock Drainage
(ARD) [9, 10, 11].
The disposal methods of tailings vary on the basis of cost, environmental factors and structural risks
i.e. failure [1, 3]:
 On-Land disposal: Storage of tailings in
dams and ponds (Tailings Storage Facility - TSF).
 Backfilling in underground mines: Filling
the spaces left after ore extraction in underground
mines with paste fill (dehydrated cement added dry
sludge) ensures both reinforcement and waste disposal simultaneously.
 Discharge to Surface waters: Tailings disposal to the river courses is abandoned due to its environmental impacts on surface water resources [3,
12]. In USA and Canada, the disposals to lakes are
being ceased due to low assimilation capacity in
closed systems. In deep sea tailings placement
(DSTP) method, the tailings are disposed to deep sea

KEYWORDS:
Tailings, Deep Sea Tailings Placement (DSTP), Mine
Waste Management, Marine Pollution.

INTRODUCTION
The extraction of metals and minerals through
mining of geological resources aims to improve the
quality of civilization however, the management of
the residues generated at mining operations, mainly
the tailings and waste-rock remains as the most important environmental issues on permitting [1, 2, 3,
4]. Potential environmental issues associated to mining activities other than wastes are air quality including dustfall [5], water use and quality, hazardous materials, land use and biodiversity, noise and vibrations energy use and visual impacts [6, 7]. Figure 1
shows the typical operations in mining.
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postprocessing tailings slurry of the Lihr Mine on
Niolam Island in Papua New Guinea is deposited annually at depth from a sub-surface pipeline (DSTP)
[14]. The DSTPs are in operation in Norway with
discharges from 300 000 to 4 million tons/year,
where mining tailings have been deposited at 17
fjord- or near-coastal sites in Norway [2].
According to Eurostat statistics, the mining and
quarrying industry produced 671,810,000 tonnes of
waste in 2010, in EU (27 Member States-MS) which
is equivalent to around 30% of the total waste generated in the same countries [15]. The EU (28 MS) produced over 730 million tonnes of mining waste in
2012, where 13.7 million tonnes of it is hazardous
waste contribution [15].
Since tailings generally contain compounds
with sulfide, they must be covered with water or an
appropriate impermeable material in order to prevent
their contact with air and occurrence of ARD and
ML at the stage of mine closure [1, 3]. Among the
important impacts related with the TSF, loss of land
and habitat due to their large footprint areas, impacts
on surface and underground waters and visual impacts can be mentioned. The engineering studies performed in order to ensure the short and long period
stability of civil structures are among the most important issues in TSF planning.

zones far from the shore. It is applied in regions,
where the sea is deep and close to the facility, the
precipitation is high and evaporation is low, and
where the land disposal methods of tailings are risky
due to the stability and seismicity problems.
As of 2012, there have been approximately
3,500 TSFs in the world and until that date, significant failures have been encountered in 138 storage
facilities [12]. The examples are: In 2010, due to the
failure of the embankment in Hungary, 600,000700,000 m3 tailings have spread to the region and
caused the death of 10 people. In 1998, the failure in
the TSF of Los Frailes Mine, Aznalcollar region of
Spain, caused 5-7 Mm3 tailings have flown to Rio
Agrio River and raised the river bed with 3 m and
covered 3,500 ha of agricultural area. In 1985, TSF
failure in Stava, Italy, caused the death of 268 people
[1, 12].
Over the last century the volumes of tailings being generated has grown dramatically as the demand
for minerals and metals has increased and lower
grades of ore are being mined through advances in
extraction and processing technology [13]. Being
different from other industrial wastes, the tailings are
produced in very big amounts. There are individual
mines producing in excess of 200,000 tonnes of tailings per day [13]. Approximately 100,000 ML of

TABLE 1
Applications of DSTP in the World as of 2012 [18]
Water environment of discharge
Basamuk (Astrolabe) Gulf, Bismarck
Sea
Norway fiords

Senunu gulf
Luise port
Pigiput gulf
Black Sea

Mine area
Ramu Nickel and
Yandera mines,
Papua New Guinea
Kirkenes, Kvannevann,
Stjernøya, Hustadmarmor Skaland,
Engebøfjellet, Repparfjorden
Batu Hijau mine,
Indonesia
Lihir mine,
Papua New Guinea
Simberi mine,
Papua New Guinea
dD\HOL%DNÕU7UNL\H

Mine production
nickel-cobalt;
copper- gold
Iron, industrial
minerals, titanium,
copper
Copper ± gold

Newmont Mining, Sumitomo Mining

Gold

Newcrest Mining

Gold

Allied Gold

Copper ± zinc

Cayeli Bakir Isletmeleri A.S.

FIGURE 2
Typical DSTP Structure
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Firm
Metallurgical Construction Corp., Highlands Pacific (Ramu); Marengo Mining
(Yandera)
Northern Iron Ltd., LNS AS, Sibelco Nordic, Omya Group, Nordic Mining, Nussir
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[19]:

The DSTP targets the trapping of tailings at the
bottom of deep sea. The tailings are transported from
the facility to the deep-sea environment through
pipes, and discharged in the deep layer, below picnocline [10, 11, 12, 13, 14, 16, 17]. Typical DSTP
structure is given in Figure 2.
The most important environmental impacts of
DSTP are (i) the loss of benthic habitat on the footprint, where the tailings are stored at the sea bottom,
(ii) the impacts on abundance and diversity of species, and (iii) the risk of bio-accumulation of heavy
metals in the food chain.
As of 2012, there are 11 mines using the DSTP
method in the world (Table 1) and all of them have
obtained the legal permissions from the competent
authorities in host countries. [12, 18]:
 5 mines in Norway,
 1 mine in England,
 1 mine in Turkey,
 1 Mine in Indonesia,
 3 mines in Papua New Ginea.
The historical development of DSTP method,
which has been commenced approximately 40 years
ago in Philippines and Canada shows that the applications performed without mineralogical, geo-chemical and oceanographic characterization, can cause
damage to the environment [11, 12]. Environmental
impact from sea tailings disposal appears the lack of
baseline information on the habitat, environmental
conditions, and associated microbial and faunal components that are affected by the discharges. There is
also a lack of scientific knowledge of the biodiversity patterns and functioning of the marine ecosystems, particularly in the deep-sea, as well as of effects of metals and chemicals on deep-sea biota [3].
Especially due to its advantages such as prevention of ARD risk by the wastes containing sulfite; in
cases of construction of land based TSFs that are not
geo-technically suitable; and prevention of land
losses, DSTP is accepted as an alternative for the
techniques of land disposal systems [1, 3].

x 2009/360/EC completing the technical requirements for waste characterization;
x 2009/359/EC on the Definition of inert
waste in implementation of Article 22 (1)(f),009;
x 2009/337/EC on the Criteria for the classification of waste facilities in accordance with Annex
III;
x 2009/335/EC on the Technical guidelines
for the establishment of the financial guarantee;
x 2009/358/EC on the Harmonization, the
regular transmission of the information and the questionnaire referred to in Articles 22(1) (a) and 18.
Other relevant EU directives are listed as:
x 2012/18/EU On the control of major-accident hazards involving dangerous substances (Seveso III),
x 2010/75/EU On industrial emissions (integrated pollution prevention and control-IPPC),
x 2008/98/ EC on waste and repealing certain
Directives on waste (Waste Framework Directive).
Directive 2004/35/EC on environmental liability with regard to the prevention and remedying of
environmental damage (ELD) came into force in
LQWURGXFLQJWKH³SROOXWHUSD\V´SULQFLSOH>@$
holder of an IPPC or waste licence for mining and
related waste activities in the EU is subject to the
ELD because many mining related activities are
listed in Annex III of it [4].
The EU's waste management approach is based
on the "waste hierarchy" which sets the following
priority order for policy development: prevention
[20, 21], (preparing for) reuse, recycling, recovery
and, as the least preferred option, disposal (which includes landfilling and incineration without energy
recovery) [19].
76)VDUHGLYLGHGLQWRWZRFDWHJRULHVDV³&DWH
goU\$´DQG³1RQ-&DWHJRU\$´LQDFFRUGDQFHZLWK
the risk they have on public health and environment
in EU Waste Legislation. For a tailings facility to be
considered as Category A, (i) the effects of the accidents that may occur in the facility must be at significant levels as the result of the risk assessment; or (ii)
it contains waste classified as hazardous under Directive 91/689/EEC; or (iii) it contains substances or
preparations classified as dangerous under Directives 67/548/EEC or 1999/45/EC.
Additional to the Directive 2006/21/EC, EU environmental legislation includes a Best Available
Techniques (BAT) reference document for the management of tailings and waste-rock in mining ctivities known as BREF (2009). DSTP operations are included within the BREF (2009) [1] suggesting it as
an acceptable method for mining areas where tailings
are likely to generate ARD. As a BAT example, Hustadmarmor Calcium Carbonate Mine in Norway is
presented where the driving force is the lack of space
for tailings deposition on land.
:RUOG%DQN¶V,)&JUDQWVORDQVIRUSULYDWHVHF
tor projects and requires Environmental and Social

MATERIALS AND METHOD
Assessment of International Legislation on
DSTP. The evaluation of international legislation is
based on the performance criteria published by
:RUOG %DQN¶V ,QWHUQDWLRQDO )LQDQFH &RUSRUDWLRQ
(IFC) [6, 7] and the European Union (EU) directives
[19] within the framework of harmonization works
in the membership process of Turkey. Besides, there
are international agreements and protocols signed for
the protection of seas surrounding Turkey.
Mining Wastes. EU mining waste management includes one directive (Directive 2006/21/EC
on the management of waste from extractive industries - the Mining Waste Directive- ³0:'´ DQG
decisions in relation to the implementation of MWD
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standards and measures to ensure safe drinking water
supply, ensuring the standards of the Drinking Water
Directive are met [22].
Marine Strategy Framework Directive (MSFD)
(2008/56/EC) [19] has entered force in 2008. It targets to create the necessary information and applicaWLRQWRROVLQOLQHZLWKWKH³(FRV\VWHP$SSURDFK´IRU
the transition-coastal and coastal-sea waters to enVXUH³*RRG(QYLURQPHQWDO6WDWXV´LQ(8PDULQHZD
ters until 2020 promoting international cooperation
through Regional Sea Conventions (RSC):
x The Convention for the Protection of the
Marine Environment in the North-East Atlantic of
1992 (further to earlier versions of 1972 and 1974) ±
the OSPAR Convention (OSPAR),
x The Convention on the Protection of the
Marine Environment in the Baltic Sea Area of 1992
(further to the earlier version of 1974) ± the Helsinki
Convention (HELCOM),
x The Convention for the Protection of Marine Environment and the Coastal Region of the
Mediterranean of 1995 (further to the earlier version
of 1976) ± the Barcelona Convention (UNEP-MAP),
x The Convention for the Protection of the
Black Sea of 1992 ± the Bucharest Convention.
The most important international agreements
RQZDVWHGLVSRVDOWRWKHVHDVDUH³&RQYHQWLRQRQWKH
Prevention of Marine Pollution by Dumping of
Wastes and Other Matter (London Convention,
1972)´LWVDPHQGPHQWLQDQG/RQGRQ3URWRFRO
(1996). The London Protocol has been signed by 45
nations including Australia, New Zealand and Philippines [23]. Turkey is in the process of becoming a
party to those agreements [24].
The purpose of London Convention is to control all marine pollution sources and to prevent marine pollution by regulating the dumping of wastes to
WKH VHD7KH³JUD\OLVW´DQG ³EODFNOLVW´GHILQLWLRQV
are made for the wastes to categorize them in accordance with the hazard they cause in terms of environment. While the disposal of the materials in the black
list is completely prohibited, the disposal of the materials in the gray list is subject to special permission
from the competent authority of the host country and
in compliance with certain conditions. For the disposal of other materials, a general permission is sufficient.
The London Protocol is more restrictive than
London Convention. The disposal of any kind of materials except the materials included in the annex of
the Protocol, or their combustion on the sea, has been
SURKLELWHG$OWKRXJKWKHVHDGLVSRVDORI³LQHUWLQRU
JDQLFJHRORJLFDOPDWHULDO´LVSHUPLWWHGLQWKHSURWR
col, tailings are not assessed within this scope. Technically, the protocol regulates the rules of dumping
at the seas, platforms etc on the sea rather than the
discharges to be made from the land.

Impact Assessment (ESIA) and the application of
³,)&3HUIRUPDQFH6WDQGDUGV´LQWKHPDQDJHPHQWRI
environmental risks and impacts in investments. For
making use of IFC financing, the project is expected
to be compliant with international good sector applications, which are recognized worldwide, such as
Environment, Health and Safety Guides of the World
Bank Group (EHS guides). In case host country regulations are different from those indicated in EHS
Guides, the project owner has to comply with the
stricter one. However, where necessary, the project
owner may propose alternative mitigations and
measures together with the relevant scientific evidences within the ESIA process [6].
IFC also issued sectoral EHS Guidelines (2007)
where DSTP may be considered as an alternative
only in the absence of an environmentally and socially sound land-based alternative and based on an
independent scientific impact assessment for mining
[7]. If and when DSTP is considered, such consideration should be based on detailed feasibility and
ESIA of all tailings management alternatives, and
only if the impact assessment demonstrates that the
discharge is not likely to have significant adverse effects on marine and coastal resources, or on local
communities. In accordance with IFC guidelines, for
DSTP to be applied the possible impacts on the sea
environments and the precautions to be taken against
them must be compliant with international agreements such as the United Nations Convention on the
Law of the Sea (UNCLOS), 1982.
Water Quality. The basis of the EU legislation
on water quality consists of Water Framework Directive (WFD) numbered 2000/60/EC [19], which
also has priority in harmonization of Turkish Legislation for this sector. WFD prescribes the protection
and recovery of all water masses in EU in terms of
quality and amount and targets to bring all underground and surface waters to the good status as of
2015 and eliminating hazardous materials with priority from the European watercourses. Directive on
Environmental Quality Standards (2008/105/EC),
which is also known as the Priority Substances Directive has been enforced to reach this target. The
Directive on Pollution Caused by Certain Dangerous
Substances Discharged into the Aquatic Environment of the Community (76/464/EEC) has been codified and adopted as 2006/11/EC.
:)'¶V FRPELQHG DSSURDFK LFOXGHV OLPLWLQJ
pollution at the source by the setting of emission controls with relevant legislation (i.e. Urban Waste Water Treatment Directive, the Nitrates Directive and
the IPPC Directive) and by establishing water quality
objectives for watercourses in compliance with good
status objective [22]. The river basin management
plans and programmes are at the core of all waterrelated legislation. Watercourses used for drinking
water purposes will be subject to particular protection, linked to a requirement of complementary
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(YDOXDWLRQRI5HSXEOLFRI7XUNH\¶V/HJLVOD
tion on DSTP. An Environmental Impact Assessment (EIA) permit is the first environmental permit
required for new mining operations, as well as for
major mine operation modifications. The EIA permit
acts as a temporary permit for the construction of the
mine. Within one year after start of the operation a
Temporary Environmental Operation License application has to be made to Ministry of Environment
and Urbanization (MEU). Following the application, compliance testing via an accredited laboratory
is conducted for mine emissions and discharges and
WKHQ³)LQDO(QYLURQPHQWDO2SHUDWLRQ/LFHQVH´LVLV
sued. The environmental licenses are managed by
the MEU and cover all aspects of the environment
including but not limited to waste water discharge,
air pollutant emissions, noise, solid waste, hazardous
waste.

Fresenius Environmental Bulletin

plume and its impact on ecology and water quality.
x The receiving environment will be monitored seasonally-four times in a year for the following parameters: temperature, salinity, light transmittance, density, electrical conductivity, chlorophyll-a,
pH, dissolved oxygen, hydrogen-sulfur, alkalinity,
copper, zinc, mercury, lead, iron, manganese, cadmium, arsenic, total suspended solids, total organic
carbon, crude oil and its derivatives. Additional parameters are required if MEU deems necessary.
For the new developing mining projects, Waste
Management Plan has to be prepared in the EIA process in compliance to the RMW.
Water Quality. Turkey has announced that full
KDUPRQL]DWLRQ RI :)' XQGHU WKH ³(QYLURQPHQW´
section and its adherence to the cited Conventions
will take place following full membership of the EU
and that full harmonization with the Directives under
the Treaties can be done two years before the date of
EU membership is finalized [24].
Regulation of Water Pollution Control (RWPC)
being the most important legislation applied in the
protection water resources is first issued in 1988, and
the current one has been in force since 2004 (Official
Gazette Date: 31.12.2004; Number: 25687). According to RWPC, the discharge standards were determined on a technological basis, each water mass was
assumed to be the same and the same discharge
standards were applied.
The principles related with the deep-sea discharge of the wastewaters are defined in RWPC and
the criteria are established in accordance with the domestic wastewater properties. Direct discharges to
the receiving environment of any kind of solid
wastes, and sludge are prohibited. The dredging and
disposal of the dredged materials are subject to permit of the MEU. There is a circular of MEU (2014/7)
which defines the principles of deep sea discharge
project preparation.
The regulatory harmonization works within the
scope of marine/coastal waters performed by the
Ministry of Forests and Water Affairs (MFWA) and
MEU are summarized in the following pharagraphs
[26].
x Regulation on Management of Surface Water Quality (RMSWQ) (Official Gazette Date:
30.11.2012; Number: 28483) has been issued targetting to identify and classify the biophysicochemical
and hydromorphological qualities of surface, coastal
and transitional waters; and to establish the principles and procedures for the mitigation measures to
be taken to achieve good water status. By the publication of the the water quality classification articles
of RWPC have been repealed.
x The chemical substances listed in Annex-1
and Annex-2 of Regulation on the Control of Pollution of Water and its Surroundings Due to Hazardous
Substances (Official Gazette Date: 26.11.2005;
Number: 26005) has been updated and harmonized

Mining Waste. In line with the MWD, the
0(8SXEOLVKHGWKH³5HJXODWLRQRQ0LQLQJ:DVWHV
(RMW) (Official Gazette Date: 15.07.2015; Number: 29417). Also, Regulation on Waste Management (RWM) (Official Gazette Date: 02.04.2015;
Number: 29314) has been completely harmonized
with EU.
RMW classifies mining wastes in three classes
DV³KD]DUGRXV´³QRQ-KD]DUGRXV´DQG³LQHUW´ZDVWHV
and addresses RWM for determination of hazardousness in which, Annex-4 provides list of wastes including mining, Annex-3/A provides the hazardousness properties and Annex-3/B provides the limit
values as references for their characterization. For
the determination of the geochemical properties of
the waste and for the determination of ARD and ML
risk, the static and kinetic tests are requested.
Leachate management is one of the most serious issues in landfill operation [25] where the leachate characterization is conducted according to the
Regulation on Landfill (RL) (Official Gazette Date:
26.03.2010; Number: 27533). The land deposition of
tailings in impervious impondments was subject to
RL till to the enforcement of RMW.
The sea disposal of mining waste is included in
Article 22 of the RMW and the conditions to comply
with are defined as follows:
x As a result of waste characterization, mineral wastes which are defined as hazardous can not
be disposed in the seas surrounding Turkey. Only inert and non-hazardous mineral wastes can be disposed in the anoxic layer of the Black Sea.
x There should be no geographical, topographical and geologically appropriate area in the
terrestrial zone within an approximate radius of 30
km of the mine having inert and non-hazardous mineral wastes to dispose those tailings to Black Sea.
x A scientific report must be submitted to
MEU representing the oceanographic and hydrodynamic conditions at the discharge location, assimilation capacity of the sea, behaviour of discharge
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other [10, 11, 12, 13, 14]. For instance, in the
upwelling systems, the contaminants in the tailings
plume will be transported from bottom to surface
therefore negative impact on fishing, and deterioration of coastal water quality is unavoidable. The potential environmental impacts of DSTP are listed as,
(i) the loss of habitat at sea bottom ecosystem due to
the stored footprint area of tailings, (ii) impact on the
deep-sea organisms due to the metal toxicity and
chemical processes which leads bio-accumulation in
the food chain. Therefore, the tailings characterization and determination of the background oceanographic properties of the marine environment are the
basic factors for the impact assessment of DSTP
practice [11].
Water column measurements of CTD (Conductivity/ Tempretature/ Density) and sea-current have
to be conducted in order to establish the hydrodynamics of the sea environment and to predict the behavior of the discharge plume [27, 28]. In addition to
the oceanographic measurements, the hydrodynamic
loads have to be calculated and the structural behavior against those loads has to be assessed for the design of submarine pipelines [29]. The wave and current climate has to be conducted in accordance with
the measurements and meteorological data, the design wave and current properties have to be determined and hydrodynamic forces that will act on the
structure have to be calculated [29]. Transportation
and sinking analysis, tension and deformation analysis of the pipeline and the geological and geophysical
studies have to be performed [29].
The deep sea outfall design of tailings and the
domestic wastewater outfall design have different
principles. In the domestic wastewater case, the outlet of the discharge, which has jet flow, through
small diameter diffusers is preferred to ensure a high
primary dilution (near-field dilution) with momentum principles. The waste plume, which has the tendency of rising due to its density that is lower than
sea water, is subject to secondary dilution with the
effect of the currents and tertiary dilution in terms of
bacterial decay. The tailings include mineral solids,
therefore the risk of clogging of small holes is high,
and therefore the use of diffusers is not possible. A
modeling study has to be performed to make predictions related with the post-discharge waste behavior.
The first phase of the post-discharge behavior
of tailings consists of the near-field intense current
model. The purpose of this first phase model is to
simulate the behavior of the discharge plume, which
creates a current due to density, after leaving the
pipe, within small grids depending on the pipe diameter [28, 29].
The second phase of the discharge plume fol-

in 2010 (Amendment Date: 30/3/2010-No:27537).
x In order to obtain good water status, the existing quality of the water masses has to be determined as well as their quantities. It is important to
establish the National Monitoring Network and to
perform monitoring in an integrated way to perform
monitoring within the scope of WFD. To comply
with the requirements of WFD, the Regulation on the
Monitoring of Surface and Underground Waters
(RMSUW), which includes the procedures and principles related with the monitoring of water quality
has been issued (Official Gazette Date: 11.02.2014;
Number: 289105).
x The harmonization works for the Directive
on the Management of Bathing Water Quality
(2006/7/EC) are being performed jointly by the
MEU and MFWA under the coordination of Ministry
of Health (MH).
In addition to all the above legislation, the provisions of the Law on Coast (LC) numbered 3621,
the Regulation on the Implementation of the Law on
Coasts (RILC) (Official Gazette: 3.08.1990; Number: 20594) and the Notification on the Planning and
Application Process for Coastal Structures and Facilities (NPAPCSF) (Official Gazette: 06.07.2011;
Number: 27986) have to be complied with. The
13$3&6) UHTXLUHV ³+\GURJUDSKLF DQG 2FHDQR
JUDSKLF 5HSRUW´ DSSURYHG E\ 1DYDO )RUFHV &RP
mand (NFC) Navigation, Hydrography and Oceanography Department.
Any mine that discharges process water into a
watercourse requires discharge licence accordance to
the Regulation on Environmental Permits and Licenses (Official Gazette: 10.09.2014 Number:
29115). In Turkish Legislation, it is stated clearly
that discharges from waste management activities at
mine sites has to be controlled in a manner that
causes no deterioration to local water quality both
surface waters and groundwater. The provincial directorate of Ministry of Food, Agriculture and Husbandary is included in the environmental permitting
process under the Law on Water Products numbered
1380.

TECHNICAL STUDIES ON DSTP DESIGN
Since the tailings plume is heavier than the sea
water, its buoyancy flux has a negative value and the
plume will have the tendency of precipitating at the
sea bottom. The potential impacts of DSTP depend
on the receiving environment conditions as a result
of the interaction of biogeochemical, ecological,
bathimetric and oceanographic properties with each
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FIGURE 3
Physiography of Black Sea (http://www.eea.europa.eu/legal/copyright) [30]

lows that heavier solid particles remain in dense flow
and settle after being carried to far distances by gravity and bottom slope. This behavior is simulated
within bigger grids with the far±field dense current
model. Lighter particles leave the dense current
plume and constitute separate plumes at depths,
where the medium density is the same as the density
of that fluid. Consequently, the dense current containing heavy particles act as the continuity of the
discharge pipe carrying the materials to deeper zones
[28, 29].
Measurement of physical and biogeochemical
parameters in the water column and in the sediment
is important for DSTP design and for monitoring the
post discharge conditions. The monitoring programme to control the environmental impact inside
and around the deposit area usually covers the following parameters [1, 3]:
x water column analyses on solids content
(turbidity), salinity, oxygen content and temperature,
trace metals and chemicles accociated with the tailings composition,
x sediment analyses i.e. trace metals and
chemicles accociated with the tailings composition,
x biological activity,
x bioaccumulation to analyse potential toxicity to aquatic and benthic life;
x annual video recording of the underwater
pipeline and discharge point in order to observe any
structural failure risks. In deep waters, where diving
is risky and dangerous, ROV (remotely controlled
underwater vehicle) can be used.

GENERAL PROPERTIES OF BLACK SEA
The RMW addresses DSTP applications to
Black Sea on special circumstances. Black Sea is a
semi enclosed sea and is connected to the Mediterranean Sea through Istanbul and Çanakkale straits and
to the Azov Sea through Kerch strait (Figure 3).
Black Sea basin is receiving an abundant
amount of rain. The amount of rain increases from
the west towards the east and reaches an annual value
of 2500 mm [31]. The main components of water
balance consist of the rivers, rain and the water coming from the straits and evaporation and the water exiting through the straits. The waters are anoxic after
a depth of 150 ± 200 meters [31, 32].
The most important property of Black Sea,
which makes it different from other seas, is that the
deep basin waters are always anoxic and contain hydrogen sulfur (H2S) in high concentrations, which increase towards the bottom [31, 32]. The basic reason
of this formation is the separation of the Mediterranean Sea waters filling the entire bottom basin (>22
ppt) from the lower saline waters at the surface (18
ppt) [32]. The vertical mixtures in the Black Sea are
effective up to the upper limit of halocline. Therefore, the transportation of dissolved oxygen from the
oxygenated surface layer to the sulfur containing
deep waters is very limited [32, 33].
Since the oxygen input does not meet the oxygen need of the aerobic bacteria, the disintegration of
the precipitating organic material occurs as the result
of sulfate (SO42-) reduction by the anerobic bacteria
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x In Mediterranean Sea nutrient input is limited. The transportation with rivers in coastal areas is
more effective in Western Mediterranean Sea. In
Eastern Mediterranean Sea, especially on open waters, the only resource is the bottom waters, which
are relatively rich in nutrients. Very strong vertical
mixtures are observed in the deep basins due to the
dynamic structure of Eastern Mediterranean Sea and
because of the climatic conditions, and oxygen exists
down to the bottom of the water column even in the
deepest regions due to the effectiveness of vertical
mixture [33].
x Aegean Sea basin, which is in the northeast
of Mediterranean Sea, remains generally within oligotrophic limits; however, it can have more eutrophic properties in comparison with Mediterranean
Sea with the effect of Black Sea waters in the north
[33].
x Marmara Sea and the straits have a two ±
layer ecosystem. The low saline waters coming from
the Black Sea are in the upper water column of 1520 m, while the Mediterranean Sea waters entering
from Çanakkale are in the bottom basin [33].
x Black Sea basin is receiving an enormous
amount of rain. The amount of rain increases from
the west towards the east and reaches an annual value
of 2500 mm [32, 33]. The most important property
of Black Sea, which makes it different from other
seas, is that the deep basin waters under the oxygenated surface layer are always anoxic and contain H2S
in high concentrations, which increase towards the
bottom [32, 33]. The basic reason of this formation
is the separation of the Mediterranean Sea waters
filling the entire bottom basin (>22 ppt) from the
lower saline waters at the surface (18 ppt) [32, 33].
The vertical mixtures in the Black Sea are effective
up to the upper limit of halocline. Therefore, the
transportation of dissolved oxygen from the oxygen
containing surface layer to the sulfur containing deep
waters is very limited.
When the biogeochemical properties of the seas
of our country are taken into consideration in terms
of DSTP application Black Sea has an important advantage due to lack of biological life in anoxic deep
bottom waters containing high concentrations of
H2S. The formation of sediments due to the reaction
of dissolved metals in the H2S containing anoxic
layer provides an advantage in terms of their limited
mobility in the water column. The impact on habitat
will unlikely to occur due to tailinds disposal within
the anoxic layer since there is no biological life.
However structural risks regarding the submerged
pipeline remain inherent and must be assessed cautiously and in detail.
In Mediterranean and Aegean seas any DSTP
practice may have drastic impacts due to the complex oceanographic and hydrodynamic properties of
those marine systems.
The method of tailings disposal is decided in

and an environment with H2S occurs. In Black Sea
ecosystem, the starting border of waters with H2S is
90 ± 100 m in open waters, where cyclonic eddies
dominate and 160-180 m at the coasts [32]. The basic
circulation on the Black Sea basin is defined with cyclonic eddies in the center; anti-cyclonic eddies
along the periphery and anti-cyclonic Batum Eddie
at the eastern end, surrounded by the Rim Current
[34].
7KHOLPLWLQJYDOXHVRI³7URSKLF/HYHOVRI6XU
IDFH :DWHU 0DVVHV´ SURYLGHG IRU %ODFN 6HD DQG
Marmara in Annex-7 of the Regulation on Surface
Water Quality Management, are given in Table 2.
TABLE 2
Eutrophication Criteria for Black Sea and Marmara Sea Coastal and Transition Waters
(RSWM, Annex-7)
Water Quality
Class

DIN
(μg/l)

TP
(μg/l)

Chl a
(μg/l)

Secchi
Disk(m)

Oligotrophic
Mesotrophic

<20
20-140
141250
>250

<15
15-30

<0.7
0.7-3

>6
3-6

31-40

3.1-5

1.5-2.9

>40

>5

<1.5

Eutrophic
Hypertrophic

Fresenius Environmental Bulletin

DIN: (nitrate + nitrite + ammonium)- represent the total
Dissolved Nitrogen.

CONCLUSIONS
The waste management strategy has to be based
on methods, which will not pose any risks on the
public health and safety, where the social and environmental impacts remain within acceptable limits.
As recommended in the EU legislation and IFC
Standards, DSTP method can be used by researching
all disposal methods scientifically with a full analysis and risk assessment. In regions where the sea is
close and deep, precipitation is high, vaporization is
low and land waste disposal methods are risky,
DSTP method provides more advantages in comparison with other methods. Another advantage of
DSTP method is the prevention of ARD and ML formation for tailings containing sulfur. The factors creating risks for the ecosystem can be eliminated with
the discharge of tailings in aphotic and anoxic deep
layer, where there is no upwelling.
Since the tailings discharge is heavier than the
sea water, its buoyancy flux has a negative value and
the discharge plume has the tendency of sinking on
the sea bottom. The potential impacts of DSTP applications depend on the environmentalconditions to
a great extent as the result of the interaction of the
biogeochemical, ecologic, bathymetric and oceanographic properties with each other. Hence, the receiving environment quality standards have to be assessed differently in each sea region. The seas surrounding Turkey have unique biogeochemical properties that are different from each other:

6156

© by PSP

Volume 26 ± No. 10/2017 pages 6149-6158

Fresenius Environmental Bulletin

[7] International Finance Cooperation IFC (2007).
Environmental, Health, and Safety Guidelines
for Mining, Dec 10, 2007.
[8] Esen, E. (2015) Deep Sea Disposal of Mineral
Processing Plant Waste, Mining Turkey, March
01, 2015, 45:98-100. (In Turkish)
[9] Çetiner, E.G., Ünver, B., Hindistan, M.A.
(2006) Legislation on Mine Waste: European
Union and Turkey, Mining, Vol. 45, No 1, pp
23-34, March 2006. (In Turkish)
[10] Angel, B.M., Simpson, S.L., Jarolimek, C.V.,
Jung, R., Waworuntu, J., Batterham, G. (2013)
Trace metals associated with deep-sea tailings
placement at the Batu Hijau copper±gold mine,
Sumbawa, Indonesia; Marine Pollution Bulletin
73; 306±313.
[11] Bernhard, D. (2014) Submarine Tailings Disposal (STD)-A Review, Minerals 2014, 4, 642666.
[12] Vogt, C. (2012) International Assessment of
Marine and Riverine Disposal of Mine Tailings,
Prepared for: Secretariat of London Convention/London Protocol International Maritime
Organization, London, England and United Nations Environment Programme-Global Program
of Action; November 30, 2012.
[13] Engels, J. (2006) PhD thesis, University of
Leeds, An Expert Management System for Surface Tailings
Storage,
http://www.tailings.info/basics/tailings.htm, Accessed July,
2017.
[14] Brewer, D.T., Morello, E.B., Griffiths, S., Fry,
G., Heales, D., Apte, S.C., Venables, W.N.,
Rothlisberg, P.C., Moeseneder, C., Lansdell,
M., Pendrey, R., Coman, F., Strzelecki, J., Jarolimek, C.V., Jung, R.F., Richardson, A.J. (2012)
Impacts of gold mine waste disposal on a tropical pelagic ecosystem, Marine Pollution Bulletin 64 (2012) 2790±2806.
[15] European Commission (2016). Provision and
Elaboration of Information for The Preparation
of the "Implementation Report of Directive
2006/21/EC On the Management of Waste From
([WUDFWLYH ,QGXVWULHV´ 6HUYLFH 5HTXHVW XQGHU
the Multiple Framework Contract with re-openLQJRIFRPSHWLWLRQ³$VVLVtance to the Commission on the assessment of Waste Management
Plans and on compliance monitoring and support of the implementation of the Waste FrameZRUN 'LUHFWLYH´ 5HIHUHQFH (19&)5$
2013/0023; FINAL REPORT, 12 April 2016
http://ec.europa.eu/environment/waste/studies/mining/waste_extractive_industries.pdf,
Accessed July, 2017.
[16] Berkun, M. (2005) Submarine tailings placement by a copper mine in the deep anoxic zone
of the Black Sea, Water Research, 39 (2005)
5005±5016
[17] Robinson, B., Bus, A., Diebels, B., Froehlich,

accordance with the economic and technical feasibility factors as well as the assessment of their environmental impacts and risks so as to include the period
after the closure of the mine. DSTP practices have to
be supported with scientific studies and must pass
through very detailed assessment processes.
MEU is the coordinating authority for DSTP
permits however there are quite a few governmental
institutions to be consulted officially that the interactions and the duration of permitting process can not
EH IRUHVHHQ LQ 7XUNH\¶V HQYLURQPHQWDO OHJLVODWLYH
framework which may hinder the mining.
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products [4]. Al absorption is quite low in animals
and humans normally however various factors may
alter this absorption [2]. Daily intake is thought to
change between 1 to 10 mg. Al intake via respiratory pathway ends up with 0.01-5% absorption. Al
has a high metabolism and metabolized Al is
thought to bound transferrin and albumin proteins
up to 70-90%. Although level of Al in tissues is
usually low but liver, bone and lungs are tissues
which have high Al accumulation [4]. Al generally
has toxic effects on mammals. Its toxic effects are
more prominent in brain, liver, skeletal muscle,
heart, bone marrow, kidney and blood [5]. Generally, it causes altered mineral balance, behavioral
disorders and play important role in physiology of
neurodegenerative disorders [6]. Al in high concentrations causes oxidative stress [7] due to its negative effect on antioxidant balance system. This
situation causes biochemical alterations such as
attenuation of antioxidant enzyme levels in plasma
and tissues and increase in lipid peroxidation [8]. In
addition, over exposure to Al triggers anemia hemolysis, inhibition on aminolevulinic acid dehydratase (ALA-D) enzyme [9], genotoxicity on DNA of
neurons and other cells [10] and contributes to
SURJUHVVLRQ RI $O]KHLPHU¶V GLVHDVH >@ Caretenoids are a unique group containing about 700 lipid
insoluble molecules, produced in high quantities in
plants and in microorganisms such as algae and
planktons [12]. They are not produced in humans
and other animals but consumed with diet [13]. It is
thought that carotenoids have substantial impacts
on various health aspects. Ingestion of fruits and
vegetables with high carotenoid content reduces
risk of cancer and cardiovascular disease in epidemiological studies [14]. Astaxantine (AST) (3-3
GLK\GUR[\ ȕ-ȕ FDURWHQH -4 dione) is a ketocarotenoid which causes reddish color of salmonoids,
marine fishes, algae and crustaceans [15]. AST is a
radical scavenger which terminates chain reaction
of reactive oxygen and nitrogen species. This property gives it an antioxidant nature which poses
protective effect against oxidative stress, atherosclerosis, cardiovascular disease, inflammation,
diabetes, cancer and other diseases [16, 17].

ABSTRACT
In this study, protective effect of a potent antioxidant astaxanthine on preventing rat liver damage
due to Al exposure was evaluated. In experimental
design, 20 Wistar-albino rats were divided into four
groups as Control, Aluminum (20 mg/kg/day i.p),
Al + Astaxanthine (5 mg/kg/day AST orally, Al 20
mg/kg/day i.p) and AST (5 mg/kg/day). Study was
conducted for 14 days. GSH was found significantly low in Al group compared to control and significantly high in AST and AST + Al administered
groups compared to Al group(p<0.01). When MDA
levels were investigated, an increase in Al administered group compared to control (p<0.01) and a
decrease in Al + AST group compared to Al administered group (p<0.001) was found. In CAT enzyme
activity level, a significant decrease in Al, AST and
Al + AST administered groups compared to control
(p<0.001), an increase in AST, Al + AST groups
compared to Al administered group (p<0.001) and
also an increase in CAT enzyme activity level in
AST+Al administered group compared to AST
group (p<0.001) was determined. Due to alterations
in MDA and GSH levels and CAT enzyme activity
in rat liver tissue as well as positive effects of AST
in liver tissue histopathological assessments, it was
concluded that AST has a protective role against
such toxic molecules.

KEYWORDS:
Al, Astaxanthine, rat, liver, oxidative stress.

INTRODUCTION
Al is the third most commonly found metal in
water, soil and air [1]. It is found in atmosphere in a
range between 0.005 to 0.18 mg/m3, and in earth
crust commonly in the form of silicate and Al oxides. Humans are exposed to this cation in a wide
range of products such as medicines, crafts, kitchen
tools, electrical industry, cosmetics, food packaging
and drinking water [2, 3]. In addition, it is used
extensively in anti-acid drugs, anti-perspirants,
deodorants and as ingredients of other health care
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Due to these mentioned properties, it was
aimed to test protective role of AST in liver damage
in Al administered rats.

Measurement of GSH Level. Tissue
GSH levels were measured at 412 nm according to
Sedlak and Lindsay [22]. Following precipitation of
samples with 50% TCA, they were centrifuged at
1000× g for 5 min. 0.5 mL of supernatant, 2.0 mL
of Tris±EDTA buffer (0.2 M; pH 8.9) and 0.1 mL
of 0.01 M DTNB was prepared as the reaction
mixture. The solution was kept for 5 min at room
temperature and evaluated at 412 nm with spectrophotometer.

MATERIALS AND METHODS
Animals. 20 male adult Wistar albino rats
weighing 250-300 gr were used in experiments.
Animals were kept in controlled environment with
constant heat and temperature as well as 12 hours
of light and dark cycles. Food and water were given
ad libitum. After one week of acclimation experiments had started. Food was withdrawn 12 hours
prior to experiments. An ethical permission was
obtained from Bingol University Animal Experiments Ethical Committee (30.12.2015 - 2015/09).
All animals were treated with humane care according to the criteria outlined in the ''Guide for care
and use of Laboratory Animals '' prepared by the
National Academy of Sciences and published by
the National Institutes of Health.

Histopathological Examination. After treatment, five rats in each group were necropsied and
livers were taken. Also, sample tissues were fixed
in 10% neutral-buffered formalin for 48 h. The
tissue samples were processed as routine protocol.
Tissues were dehydrated in alcohol series, cleared
in xylene and then embedded in paraffin before
sectioning at 5 μm thickness by rotary microtome
(Leica, RM2125) [23] The slides were stained with
hematoxylin and eosin [24]. Finally, the slides were
examined and photographed by using light microscopy (Leica, DM2500).

Experimental Design. The rats were divided
into four groups: Group I (Control group) received
isotonic saline administered i.p; Group II (Al)received 20 mg/kg/day (i.p) Al as aluminum sulfate; Group III (AST) received 5 mg/kg AST orally
(i.g). Group IV (AST+Al) received 5 mg/kg/day
AST orally (i.g). and Al at 20 mg/kg/day via i.p.
injection concomitantly. Al and AST were applied
for 14 days. The doses were selected according to
the literature data [18, 19]. At the end of the experiments rats were anaesthetized with ketamine (60
mg/kg) and xylazine (10 mg/kg) (i.p.). Following
decapitation under anesthesia liver samples were
obtained as a block. They were washed with saline
and excess fluid was removed. They were stored in
deep freeze (-800C) until biochemical analyses.

Statistical Analysis. Results are expressed as
mean ± standard error of mean. Analysis of variance (ANOVA) was performed and the comparisons among the groups were carried out with post
hoc Tukey's test. Statistical significance was set as
p<0.05 or lower. SPSS 20 for Windows were used
as the statistical software.

RESULTS
Comparison of GSH measurement level from
liver samples between Control, Al, AST and
Al+AST groups were presented in Figure 1 and
Table 1. Figures and calculated values were presented as mean and mean ± sem (standard error of
mean). When results are evaluated; a significant
decrease in GSH value in Al administered group
compared to control (p<0.01) was observed. Similarly, an increase in AST and AST+Al administered
groups compared to Al administered group was
found.

BIOCHEMICAL ANALYSIS
Measurement of MDA Level. 50 mg of tissue was homogenized in a solution containing 0.15
mol/L KCl. Centrifugation was performed at 1600×
g. MDA (mg/dL) was assessed according to Placer
et al. [20] by the reaction of thiobarbituric acid
(TBA) and recording the absorbance at 530 nm.

Liver tissue MDA levels for Control, Al, AST
and Al+AST groups are presented in Figure 2 and
Table 2. Results for groups are presented as mean ±
sem (standard error of mean). When results are
evaluated, MDA level was found to increase in Al
administered group compared to Control (p<0.01).
Similarly decrease observed in Al administered
group compared to Al + AST administered group
was significant (p<0.001).
Liver tissue CAT levels are presented in Figure 3 and Table 3. Results are presented as mean
±sem (Standard error of mean).

Measurement of CAT Level. Measurement
of (CAT) activity was performed due to Aebi. [21].
0.1 mL of supernatant was added to a quartz cuvette
including 2.95 mL of 19 mmol/L H2O2 solution
prepared in potassium phosphate buffer (0.05 M,
pH 7.00). Alteration in absorbance was measured at
240 nm for 5 min with a spectrophotometer (Shimadzu UV-1201, Japan)
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TABLE 1
GSH (EU/g protein) levels between Cont, Al, AST, Al+AST groups
Groups (n=20)
GSH (EU/gprotein)

Cont
0.0057±0.003b

Al
0.0006±0.011b

AST
0.0029±0.001

Al+AST
0.0025±0.018

b

p<0.01
TABLE 2
MDA (μmol/L) levels between Cont, Al, AST, Al+AST groups
Groups (n=20)
MDA (μmol/L)

Cont
1.3103± 0.116b

Al
1.6024±0.101a,b

AST
1.4460± 0.115

Al+AST
1.2672± 0.097a

a<0.001, b<0.01

FIGURE 2
Comparison of MDA levels between Control,
Aluminum, Astaxanthine,
Aluminum + Astaxanthine groups.

FIGURE 1
Comparison of GSH levels among groups Cont:
Control, Al: Aluminum, AST: Astaxanthine, Al +
AST: Aluminum + Astaxanthine.

FIGURE 3
Comparison of CAT specific enzyme activity levels between groups Cont: Control, Aluminum, Astaxanthine, Aluminum + Astaxanthine
TABLE 3
CAT (IU/mg protein) enzyme activity levels between Cont, Al, AST, Al+AST groups
Groups (n=20)
CAT (IU/mgprotein)
a,a1,a2

Cont
0.3451±0.017a

Al
0.1131±0.001a,a1

p<0.001
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AST
0.1700±0.005a,a1,a2

Al + AST
0.2093±0.014a,a1,a2
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FIGURE 4
(A-B-C-D) Histopathology of liver tissues.
(4-A): Control group, normal histological structure x 20.
(4-B): Aluminum group, arrow; centrilobular hydropic degeneration of hepatocytes, arrow heads;
Kupffer cells, star; vascular congestion in vena centralis x20.
(4-C): Astaxanthin group, normal histological structure x 20.
(4-D): Astaxanthin & Aluminum group, arrows; centrilobular hydropic degeneration of hepatocytes,
arrow heads; Kupffer cells, x20. H&E staining.

istered Al compared to control group. In addition,
administration of melatonin was found to decrease
Al levels in rats in the same study. Therefore, they
concluded that melatonin protects rat liver, kidney,
spleen and brain tissues against Al toxication [27].
In another study, it was shown that boric acid prevented toxic effects of Al by decreasing liver marker enzymes [1]. Oxidative stress and lipid peroxidation causes great damage in body and is related
with various pathological events. MDA which is an
end product of lipid peroxidation occurs following
exposure of fatty acids of cells to radicals. Main
radicals are hydroperoxidase (ROOH), alcoxile
(RO.) and peroxile (ROO.) in order. On the other
hand, there exists antioxidants such as superoxide
dismutase (SOD), catalase (CAT), gluthation
(GSH), gluthation peroxidase (GPx) in the body
which terminates activities of free radicals [28]. In
literature studies in which Al administered rats
were given Hesperetin and Ellagic acid, it was
shown that MDA level in some tissues of rats was
decreased [29]. In another study, Ellagic acid decreased MDA [30]. In another study, AST attenuated elevated MDA levels in alcohol administered
mice [31]. Effect of AST on ischemia/reperfusion
was also studied. Xanthine oxidase (XO) which is
accepted as a marker of oxidative stress was found
higher in ischemia/reperfusion administered animals in liver, whereas, it was attenuated in AST
administered group [19]. In addition, in a study by
Zhou et al., blood MDA levels were found high in
septic rats and AST administration ameliorated this
situation to a significant extent [32]. When results
of our study are evaluated; MDA level was found

When results are evaluated a decrease in CAT
enzyme activity in Al, AST and Al + AST administered groups compared to control was observed
(p<0.001). Similarly, an increase in enzyme activity
in AST and Al + AST administered groups compared to Al administered group was detected
(p<0.001). CAT enzyme activity was increased in
AST + Al administered group compared to AST
group (p<0.001).
In control group, in the evaluated organs no
significant histopathological differences were noted. The liver tissues were observed in normal histological structure (Figure 4-A). However, in Al
group in liver, centrilobular hydropic degeneration
of hepatocytes, Kupffer cell hyperplasia and vascular congestion were identified (Figure-4, B). In
AST group, the livers were in normal histological
structure as in control group (Figure 4, C). In the
concomitant AST+Al administered group in liver,
mild centrilobular hydropic degeneration of hepatocytes and Kupffer cell hyperplasia were found
(Figure 4-D).

DISCUSSION
Al was found to exert serious toxic effects on
animals via its impact on blood, kidney, bone and
brain tissues in experimental studies [25]. Especially effect of Al on Alzheimer and Parkinson diseases
are well supported with experimental results [26].
Muselin et al., determined higher Al content in
liver, kidney, heart, spleen and brain of rats admin6162
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and AST groups, no microscopic findings
were observed in the liver, while severe lesions
were seen in the Al group and mild lesions in the Al
+ AST group.
Although Osinaka et al. [34] have reported
that, Al accumulation in the liver leads to cholestasis, it has not been observed in our study. Histopathological findings such as centrilobular hydropic
degeneration in hepatocytes, vascular congestion
and Kuppfer cell hyperplasia, which are observed in
ratV¶ liver due to Al toxicities, Al and Al + AST
groups, are similar to some Al toxicity studies [3538] and have also been described in Tilapia zillii
freshwater fish [39]. Although Galle et al. [40]
reported in their study that Al does not produce
toxic effects in the liver because it is eliminated
from hepatocytes into the bile together with lysosomes, in our study it has been observed that some
histopathological lesions related to Al toxication in
rat livers had occurred.
Finally, it can be stated that AST protects cells
from oxidative damage via blocking impact of Al in
experimental rat studies and this was supported
with histopathology. Therefore, this study is the
first and original study in the scientific literature.
Further studies should be conducted in this field.

higher in Al administered group compared to control (p<0.01) and it was significantly decreased in
Al+AST group compared to Al administered group
(p<0.001). Our results are in accordance with existing literature data [19, 31, 32] however since no
similar study was performed in literature we
FRXOGQ¶W FRPSDUH RXU UHVXOWV RQH E\ RQH $V D Uesult, it can be stated that oxidative damage and lipid
peroxidation occurred in Al administered rats.GSH
is responsible from detoxification reactions in cells
as an antioxidant molecule. In addition, it takes part
as a cofactor in isomerization reactions of cells and
it is a store for cysteine amino acid. GSH is an
electron donor used in reduction of peroxidases
catalyzed by GSH-Px [33]. Thus, gluthation molecule protects cells against free radicals. In literature
studies GSH levels were increased following Hesperetin and Ellagic acid Al administered rats [29].
When our results are evaluated, GSH value were
found significantly reduced in Al administered
group compared to control (p<0.01). In addition, an
increase in this value in AST and AST+Al administered groups compared to Al administered group
was found. In a study by Ozkaya, GSH value in
AlCl3 + Ellagic acid group was found higher compared to control group. In the same study, no significant alteration was found in GSH value among
Hesperetin administered groups. They also found
higher GSH level in liver and brain tissues in Ellagic acid, AlCl3+Ellagic acid and H2O2+Ellagic acid
groups compared to control. Similarly, they found
an elevated GSH level in Hesperetin,
AlCl3+Hesperetin, H2O2+Hesperetin groups compared to control. Our study results are in parallel
with existing literature findings [29, 32]. In a study
concerning catalase activity, an increase in serum,
liver and brain catalase activity in Al administered
rats compared to control was found [29]. In our
study, a decrease in CAT activity in Al, AST and
Al+AST administered groups compared to control
was found (p<0.001). In addition, an increase in
enzyme level in AST and Al+AST groups compared to Al administered group (p<0.001) as well as
an increase in AST+Al administered group compared to AST group was observed (p<0.001). Our
ameliorating results obtained with AST in Al administration are in parallel with other studies conducted with different protective molecules. Increase
in catalase enzyme activity via AST+Al administration which is used in elimination of toxic hydrogen
peroxide is important since catalase is a potent
antioxidant enzyme. It is concluded that increased
catalase activity by AST in AST+Al administration
protects cells from oxidative damage. Our study is
in accordance with mentioned studies above since
protective molecule differs however ameliorating
impact is similar when catalase is considered. In
our study, histopathological findings in the liver as
a result of microscopic examination, certain differences between groups were observed. In the control

CONCLUSIONS
AST was found to exert a protective role in
liver tissues in both biochemical and histological
investigation. In this manner AST can be regarded
as an important protective in Al toxication which is
an unintended contributor to our diets via industrial
manufacturing activities and some other products
such as antiperspirants.
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DETERMINATION OF PROBABLE REPRODUCTION
SEASON OF INDIVIDUALLY TAGGED SIBERIAN,
ACIPENSER BAERII, AND DIAMOND,
A. GUELDENSTAEDTII, STURGEON BROODSTOCK, WHICH
ARE NEWLY RISED, VIA STEROID HORMONES,
HAEMATOLOGICAL CHANGES AND
ULTRASOUND IMAGERY
Kubra Ak*, Ilker Zeki Kurtoglu
Recep Tayyip Erdogan University, Faculty of Fisheries Sciences, Department of Aquaculture, Rize, Turkey

ABSTRACT

INTRODUCTION

In this study, it is aimed to determine the gonadal development and gender of the Siberian
(Acipenser baerii) and diamond (A. gueldenstaedtii)
sturgeon species by using ultrasonography and blood
parameters in aquaculture conditions.
A total of 15 Siberian and 15 diamond sturgeon
individuals from broodstock candidates at the ages
of 4+ years were selected and tagged. We used ultrasound examination and hematocrit, erythrocyte, leukocyte, hemoglobin values in blood, followed by
calcium, sodium ions and steroids (estradiol (E2),
testosterone (T) and progesterone (P)) in blood
plasma in monthly periods between December 2015
and June 2016.
Siberian sturgeon individuals were detected as
7 female and 8 male; and 7 females and 7 males were
determined in diamond sturgeons, and 1 individual
had no gender in ultrasound imaging.
Successful gender detection was performed by
ultrasound imaging. Depending on the results of
hemogram testing, probable gamete production period can be determined according to the changes of
hematocrit, erythrocyte, leukocyte, hemoglobin and
sex steroids. In this results, hemogram values increased between May and June in diamond sturgeon
while peaking in January-February for Siberian sturgeon. However, there was no obvious change in calcium and sodium ions.
At the end of the study, it was concluded that
blood analysis can be used effectively, when the
main gamete maturation season of the newly produced broodstock population is decided. On the
other hand, the ultrasonography is the easiest way to
GHWHUPLQHEORRGV¶JHQGHUDQGPDWXUDWLRQOHYHO

Sturgeons exist in the seas of Europe, Asia and
America continents in northern hemisphere. They
also exist along the coastal areas of Pacific and Atlantic Oceans, in the Mediterranean, in the Black
Sea, Caspian Sea, and in the rivers that run to these
seas and in several lakes [1].
Sturgeon are species with a high economic and
ecologic value. However, overfishing, river reclamation works, water pollution, the banks built over rivers cause that this fish has almost become extinct [1].
In sturgeon species, the determination of gender and receiving gamete must be conducted without
killing the fish in a reliable and practical way. The
determination of gender and gonadal maturity stage
especially in sturgeon species, which do not show
sexual dimorphism, and which have late sexual maturity, is extremely important for broodstock management [2].
Endoscopy, gonadal biopsy, sex steroids, laparoscopy, morphology and ultrasonography methods
are used to determine the gender and gonadal maturity in sturgeons [2, 3, 4, 5, 6, 7, 8].
There are many studies in the literature conducted to determine the gender and gonadal maturity
in sturgeon, and many different methods have been
reported in these studies. However, no studies were
seen in the literature in which the changes in the
blood parameters and gonadal developments were
investigated in the long run in a parallel way in and
out of the reproduction period of sturgeons. In this
study, the purpose is to determine the gender and
gonadal development by analyzing the blood parameters and using ultrasonic examinations in an 8month period without causing any damage in Siberian (Acipenser baerii) and diamond (A. gueldenstaedtii) sturgeon species.

KEYWORDS:
Maturity stage, sturgeon, ultrasonography, hematology,
sex steroids.
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FIGURE 1
Typical ultrasonic images of testes in different maturity stages in the longitudinal views,
M1; left, M2; mid, M3; right

FIGURE 2
Typical ultrasonic images of ovaries in different maturity stages in the longitudinal views,
F1; left, F2; mid, F3; right

els of the fish were decided according to the morphology and echogenicity of the ovarium and testis
tissues (the brightness of the tissues).

MATERIALS AND METHODS
The study was conducted in Recep Tayyip Erdogan University, Aquaculture Research and Application Center in November 2015-June 2016 period.
The broodstock candidate fish were imported from
Germany as fertilized eggs in December 2011. Fifteen of Siberian and 15 diamond sturgeon species,
which had smooth body forms and which were at the
age of 4+ were selected from among the broodstock
candidate fish. The average weight of the fish was
4.2±1.2 kg. The fish were tagged individually, and
stocked in fiberglass tanks at the size of 3m in diameter and 1m water depth in 10 m3/kg. The water provided from the streams was used in the caretaking of
the fish.

Blood Analysis. The blood samples were taken
with a 2.5-ml injector from caudal vena, and transferred to heparinized tubes. The erythrocyte, leucocyte, hematocrit and hemoglobin values of the samples were measured in the PROKAN brand blood
measurement device simultaneously. The samples
whose blood counts were completed were centrifuged at 5,000 rpm-1 for 10 minutes to obtain the
blood plasma. Then, samples were stocked in deep
freezer (-80°C) up to analysing.
The analysis of the steroid hormones (Estradiol, testosterone and progesterone) from the blood
plasma was made with Radioimmunoassay Method;
and the measurement of calcium and sodium ions
was made with the Spectrophotometric Method.

Ultrasonographic Examinations. The fish
were examined in monthly intervals. The MINDRAY
5M ultrasound imaging was made by using an electronic 10L4s linear probe with 8.0-12.0 MHz frequency. The examinations were made without applying any anesthetics on stretchers covered by soft
towel. In ultrasound examinations, the frontal and
transversal images between the 3-4th bone plates as
of the ventral fin were evaluated. By using the ultrasound images, the genders and gonadal maturity lev-

RESULTS
Ultrasound Imaging. In ultrasound examination of the Siberian sturgeon, it was determined that
there were 7 females and 8 males; while it was determined that there were 7 females and 7 males in the
diamond sturgeon, and there was 1 individual that
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male and female Siberian and diamond (A.
gueldenstaedtii) sturgeon species, and are given in
Figure 4, Figure 5, Figure 6 and Figure 7.
The highest leucocyte value in both species was
determined in the sampling of November. While the
highest leucocyte amount of the female individuals
in Siberian sturgeon was 58.6*103±12.2 μl; the highest leucocyte amount of the male individuals was
57.3±10.4*103μl.
The lowest leucocyte value was detected in
April-May. The lowest average value of the female
individuals was 47.2±8.2*103 μl; and 48.0±6.1*103
μl in males. The lowest leucocyte amount in diamond sturgeon was detected in March. The highest
leucocyte amount was 54.9±7.2*103 μl in average in
females; and 54.8±7.6*103 μl in males; and the lowest value was 46.5±6.9*103 μl in male and female
individuals.
The highest erythrocyte values in Siberian and
diamond sturgeons were detected in November. The
highest average erythrocyte amount of female Siberian sturgeon was 1.13*103±0.3 μl in November; and
the lowest amount was detected in May as
0.53±0.1*103 μl. The highest value in male individuals was 1.08±0.2*103 μl in November; and the lowest value was detected in April with 0.57±0.1*103 μl.
The lowest erythrocyte value in diamond sturgeon
was detected in February. The highest average value
in female individuals was 0.84±0.2*103 μl; and the
lowest average value was 0.62±0.1*103 μl; and the
highest average value in males was 0.85±0.2*103 μl;
and the lowest value was 0.62±0.1*103 μl.
The highest hemoglobin values were measured
in November for both species. The lowest average
values in Siberian sturgeon female and male individuals were detected in May. The highest and lowest
average values for the female individuals were 17.15
g dl-1 and 10.14 g dl-1, respectively; and the highest
and lowest average values in males were 17.19 g dl1
and 10.03 g dl-1, respectively. The lowest hemoglobin values in diamond sturgeon were detected in
March. The highest and lowest values in female individuals were 15.18 g dl-1 and 10.6 g dl-1, respectively; and the highest and lowest values in male individuals were 15.22 g dl-1 and 10.5 g dl-1, respectively.
The highest hematocrit rates in Siberian sturgeon individuals were detected in November; and
the lowest values were detected in April. The highest
average hematocrit rate of the female individuals
was 25.12%; and the lowest rate was 12.03%; and in
male individuals, the highest average was 25.67; and
the lowest average was 12.48%. The highest hematocrit values in diamond sturgeon were detected in
December; and the lowest values were detected in
March. The highest average hematocrit rate of the
female individuals was 18.29%; and the lowest was
12.46%; in male individuals, the highest average was
18.45%, and the lowest rate was 12.41%.

had not completed its gonadal maturity. The gonad
stages are given in Table 1.

TABLE 1
Identification of the stages maturity of female
and male Siberian and diamond sturgeon
Maturity
Stages
1
2
3
4

Siberian
sturgeon
Female
Male
1
3
6
4
1
-

Diamond
sturgeon
Female
Male
1
5
3
1
4
-

FIGURE 3
Microscopic spermatozoa and oocyte cell
images

The testes in male individuals were observed to
be extremely small and in the lateral part in the 1 st
stage. The fat tissue was observed to be in dark-grey
(hypoechogenic) color. In the 2nd stage, the dark fat
tissue decreased, and the testicular tissue was homogeneous and bigger. In the 3rd stage, the testicular
covered the body cavity and in light-grey color (hyperechogenic). In this stage, it was determined that
the spermatozoa were mature (Figure 1). In Siberian
sturgeon, only one individual, which was defined as
being at the end of 3rd stage, was examined in a histopathologic way. The spermatozoa in the milt that
was sampled with the Stripping Method were imaged under microscope (Figure 3).
In ultrasonographic examinations in the female
individuals, any mature individual in gonadal terms
ZDVQ¶WGHWHFWHG,WZDVREVHUYHGWKDWWKHRYDULXPWLV
sue was surrounded by a fat tissue in the females in
the 1st stage. The ovarium was in heterogenous structure and in bright color. In the ovarium tissue in the
2nd stage, the fat tissue decreased, and the ovarium
tissue covered the body cavity in a bright color. In
the 3rd stage, the ovarium was observed in granular
structure and in dark color. Small oocytes were observed (Figure 2). In pathological sampling of a female individual, small oocytes (1.1 mm in diameter)
were imaged under microscope (Figure 3).
Blood Parameters. Hemogram. In the study,
the monthly changes in leucocyte, erythrocyte, hemoglobin and hematocrit values were determined in
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FIGURE 4
Change in the mean leukocyte concentrations in female and male sturgeon
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FIGURE 5
Change in the mean erythrocytes concentrations in female and male sturgeon
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FIGURE 6
Change in the mean hemoglobin concentrations in female and male sturgeon
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FIGURE 7
Change in the mean hematocrit concentrations in female and male sturgeon
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In Siberian sturgeon, the progesterone
levels in female and male individuals did not differ
along the study, and stayed stable at 0.1 ng ml-1. No
important changes were observed in the progesterone levels of the diamond (A. gueldenstaedtii) sturgeon, which was also the case in Siberian sturgeon.
The highest progesterone level in female and male
individuals was in October, and the lowest value was
detected in April. The highest and lowest values in
males and females were 0.21-0.11 ng ml-1, and 0.220.11 ng ml-1, respectively.

The Analysis of the Steroid Hormones. The
estradiol levels of female individuals in Siberian
sturgeon were detected at the highest level in February with 199.1 pg ml-1; and at the lowest level in October with 18.8 pg ml-1. In male individuals, it was
the highest in May with 49.0 pg ml-1; and the lowest
in November with 11.50 pg ml-1 (Figure 8). The estradiol levels in female and male individuals of diamond sturgeon showed parallel changes (Figure 8).
The highest estradiol level in female and male individuals was detected in March; and the lowest value
was detected in October. While the highest average
value in female individuals was 153.0 pg ml-1; the
lowest value was 29.7 pg ml-1; in male individuals, it
was 57.8 pg ml-1 and 38.2 pg ml-1, respectively.
The testosterone level in female and male individuals in Siberian sturgeon was at the highest level
in June (Figure 9). While the testosterone level in
male individuals was maximum with 670.0 ng dl-1,
the minimum value was detected in March with
398.8 ng dl-1. The testosterone level in female individuals was maximum with 355.0 ng dl-1 and minimum in April with 181.68 ng dl-1.
In diamond sturgeon, the testosterone levels of
the male individuals were maximum in October with
753.7 ng dl-1; and minimum in April with 351.8 ng
dl-1. In female individuals, the testosterone level was
maximum in January with 636.3 ng dl-1, and minimum in June with 230.8 ng dl-1 (Figure 9).

The Analysis of Sodium (Na+) and Calcium
(Ca ) Ions in Blood Plasma. The calcium ion
amount in Siberian sturgeon was maximum in male
individuals in November, and minimum in April;
and in females, maximum in December, minimum in
May. In male individuals, the maximum and minimum values were measured as 19.63-9.85 mg dl-1;
and in females, as 16.95-11.21 mg dl-1 (Figure 11).
In diamond sturgeon, the maximum calcium
ion levels of female and male individuals were detected in March, and minimum values were detected
in October, the maximum and minimum values in female individuals were 8.45-6.76 mg dl-1, respectively; and in male individuals, 8.45-6.60 mg dl-1, respectively (Figure 11).
++
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FIGURE 8
Change in the mean plasma E2 concentrations in female and male sturgeon
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FIGURE 9
Change in the mean plasma T concentrations in female and male sturgeon
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FIGURE 10
Change in the mean plasma P concentrations in female and male sturgeon
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FIGURE 11
Change in the mean plasma calcium concentrations in female and male sturgeon
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FIGURE 12
Change in the mean plasma sodium concentrations in female and male sturgeon

The sodium ion levels of female and male individuals in both species were detected to progress in
similar rates. The highest sodium ion level was detected in January, and the lowest value was detected
in October. In Siberian sturgeon individuals, while
the maximum value for both genders was 141.86
mmol l-1, the minimum value in male individuals
was 118.5 mmol l-1, and 120.0 mmol l-1 in females.
In diamond sturgeon, the maximum value in females
and males was 142.3 mmol l-1, and the minimum values in male individuals were 133.0 mmol l-1, and
120.7 mmol l-1 in females (Figure 12).

DISCUSSION AND CONCLUSIONS
In broodstock sturgeon species, the blood parameters and ultrasound examination may be used as
a successful method in the following gamete development period by keeping the stress at minimum
level and without causing any losses in fish. Several
parameters like sizes of the ovarium and testis, the
egg diameter and the gonadal development can be
measured with ultrasound imaging method. At the
same time some data related with reproductive performance like fecundity and gonadosomatic index

6171

© by PSP

Volume 26 ± No. 10/2017 pages 6166-6174

Fresenius Environmental Bulletin


reached to similar values as male individuals
in April, which is the natural reproduction season.
The testosterone levels of female individuals cruised
at higher levels than the male individuals all along
the study. However, in April, the beginning of the
reproduction season, the testosterone levels decreased in female individuals and increased in male
individuals. It was also determined that there were
no significant differences in females and males in
terms of progesterone levels.
The changes in blood plasma, sodium and calcium ion measurements are being used efficiently in
determining the maturity status. During the maturation of gonad in female Acipenser transmontanus,
the plasma VTG and calcium concentrations increase with the onset of yolk deposition. It was reported that the calcium ion amount in the blood
plasma in females that are not mature was 96 μg ml1
, and as 175 μg ml-1 in mature individuals [20].
Marco et al. (2010), measured the reference value of
the sodium ion in blood plasma of A. naccari x A.
baerii hybrid sturgeon individuals as 140 μg ml-1 in
average [21]. This value is similar with our obtained
average values for both for A. baerii and for A. gueldensatedtii. However, the late May values, which is
the end of the reproduction season for Siberian sturgeon individuals, were lower when compared with
these values.
Determining the changes in blood parameters,
which are changing according to environmental and
biological factors, is important to reveal the stress,
comfort and the physiological status of the fish.
However, the data on the reference values of many
species are extremely limited in the literature [13].
The data obtained in this study have revealed the
change in steroid hormone levels, the changes in
some blood parameters, and the changes in the sodium and calcium amounts for of the individuals
both species in and out of the reproduction season.
According to the hemogram data and observed
individuals gonadal development findings, the fluctuations of the hematocrit, erythrocyte, leucocyte,
hemoglobin values overlapped with the possible
gamete production period of the broodstock candidates. In this context, the hemogram values of the
Siberian sturgeon were determined at the peak level
in January-February. On the other hand, diamond
sturgeon's blood parameters referred May-June duration as potential reproduction season. In the light
of these findings, sperm intake from male fishes was
achieved in both Siberia and diamond back fishes at
the age of 4+. It was observed that the spermatozoa
were motile in the examinations made on the sperm
samples. Owing to the fact that PDWXUHHJJVFRXOGQ¶W
be obtained from 4+ year old female individuals, adYDQFHG DSSOLFDWLRQV UHODWHG WR SURGXFWLRQ KDGQ¶W
been realized during the study. Potential gamete maturation period can be determined following the
blood parameters of the newly grown sturgeon.
Thus, production planning and economic planning

may be achieved with ultrasonographic imaging.
[11, 12]. Many researchers recommend the determination of gender with ultrasonography since it causes
less stress than the other methods and is a practical
method [13, 14]. In this study, 30 broodstock candidate individuals were selected from among 1250 Siberian and diamond sturgeon species aged 4+; and
the female and male individuals were determined by
using the ultrasound technique. No statistically significant differences were observed during the study
course in average steroid hormones, blood parameters and sodium and calcium ion values of the female
and male individuals (p>0,05). The gender of the
species was determined by using the morphology
and echogenicity (the brightness of the tissues) of the
ovarium and testis tissues. The ultrasonographic imaging applications were carried out without anesthetizing. There were no deaths during the treatments.
Gender differentiation in sturgeon species is
being completed up to age of 1-2 at the latest [15,
16]. However, it has been reported that the gender
determination before 3 years of age is not reliable in
these species. In fish rised under culture conditions,
the vitellogenesis may last until the end of 3-4 years
of age [15]. It must be considered that a great variation may be observed in the fish at the same age [17,
16].
The steroid hormones play important roles for
hormonal control of the reproduction functions. It
has been reported that the estradiol (E2), 11-ketotestosterone (11-KT), VTG value, E2/VTG and
E2/11KT rates may be used in determining the gender of the fish in a successful way [18, 19]. In this
study, the levels of estradiol, testosterone and progesterone hormones, which are among the reproduction hormones, in and out of the reproduction season
were examined in blood plasma. The estradiol level
in female Siberian sturgeon individuals were measured higher than that of the male individuals. The
highest estradiol level in female individuals was detected in February, and the lowest value was in October. The estradiol levels measured in April-May,
which are the natural reproduction seasons of female
individuals, progressed at lower levels when compared with the other months. The testosterone levels
in male individuals were measured at higher levels
than the female individuals during the study period.
While the testosterone levels of the Siberian individuals were at high levels all during the study period, a
measurable decreasing was observed in the testosterone levels in female and male individuals after
March, which is reproduction season. The measured
estradiol levels in male and female diamond sturgeon were similar along the study period. Although
the estradiol levels of the male individuals were similar with female individuals, the estradiol levels of
the female individuals were measured as relatively
higher than the male individuals, just before the reproduction season in January-March. The female individuals' estradiol values rapidly decreased, and
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Acipenser fulvescens Rafinesque, with
notes on Lake Sturgeon reproductive biology
and management implications. Wisconsin Department of Natural Resources, Oshkosh, and
Sturgeon for Tomorrow, Appleton, Wisconsin.
[10] Chiotti, J.A., Boase, J.C., Hondorp, D.W. and
Briggs A.S. (2016) Assigning sex and reproductive stage to adult Lake sturgeon using ultrasonography and common morphological measurements. North American Journal of Fisheries
Management 36:21±29.
[11] Albers, J.L., Wildhaber, M.L. and DeLonay,
A.J. (2013) Gonadosomatic index and fecundity
of Lower Missouri and Middle Mississippi
River endangered pallid sturgeon estimated using minimally invasive techniques. J. Appl. Ichthyol., 29:968-977.
[12] Bryan, J.L., Wildhaber, M.L., Papoulias, D.M.,
DeLonay, A.J., Tillitt, D.E. and Annis, M.L.
(2007) Estimation of gonad volume, fecundity,
and reproductive stage of shovelnose sturgeon
using sonography and endocopy with application to the endangered pallid sturgeon. J. Appl.
Ichthyol., 23:411-419.
[13] Du, H., Zhang, X., Leng, X., Zhang, S., Luo, J.,
Liu, Z., Qiao, X., Kynard, B. and Wei, Q. (2016)
Gender and gonadal maturity stage identification of captive Chinese sturgeon, Acipenser
sinensis, using ultrasound imagery and sex steroids. General and Comparative Endocrinology,
[14] 0HPLú'<DPDQHU*7RVXQ''(U\DOoÕQ
K.M., Chebanov, M. and Galich, E. (2016) Determination of sex and gonad maturity in sturgeon (Acipenser gueldenstaedtii) using ultrasound technique. Journal of Applied Aquaculture, 28:252-259.
[15] Doroshov, S.I., Moberg, G.P. and Van Eenennaam, J.P. (1997) Observations on the reproductive cycle of cultured white sturgeon, Acipenser
transmontanus. Environmental Biology of
Fishes, 48:265±278.
[16] Hurvitz, A., Jackson, K., Degani, G., and
Levavi-Sivan B. (2007) Use of Endoscopy for
gender and ovarian stage determinations in Russian Sturgeon (Acipenser gueldenstaedtii)
grown in aquaculture. Aquaculture, 270:158±
166.
[17] Amiri, B.M., Maebayashi, M. Hara, A. Adachi,
S. and Yamauchi K. (1996) Ovarian development and serum sex steroid and vitellogenin
profiles in the female cultured sturgeon hybrid,
the bester. Journal of Fish Biology, 8:1164±
1178.
[18] Cuisset, B.D., Rouault, T. and Williot, P. (2011)
Estradiol, testosterone, 11-ketotestosterone, 17,
20 beta-dihydroxy-4-pregnen-3-one and vitellogenin plasma levels in females of captive European sturgeon, Acipenser sturio. J. Appl. Ichthyol. 27:666-672.

process can be managed correctly when considering
that the reproduction process of sturgeon fish has
taken many years.
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COMPREHENSIVE BENEFIT EVALUATION OF VARIOUS
TYPES OF MARINE DEVELOPMENT:
A CASE STUDY OF JIANGSU
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mation. For example, Liu Qing et al. (2013) [2] comprehensive consideration of the reclamation of land
for economic, social and ecological environment in
three areas. The comprehensive benefit evaluation of
4 typical reclamation projects in Jiangsu province
was carried out, but not included in ecological gains
and losses. Meanwhile used the ratio analysis
method, market value method and achievement reference method to evaluate the comprehensive benefits of reclamation. Xiao Jianhong et al. (2011) [3]
use market value method and contingent valuation
method. From the perspective of wetland ecosystem
service function. The ecological environment value
loss of reclamation project was evaluated. But there
is no calculation results of ecological profit and loss.
Li Jingmei et al. (2011) [4] used to bit model and
willingness survey method to evaluate the environmental cost of reclamation in Jiaozhou bay. Only
highlights the ecosystem service functions, not comprehensive. In addition, Qi Junting et al. (2008) [5]
carried out financial evaluation and national economic evaluation on the activities of marine development. However, there is no assessment of ecological benefits in accordance with various types of marine development, Luo Xiqian et al. (2012) [6] were
estimated and analyzed on the benefits of Langqi Island reclamation project, Fu qing Bay reclamation
planning scheme, but neglected the ecosystem service function value accounting.
From the angle of comprehensive benefit evaluation of sea use type, the domestic and foreign researches on ocean development are mostly in the
fields of engineering technology, comprehensive
management and environment. However, the research on the comprehensive benefits of resources
and environment caused by the development activities is less. The selection of evaluation index, the determination of index weight, the determination of
safety threshold and the choice of evaluation methods should be discussed and proved [7, 8, 9]. With
the development of ocean exploitation in china, more
and more scholars began to study the specific development projects, and put forward some evaluation
methods of marine development activities.
With the intensification of human activities,
marine development has become the focus of atten-

ABSTRACT
This study takes four main types of marine development in Jiangsu Province as an example. Discussion on a more reasonable, more objective and effective evaluation system of marine use efficiency.
A more reasonable, objective and perfect marine
benefit evaluation system is discussed. The social
and economic benefits, the value of ecosystem services, the value of the loss of ecosystem and the
value of ecological benefits are included in the evaluation of the total benefit of the calculated unit area.
According to social benefit, economic benefit, resource benefit and environment benefit, the comprehensive benefit index system is constructed. On this
basis, comprehensive index method and grey correlation method are adopted to evaluate the comprehensive benefits of different marine development
types.

KEYWORDS:
Marine development type, comprehensive benefit evaluation, comprehensive index, grey correlation.

INTRODUCTION
Marine development is an important way for
people to make full use of marine resources, but the
current domestic and international related research
and development of the marine economy will pay
more attention to marine resources support for economic development [1], and did not fully take into
account the development and utilization of marine
resources and ecological environment problems
caused by improper restrictions and constraints on
the role of economic development.
From the point of view of calculating the total
benefit of sea use type, the focus of the research on
marine development at home and abroad is mainly
based on the social and economic benefits and comprehensive evaluation. The social benefit, economic
benefit, resource benefit and environmental benefit
are all less in the study of the total benefit, and most
of the comprehensive benefits around the sea recla-

6175

© by PSP

Volume 26 ± No. 10/2017 pages 6175-6183

Fresenius Environmental Bulletin


tion of the government, especially the comprehensive benefits of marine development. However, the
evaluation of the comprehensive benefits of marine
development types is more ambiguous. It is mainly
reflected in the uncertainty evaluation method, evaluation system, evaluation factor, evaluation criteria
and the type of single evaluation. This paper selects
Jiangsu province a variety of ocean development as
the example and calculate the total efficiency of
comprehensive benefit evaluation, improve the evaluation system, discusses the combination of various
assessment methods, enriching the relevant assessment case.

the marine resources and environment, and reduces
the marine ecological environmental services and
sustainable utilization of resources. According to the
present situation of the exploitation and utilization of
marine resources in Jiangsu province, 4 kinds of marine development types with higher development ratio were selected, such as mariculture, offshore wind
power, sewage dumping, port industry. Each type of
marine development has selected several typical marine development projects, A total of 10 cases were
used to evaluate the comprehensive benefits (Table
1), And the cases were selected to be representative.
The relevant data are derived from the social and
economic statistical data of the marine development
projects, the monitoring data of the environmental
protection department and the data of the sewage
declaration, the actual survey data and the model calculation data.

MATERIALS AND METHODS
Study area and data. The coastal area of
Jiangsu province is about3.5x104 km2, Marine economic development situation is good. However, the
development of marine resources in Jiangsu province is more extensive, which has a certain impact on

Computational method of unit area total
benefit. In this paper, the total benefit of each sea
type be divided into social and economic benefits,

TABLE 1
typical marine development projects.
Major types of marine
development
Mariculture A
Offshore wind power B

Sewage dumping C

Port industry D

Item 1

Item 2

Ganyu, a sea water aquaculture project A1
Wind farm project of 30
MW intertidal zone in
Jiangsu, Rudong B1
The first phase of the sewage
discharge project of Nantong Port Economic Development Zone C1
Jiangsu Datang Lusi power
plant project D1

Reclamation of a sea reclamation project in Dongtai A2
The first phase of wind farm
of 150 MW inter tidal zone in
Jiangsu, Rudong B2
Coastal Economic Development Zone coastal industrial
park 20 thousand tons/day
water discharge project C2
Yan Da heavy equipment
manufacturing Co., Ltd. D2

Item 3

China three gorges 12.5MW
test fan project in Jiangsu,
Xiangshui B3
Tianwan Nuclear Power Plant
in Lianyungang C3

TABLE 2
Ecological damage coefficient of different types of marine development.
Development type
Marine reclamation land

Sea-fill


Permeable structure

Open type


Others






Damage coefficient
Construction of sea reclamation, agricultural reclamation, waste Disposal reclamation
Impermeable structure
Harbor pool, storage, etc.
Salt industry
Mariculture
Permeable structure
Sea crossing bridge
Open culture
Bathing beach
Special waterway, anchorage, harbour basin and other open
Submarine cable duct
Subsea tunnel
The sea sand mining etc.
Sewage discharge
Dump
Water intake and outfall

6176

1
0.8
0.5
0.6
0.5
0.3
0.3
0.1
0.2
0.3
0.4
0.4
0.7
0.5
0.4
0.4

Volume 26 ± No. 10/2017 pages 6175-6183

© by PSP

Fresenius Environmental Bulletin


value evaluation method, the evaluation of the ecological service value of the coastal wetland in
Jiangsu was carried out separately, and the average
ecosystem service value of Jiangsu beach was 40
thousand yuan/hm2D

ecological benefit value and the value of wetland
ecosystem service value. The latter includes fishery
resources loss value, ecological loss cost and so on.
The social and economic benefits of marine development projects are directly expressed by the economic income of the sea area within the sea term unit,
and the method of calculation is as follows.

Bi

Pi  Ci  Vi  Ei
Si

Ecological benefit value. The ecological and
environmental effects of marine development activities can be divided into cost and benefit. Different
types of sea use produce different ecological gains
and losses. The negative ecological benefits have
been included in the loss of the value of ecosystem
services in the area; For the use of sea type with positive ecological benefits, The positive ecological
benefit of unit area was used as the evaluation index,
Such as the industrial use of offshore wind power
projects in the marine and photovoltaic power generation projects, consider saving produce annual
power output of standard coal for carbon emissions
economic profit value as evaluation index; For offshore sewage project, then consider the use of the
same standards of sewage charges processing as index, unit: ten thousand yuan/hm2D

(1)

In the formula, B stand for unit sea area total
benefit, unit is 10000 yuan/hm2D. P stand for the total revenue of the project in the forecast period of the
project, unit is million. C stand for the total cost of
investment in marine engineering, unit is million. V
stand for loss value of service function value of wetland ecosystem using sea area. E stand for ecological
benefits of sea area. S stand for Sea area, unit is hm2.
The above indicators are calculated as an annual
unit.
Effects on the service function of coastal wetland ecosystem. Jiangsu marine development concentrated in the coastal beach. Damage to the service
function of the coastal wetland ecosystem. According to the classification system of sea area use and
11 kinds of sea use, the paper lists 10 kinds of ecological service functions. Invited 20 people engaged
in wetland research, marine engineering, marine environment and marine biology professionals to assess the ecological damage caused by different ways
of using sea. According to the scoring of experts, we
finally determined the ecological damage coefficient
of different ways of using sea (Table 2).
According to the marine engineering where the
coast and sea location, development types, development area and ecological damage coefficient can be
determined by marine engineering wetland ecosystem service function value loss, the formula is as follows.

Index system and Standardized treatment.
According to the evaluation index system of marine
development at home and abroad [12, 13, 14, 15].
Combined with the characteristics of marine development in Jiangsu, based on the economic, social,
resource and environmental costs of different types
of marine development, Delphy Fa was used to select the indexes, Constructing the evaluation index
system of comprehensive benefit of marine development (Table 3), The calculation method and formula
of each index are referenced to the relevant literature
[16], and the evaluation index value is obtained and
standardized. In this paper, 10 marine development
projects of the 9 indicators in the index system constitute matrix [Y10×9], The entropy weight method is
used to get the weight value of entropy weight by
matlab2010. The results are shown in Table 3.

n

vi ¦ s j d j
V

j 1

S

Grade standard. The comprehensive benefit
index of marine development is calculated by the linear weighted sum method [17]. The grey relational
grade of marine development is calculated by entropy weight weighting method [18], which directly
reflects the contribution of the evaluation index to
the ecosystem. The higher the comprehensive benefit index and the correlation degree are, the higher
the comprehensive benefit of marine development is,
the smaller the opposite is. According to the related
research results of ecological security level [19], the
comprehensive benefit index and correlation degree
evaluation standard of marine development project
are shown in Table 4.

(2)

In the formula, V stand for Unit area wetland
ecosystem service function value loss of marine project. V i stand for Unit area ecosystem services value
of marine projects, unit is ten thousand yuan/hm2D.
Sj stand for j type of marine development area, unit
is hm2. S stand for total area of marine project. dj
stand for the damage coefficient of the wetland ecosystem service function of the J type. n stand for the
project includes n kinds of marine project.
According to the research results of ecosystem
service value evaluation [10], and according to Xu
Min et al. (2012) [11] proposed ecological service
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TABLE 3
Weight value of comprehensive benefit index of marine development.
First level index

Economic benefit B1

Social benefit B2
Resource loss B3
Environmental cost B4

Secondary indexes
Economic net income of marine project
(ten thousand yuan / hm2D X1
Economic net income of per unit shoreline
(ten thousand yuan / hm2D X2
Annual tax amount payment (ten thousand yuan/ hm2D X3
Newly employed population (people)X4
Degree of public satisfaction (%)X 5
Social development of project (%)X6
Area of occupied beach resources(hm2) X7
Maximum velocity change rate of feature points (%)X8
Environmental change rate of dynamic sediment (%)X9

Type of indicator Entropy weight
η

0.0605

η

0.0530

η
η
η
η
ι
ι
ι

0.0779
0.4882
0.0691
0.0986
0.0402
0.0496
0.0628

Note: +. Equity index; -. Cost index.
TABLE 4
Classification standards for comprehensive benefit evaluation of marine development projects.
Comprehensive benefit index
Safety grade
Correlation degree
Safety grade

0~0.3
Poor
0~0.3
Poor

0.3~0.6
commonly
0.3~0.6
commonly

0.6~0.8
preferably
0.6~0.8
preferably

0.8~1
Excellent
0.8~1
Excellent

Ecological benefit
value
0
0
25.8835
39.2827
34.8829
0.3782
0.0632
0
0
0

total benefit of
Unit area
17.7949
9.525
197.1053
199.8383
296.1497
50.7137
76.8183
349990.351
16138.6433
159618.04

TABLE 5
Total benefit of unit area of the project.
marine project
Mariculture A
Offshore wind
power B
Sewage
dumping C
Port industry D

A1
A2
B1
B2
B3
C1
C2
C3
D1
D2

Social economic net
income
20.14
11.1
172.78
162
262.5
52.34
78.57
349992
16142
159622

Ecosystem service
value loss
-2.3451
-1.575
-1.5582
-1.4444
-1.2332
-2.0045
-1.8149
-1.649
-3.3567
-3.96

Note: the above indicators are the value of unit area, unit: ten thousand yuan/hm2D
minimum sea project benefit of unit area, respectively, 95 thousand and 250 yuan/hm2D, 177 thousand and 949 yuan/hm2D
The study found that the average benefit per
unit area of pollution dumping and industrial marine
development types was the highest, reaching 1 billion 167 million 59 thousand and 610 yuan/hm2D
and 878 million 783 thousand and 417 yuan/hm2D
respectively. However, the value of ecosystem services of two development types per unit area is also
higher, -1.8228 yuan/hm2D-3.6584 yuan/hm2D respectively (Table 6). The higher unit area total benefit is only due to the higher net income per unit area.
Compared with other types of sea use, the net economic income per unit area has an absolute advantage. The total benefit of the unit area of Mariculture Development was the lowest, which was 136
thousand and 600 yuan/hm2D. Ecosystem service

RESULTS AND ANALYSIS
Total benefit of unit area. Based on the calculation of the total benefit of each marine project (Table 5), it is found that the total benefit of the unit area
of Lianyungang Tianwan nuclear power marine project is the largest in the types of sewage dumping,
which is 3 billion 499 million 903 thousand and 510
yuan/hm2. Secondly, Jiangsu Datang Lusi power
plant project, Yanda Manufacturing Co. Ltd., heavy
equipment project which belong to the type of marine industry development have a high unit area total
benefit, Results are 161 million 386 thousand and
433 yuan/hm2DELOOLRQ596 million 180 thousand
and 400 yuan/hm2D+RZHYHUthe marine aquaculture reclamation development type in Dongtai reclamation area fangtang high reclamation for aquatic
breeding project and Ganyu water aquaculture with
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value loss per unit area is -1.9601 million/hm2Dthe
ecological value of unit area was 0.
In short, if we consider the unit area of social
and economic net income, in accordance with the
comprehensive benefits of the unit ocean area of marine development types are sorted as follows: Sewage dumping, Port industry, Offshore wind power,
Mariculture.
Evaluation results of comprehensive index
method. According to the comprehensive benefit index evaluation model. The weight of each index is

multiplied by the standard calculation result, obtain
the comprehensive index of first grade indicators for
all marine development projects (Table 7) and total
composite index curve (Figure 1).
It is found that the comprehensive benefit evaluation of Yan Da heavy equipment manufacturing
Co., Ltd. is 0.9102 which belongs to the port industry
sea type. The comprehensive benefit evaluation of
Lianyungang Tianwan nuclear power plant is 0.8809
which belongs to the type of pollution dumping, between 0.8-1 and in an excellent condition.

TABLE 6
Comprehensive benefit evaluation of unit area of each marine development type.
Assessment indicators / marine development
Social economic net income of unit area
Ecosystem service value loss value of unit area
Ecological benefit value of unit area
Total benefit of unit area

Mariculture
15.62
-1.9601
0
13.66

Offshore wind power
199.0933
-1.4119
33.3497
231.0311

Sewage dumping
116707.6367
-1.8228
0.1471
116705.961

Port industry
87882
-3.6584
0
87878.3417

unit: ten thousand yuan / hm2D
TABLE 7
Comprehensive benefit index of various types of marine development.
Marine project
A1
A2
B1
B2
B3
C1
C2
C3
D1
D2

X1
0.0242
0.0242
0.0363
0.0363
0.0363
0.0242
0.0242
0.0605
0.0605
0.0605

X2
0.0318
0.0318
0.0318
0.0424
0.0318
0.0212
0.0212
0.0530
0.0530
0.0530

X3
0.0156
0.0312
0.0467
0.0467
0.0623
0.0156
0.0156
0.0779
0.0779
0.0779

X4
0.0234
0.0605
0.0005
0.0039
0.0000
0.0000
0.0000
0.4882
0.0234
0.4067

X5
0.0523
0.0691
0.0504
0.0411
0.0467
0.0336
0.0454
0.0131
0.0000
0.0691

X6
0.0064
0.0365
0.0621
0.0407
0.0343
0.0944
0.0879
0.0793
0.0836
0.0986

X7
0.0397
0.0356
0.0400
0.0382
0.0400
0.0402
0.0402
0.0395
0.0344
0.0398

X8
0.0441
0.0211
0.0489
0.0485
0.0486
0.0491
0.0496
0.0447
0.0464
0.0470

X9
0.0560
0.0568
0.0593
0.0557
0.0587
0.0616
0.0628
0.0247
0.0000
0.0577
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FIGURE 1
Composite index of typical marine development activities.
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FIGURE 2
The average composite index of ocean development.
TABLE 8
Empower the correlation coefficient and associated.
Marine project

X1

X2

X3

X4

X5

X6

X7

X8

X9

A1
A2
B1
B2
B3
C1
C2
C3
D1
D2

0.024
0.024
0.030
0.030
0.030
0.024
0.024
0.040
0.040
0.040

0.027
0.027
0.027
0.035
0.027
0.021
0.021
0.035
0.035
0.035

0.026
0.031
0.039
0.039
0.052
0.026
0.026
0.039
0.039
0.039

0.168
0.177
0.163
0.164
0.163
0.163
0.163
0.244
0.125
0.209

0.047
0.069
0.045
0.038
0.042
0.034
0.041
0.030
0.026
0.101

0.034
0.044
0.057
0.045
0.043
0.091
0.081
0.162
0.189
0.452

0.014
0.015
0.013
0.014
0.013
0.013
0.013
0.010
0.011
0.010

0.018
0.027
0.017
0.017
0.017
0.017
0.017
0.013
0.013
0.013

0.023
0.022
0.022
0.023
0.022
0.021
0.021
0.023
0.031
0.016

In the 10 sea use projects, only the Ganyu Marine Economic Development Zone, which belongs to
the sea reclamation and sea use type, has a comprehensive benefit evaluation of 0.2936, between 0-0.3
and in a bad state. The overall benefits of the remaining development projects are between 0.3-0.6 and in
a general state.
Base on the results of 10 marine projects, the
average comprehensive benefit index of each marine
development type is calculated. Among them, the
average comprehensive benefit index of port industry marine development type is 0.6448, which is between 0.6-0.8, and has better comprehensive benefits.
The average comprehensive benefit index of mariculture, offshore wind power and sewage dumping
marine development type is 0.3302, 0.3628 and
0.5525 respectively, all of which are between 0.3-0.6,
and the comprehensive benefits are generally, as
shown in Figure 2.

Weighted correlation
degree
0.3796
0.4357
0.4120
0.4049
0.4082
0.4102
0.4069
0.6060
0.5093
0.9160

Evaluation results of grey correlation
method. The selected evaluation index is weighted
by entropy weight method, and the correlation degree is calculated by weighting method. The results
are shown in Table 8.
Ranking the Weighted correlation degree by
size. According to the size of weighted correlation
degree, the correlation degree of the comprehensive
benefit of various marine development projects is
obtained (figure 3). Based on the comprehensive
benefit grade standard, it is found that the correlation
degree of the comprehensive benefit of the project is
0.9160, which is between 0.8-1, in excellent condition. The correlation degree of the comprehensive
benefit of the sea project of Lianyungang Tianwan
nuclear power plant is 0.6060 between 0.6-0.8 and is
in good condition. The correlation degree of the
comprehensive benefit of other marine projects is
between 0.3-0.6, in general. Among them, the minimum degree of comprehensive benefit of the marine
reclamation project in Ganyu was 0.3796.
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FIGURE 3
The correlation degree between sea project and comprehensive benefit.
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FIGURE 4
Correlation of marine development mode.
Based on the grey correlation method, the correlation degree of the comprehensive benefit of each
type of marine development is obtained, as shown in
Figure 4. Among them, the average value of the
comprehensive benefit of the port industry marine
development type is 0.7127, which is between 0.60.8, and has good comprehensive benefits. The correlation degree of comprehensive benefit of mariculture, offshore wind power and sewage dumping was
0.4076, 0.4084 and 0.4710 respectively, all between
0.3-0.6, with a commonly comprehensive benefit.

DISCUSSION
With the continuous development of marine activities, calculation and evaluation of comprehensive
benefits of marine development types is great significance to maintain the sustainable development of
marine economy and ecological environment. Different types of marine development have brought
about different social and economic benefits, but
also resulted in the loss of marine resources. Comprehensive benefit evaluation value can provide a
reference for the development and utilization of the
ocean to a certain extent. It can provide the scientific
basis for the marine management department to set
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Second, the comprehensive index method and
grey correlation method are used to analyze the comprehensive benefit. It is found that the average comprehensive benefit index of Port industry is 0.6448.
The average degree of correlation with comprehensive benefit is 0.7127 and the comprehensive benefit
is better. However, the average comprehensive benefit index of mariculture, offshore wind power and
sewage dumping were 0.3302, 0.3628 and 0.5525 respectively. The average correlation degree of comprehensive benefit was 0.4076, 0.4084 and 0.4710
respectively, which were all between 0.3-0.6 and the
comprehensive benefit was commonly.
Third, the selection of the four typical types of
marine development, the type of port industry has
high comprehensive benefit. The main reason is that
the social and economic benefits are higher than
those of other types, far more than the cost of development, but it can not be denied that the development of the environmental damage and the impact is
enormous. However, the economic benefits and the
environmental costs caused by the sea reclamation
and the dumping of sewage are relatively smaller
than those of the first two types. In particular, the sea
type of offshore wind power has the least impact on
the ecological environment, resulting in an objective
social and economic benefits.
Fourth, it is urgent to research the economic,
resource and environmental comprehensive benefits
of marine development activities and make a quantitative study on the comprehensive benefit of different marine development activities. It is necessary to
select the types of marine development suitable for
priority and encourage development according to the
specific regional policies and principles, the development advantages, the importance of indicators and
the actual situation.

up all kinds of marine functional areas. Put forward
the strategic direction of the development of marine
industry and optimize the adjustment proposals, to
realize the coordinated development of marine economic development, marine resources utilization
and marine environmental protection.
This paper selects four main types of marine
development in Jiangsu province aquaculture reclamation, offshore wind power, the dumping of sewage, port industry as examples. Based on the calculation of the cost and benefit of economy, society,
resources, environment and other various aspects of
marine project development. Increased Net economic benefit of unit area, ecosystem service value
loss value of unit area, ecological benefit value of
unit area to evaluate and analyze the total benefit of
marine area use, so that the connotation of the total
benefit of marine types is more perfect and reasonable. On the basis of the calculation of each index
value, the comprehensive benefit evaluation index
system of marine development activities is constructed. The new employment population, people's
support rate and other social benefits, erosion and
sedimentation coefficient, the characteristics of the
maximum flow rate of change and other environmental costs and other opportunity costs are incorporated into the assessment system. The comprehensive benefit of economic output and resource environment is evaluated by using the comprehensive index method and grey correlation method. It provides
a scientific basis for the selection and management
of marine development types in Jiangsu province
and to provide reference for scientific and rational
evaluation of comprehensive benefits of marine development activities. On the basis of the accurate
calculation of the basic data, the objective evaluation
method is used to evaluate the comprehensive benefit and enhance the reliability of the empirical results
and the accuracy of the method.
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By calculating the total benefit evaluation
value and comprehensive benefit evaluation index,
Objective to explore the comprehensive benefits of
various types of marine development. This paper analyzes the influence of marine economic growth on
marine resources, marine environment, marine ecosystem services. First, through the calculation of the
total benefit value. It is found that the comprehensive
benefit of the unit area of sewage dumping is the
highest, which is 1 billion 167 million 59 thousand
and 610 yuan/hm2D. Compared with other types of
marine use, the main reason is that the net economic
income of the unit area of nuclear power projects has
absolute advantages. Followed by port industry. The
total benefit of the mariculture type was 136 thousand and 600 yuan/ hm2D. The main reason is that
the net economic income per unit area is very small.
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content, and nitrogen amount are the key factors influencing the hydrolysis process [8-10]. A high temperature equates to a fast hydrolysis rate, and a short
hydrolysis process [11-13]. Because temperature influences the chemical and biological environments
in soil during N transformation and cycling [14].
Some reports show that relationship between the nitrogen amount and urea hydrolysis is positive [13].
Meanwhile, some reports show an opposite result
[10]. High soil moisture limits soil aeration and thus
leads to a decrease in urease activity and inhibition
of urea hydrolysis [15-16]. However, most previous
studies only examined the causative factors without
ranking their relative importance quantitatively. In
this paper, the effect of the three factors on urea hydrolysis rate was quantified, the importance degrees
of the factors were ranked, and the key factor was
determined.
Artificial neural networks (ANNs) are models
inspired by human central nervous syatems [17].
ANNs can be usd to solve a wide variety of highdimension nonlinear problems that are hard to resolve using ordinary rule-based methods [18]. Because of the high accuracy and high convergence
speed [18-19], it has been used to predict soil nitrogen loss [20], surface water pollution caused by nitrogen [21] and ammonia volatilization [22]. Published literature shows that the application of the
neural network model in predicting the urea hydrolysis rate requires further study. Moreover, this model
has not been used to analyze the importance of hydrolysis factors quantitatively.
The objective of this study is to establish a prediction model of urea hydrolysis rate under the coupled effect of water-temperature-nitrogen. With the
artificial neural network, the backpropagation (BP)
algorithm and differential evolution (DE) algorithm
were used to optimize the weight and threshold matrix of the neural network. The importance of hydrolysis factors was quantitatively analyzed based on information on the optimal weight and threshold matrix.

ABSTRACT
The importance of the factors that influence
urea hydrolysis rate was analyzed to reveal the
mechanism of urea hydrolysis and improve urea utilization efficiency. BP-K and DE-K prediction models were established based on the traditional backpropagation (BP) neural network model and the BP
model optimized by the differential evolution algorithm (DE). The two models designed to predict the
urea hydrolysis rate were validated with the measured value. The input variables in the two models
were soil temperature, nitrogen amount, and moisture content, and the output variable was soil urea
hydrolysis rate. Results showed that the BP-K and
DE-K models possessed high accuracy and could be
used to predict the urea hydrolysis rate. The simulation effect of the DE-K model was better than that of
the BP-K model. The importance of the factors that
affect urea hydrolysis was studied based on information on weight and the threshold value of DE-K
model. The relative importance of temperature, nitrogen amount, and moisture content on urea hydrolysis was 65.87%, 25.69%, and 8.44%, respectively.

KEYWORDS:
soil urea hydrolysis rate, differential evolution algorithm,
BP-K model, DE-K model, importance

INTRODUCTION
Urea is one of the most popular nitrogen fertilizers worldwide because of its low price [1], high
nitrogen content [2], and other advantages. When
urea is applied to soil, it is hydrolyzed into ammonium nitrogen under the catalysis of urease. A part
of it is emitted into the air in the form of gas (NH3),
and the other parts are transformed into nitrate
through nitrification bacteria [3]. Improper use of
urea results in many problems [4], such as eutrophication of surface water [5], gaseous loss [6], denitrification loss [7], and nitrogen leaching. Thus, research on the mechanism of nitrogen transformation
is highly significant.
Many studies show that temperature, moisture
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temperature of 30 °C and wavelength of 190
nm.

MATERIALS AND METHODS
Soil sampling. Sandy loam samples were obtained from the Pomology Institute of Shanxi Academy of Agricultural Sciences. The samples were air
dried and crushed to pass through a 10-mesh sieve.
The physicochemical properties of the soil samples
are shown in Table 1. pH was measured at a soil-towater ratio of 1:5 [23]. Field capacity was determined in 0.033 MPa by the pressure membrane
method [24]. Moisture content was determined by a
weighing method that 5.00 g of moist soil should be
dried in an oven at 105 °C for 8h [25]. NO3--N and
NH4+-N were determined with a continuous flow analyzer (AA3, Bran Luebbe, Germany). All chemicals
used in the experiments were of analytical reagent
(AR) grade and obtained from Sinopharm Chemical
Reagent Beijing Co., Ltd. (Beijing, China).

Data analysis. A zero-order model (Equation
(1)) was used to describe the dynamic process of urea
hydrolysis. A regression analysis was conducted
with 1stopt 7.0 software to calculate the parameters
of the models from experimental data.
C0  Ct
a  k ut
(1)
where C0 and Ct are the urea contents (mg kg-1)
determined at time 0 and t (d), respectively; k is the
reaction rate (mg kg-1 d-1); and a is a constant.
The simulation effect of the models was evaluated with the mean-absolute-percent error (MAPE)
and root-mean-square error (RMSE), which were
calculated with Equation (2) and Equation (3).
MAPE

TABLE 1
Physicochemical properties of the soil
Soil
type

pH

Moisture
content
g kg-1

Field
capacity
g kg-1

NO3í±
N content
mg kg-

RMSE

NH4+N content
mg kg-1

8.84

21.63

217.79

0.41

¦

WL  WR
u 100%
WR

N

WL  WR

N

i 1

¦
i 1

N

(2)

2

(3)

where WR and WL represent the measured and
calculated hydrolysis rate of urea-N (mg kg-1 d-1), respectively, and N is the number of samples.

1

Sandy
loam

1
N

0.59

Treatment. The urea hydrolysis characteristics
under the coupled effect of water-nitrogen-temperature were studied through a laboratory experiment.
Moisture content, nitrogen amount and temperature
included three levels (130.67 mg/kg, 174.23 mg/kg,
and 217.79 mg/kg), four levels (130.67 mg/kg,
174.23 mg/kg, and 217.79 mg/kg) and five levels (15
°C, 20 °C, 25 °C, 35 °C, and 40 °C), respectively.
The experiment has sixty treatments, and all treatments were repeated three times. A total of 151 g
(oven-dry basis) of soil was added to a series of 500
mL glass beakers. The beakers were treated with
urea solution and deionized water to adjust the design level. The beakers were covered with polyeth\OHQH ¿OP DQG LQFXEDWHG DW GLIIHUHQW WHPSHUDWXUHV
(15 °C, 20 °C, 25 °C, 35 °C, and 40 °C) for 1-7 d.
The loss of soil water through evaporation was replenished with deionized water, and the residual urea
content under different treatments was measured
everyday. Five grams (oven-dry basis) of soil and 50
mL of ultrapure water were poured into the flasks,
placed inside a mechanical shaker for 0.5 h, and oscillated at a frequency of 50 Hz. The soils and solution were separated by filtration with a filter memEUDQH ȝP DQGWKHXUHDFRQWHQWLQWKHSHOOXFLG
filtrate was determined through high-performance
liquid chromatography (Thermo Fisher Scientific
Corporation, America). The specific parameter setWLQJZDVDVIROORZVVDPSOHVL]HRIȝOIORZUDWH
of 1 mL min-1, mobile phase (95% ultrapure + 5%
acetonitrile), and chromatographic column (C18, 4.6
×  PP  ȝP  ZLWK D FKURPDWRJUDSKLF FROXPQ

FIGURE 1
Architecture of the BP neural network
All experiments were repeated in triplicate, and
the average values were reported. All data were processed in Microsoft Excel 2013. A statistical analysis
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referring to the following inequality. The ideal
range of hidden layer nodes is 2 to 12, as determined
with Equation 10.

was performed with IBM SPSS Statistics 19 software, and the figures were plotted with Origin 9.1
software. Statistical significance was determined
with the paired samples test. A correlation analysis
ZDVFRQGXFWHGZLWK3HDUVRQ¶VPHWKRG7UDLQLQJDQG
forecasting of the models were performed with
1stopt 7.0 software.

L

ms q

(10)

Where, L is the number of hidden layer nodes,
m is the number of output layer nodes, s is the number of input layer nodes, and q is a constant between
0 and 10.
In the BP-K model, temperature, moisture content, and nitrogen amount were regarded as inputs,
and urea hydrolysis rate was regarded as the output.
Tanh was selected as the transfer function between
input and hidden layers and between hidden and output layers. The iteration number used in the model
was 5000, and the training goal was 0.00001. The 60
data sets were separated into training and validation
sets in 5:1 ratios.

MODEL BUILDING
Building of the BP-K neural network model.
The basic architecture of the BP neural network is
illustrated in Figure 1. The network comprises three
layers. The first is an input layer, which is responsible for receiving input messages and transmitting
them to the hidden layer. The next is a hidden layer,
in which the information is processed and transferred. The third one is the output layer, which is
used for information transmission. When the output
is inconsistent with the expectation, the error backpropagation mechanism works. The weight and
threshold matrices of each layer are adjusted continuously until they reach the expected value.
The main idea of neural network learning is to
revise the weights (Ȧij, Tli) and threshold (și, șl) for
the error function (E) to decrease along the negative
gradient direction. The nodes of the BP network can
be expressed as input layer node xi, hidden layer
node yj, and output layer node Ol. The calculation
formulas of the BP model are shown in Equations 4
to 9, where Ȧij is the network weight between input
and hidden layer nodes, Tli is the network weight between hidden and output layer nodes, k is the number
of iterations, Ș' is the learning rate, and įi' is the error
gradient.
The output formula of the hidden layer node is
yi f ¦Zij x j  Ti
f neti
(4)

Building of the DE-K neural network model.
The traditional BP algorithm is based on the gradient
descent method. It modifies a network by calculating
the objective function. This method is easy to be
trapped in local minima, and the search method
demonstrates slow convergence. Thus, the BP neural
network algorithm needs to be optimized. The 1stopt
software has been successfully applied for solving
optimization problems [26-27]. The differential evolution optimization (DE) method has proved its ability in finding the global optimal solution at high
speed and with high accuracy [28-29]. As a result, it
is applied to solve the optimization problem of traditional neural network model in this study. The DE
algorithm requires determination of some parameters (population size, mutation rate, crossover rate).
In this paper, the DE algorithm parameters were as
follows: population size-50, mutation rate-0.7,
crossover rate-0.85.
Calculation of importance. The DE-K model
achieved the training goal after a number of iterations. Network weights reflect the importance information of the evaluation indexes. Hence, the key
point is to extract the relative importance information of each evaluation index from the weights of
the network.
(1) Relative Importance Size \/[i

The output formula of the output layer node is
Ol f ¦Tli yi  Ti
f neti ˈ (5)
The weight optimizing formula from the input
layer to the hidden layer is
Zij k  1 Zij k  K cG i' x j
(6)
The threshold optimizing formula from the inp
ut layer to the hidden layer is
Ti k  1 Ti k  K cG i'ˈ
(7)

wy wxi

f D ¬ª1  f D ¼º w ¦ i

L
1

Tli h j  Tl

wxi

L

f D ¬ª1  f D ¼º ¦Tli wh j wxi

The weight correction formula from the hidden
layer to the output layer is
Tli k  1 Tli k  K cG l yi
(8)

j 1

L

=f D ¬ª1  f D ¼º ¦Tli wh j wE j

wE j wxi

j 1

The threshold correction formula from the hid
den layer to the output layer is
Tl k  1 Tl k  K cG l'
(9)

L

=f D ª¬1  f D º¼ ¦Tli f E j ª¬1  f E j º¼ w ¦ i

N
1

Tli h j  T i

wxi

j 1
L

=f D ª¬1  f D º¼ ¦Tli f E j ª¬1  f E j º¼ Zij

The neurons of each layer are connected by
transfer functions, such as logsig, purlin, and tanh. If
the number of hidden layer nodes is selected incorrectly, simulation accuracy would be low. One could
select the optimal number of hidden layer nodes by

j 1

(11)
Where, f (Į) is the actual output of neural network, f (ȕj) is the output of hidden layer, h is the output vector [h = (h1, h2«hj«hL)T], X is the input
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vector [X = (x1, x2«xi«xN)T].
(2) Comparison of Relative Size \/[i
When the training process of the neural network was completed and the inputs were provided,
weight Ȧij, threshold Tli, f (Į), and f (ȕj) became fixed
values. Equation 11 was then rewritten as Equations
12 and 13.
L
wy wxi f D ª1  f D º ¦(ZijTli ) f E j ª1  f E j º (12)
¬

¼

¬

j 1

wy wxi

wy wxi 1

L

concentration and led to a decrease in effective
collision frequency between urea molecules [34]. If
the nitrogen amount increases, the number of active
molecules will increase, which is conducive for the
hydrolysis reaction. However, the experimental results showed that the hydrolysis rate was negatively
related to nitrogen amount. This negative relation
may be caused by the inhibition of the noncompetitive substrate [35] or the degeneration of enzymes in
high-concentration urea [36]. Urea hydrolysis rate
exhibited significant (p < 0.05) or extremely significant (p < 0.01) positive correlations with temperature
(r = 0.937 to 0.974). The relationship between urea
hydrolysis rate and moisture content was significantly negative, except for a few cases (r = -0.942 to
-1.000). Urea hydrolysis rate exhibited significant (p
< 0.05) or extremely significant (p < 0.01) negative
correlations with nitrogen amount (r = -0.989 to 1.000). It indicate that all of the three factors are
closely related with the hydrolysis rate. Therefore,
the three factors should be considered in the neural
network model.

¼

L

¦ Z T /¦ Z
ij li

j 1

T

i 1 j li

(13)

j 1

(3) Relative Importance Information of Indexe
sR
The relative size of \/[i exerted the same effect as the relative size of ¦ (Z T .) The relative importance of evaluation index i is shown in Equation
14.
L

j 1

L

Ri

N

ij li

L

¦ Z T / ¦¦ Z T
ij li

j 1

ij li

(14)

i 1 j 1

RESULTS AND DISCUSSION

FIGURE 3
Training error of the DE-BP model under
different hidden layer nodes

FIGURE 2
Hydrolysis rate of urea in soil under the coupled
effect of water-temperature-nitrogen

Determination of the best hidden layer
nodes. The training error of the DE-K model under
different hidden layer nodes is shown in Figure 3.
When the hidden layer nodes increased from 2 to 12,
the value of MAPE and RMSE initially decreased to
the minimum then increased. When the number of
hidden layer nodes was 6, the goal error reached the
minimum value after 2384 tests and met the precision requirements. Therefore, the best topological
structure of the DE-K model is 3-6-1.

Analysis of urea hydrolysis rate under the
coupled effect of water-temperature-nitrogen.
Figure 2 shows the urea hydrolysis rate in soil under
the coupled effect of water-temperature-nitrogen.
Several differences in the urea hydrolysis rate were
observed for the different treatments. When the soil
temperature increased, the hydrolysis rate increased
monotonically. This result confirms the previous reports [11, 30]. The result is due to the enhancement
of urease activity with the increase in temperature
within the range of 15 °C to 40 °C [9, 31]. This increase in temperature causes an increase in the percentage of active molecules [32, 33]. The probability
of effective collision between molecules also increases, and the hydrolysis reaction occurs easily
[34]. Furthermore, the hydrolysis rate of urea decreased with the increase in moisture content because excessive soil moisture diluted the reactant

Evaluation of the training results of the DEK model. Figure 4 shows the simulation accuracy of
the predicted value and observed value of hydrolysis
rate. The slope of the linear equation of the BP-K and
DE-K models was 0.979 and 0.996, respectively, and
the determination coefficient (R2) reached 0.991 and
0.999, respectively (Figure 4(a)). This result indicated that the measured and predicted values were in
good agreement. Figure 4(b) shows that the residual

6187

Volume 26 ± No. 10/2017 pages 6184-6190

© by PSP

Fresenius Environmental Bulletin


data points of the BP-K and DE-K models were distributed randomly in horizontal strip intervals of (-5,
5) and (-3, 3), respectively. This result indicated that
the imitative effect was satisfactory for both models,
but the residual of the DE-K model was smaller than
that of the BP-K model. Figure 4(c) shows the absolute percentage error between the observed and predicted values. The maximum value of the relative error of the BP-K and DE-K models was 11.99% and
6.56%, respectively; meanwhile, the minimum value
was 0.76% and 0.16%, respectively, and the average
value was 4.35% and 1.64%, respectively.

FIGURE 5
Linear relationship between predicted and
observed values
Evaluation of the prediction results of the
DE-K model. Figure 5 shows the linear relation between the predicted and observed values in the prediction group. The slope of the linear equation of the
BP-K and DE-K models was 0.947 and 0.985, respectively, and the determination coefficient (R2)
reached 0.986 and 0.994, respectively. This result indicates that the observed and predicted values of the
two models are in good agreement. The t paired sample test results of the observed and predicted values
are shown in Table 3. The MAPE and RMSE of the
DE-K model were 3.486% and 2.418, respectively;
these values are smaller than those of the BP-K
model. Calculation showed that the absolute t values
of the two models were smaller than the critical value
t0.05(9) (t0.05(9) = 2.262); the differences between the
observed and predicted values were not significant.
In conclusion, for the prediction samples, the two
models exhibited high simulation accuracy and
could be used to predict the urea hydrolysis rate under the coupled effect of water±temperature±nitrogen. The DE-K model showed better prediction than
the BP-K model.

FIGURE 4
The simulation accurancy of the predicted value
and observed value of hydrolysis rate ((a) linear
relationship, (b) residual, (c) absolute percentage
error)
The BP-K model had an RMSE value of 2.343,
whereas that of the DE-K model was 1.246. The DEK model had a smaller simulation error than the BP
model. The t paired sample test results of the measured and predicted values are shown in Table 2. The
absolute values of t for the two models were smaller
than the critical t value t0.05(49) (t0.05(49) = 2.010).
The differences between the measured and predicted
values were not significant. In conclusion, for the
training samples, the two models exhibited high simulation accuracy and could be used to predict urea
hydrolysis rate under the coupled effect of watertemperature-nitrogen.

TABLE 3
Result of statistical analysis of measured and
predicted values (prediction group)

TABLE 2
Paired sample test result of the measured and
predicted values (training group)
Model

Mean

Standard deviation

DE-K
BP-K

0.011
0.090

0.980
2.457

Standard error
mean
0.139
0.347

t
value

df

Sig

0.078
0.259

49
49

0.938
0.797

Model

MAPE

RMSE

BP-K
DE-K

4.946%
3.486%

3.459
2.418

Paired samples test
t value
df
Sig
í1.765
9
0.111
0.653
9
0.530

Note. ** means significant at the 0.01 levels.
df: degrees of freedom. Sig: significance.

Evaluation of the importance of the factors
influencing hydrolysis. For the training and prediction samples, the simulation results of the DE-K
model were better than those of the BP-K model, and
the relationship between the input variables and the
output variable was expressed more accurately with
the DE-K model. Therefore, the weight and threshold value of the DE-K model were used to analyze

Note. df: degrees of freedom. Sig: significance.
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[2] Glibert, P. M., Harrison, J., Heil, C.,
Seitzinger, S. (2006) Escalating worldwide use
of urea±A global change contributing to coastal
eutrophication. Biogeochemistry, 77, 441-463.
[3] Wessen, E., Nyberg, K. A., Jansson, J. K., and
Hallin, S. (2010) Responses of bacterial and
archaeal ammonia oxidizers to soil organic and
fertilizer amendments under long-term management. Applied Soil Ecology, 45, 193-200.
[4] Ye, Y., Li, L., Zhang, F., Sun, J., Liu, S. (2004)
Effect of irrigation on soil NO3--N accumulation
and leaching in maize/barley intercropping
field. Transactions of the Chinese Society of
Agricultural Engineering, 20, 105-109.
[5] Lili, W., Wenzhe, L., Zhongjiang, W., Zhiwu,
W., Chao S, Yan L. (2016) Effects of digestate
application depth on soil nitrogen volatilization
and vertical distribution. International Journal
of Agricultural and Biological Engineering, 9,
101-107.
[6] Shan, L., He, Y., Chen, J., Huang, Q., Wang, H.
(2015) Ammonia volatilization from a Chinese
cabbage field under different nitrogen
treatments in the Taihu lake basin, China.
Journal of Environmental Sciences, 38, 14-23.
[7] Dhadli, H. S., Brar, B. S., Black, T. A. (2016)
N2O emissions in a long-term soil fertility
experiment under maize-wheat cropping system
in Northern India. Geoderma Regional, 7, 102109.
[8] Doak, B. W. (1952) Some chemical changes in
the nitrogenous constituents of urine when
voided on pasture. The Journal of Agricultural
Science, 42, 162-171.
[9] Chauhan, H., Mishra, B. (1989) Ammonia
volatilization from a flooded rice field fertilized
with amended urea materials. Fertilizer
Research, 19, 57-63.
[10] Armstrong, H. E., Horton, E. (1912) Studies on
enzyme action xv.-urease: a selective enzyme.
Proceedings of the Royal Society of London, 85,
109-127.
[11] Kumar, V., Wagenet, R. J. (1984) Urease
activity and kinetics of urea transformation in
soils. Soil Science, 137, 263-269.
[12] Sankhayan, S. D., Shukla, U. C. (1976) Rates of
urea hydrolysis in five soils of India. Geoderma,
16, 171-178.
[13] Yadav, D. S., Kumar, V., Singh, M., Relan, P.
S. (1987) Effect of temperature and moisture on
kinetics of urea hydrolysis and nitrification.
Australian Journal of Soil Research, 25, 185191.
[14] Burns RG. 1978. Soil enzymes. London:
Academic Press.
[15] Bhagat, R. M., Bhuiyan, S. I., Moody, K. (1996)
Water, tillage and weed interactions in lowland
tropical rice: A review. Agric Water Manage,
31, 165-184.

the importance of the three factors (temperature, nitrogen amount, and moisture content). It has been
calculated that the percentages of the importance of
temperature, nitrogen amount, and moisture content
were 65.87%, 25.69%, and 8.44%, respectively. The
importance of temperature was 2.56 times and 7.80
times larger than that of nitrogen amount and moisture content, respectively. In conclusion, temperature played a decisive role in the process of urea hydrolysis, whereas moisture content had a minimal effect. The analysis results for importance based on the
artificial neural network model were consistent with
the experimental results.

CONCLUSION
Based on the artificial neural network optimized by the BP and DE algorithm, the BP-K and
DE-K models were established. Temperature, moisture content, and nitrogen amount were regarded as
inputs, and the hydrolysis rate of urea was regarded
as the output. The BP-K and DE-K models were validated with test data. The results showed that both
models had high precision and could be used to predict the hydrolysis rate of urea under the coupled effect of water-nitrogen-temperature. The simulation
effect of the DE-K model was much better than that
of the BP-K model. The importance of the factors
that affect urea hydrolysis was studied based on information on weight and the threshold value of DEK model. The relative size of the three factors was in
the order of temperature (65.87%) > nitrogen amount
(25.69%) > moisture content (8.44%). The analysis
results for importance based on the artificial neural
network model were consistent with the experimental results, thus fully demonstrating the good application prospect of this method.
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colon [7, 8, 9, 10]. As fermentable substrates, prebiotics have been found to modulate colonic flora by
stimulating the growth of beneficial bacteria and inhibiting the growth of pathogenic bacteria in the gut
microbiota. More specifically, they act on the flora
of the large intestine by increasing the number of
probiotic bacteria and thereby promoting carbohydrate metabolism. As a result, i) intestinal pH is reduced, ii) bacterial balance in the large intestine is
positively restored, iii) blood cholesterol level positively is aeffected, iv) uptake of minerals is enhanced, and v) risk of colorectal cancer can be reduced [7, 11, 12, 13, 14].
For a dietary substrate to be considered a prebiotic, at least three criteria must be met; i) it must not
be absorbed in the small intestine, ii) it must be selective for probiotic bacteria (e.g. Lactobacilli or
Bifidobacteria) in the large intestine, and iii) fermentation of the substrate should have beneficial effects
on host health. The prebiotic substances can be categorized based on their chemical structure such as
the chain length/degree of polymerization (DP), and
mode of usage. According to their chemical nature,
prebiotic substances are classified into saccharide
derivates (disaccharides, oligosaccharides and polysaccharides), proteins/peptides and lipids. Depending on this classification, prebiotics are found in the
food products; the substance containing a prebiotic
is added or the active compound / prebiotic substance is isolated from the source and then added [15,
16, 17, 18].
Prebiotic substances are present naturally in
fruits, vegetables, plant roots and seeds. Exclusively,
prebiotic dietary sources are soybeans, artichoke,
chicory root, raw banana, nectarine, yam, tomato,
garlic, raw oats, onion, leek, wheat bran, asparagus,
unrefined barley and wheat [13, 18, 19, 20]. Fructooligosaccharides (FOS), galactooligosaccharides
(GOS), transgalactooligosaccharides (TOS), xylooligosaccharides (XOS), gentiooligosaccharides,
lactulose (LAC), lactosucrose, inulin (INU), isomaltooligosaccharides (IMO), soybean oligosaccharides (SOS), resistant starch, glucooligosaccharides
are the most used prebiotics in the food and pharmacology industry [21, 22, 23, 24, 25].
Orchidaceae commonly known as the orchid
family is the largest and widespread family of flowering plants with an estimated 800 genera including
nearly 25,000 species. Since orchids have exotic

ABSTRACT
The aim of the current study was to determine
the utilization of salep from some Orchidaceae species by selected Bifidobacterium spp. Bifidobacteria
were grown in Tryptone Peptone Yeast Extract
(TPY) supplemented with 1% (w/v) glucose or 0.5
%, 1 % and 2 % w/v salep. The growth of the
Bifidobacterium species was investigated by measuring the pH and optical density (OD) at 600 nm during a 48 h-fermentation, and calculating the prebiotic
activity score (PAS). The results showed that the
Bifidobacterium species could develop acidity
through activation in the TPY broth containing
salep. The B. infantis present in the TPY broth containing salep powder at 0.5-1 % was found to have
the highest cell density value. In general, the PAS
values obtained from the study showed similarities
with those of commercial prebiotics, especially with
fructooligosaccharides and inulin. The result of this
study also indicates that salep can enhance the
growth of some Bifidobacterium species.

KEYWORDS:
Prebiotic, Probiotic, Bifidobacterium, Orchidaceae, Salep

INTRODUCTION
In recent years, probiotic and prebiotic additives have gained importance in the food industry
and seen an increase in consumption due to their
proven beneficial effects on nutrition and health.
Probiotics are live microorganisms with clinical
proven benefits for the host¶V health and physiology
when they are consumed in a sufficient amount with
microbial dietary additives [1, 2, 3, 4]. Probiotics
providing microbial balance in the gastrointestinal
system positively affect host health by adjusting mucosal and systemic immunity. In nutrition, a multifarious microbial species have been qualified as probiotic, mainly Lactobacillus and Bifidobacterium
species [5, 6].
Prebiotics, non-digestible food ingredients, are
not hydrolyzed or absorbed in the upper intestinal
tract and are selectively fermented by the beneficial
bacteria (e.g. lactobacilli and bifidobacteria) in the
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Culture Conditions. Salep from orchids
grown different parts of Turkey region was provided
by Kadem Sahlepçilik (Istanbul, Turkey). The corresponding solution was prepared by modifying it
according to the work of Kaplan and Hutkins [32],
Mumcu and Temiz [33]. To test the effect of the
salep on the growth of the Bifidobacterium species,
Tryptone Peptone Yeast Extract (TPY) was used as
the basal medium (Table 1.). Solutions of salep and
glucose were sterilized using Millipore-Stericup-GP
0.45 μm. Both were added to the TPY medium to
obtain a final concentration of 0.5 %, 1 % and 2
%w/v for salep and 1 % w/v glucose as positive control. TPY broth without carbohydrates served as a
negative control. The assay was performed by adding 2 % (v/v) of an overnight culture of each
Bifidobacterium strain to separate the tubes containing TPY broth supplemented with 1% (w/v) glucose
or % 0,5; % 1 and % 2 w/v salep as the sole carbon
source. The experiment was completed in triplicate
and the results are presented as the means±SE
(standard error).

beauty and long lasting flowers exhibiting an incredible range of diversity in size, shape and colour, they
are grown as economically important ornamentals
and cut flowers having floricultural, commercial as
well as therapeutic values. All parts of orchids including leaves, roots, flowers, pseudobulbs, tubers,
rhizomes and whole plants have been used as therapeutic ingredients for treating various disease, including tuberculosis, diabetes, lung cancer, stomach
diseases, allergies headache and fever. Orchid products such as vanilla and salep are widely used the
food and pharmaceutic industries. Salep, a Turkish
ZRUG *UHHNµVDODSL¶$UDELFZRUGµVDKODE¶ , is powder obtained from dried the roots or tubers of terrestrial Orchidaceae species, some of which have double-root tubers. Although the composition of salep is
affected by the cultivar, harvesting methods and the
postharvest handling procedures of the raw materials
used in production, it contains glucomannan, starch,
nitrogenous substance, moisture, ash and volatile
oil. Salep is used in ice-cream production, confectionery and beverages as a thickening and flavoring
agent, emulsifier and stabilizer. It has also therapetic
importance in the treatment of diarrhea, tuberculosis,
parkinson, cancer, fever and strengthening the sexual activity. Different species of orchids such as
Ophrys, Orchis, Himantoglossum, Serapias, Anacamptis, Compreria, Barlia, Dactylorhiza, Aceras,
and Neotinea naturally grown in Turkey are used for
salep production. Salep is used mainly in a beverage
as a warming drink during the winter in Turkey, Europe and England [26, 27, 28, 29, 30, 31].
Although salep has gained a great importance
because of its nutritive, rheological and therapeutic
properties, no work has been published on in vivo
and in vitro fermentation of salep by probiotic bacteria. The objective of this study was to determine
the utilization of salep from orchids grown different
parts of Turkey by some selected Bifidobacterium
species. The growth of the Bifidobacterium species
was investigated by measuring the pH and optical
density (OD) at 600 nm during 48 h-fermentation
and the prebiotic activity score (PAS) was calculated.

TABLE 1
Composition of TPY Broth.
TPY
Tryptone
Peptone
Yeast extract
Glucose
Tween 80
K2HPO4.3H2O
MgCl2
ZnSO4.7H2O
CaCl2
FeCl3.6H2O
L-cysteine HCl

g/L
10.00
5.00
2.50
5.00
1
2.00
0.50
0.2
0.15
0.003
0.5

pH measurement. The pH of each sample was
determined at 0, 12, 24, 36 and 48 h of fermentation
using a pH-meter (pH 315i / SET; WTW, Germany).
Growth measurement. The cell density of the
cultures was determined by monitoring the optical
density at 600 nm (OD600) with a spectrophotometer
(Shimatzu UV 1800) at 0, 12, 24, 36 and 48 h of fermentation. The corresponding sterile TPY solutions
were used as blanks for the absorbance measurements.

MATERIALS AND METHODS
Microorganisms. Four species of Bifidobacteria (Bifidobacterium bifidum, Bifidobacterium
longum subsp. infantis, Bifidobacterium animalis
subsp. lactis and Bifidobacterium longum subsp.
longum) were obtained from DSMZ (Deutsche
Sammlung von Mikroorganismen und Zellkulturen
GmbH, Braunschweig, Germany). Bifidobacterium
species were activated according to a method suggested by DSMZ and incubated at 37°C under anaerobic conditions using an anaerobic atmosphere generation system (Anaerocult A, Merck, Darmstadt,
Germany).

Prebiotic activity assay. Bifidobacterium species were grown in TPY medium supplemented with
1% of salep and glucose. Afterwards the 1% of the
inoculum of each Bifidobacterium species, TPY medium with 1% salep ad glucose was added. The same
process was carried out for the Enterococcus species
using tryptic soya broth (TSB). Test cultures were
incubated at 37°C for 24 h under anaerobic
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conditions. Samples were taken at 0 and 24 h of fermentation, and the optical density was determined at
600 nm using a spectrophotometer. Prebiotic activity
scores (PASs) were calculated according to equations above.

RESULTS AND DISCUSSIONS






















FIGURE 1
Figure 1-(a;b); pH and OD values of B. infantis; Figure 1-(c;d); pH and OD values of B. bifidum
a,b
Different lowercase letters denote significant differences (P<0.01) between different times of
fermentation
A,B
Different capital letters denote significant differences (P<0.01) between different treatments
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Statistical analysis. The data obtained was analyzed using the Minitab statistical package. The experiment was completed duplicate, and the results
were presented as the means ± the standard error. A
significant difference was defined as a P value of
<0.01. A cluster analysis was performed following
an unweighted pair group method with arithmetic
average based on a dissimilarity matrix using JMP 7.




As a result of the fermentation of probiotics,
mainly the Bifidobacterium species, lactic, acetic,
propionic and butyric acids and various by-products
are produced. These acids reduce the pH of the intestinal microbiota and prevent the development of
pathogenic microorganisms due to the domination of
the Bifidobacterium species in the medium. Fig. 1(a;c) and Fig. 2-(a;c) show that the pH values of the
medium reduced during fermentation. As the microorganisms reduced the pH by rapidly producing acid
during the fermentation, it was determined that B. bifidum which is desirable in probiotic culture selection has the highest pH value (Fig.1-c), the B.
longum in the nutrient media, which does not contain
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FIGURE 2
Figure 2-(a;b) pH and OD values of B. longum; (c;d) pH and OD values of B. lactis.
a,b
Different lowercase letters denote significant differences (P<0.01) between different times of
fermentation
A,B
Different capital letters denote significant differences (P<0.01) between different treatments

of the fermentation and the lowest average pH value
was determined at the 48th hour of the fermentation.
When the pH value indicated in the results and
the data obtained from previous studies by the
Kaplan and Hutkins [32], Mumcu and Temiz [33]
and Tzortzis et al. [34] are compared, it is apparent
that the Bifidobacterium species could produce acid
by fermenting the salep as well as the GOS and FOS
can.
Indirect methods include counting, as through
the standards-based counting method, in which microorganisms are often used during their logarithmic
growth stages. The development curve of quickly
proliferating microorganisms in the logarithmic
phase and the number of proliferating cells relative
to the number of dead cells is known to be lower.
Therefore, the absorbance value obtained during this
period quite accurately the number of living cells.
Photometric measurements of the optical density are
possible in a homogeneous suspension, and turbidimetric or refractometric methods can be used for this

prebiotic substrates, has the second highest value
(Fig. 2-a) and; the B. infantis in the medium containing 1% glucose has the lowest pH value (Fig.1-a).
The sample with B. infantis, which develops in the
nutrient media and contains 1% and 2% salep, has
next lowest pH. Of the four species compared with
media containing salep, B. infantis grew the fastest
and reached to the lowest pH during the 48 h-fermentation.
When the results were examined, it was determined that the Bifidobacterium species could develop acidity by activating in the nutrient media containing salep. The findings obtained in this study
show that the Bifidobacterium species can use the
carbohydrates and other components contained in
the salep as well as the glucose. When the effects of
the Bifidobacterium species and the fermentation on
the development of acidity in nutrient media containing salep were examined, it was found the highest
average pH value was determined at the beginning
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purpose. The spectrophotometer can be used for this
purpose, and an intensity loss is incurred when the
monochromatic light passing through a cell suspension is measured. Fig. 1-(b; d) and Fig. 2-(b; d) show
that the OD values of the medium were correlated
with increased Bifidobacterium species during fermentation. It was determined that the B. infantis in
the nutrient media containing 0.5-1 % salep and the
B. infantis in the nutrient media containing 1% glucose had the highest cell density value (Fig.1-b), followed by the B. lactis containing 1% glucose (Fig.
2-d) and, the control groups of all the microorganisms have the lowest cell density value. When the
results were examined, it was determined that in the
TPY broth containing 0.5-1 % salep, the B. infantis
had a cell density value in the same group as the positive control. These results show that Bifidobacterium species can develop in media containing the
0,4

salep as well as they develop in glucose, which
supports the bifidogenic potential.
The cell density values were determined in the
study were similar to those previous to describe Lee
et al [35] used chitosan oligosaccharides and FOS as
a prebiotic substrate; Holt et al. [36] used the oligosaccharides obtained from alternansucrase substrates
(maltitol,
maltose,
melibiose,
raffinose);
Maischberger et al. [37] used the mixtures of TOS,
GOS, vivinal GOS obtained from L. reuteri, using
the glucans obtained from the mushrooms species of
Pleurotus ostreatus and P. eryngii; and Yang et al.
[38] used the indigestible polysaccharides and inulin
obtained from the aqueous (juicy) extracts of Anoectochilus formasanus (Orchidaceae). However,
the results obtained here were than the findings of
Crittenden et al. [39] and Kaplan and Hutkins [32].

0,34a
0,30a

0,30a

0,3
0,2

0,15b

0,1
0
B.infantis

B.bifidum

B.lactis

B.longum

Prebiotic Activity Score (PAS)
FIGURE 3
Prebiotic activity score of different Bifidobacterium species grown on salep.
a,b
Different lowercase letters denote significant differences (P<0.01) among different species.

FIGURE 4
Cluster analysis of Bifidobacterium species
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the growth of Bifidobacterium species has
been investigated. The results of this study demonstrated that all four Bifidobacterium species were
able to utilize salep, suggesting that the salep might
have the potential to promote the survival, viability
and activity of Bifidobacteria and might thus potentially improve their beneficial effects on human
health. A better understanding of the functionality of
salep powder with prebiotic activity, the carbohydrate and monomer composition and molecular
weight of the salep should be determined. Finally,
more detailed studies are needed to investigate the
fermentation of salep in the intestinal tract.

These differences may arise from differences in the
probiotic microorganism species used, the different
strains and their rates, the different prebiotic sources
and their rates, differences in the nutrient media used
or different wave lengths used in the spectrophotometric readings (e.g.OD600 nm, OD625nm).
PAS, a quantitative score describing the prebiotic effect, compares the changes in the cell density
values of dominant bacterial groups in the intestinal
tract such as Bifidobacterium species and those of
undesirable ones, such as Coliform species. PAS of
salep against glucose with the Bifidobacterium species were investigated, and the species showing positive PAS are shown in Figure 3. B. infantis, B. bifidum and B. lactis (means 0.30-0.34) achieved higher
PAS than B. longum (means 0.15). The variation between PAS of the Bifidobacterium species suggested
differences in their metabolic capacity, specific saccharitic fermentation mechanism and transport systems for Bifidobacterium species.
Huebner et al. [40] studied the effects of the
processing conditions of the commercial prebiotics
(FOS and inulin) on prebiotic activity and found that
the PAS ranged between 0.19 and 0.49. Haryadi et
al. [41] determined the PAS to be 3.60 for B. longum;
3.58 for L. plantarum and 0.04 for L. acidophilus in
nutrient media supplemented by resistant starch.
Working in the L. acidophilus LA-5 and B. lactis
BB-12 species, Thuaytong and Anprung [42] found
the PAS to be 0.12 and 0.28 in the nutrient media
containing white guava and 0.13 and 0.29 in the nutrient media containing red guava, respectively. In
general, the PAS values determined in this study
were similar to those determined in the above studies. As the values obtained from the study show similarities with commercial prebiotics, especially with
the industrially common FOS and inulin, it seems
clear that salep has prebiotic potential.
Hierarchical clustering was performed to determined if the relationship between the different concentrations of salep on the growth of Bifidobacterium species (Fig. 4). Cluster analysis was tested using the values of the growth parameters obtained
from the measurements using pH and OD as variables. Four Bifidobacterium species were grouped
into two clusters based on the mean values generated
from the unweighted pair group mean average
method of analysis. The results obtained showed the
B. bifidum glucose of 1 % and the B. lactis salep of
1 %, B. bifidum salep of 0.5 % and the B. lactis salep
of 0.5 %, B. bifidum salep powder of 1 % and the B.
longum salep of 0.5 %, the B. bifidum salep of 2 %
and the B. longum salep of 2 % to have the most similar pH and OD values.
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20 nectar plants of the world [1]. It is commonly assessed as a nectar plant both in the world and in Turkey. In Turkey, apiculture is carried out as dominantly dependent on natural flora. Pollen and nectar
entities of the vegetation in natural flora of warm climate zone increase in May and June. Researchers [2]
indicated that phacelia sown in October and November in the Cukurova region bloomed in March, April,
and May of the next year and, thus, provided great
contributions to population development of bee colonies. The researcher [3] carried out research in the
Cukurova region, which has a Mediterranean climate, to investigate the effects of different sowing
dates (starting from 15 September and carried out in
five periods with 15 day intervals) on seed yields and
potential use as bee pasture. The peak values were
obtained from the plots sown on 15 November (with
number of flower clusters as 98.56 pcs/m2 and number of bees as 25.99 bee/m2). Research [4] was carried out in the same region, noting flower densities
as 5950, 6216, 4733, 8933, and 9250 flowers/m2, respectively, for the sowing dates of 15 September, 30
September, 15 October, 30 October, and 15 November. Bee density was identified as 91, 66, 201, and
183 bee/m2, respectively, in plots sown on 30 September, 15 October, 30 October, and 15 November.
A study was carried out in the Cukurova region to
investigate the relationships of honeybees (Apis mellifera L.) with phacelia (Phacelia tanacetifolia Bentham) and oilseed rape (Brassica napus L. Metzg.)
and reported that the phacelia sown in November
flowered in mid-March of the next year, the flowering lasted for 50 days, and flower density was
2722.39 flowers/m2 in the first year of the research;
flowering at the end of May lasted 38 days, and
flower density was 3238.94 flowers/m2 in the second
year [5].
The experiment was carried out in a Black Sea
transition zone and reported full-flowering time of
phacelia as between 67±83 days, stayed in flower as
between 27±39 days, and the peak values with regard
to these parameters were obtained from the plants
sown on 5 March [6]. The researchers [7] investigated the flowering periods and potential use of phacelia as a bee pasture under different sowing dates (7
October, 17 October, 27 October, 6 November, and

ABSTRACT
This study was conducted in order to determine
the flowering phenology on different sowing dates in
a mild climate. The experiment was conducted in the
autumn and spring vegetation periods of 2013 and
2014 in a randomized block experimental design
with three replications. Flowering started on
08.04.2013±02.04.2014 and ended on 22.05.2013±
26.05.2014 in the autumn sowing period. In the
spring sowing period, the first flowering dates were
08.05.2013±18.05.2014, and it lasted until
31.07.2013±25.07.2014. According to the two years¶
results, it was determined that the average flowering
period was 41.9 days. Throughout the five weeks¶
observation period, the peak flower density and bee
density per square meter were observed in the third
week, respectively, with 943.4 pcs/m2 and 72.06
pcs/m2. Reports of investigated traits, which obtained a value decrease with retarded sowing dates,
stated that the flowering period was prolonged when
phacelia should be sown in certain intervals between
September±November and between the beginning of
March and beginning of April for beekeeping, which
is intensive in this region. It was concluded that phacelia may provide significant contributions on needs
of nectar and pollen in the dearth period when the
flowering period lasted.

KEYWORDS:
Bee density, flower density, flowering period, phacelia,
sowing date

INTRODUCTION
Phacelia is potentially used in various agricultural practices. It is used as forage and silage in livestock feeding and used as a pollen and nectar source
in beekeeping. It has significant contributions to the
balance of an ecosystem through improving the biotope of beneficial insects and for biological-control
activities. Phacelia is known as a great nectar source
by beekeepers worldwide and is listed among the top

6199

© by PSP

Volume 26 ± No. 10/2017 pages 6199-6204

Fresenius Environmental Bulletin


16 November) under Kahramanmaras¶ conditions
and indicated that phacelia started flowering at the
end of March and beginning of April and stayed in
flower 45 days. Researchers also reported the number of flowers per m2 during the flowering period as
between 61±1662 pcs and indicated that bee density
flowers per m2 for 5 minutes varied based on flower
density. Bee density was identified as seven bees/m2
in periods with a low number of flowers and as 119
bees/m2 in periods with peak flower density. In another study carried out in Bingol Province with intensive beekeeping, the peak plant height was reported as 53.50 cm, number of flower clusters as
71.23 pcs/plant, number of flower per clusters as
11.50 pcs/plant, number of flowers per m2 as
8982.23, and number of bees as 116 pcs/m2 [8].
A study was carried out in Italy with a Mediterranean climate and reported the flowering period of
phacelia plants as between 38±45 days and the number of visiting bees per m2 as more than 15 [9]. The
researchers [10] carried out a study in the southeast
of Great Britain in regards to flowering phenology,
bee density, bee behaviors, and foraging of bees over
the phacelia plants sown in different dates (between
May±August). Researchers reported that flower densities exceeded 2000, 4000, and 3000 flower/m2, respectively, in early, medium, and late sown plots.
Researchers also indicated that the peak bee density
reached to 29 pcs/m2 and concluded that phacelia
had a great potential as a bee foraging plant in preserved lands.
Because it is a great source of nectar and pollen
and has quite long flowering durations, phacelia has
long attracted the attention of beekeepers. Beekeepers need alternative nectar plants to be able to flower
at different periods of the year and close to the nectar
deficits. Moving from this point on, the present study
was conducted to investigate the flowering phenology of phacelia in different sowing dates in mild climate regions.

MATERIALS AND METHODS
The present study was conducted in Akmanlar
Village of Bartin Province in autumn and spring vegetation periods of the years 2012, 2013, and 2014.
The geographical coordinates of Bartin are within
ƍQRUWKHUQODWLWXGHDQGƍHDVWHUQORQJL
tude. Experimental soils have a clay texture with medium lime content (7.01 % CaCO3) and rich organic
matter content (3.20%). Soils were slightly alkaline
(pH 7.54), and nitrogen content was 0.29% [11]. Precipitation data for research years and long-term averages are presented in Figure 1.
Experimental design and measurements.
Experiments were conducted in a randomized block
design with three replications. A total of 12 different
sowing dates were applied, six of which were applied in autumn, and six were applied in spring. Experiments were implemented over 36 plots each of
having 10 m2. Sowing dates were arranged as 15
September, 30 September, 15 October, 30 October,
15 November, and 30 November (for autumn) and 1
March, 15 March, 1 April, 15 April, 1 May, and 15
May (for spring). Despite the irrigations, plant emergence was not observed in both years in sowings
made on 15 May. Italian-originated Stala cultivar
was used as the plant material. Sowing was performed as to have 2 kg seeds per decare [6]. Row
spacing was arranged at 40 cm. Irrigations were performed in both sowing periods during the periods
with insufficient precipitation until the emergence
and natural precipitation supplied water needs
throughout the vegetation period. Together with
sowing, 10 kg/da diammonium phosphate (DAP)
fertilizer was applied.

FIGURE 1
Precipitation data for the years 2012, 2013, 2014, and long-term averages for Bartin Province [11].
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TABLE 1
Variance analysis for morphological and phenological traits

15 September
30 September
15 October
30 October
15 November
30 November
1 March
15 March
1 April
15 April
1 May
Mean
Coefficient of
Variation (%)

Plant
height
(cm)
158a**
148b
133c
120d
114e
102f
95g
83h
Õ
61j
51k
103.1

Number of side
branches
(per plant)
3.83a**
4.0a
3.8a
3.0b
2.3dc
1.3e
1.3e
1.3e
1.1e
2.0d
2.5c
2.42

Number of
flower clusters
(per plant)
22.3a**
16.0b
11.1c
6.1d
5.3de
5.5d
4.3gf
3.5gh
2.6h
4.0gf
4.5ef
7.7

Number of
flowers
(per cluster)
39.3d**
70.5a
73.5a
62.3b
55.5c
53.8c
40.8d
39.3d
38.0d
39.8d
30.6e
49.4

Beginning of
flowering
(days)
201a**
185b
175c
166d
159e
147f
73g
64h
Õ
50k
55j
121.2

Full flowering
time
(days)
251a**
237b
221c
210d
191d
179f
97g
89h
Õ
84j
89h
157.5

Stayed in
flower
(days)
55a**
54a
50b
50b
44c
40d
30f
31f
32f
36e
40d
41.9

3.63

14.89

9.72

5.72

0.75

0.61

2.67

* P<0.05, ** P<0.01.

each other were obtained from the first three sowing
dates. Researchers [13] in a study carried out with 40
cm row spacing reported mean height of phacelia
plants at 67.77 cm. It is reported that the mean plant
height of phacelia is 104.9 cm, number of flower
clusters per plant is 41.6, and the number of flowers
per cluster is 48.5 pcs. All these results show climate
differences and that seed cultivars affected plant
characteristics [7].
At different sowing dates, the peak beginning
of the flowering day was observed at 201 days, and
the number of days to full flowering time was observed at 251 days on 15 September. With regard to
duration of flowering period, the peak values were
observed at 55 and 54 days, respectively, in 15 September and 30 September sowing treatments. Days
to beginning of flowering, days to full flowering
time, and remaining in flower shortened with the retard in sowing dates (Table 1). In sowings performed
at the beginning of May, the vegetative period was
shorter, and the generative period was longer because of decreased precipitation and increased temperatures. The researchers revealed that the flowering period of phacelia lasted seven weeks. When it
was sowing in November [16], phacelia plants
started to flower at the end of March and beginning
of April and stayed in flower for 45 days [7]. The
flowering period of phacelia plants lasted between
38±45 days [9]. The phacelia stayed in flower for 50
days in the autumn sowing date [17]. Current findings were parallel to those of earlier reports.
The values of investigated traits were lower in
spring than in autumn sowings due to shorter vegetation durations and less precipitation during spring
sowings. The peak plant height in spring sowings (1
Mach to 1 May) was obtained from 1 March sowing
treatment with 95 cm. The researchers [13], within
the scope of their study about yield and adaptation of
phacelia sown in spring with 40 cm row spacing, re-

By experimental plots, five bee colonies with
medium vigor were placed before flowering. Then,
bees visiting 0.5 m2 area in plots were counted for 5
minutes during the most intense bee activities of the
day (between 1:00 and 2:00 p.m.) in 5 to 7 day intervals for five weeks [7]. Observations were performed for five weeks in each plot about a week after
flowering of the plot to determine the number of
flowers and bees.
Morphological and phenological observations,
beginning of flowering, full flowering time (days),
stayed in flower (days), number of flower clusters
per plant, number of florets per cluster, and number
of flowers per square meter were determined in accordance with the methods recommended by [12, 13,
14, 7].
Statistical analyses. Experimental data were
assessed statistically in accordance with the general
linear model of SAS software at 5% and 1% significance level [15]. A least significant difference (LSD)
test was used to compare the treatments.

RESULTS AND DISCUSSION
Morphological and phenological traits. Variance analysis results for two-year averages of investigated traits obtained from different sowing dates of
phacelia plants are provided in Table 1. The differences between the treatments with regard to investigated characteristics were found to be significant at
a 1% level. Plant heights and number of flower clusters decreased with retarded sowing dates. The peak
plant height and number of flower clusters were, respectively, observed at 158 cm and 22.3 clusters in
15 September sowing. Mean plant height was identified at 103.1 cm, and mean number of flower cluster was identified at 7.7 clusters. With regard to the
number of side branches, the peak values close to
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ported the mean plant height at 67.77 cm. The researchers reported the peak plant height at 53.50 cm,
number of side branches per plant at 3.16 pcs, number of flower clusters per plant at 71.23, number of
flowers per cluster at 11.50 pcs, and indicated the
peak values for 50 cm row spacing [8]. Findings on
the number of side branches and number of flower
clusters were higher than in the present values; however, those values on plant height and number of
flowers per head were smaller than the present values. Such differences were mainly because of differences in row spacing, seed cultivar, climate, and ecological conditions.
The peak number of days to beginning of flowering and days to full flowering in spring sowings
were obtained from 1 March treatment, respectively,
at 73.3 and 97 days (Table 1). The peak number of
days to flowering and the stayed-in flower of phacelia plants, respectively, as 67±83 days and 27±39
days for 5 March treatment [6]. The values obtained
from spring sowings of the present study were similar to the values reported by those researchers. In addition, other researchers [17] revealed that the flowering period of phacelia stayed in flower days, and
flower density is affected by sowing date and environmental conditions.

The number of flowers per square meter. The number of flowers per square meter of phacelia plants sown at different dates is provided in Table 2. In regional ecology, flowering lasted 4±5
weeks (Table 1). In all sowing dates, the number of
flowers per square meter reached to maximum level
15 days after the beginning of flowering and had a
decreasing trend later on. The peak number of flowers was observed in the third week and the values of
the third week varied between 92 and 1475.6 flowers/m2. With regard to sowing dates, the peak number of flowers was observed in the 30 November
treatment with 1475.6 flowers/m2 (Table 2). The
number of flowers as 8982.23 pcs/m2 [8]. The researchers reported the number of flowers of phacelia
plants for three different sowing dates in Southeast
Britain as over 2000 pcs in early sowing, 4000 pcs in
medium sowing, and 3000 pcs in late sowing [10].
The number of flower clusters were 17.2 pcs/m2
[13]. The researchers reported the peak number of
flower was obtained 2083 pcs/m2 from the first sowing on 7 October [7]. Different results were observed
in previous studies carried out to assess the possible
use of phacelia plants as bee pastures in different
ecological regions. Differences could be mainly because of differences in ecological conditions and
seed cultivars.

TABLE 2
Number of flowers per square meter

15 September
30 September
15 October
30 October
15 November
30 November
1 March
15 March
1 April
15 April
1 May
Mean
Coefficient of Variation (%)

1st week
179.3d**
215.5c
268.3a
254.8b
104.6e
96.3e
45.0f
36.8gf
32.6g
38.6gf
36.6gf
118.9
7.42

2nd week
843.8c**
778.5d
881.5cb
890.0b
900.8b
958.8a
687.3e
640.5f
401.1g
218.5h
Õ
670.5
5.24

3rd week
1449.8a**
1424.1a
1464.3a
986.6b
1448.1a
1475.6a
808.6c
727.6d
275.1e
226.0e
92.0f
943.4
4.62

4th week
1025.6b**
1109.3b
873.6dc
878.1dc
853.6d
892.3c
87.3f
96.1f
115.1fe
126.6e
43.6g
554.7
4.37

5th week
534.6d**
678.5c
737.5b
784.3a
524.1d
528.3d
11.0f
10.6f
28.6f
37.3f
21.8f
354.3
6.91

Mean
806.6
841.1
845.0
758.7
766.2
790.2
327.8
302.3
170.5
129.4
73.8

* P<0.05, ** P<0.01.
TABLE 3
Number of visitor bees per square meter

15 September
30 September
15 October
30 October
15 November
30 November
1 March
15 March
1 April
15 April
1 May
Mean
Coefficient of Variation (%)

1st week
21.6d**
23.6c
28.1b
30.1a
16.3f
18.5e
10.6g
9.3hg
8.5KÕ
10.0hg
6.6Õ
16.6
9.46

2nd week
74.0a**
53.3c
53.6c
49.1d
51.5dc
66.3b
51.3dc
52.0dc
33.1e
32.0e
20.0f
48.7
5.30

3rd week
90.3d
110.6a
102.6b
96.5c
109.1a
98.1c
55.8e
59.1e
26.0f
27.8f
16.3g
72.06
4.58

* P<0.05, ** P<0.01

6202

4th week
102.1a**
91.8c
100.6a
101.8a
95.0b
72.0d
11.8ef
9.1fg
12.6e
14.0e
8.0g
56.28
4.34

5th week
50.8a**
47.1b
52.1a
41.5c
32.3e
37.3d
4.8f
4.5f
5.6f
6.0f
4.0f
25.9
6.95

Mean
67.7
65.2
67.4
63.8
60.8
58.4
26.8
26.8
17.1
17.9
10.9
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phacelia could provide a significant supplementary nectar source for beekeepers in dearth periods.

The number of flower clusters were lower in
spring sowings than in autumn sowings. In spring
sowing periods of both years, the number of flower
clusters were high in March, but significant decreases were observed in subsequent dates.
In the autumn sowing period, flowering started
on April (08.04.2013±02.04.2014) until the end of
May (22.05.2013-26.05.2014); on the other hand,
flowering started at the beginning of May
(08.05.2013±18.05.2014) until the end of July
(31.07.2013±25.07.2014). Together, with the application of spring and autumn sowings, the stayed
flowering period prolonged from one and a half
month to four months.
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The number of visitor bees per square meter. In all sowing dates, bee density increased from
the first week until the fourth week and decreased in
the fifth week with decreasing dependent on flower
density. The peak values were seen in the third and
fourth weeks. The peak value was observed in the
third week with 72.06 pcs/m2 (Table 3), and the peak
bee density was seen on 15 September treatment
with 67.7 pcs/m2. It was remarked that, in the least
flowering period, bee density was 7 pcs/m2; on the
contrary, bee densities were 119 pcs/m2 at the intense
flowering period [7]. The researchers stated that bee
densities per m2 as 91, 66, 201, and 183 pcs, respectively, in plots sown on 30 September, 15 October,
30 October, and 15 November [4]. It was determined
that the number of bees visiting phacelia plants per
m2 as more than 15 [9]. The peak bee density was
pcs/m2 as 29 [10]. Researchers observed bee density
as 115 honeybees/m2 [16]. Bee densities (per m2)
changed depending on differences in region, climate,
and daily temperatures.
These results indicate that bee density was
lower in the spring sowing period than in the autumn
sowing period due to shorter vegetation duration and
less flower density meters in spring and differences
in climate parameters.

CONCLUSION
It was stated in this study that phacelia plants
started to flower 147±201 days after sowing and
stayed in flower for 40±55 days when sown in autumn; flowering started 55±73 days after sowing and
stayed in flower 30±40 days when sown in spring.
With different sowing periods and sowing dates, the
flowering period can be prolonged from the beginning of April until the end of June.
Considering the use of phacelia as a bee pasture, it was recommended for similar ecologies that
phacelia should be sown in 20±30 day intervals until
the end of November in autumn and from the beginning of March until the beginning of April in 15-day
intervals in spring. Within the scope of this research,
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ABSTRACT

INTRODUCTION

Natural resources have being polluted by variety of heavy metals due to urbanization, industrialization and excessive fertilizer and pesticide usage.
Since heavy metals accumulate in soils, their treats
to ecosystem and human health became more serious
to the time. On the other hand, at least two or more
heavy metals are co-added to the soil environment.
Therefore, it should be known competitive adsorption mechanism of heavy metals in soils. Their relations with soil properties can help to develop an efficient way of tackling undesirable effects of such pollution. For this aim, competitive adsorption of Cd,
Cu, Ni and Zn in 36 soil samples taken from 7 different cities in Turkey with differing physico-chemical properties was investigated in this study. Scopes
of 1 g soil samples were equilibrated with 25 mL solutions containing different equivalent amounts of
Cd, Cu, Ni, and Zn (10-4, 2.10-4, 4.10-4, 6.10-4, 1.103
, 2.10-3 and 8.10-3 mole L-1) at 25±2ºC for 24 h by
using batch sorption technique. After equilibration
Cd, Cu, Ni and Zn concentrations of liquid phase
were determined. The conformation of the data to
modified Freundlich and Langmuir models were
tested by regression analysis. Results showed that
both adsorption isotherms can be successfully used
to describe simultaneous adsorption of the heavy
metals in all soils except for Cu adsorption. Correlation analysis was made between soil physico-chemical characteristics and the parameters of the adsorption isotherms. Freundlich n parameters of Zn, Ni
and Cd had significant negative correlation coefficients with soil pH (p<0.01). A significant correlation was also found between n parameters of Zn and
Cd and carbonate content of soils. Consequently, the
selectivity order of the heavy metal adsorption was
found to be related to physico-chemical characteristics of soils and chemical properties of the adsorbed
elements.

Heavy metals are known as potentially the most
toxic elements to ecosystem due to continuous increase of their concentrations and persistence in the
soil environment and are therefore of great interest
in ecosystem health. Heavy metal pollution in soils
are related to many different anthropogenic activities
[1] such as the mining activities, tanneries, atmospheric deposition, reuse of wastewater, disposal of
tailings, sewage irrigation, and use of pesticides and
fertilizers [2]. In most cases, several heavy metals
can pollute the soils at the same time.
These simultaneously introduced heavy metals
are to compete for the same sorption sites and therefore their mobility, plant availability and toxicity in
the soil environment are directly relevant to their
preferences on the sorption sites [3], soil physical
and chemical properties [4-10 ], and characteristics
of elements mainly hydrolyses constants [11, 12].
The occurrence of different type of functional groups
on any soil component makes the situation even
more complex. For example soil organic matter carries carboxyl, phenolic, and enolic hydroxy groups
with different reactivity [13]. In accordance with
this, the amount and timing of dissolved organic matter addition was found to play a pivotal role in determining the affinity of Cu, Ni and Zn for changing
soil properties [5, 14].
The soils contain infinite number of complex
mixture of soil components and the interrelations
among these components characteristically result in
varying physicochemical properties that could difIHUHQWLDWHWKHQDWXUHRIWUDFHHOHPHQWV¶UHDFWLRQVZLWK
the soils. Soil pH, the amount, type and co-presence
of clay minerals, carbonate contents, organic matter,
oxides, and eventually simultaneous occurrence of
competing trace elements influence sorption processes [7, 12, 15-19]. The electronegativity and
charge-to-radius ratio are significant consequences
in determining which heavy metal is to chemisorb
with the highest preference. In model system studies,
the selectivity preferences of any soil component has
been studied. Those reports indicate that Mn oxides
shows high selectivity for Cu, Ni, Co, and Pb;
whereas Fe and Al oxides and silica adsorb Pb and
Cu more strongly than the other divalent metals [20].
The sorption affinity sequence of Zn<Cd<Pb on
montmorillonite, which is most common clay

KEYWORDS:
Heavy metals, adsorption, soil properties, Langmuir isotherm, Freundlich isotherm
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TABLE 1
Descriptive statistics for measured parameters of the experimental soils
Std. Std
Soil properties
Range Min Max Mean Error Dev
Variance Skewness*
Kurtosis*
0.004 0.548 0.092 0.021 0.126
0.016
2.663 0.117a 6.691
0.446 a
Soluble salts (%) 0.544
44.38
6.99 51.37 29.53 1.512 9.074
82.34
-0.395 -0.395 0.610
0.610
CEC (cmol kg-1)
88.60
0.40 89.00 33.82 4.110 24.66
608.1
0.594 0.594
-0.859 -0.859
Sand (%)
66.00
4.00 70.00 31.18 2.350 14.10
198.9
0.072 0.072
0.417
0.417
Silt (%)
55.10
10.50 65.60 36.65 2.834 17.00
289.2
0.088 0.088
-1.254 -1.254
Clay (%)
5.14
4.77 9.91 7.32 0.224 1.348
1.818
-0.239 -0.239 -0.490 -0.490
pH
17.25
0.25 17.50 5.78 0.843 5.057
25.57
0.659 0.659
-0.814 -0.814
OM (%)
28.39
0.10 28.49 8.86 1.316 7.899
62.40
0.376 0.376
-0.744 -0.744
CCE (%)
66.37
0.85 67.22 9.80 1.939 11.63
135.34
3.728 0.213a 17.16
0.879 a
P (mg P2O5 kg-1)
255.4
36.34 291.8 143.1 12.82 76.94
5921
0.354 0.354
-0.877 -0.942
K (mg K2O kg-1)
279.6
18.70 298.3 110.6 12.58 75.49
5699
0.867 -0.347a -0.051 -0.678 a
Ni (mg kg-1)
47.80
12.00 59.80 32.68 1.919 11.51
132.6
0.994 -0.112a 0.795
0.860 a
Cu
443.3
28.00 471.3 78.95 11.60 69.63
4848
5.379 2.170a 30.95
10.59 a
Zn
11.00
0.40 11.40 1.108 0.295 1.768
3.127
5.956 4.652a 35.64
26.47 a
Cd
* Standard error of skewness is 0.393; standard error of kurtosis is 0.768 for N=36. a: Skewed data sets were log transformed
to approximate the normal distribution. CEC cation exchange capacity, CCE calcium carbonate equivalent, OM organic matter.

mineral in Turkish soils, was explained with hardsoft acid-base theory [21]. The competitive sorption
of Cu (II), Pb (II) and Cr (VI) in a ternary system on
montmorillonite showed Cr>Cu>Pb sequence [22].
Smectite minerals behave similarly and followed the
selectivity sequence of Pb>Zn>Cd [23]. The sorption affinity of bentonite which is a smectite group
clay mineral was reported as Co>Cu>Ni=Zn>Pb
[24]. Raw kaolinite however adsorbed heavy metals
Pb, Cd, Ni and Cu via ion exchange mechanism from
the wastewater suggested by significant reductioninduced by increasing ionic strength [25]. Uddin [26]
well summarised the references related to the adsorption capacities of various clay minerals and oxides
towards different adsorbates (heavy metals) and their
adsorption capacities were extremely different.
However, the preferences of complex systems
such as soils with differing characteristics cannot be
identical with those of model systems. The sorption
phenomena along with the precipitation are the main
factors controlling the behaviour of heavy metals in
soil ecosystem. The soils showed different preference sequences due mainly to sesquioxides content
[15, 27] and clay mineralogy and related traits [11,
28] and organic matter content [29, 30].
Agricultural lands are prone to simultaneous
heavy metal pollution because the fertilisers especially the phosphatic ones consist of variety of heavy
metals [31]. Therefore we studied the competitive
adsorption of heavy metals at equivalent amounts
which are present in the fertiliser and other pollution
sources in differing soil properties to evaluate their
potential environmental risks.

were air-dried, ground to pass through a 2-mm sieve
and analysed for their descriptive physico-chemical
properties according to the common methods [32].
Particle size analysis was performed according to
[33]. The brief descriptions of the methods are: pH
and EC in saturation paste, calcium carbonate equivalent (CCE) by a manometric method with Sheibler
calcimeter, organic matter (OM) by wet combustion
of modified Walkley-Black method, cation exchange
capacity by saturating the exchange sites with Na acetate (1 M, pH 8.2) then replacing with NH 4 (1 M,
pH 7.0). Total concentration of Ni, Cd, Cu, and Zn
were also determined by acid digestion and ICP-AES
(Varian Series II). The descriptive statistics about the
physico-chemical analyses were given in Table 1.
Adsorption Studies. Batch experiments were
conducted using Cd, Ni, Cu, and Zn solutions.
Scoops of 1.000 g of soil were equilibrated with 25
mL of solutions containing equivalent amounts of
Cd, Ni, Cu, and Zn prepared using nitrate salts of the
metals in ultrapure de-ionized water. The concentrations used were 1x 10-4, 2 x 10-4, 4 x 10-4, 6 x 10-4, 8
x 10-3, 1x10-3, and 2 x 10-3 M. The suspensions were
then equilibrated on a reciprocal shaker for 24 h at
25±2°C. After equilibration the samples were centrifuged and the supernatants were filtered through a
Whatman membrane filter. The supernatants were
imparted into two and in one part pH and EC of the
supernatants were measured; the other parts were
acidified with 0.1 mL of concentrated ultrapure
HNO3 and kept in the fridge at 4°C until the analyses.
Concentrations of Cd, Ni, Cu, and Zn in the supernatants were determined with Inductively Coupled Argon Plasma-Atomic Emission Spectroscopy (ICPAES, Varian Series II, Axial view).
The amounts of heavy metals sorbed were calculated from the difference between the added and
the equilibrium concentration as shown in the equation below:

MATERIALS AND METHODS
Soil Sampling and Characterisation. Samples from the surface layer (0-20 cm) of 36 soils varying widely in their origin and properties were collected from different regions of Turkey. Soil samples
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[34]. Particularly soils with very high buffering capacity or at initial concentration near the transition
region of adsorption to precipitation reactions, Langmuir isotherm cannot satisfactorily define the sorption data. In the precipitation reactions, the Ce/Si parameter located on the Y axis in the isotherm will
show a continuous decreasing tendency due to the
continuous increase of Si. In this case, the slopes of
the adsorption isotherm become negative as in Figure 1. This therefore does not allow calculation of the
maximum adsorption capacity from the equation or
other isotherm parameters. A concentration above
the equilibrium concentration that the relevant phase
can produce in certain conditions must be reached in
order to produce an oversaturated state which provides the energy required to start precipitation of any
solid phase while the adsorbent is not retained in the
transition zone of the adsorption/precipitation reactions. In this case too, there are abnormal changes in
the term Ce/Si (Figure 2). This leads to a poor description of the model to sorption data and thus reduces the determination coefficient (R2=0.3484) of
the regression lines.

where Si the amounts of heavy metals adsorbed
(mmol kg-1), Co initial concentration of the metals
(mmol L-1), Ce the equilibrium concentrations of the
metals (mmol L-1), V the volume of the solution (25
mL), and W the dry weight (g) of the soil sample used
in the sorption study.
The conformation of the sorption data to the
Langmuir and Freundlich adsorption models were
tested by regression analysis. The linear Langmuir
model can be given as:
Ce/Si = Ce/b+1/kb
where Si is the amounts of adsorbed metals per
unit mass of sorbent (mmol kg-1), Ce is the equilibrium concentrations of metals (mmol L-1), k and b
bonding are energy coefficient and coefficient related to maximum adsorption, respectively.
The linear form of the Freundlich model, Si= Kf
Cn, can be written as below:
Log (Si) = Log Kf + n log Ce
where Kf is the Freundlich coefficient and n is
an empirical parameter expressing the sorption intensity of the metals [11].

RESULTS AND DISCUSSION
In general, Freundlich isotherms described the
heavy metal adsorption of the soils more successfully than Langmuir isotherms. The Langmuir isotherm was inadequate in defining adsorption in some
cases, most of which were Cu adsorption. The relative failure of the Langmuir isotherm could be related to non-uniform sorption sites of soils and the
occurrence of both sorption and precipitation simultaneously. However, this isotherm cannot adequately
describe the sorption phenomena on adsorbents having highly heterogeneous nature both in components
such as organic matter, clay minerals, oxides etc. and
sorption sites along with the requirement of concentration dependent correction factor [34]. The other
point is soluble humic acid molecules mainly phenolic and carboxylic groups provide appreciable
ability to form stable complexes with heavy metal
cations [35] and the amounts of metal-chelates are to
increase with the metal additions. Copper which
have the higher metal-chelate complex stability constant [36] showed apparently the higher deviation
from the Langmuir isotherm. The higher pH promotes such occurrence of metal-chelate complexes
[36, 37] which increase the equilibrium metal concentrations leading further deviate from the heavy
metals at mainly low initial concentrations. Above
all application of this model may require concentration dependent factor as suggested by Sohn and Kim

FIGURE 1
Typical poor description of Langmuir isotherm
to Cu sorption data with negative slope

FIGURE 2
Typical poorly described
adsorption/precipitation operated isotherm of
Cu by Langmuir model
The assumptions made in the monolayer Langmuir adsorption model are ineffective, especially due
to precipitation reactions occurring on the
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TABLE 2
Freundlich isotherm parameters of heavy meals for the experimental soils
Soil
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
Mean

Zn
n
0.6262
0.3801
0.1804
0.2475
0.2092
0.378
0.2429
0.4706
0.4268
0.3975
0.4881
0.5161
0.2419
0.2561
0.251
0.1752
0.2051
0.2968
0.2877
0.3247
0.1846
0.2035
0.1211
0.1781
0.6078
0.7823
0.4183
0.2586
0.3418
0.1852
0.2689
0.381
0.2129
0.2255
0.4969
0.3819
0.329

Kf
0.3376
0.2061
-1.2685
-0.5778
-0.8697
-1.0072
-1.266
-0.1777
-0.476
-0.2365
0.053
-0.1272
-0.6268
-0.6724
-0.7693
-1.1024
-1.0352
-0.5371
-0.6476
-0.8976
-1.1453
-0.8173
-1.0785
-1.3555
0.1671
0.7433
-0.0126
-0.9588
-0.2385
-1.1043
-1.024
-0.5275
-0.9923
-0.8669
0.0463
-0.6764

R2
0.9399
0.8907
0.8817
0.8935
0.8392
0.8076
0.888
0.8349
0.9395
0.9916
0.9791
0.9374
0.6054
0.8262
0.9394
0.8757
0.9376
0.7785
0.9635
0.7519
0.9233
0.9652
0.8666
0.8172
0.9484
0.9205
0.9518
0.9262
0.9094
0.9443
0.8843
0.9686
0.9735
0.8677
0.9628
0.9641

Cu
n
0.5295
0.6347
0.3737
3.3453
0.4413
0.5681
1.0328
1.0078
0.58
1.1995
0.8287
0.4061
1.1942
0.6503
2.7296
0.4381
0.3493
0.7955
0.4186
1.5388
0.726
2.761
2.0429
0.4045
0.6347
0.9039
1.8441
0.5927
0.6598
0.4925
0.5803
0.5747
0.5719
0.4865
0.6192
0.942
0.942

Kf
0.997
1.362
0.245
17.75
0.669
0.18
3.196
2.979
0.7473
4.215
2.277
0.101
5.2442
1.438
14.17
0.378
-0.08
2.61
0.216
6.907
2.139
14.16
9.306
0.031
0.811
2.732
8.193
1.478
1.87
0.643
0.832
1.142
0.988
0.501
1.26
2.991

R2
0.901
0.751
0.711
0.665
0.878
0.834
0.918
0.818
0.9804
0.815
0.802
0.978
0.8601
0.882
0.985
0.961
0.911
0.725
0.956
0.813
0.853
0.693
0.813
0.936
0.984
0.828
0.707
0.957
0.935
0.915
0.81
0.975
0.9
0.924
0.771
0.824

Ni
n
0.4926
0.4215
0.4051
0.1539
0.2038
0.9117
0.5611
0.6811
0.5004
0.4849
0.5937
0.5119
0.4322
0.4427
0.3718
0.4134
0.4549
0.3569
0.4759
0.3427
0.2992
0.2853
0.4221
0.6116
0.5371
0.1527
0.4295
0.2127
0.3199
0.3597
0.4354
0.323
0.5751
0.3425
0.4563
0.3333
0.425

Kf
-0.355
0.3089
0.5035
-1.0485
-0.9456
1.2745
-0.0373
0.5785
0.3037
0.0579
0.2944
-0.3145
-0.0223
0.1787
-0.4935
-0.0361
0.0386
-0.497
0.1933
-0.395
-0.8153
-0.6039
-0.0878
0.3568
-0.1677
-1.5202
-0.245
-1.1521
-0.5046
-0.2987
-0.2327
-0.7473
0.5886
-0.2915
-0.4341
-0.9123

R2
0.965
0.9577
0.9177
0.8434
0.7483
0.8682
0.9891
0.7559
0.9732
0.9888
0.8143
0.9117
0.8479
0.7553
0.9713
0.8401
0.9692
0.9026
0.8756
0.802
0.9311
0.9232
0.9131
0.9495
0.9516
0.7484
0.8819
0.891
0.8758
0.8207
0.9741
0.9414
0.8299
0.9138
0.9533
0.9346

Cd
n
0.6648
0.562
0.3505
0.2871
0.2247
1.5798
0.8857
0.4647
0.638
0.6515
0.5476
1.2218
0.5107
0.5351
0.3793
0.5987
0.6153
0.7405
0.5622
0.3922
0.2244
0.3736
0.4495
0.5621
0.8237
0.6269
0.5975
0.4056
0.268
0.6732
0.5926
0.5132
0.5798
0.6199
0.4766
0.4236
0.5728

Kf
0.2617
1.1208
0.8426
-1.4817
-0.9172
4.0332
1.2259
-0.2594
0.2892
0.8486
0.3043
2.4061
0.2859
0.6662
-0.456
0.8128
0.7663
1.0779
0.6633
-0.1858
-1.1394
-0.2818
0.110
0.3528
0.9376
-0.0523
0.5903
-0.6969
-0.7899
1.0633
0.512
-0.1744
0.8065
1.0148
-0.2058
-0.7028

R2
0.9423
0.8217
0.9769
0.9067
0.713
0.699
0.9693
0.7919
0.9574
0.9648
0.957
0.9494
0.5936
0.6777
0.9789
0.9156
0.9756
0.9049
0.9026
0.8041
0.9018
0.9703
0.979
0.9863
0.9614
0.8711
0.9155
0.8364
0.9273
0.8813
0.9531
0.9321
0.8686
0.8441
0.931
0.8448

and 0.2244 (soil 21)-1.5798 l/g (soil 6) for Zn, Cu,
Ni, and Cd, respectively. As the average of n values
considered, which were the average slopes of the isotherms explaining the affinity of soils for the respective metals, the adsorption for Cu was higher than the
other heavy metals. The averages of the n values in
descending order were Cu (0.942 mL g-1) > Cd
(0.5728 mL g-1) > Ni (0.425 mL g-1) > Zn (0.329 mL
g-1). Soil 26 showed highest affinity for Zn. Liao and
Selim [40] reported that Freundlih n parameters
changes in a very short range 0.5-0.64. Despite many
soils had similar n values to that limit, there were
some extreme soils comparatively much smaller or
much higher affinity to any element in question because the soil samples were taken 7 different cities in
Turkey with different climate, geology, and pedotranfer functions. Thus, the soil properties were extremely different as seen in Table 1. Lu and Xu [41]
reported that the weaker competition may occur
when the more available sites for almost all the metal
cations in the

surface at high concentrations [38]. On the other
hand, Langmuir isotherm also describes precipitation reactions [39]. However, this is not true for large
concentration ranges where adsorption/precipitation
reactions with precipitation reactions at low concentrations. Therefore Langmuir model did not allow
comparing whole data set and the details of the Langmuir parameters are not given.
The Freundlich isotherm successfully described the sorption data of the soils indicated by
very high determination coefficient of regression
lines (Table 2). However the Cu sorption data of
some soil samples were relatively poorly described.
Table 2 shows the parameters of adsorption isotherms for Cd, Cu, Ni, and Zn by the experimental
soils. Sorption isotherms for these metals by the soils
exhibited apparent differences in the parameters indicating that shape of the isotherms and the amount
of retained heavy metals were highly different for
each metal. The ranges of Freundlich n parameters
were 0.1211 (soil 23)-0.7823 (soil 26), 0.3493 (soil
17)-3.3545 (soil 4), 0.1527 (soil 26)-0.9117 (soil 6)
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TABLE 3
Pearson correlations between soil properties and Freundlich isotherm parameters
Soil Properties
HM
Zn
Cu
Ni
Cd

IP %Salts
n -0.276
Kf -0.056
0.313
n
Kf 0.329
n -0.282
Kf 0.031
n -0.180
Kf -0.130

CEC
-0.321
-0.300
-0.032
-0.047
0.033
0.200
-0.115
0.117

Sand
-0.016
-0.193
-0.294
-0.288
0.060
-0.068
0.060
0.161

Silt
0.078
0.183
0.103
0.097
0.196
0.265
0.103
0.047

Clay
-0.036
0.111
0.356
0.355
-0.217
-0.088
-0.119
-0.224

pH
-0.493
-0.212
0.230
0.261
-0.459
-0.165
-0.466
-0.440

OM
0.172
0.094
-0.214
-0.230
0.108
-0.042
-0.005
0.206

CCE
-0.454
-0.274
0.325
0.343
-0.344
-0.134
-0.458
-0.209

Total Element
Concentrations (mg/kg)
Ni
Cu
Zn
Cd
-0.105 0.136 -0.081
0.322
-0.025 -0.002 -0.027
0.291
0.319 -0.157 -0.054 -0.086
0.357 -0.138 -0.052 -0.077
-0.213 -0.035 -0.096
0.093
-0.208 -0.209 -0.049 -0.033
0.002 -0.215 -0.002
0.068
-0.310 0.008 0.034
-0.022

related positively with the clay content. This is an indication that more Cu was adsorbed with increasing
clay content. Copper adsorption parameters were
also related to the total Ni content of the soils.

adsorption complexes. This means competition become in favour of metal with high affinity such as Pb
at higher concentrations. In this study Cu generally
showed distinctly higher affinity for sorption sites of
the soils.
Correlation analyses between soil properties
and Freundlich isotherm parameters showed that soil
pH, calcium carbonate equivalent and clay content
have a positive effect (Table 3). Researchers working in different parts of the world have related the
preferential adsorption of heavy metals to the mineralogical properties of soils [28, 37], soil pH [42];
clay mineralogy, texture and CEC [9, 11]; pH and
CEC [9, 10, 41]; and general soil properties [9, 10,
43]. Undoubtedly, initial concentration of metal ions
must be an important parameter since their concentrations are pivotal criteria for metal removal processes (adsorption or precipitation). As more metal
ions adsorbed the nature and affinity of surfaces are
to drastically change which is one of the main causes
of plateau formation with increasing concentration in
the linear isotherms. There were very strong relationships (P< 0.01) between the Freundlich n parameters
of Zn, Ni and Cd sorption isotherms and the soil pH.
This shows that when the soil pH increases, the metal
ions in the solution phase turn into less adsorptive
forms or the binding energy of the sorption is to decrease. This in fact results in a decrease in the slope
of the isotherm. Similarly, Hongping et al. [44] and
Uygur [45] reported that increased metal adsorption
over pH 6.5 where precipitation reactions were usually responsible for these increases, but the slope of
the Freundlich isotherm in this region decreased.
This decrease in slope is usually caused by the precipitation of carbonate and / or hydroxy phases in
calcareous soils [46].
A significant negative correlation was found
between the parameters of Freundlich isotherms and
the carbonate content, as well as pH (Table 3). However, the positive relationship between the carbonate
content and the Kf parameter can be interpreted as an
indication that carbonates have an important effect
of removing Cu from the solution phase. Indeed, it
was reported that Cu-carbonates are thermodynamically stable components in calcareous environments
[47, 48]. Again, the adsorption parameters of Cu cor-

CONCLUSIONS
As a result, it has been observed that especially
the Freundlich isotherm can be successfully used in
describing the competitive adsorption of heavy metals. In general, the n coefficient at the Freundlich isotherm is a suitable parameter for comparison of their
selectivity sequence.
In competitive conditions, that is, when applied
to soil in quantities of more than one element, both
Freundlich and Langmuir isotherms can be used.
However, the Langmuir isotherm cannot adequately
describe the adsorption capacity for any element
with too high binding energy for a specific soil.
Heavy metals studied in the soil were adsorbed
in a sequence of Cu, Cd, Ni and Zn. In other words,
Cu was adsorbed in the larger quantity than the others. However, this ranking was not valid for every
soil, and when soil properties change, it was also
possible to change depending on the soil properties.
Adsorption isotherm parameters and pH, carbonate and clay content were important characteristics of soil properties. In contrast to the other elements, Cd showed a different behaviour than the rest
that a significant correlation with soil salinity was
recorded.
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mental impacts in aquatic environment within a
long period and also toxic effects on aquatic organisms [3].
The fish have been used as indicator organisms for determination of toxicity in aquatic environments in recent years. In addition, the fish also
can be used as test organism for estimating possible
effects of some genotoxic agents and agricultural
chemicals on human beings and hence their detoxification mechanisms are observed to have similar
properties with humans [4]. Some enzymes, which
are used for clinical diagnosis, are used as marker
in order to reveal detrimental impacts of pesticides
in toxicological studies. Chemical substances applied in experimental and non-experimental models
can lead to tissue damage and increase or decrease
in serum enzyme concentrations [5, 6]. Aspartate
aminotransferase (AST) and Alanin aminotransferase (ALT), whose activities are measured for determination of hepatic damage in liver, are the most
important ones [7].
PON1 is attached to HDL-lipids via its hydrophobic N-terminal area and metabolic changes
influencing HDL are also known to affect PON1
activity [8]. Being an important element of antioxidant system, the enzyme PON1 has also the capability to detoxify organophosphate pesticides [9].
In this study, it was aimed to examine the effect of tebuconazole on serum PON1, ALT, AST
activities and HDL levels of Cyprinus carpio.

ABSTRACT
The purpose of this study was to examine serum paraoxonase (PON1), alanine aminotransferase
(ALT), aspartate aminotransferase (AST) activity
and high density lipoprotein (HDL) levels of tebuconazole administered Cyprinus carpio (L. 1758).
After providing adaptation of the fish in the laboratory setting for 7 days, they were divided into 3
groups, each of which included 8 fish. The fish in
Group I were kept in normal water environment and
those in Groups II and III were in 2 and 3 mg/L
tebuconazole added water tanks, respectively, for
14 days. Blood samples were taken from the fish
and serums were separated. Then, PON1, ALT, and
AST activities and HDL levels were analyzed.
While PON1 activity and HDL levels decreased in
tebuconazole administered groups compared to
Group I, increases were determined in terms of
ALT and AST. Consequently, it was found that
tebuconazole administrations caused significant
changes in serum PON1, ALT, and AST activities
and HDL levels of Cyprinus carpio.

KEYWORDS:
Cyprinus carpio, Tebuconazole, Paraoxonase, HDL,
ALT, AST

INTRODUCTION
MATERIALS AND METHODS

Pesticides have importance as a potential hazard for aquatic life. Because these chemicals are
produced and used in order to destroy harmful
organisms in agricultural lands [1]. Pesticides are
moved by rain water, drainage water, runoff, and
irrigation water and thus penetrate into aquatic
environment and cause detrimental impacts on the
organisms here [2, 3].
Tebuconazole is used as a fungicide against
fungus threat in paddy fields. Tebuconazole, which
is a fungicide with systemic effect, have an influence in such a way to inhibit ergosterol synthesis
within fungus body. Tebuconazole cause detri-

In this study 24 Cyprinus carpio was used in
the weight of 200-250 gr caught in Cildir Lake in
June 2012. By transferring the fish to laboratory,
the fish were adapted to the new environment at
polyethylene tanks (22-25 °C and normal photoperiod) containing water for 7 days. Table 1 shows
physicochemical properties of the water used. The
fish were assigned into 3 groups, each of which
included 8 fish. The fish in Group I were kept in
normal water environment and those in Groups II
and III were in 2 and 3 mg/L tebuconazole (Folicur

6212

© by PSP

Volume 26 ± No. 10/2017 pages 6212-6216

Fresenius Environmental Bulletin


not possible to conduct a controlled examination under natural conditions.
Table 2 and Figure 1 show biochemical
changes occurring in the blood samples taken from
the fish whose living environments were added 2
and 3 mg/L tebuconazole and the fish in the control
group without tebuconazole addition 14 days later.
There was a statistically significant difference between control and two tebuconazole groups in
terms of all examined biochemical parameters
(P<0.05). While AST and ALT activity increased
compared to control group, PON1, and HDL levels
decreased.
For PON1 activity, there was a negative correlation between the control and the 2 mg/L and 3
mg/L tebucanazole group (r= -0.23, r= -0.85). For
HDL levels, there was a negative correlation between the control and the 2 mg/L and 3 mg/L tebucanazole groups (r= -0.37, r= -0.16). For AST activity, there was a positive correlation between the
control and the 2 mg/L and 3 mg/L tebucanazole
group (r= 0.50, r= 0.36). For ALT activity, there
was a positive correlation between the control and
the 2 mg/L and 3 mg/L tebucanazole groups (r=
0.22, r= 0.43).

EW 250) added water tanks, respectively, for 14
days [10, 11]. The water in the tanks was changed
every 2 days in all groups and tebuconazole was
added in the indicated quantities. There are no restrictions on the feeding of fish. Blood samples
were taken from the fish at the end of study time
and the samples were centrifuged at +4 ºC and 3000
rpm for 10 minutes. While PON1 activity of the
obtained serum samples were analyzed according to
the method reported by Eckerson [12] and Gulcu
[13], AST and ALT activities and HDL levels were
analyzed in automatic analyzers by using commercial kits.

TABLE 1
Physicochemical properties of the water used in
tanks.
Parameter
Temperature (°C)
pH
Dissolved oxygen (mg/L)
Total hardness (CaCO3) (mg/L)

Value
23±2
7.1-7.4
8-9
150-170

Statistical analyses of the obtained results
were carried out by using statistical packaged software (IBM SPSS version 20.0 for Windows). The
difference between the groups was determined by
nonparametric variance analysis (Kruskal-Wallis).
According to the findings obtained from the test
statistic, the correlations between the groups were
determined by correlation analysis. In all of the
tests, p<0.05 was accepted as significant. Results
were presented as mean ± standard deviation
(X±SD). The Spearman correlation coefficient was
used to show the relationship between the variables.

DISCUSSION AND CONCLUSION
The overuse of pesticides causes adverse effects on all organisms including the commercially
important fish. It is important for human health to
examine the effects of pesticides on the fish playing
an important role in food chain [14]. Determination
of the effects of tebuconazole, which is the pesticide properly used against fungi in agricultural
fields, on PON1, AST, and ALT activity and HDL
levels in the fish is very important regarding appropriate amount of pesticide use in agricultural fields
and minimizing of environmental pollution based
on pesticides. Even though there are numerous
studies on toxic effects of pesticides to aquatic
organisms and biochemical parameters, any study
investigating the effect of tebuconazole, which is
used as fungicide, on PON1, AST, and ALT activities and HDL levels in the fish was not found.

RESULTS
The choice of tebucanazole dose selection
levels below toxic values was chosen to shed light
on the effects that may be encountered. Each group
was examined under the same conditions, since it is

TABLE 2
Serum PON1, AST, and ALT activity and HDL levels of Cyprinus carpio with and without tebuconazole
administration.

Parameters

Control (n:8)
(X±SD)

AST (U/L)
ALT (U/L)
PON 1 (U/L)
HDL (mg/dl)

103±12.6a
14±3.7a
52±4.2a
84.5±6.1a

Tebuconazole (n:8)
(2 mg/L)
(X±SD)
143.5±18.8b
18.5±6.75b
38±8.75b
66±6.3b
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Tebuconazole (n:8)
(3 mg/L)
(X±SD)
128±17.7b
23±5.0b
34.5±4.6b
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FIGURE 1
Values of biochemical parameters in control and tebuconazole groups,
a: PON1, b: HDL, c: AST, d: ALT.

liver damage in metabolic disorders like diabetes
[19, 20].
Oxidative damage or imbalance between the
oxidant/antioxidant mechanisms have been the
most important mechanisms behind pesticide and
heavy metal toxicity. A decrease in serum antioxidans are accepted as an inflammatory response and
also as an indicator of increased oxidative damage
(21-24). Detoxification of pesticides in several
organisms is carried out by enzymes such as acetylcholine-esterase, carboxylesterase, and paraoxonase
(PON1). PON1 is an antioxidant enzyme found in
liver, kidney, intestine and HDL on serum and its
activity can change as part of the inflammatory
response [25-28]. Due to the ability of hydrolyzing
lipid peroxides, PON also has an important role for
elimination of potential oxidants. It is stated that
pesticide formulations influencing the fish living in
aquatic environments inhibit acetylcholinesterase
by binding covalent bonds in its active site [27-30].
This situation is reported to cause respiratory disorders depending on increase in amount of acetylcholine in neuromuscular junction [31, 32]. Determination of the effect of tebuconazole, which is the
pesticide widely used for pest control in agricultural
fields, on PON1, AST, and ALT activities and HDL
levels in the fish is very important regarding appro-

Because liver is the organ where several substances are synthesized and metabolized, it is functionally a vital organ. Functional disorders that may
occur in the liver will influence other metabolic
activities in the organism. As a result of release of
some liver enzymes into blood as a result of breakdown of the cell or change in permeability of cell
membrane, serum activities of cellular enzymes
such as transaminases (AST, ALT), lactate dehydrogenase, and alkaline phosphatase increase [15].
Previous studies reported that serum AST and ALT
levels increased in liver damage caused by
chlorpyrifos-ethyl. It was determined in these studies that serum AST and ALT levels considerably
increased in chlorpyrifos-ethyl group compared to
control group, and AST and ALT levels decreased
to levels of control group with the addition of lycopene as protective. In the light of these data, lycopene is thought to have a protective effect on liver
damage caused by chlorpyrifos-ethyl [16-18]. It
was reported that intracellular enzymes such as
AST and ALT increased serum levels depending on
liver damage caused by some metabolic disorders
(like diabetes), lycopene administration as protective approximated AST and ALT levels to control
group, thus lycopene had a protective effect against
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ve aril esteraz aktivite olcumlerinin standardizasyonu. Turk J Biochem; 28, 45-49.
[14] Begum, G. and Vijayaraghavan, S. (1996)
Alterations in Protein Metabolism of Muscle
Tissue in the Fish Clarias batrachus (Linn) by
Commercial Grade Dimethoate. Bulletin Environmental Contamination and Toxicology; 57,
223-228.
[15] Comelekoglu, U. and Mazmanci, B. (2000)
Pestisidlerin kronik etkisine maruz kalan tarim
iscilerinde karacigHU IRQNVL\RQODUÕQÕQ LQFHlenmesi. Turk J Biol; 24, 461±466.
[16] El-Banna, S.G., Attia, A.M., Hafez, A.M. and
El-Kazaz, S.M. (2009) Effect of garlic consumption on blood lipid and oxidant/ antioxidant parameters in rat males exposed to
chlorpyrifos. Slovak J Anim Sci; 42(3), 111117.
[17] Khalifa, F.K., Khalil, F.A., Barakat, H.A. and
Hassan, M.M. (2011) Protective role of wheat
germ and grape seed oils in chlorpyrifosinduced oxidative stress, biochemical and histological alterations in liver of rats. Aust J
Basic Appl Sci; 5(10), 54-66.

priate amount of pesticide use in agricultural fields
and minimizing of environmental pollution based
on pesticides.
In the study conducted by Toni et al. [10] on
exposure of Cyprinus carpio to tebuconazole at
different concentrations, they reported that catalase
concentration was decreased at 1.19 mg/L dose,
superoxide dismutase decreased depending on increasing tebuconazole concentration compared to
control group and consequently antioxidant system
was influenced negatively. Kaya et al. [11], administered tebuconazole in their study and determined
that serum total oxidant capacity and total sialic
acid of Cyprinus carpio increased considerably
compared to control group; whereas, total antioxidant capacity decreased. Deveci et al. [33, 34],
administered glyphosate and zinc sulphate in their
two separate studies and determined that significant
changes were found in the serum PON activity,
HDL, TAS and TOS levels in Capoeta capoeta.
In this study aiming to understand effects of
tebuconazole with some biochemical parameters, it
was determined that significant changes occurred in
serum PON1, AST, and ALT activities and HDL
levels of Cyprinus carpio which was administered 2
and 3 mg/L tebuconazole in their habitats for 14
days. Accordingly, it was concluded that the decrease in PON1 activity and HDL level at increasing tebuconazole concentrations could be associated with pesticide detoxification, and the increase in
AST and ALT levels could be associated with liver
function changes as a result of pesticide exposure of
the fish.
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ABSTRACT

INTRODUCTION

Turkey has an impressive richness in terms of
fauna and flora. Nearly 28% of total country area of
Turkey is covered by the forests. The aim of this research is to present the status, opportunities and challenges for forest biodiversity in Turkey according to
EU Natura 2000 concept. This concept is a European
ecological network which is occurred species and
habitats designated by the EU Member States based
on legally binding legislation. The importance of directives is emerging by designation of their special
conservation areas under Natura 2000 sites. Designation of sites under those Directives takes some
processes. SACs designed as sites to protect EU importance plants, animals and wildlife habitats which
are assessed by the Habitats Directive. SPAs are sites
of conservation value for rare and threatened European bird species which are designated under the
Birds Directive. The species richness and habitat diversity of Turkey¶VIRUHVWU\ is a challenge for both
Turkey and EU. Turkey includes species belonging
to three different floristic regions. This opportunity
is not common among EU countries. The forest types
of Turkey have more structured importance according to diverse vulnerable species and biogeographically distribution of habitats than European countries. It should be thought that the number of Europe's forest habitat types could be considerably increase with Turkey¶Vforest types. Before the selecting, designing and managing, the Natura 2000 sites
in Turkey are needed some research to supply the assessment criteria for national assessment of species
and habitats. The existing protected areas of Turkey
and important endemic plant areas are available as
potential Natura 2000 sites at national level. One of
the most important deficiencies is lying in the inadequacy of data that will not supply some criteria to
select and design the Special Areas for Conservation
at European level.

Natura 2000 is a Community-wide network of
nature protection areas that are established under the
European Habitats Directive and the Birds Directive.
The purpose of the network is to ensure the longterm survival of Europe's most valuable and threatened species and habitats [1, 2].
Turkey ranks among the largest countries in
Europe with a surface area of 783.562 km. It is located within three biogeographical regions which are
Anatolian, Mediterranean and Black Sea regions and
the transition zones formed among them [3]. In these
ecosystems, there are nearly 12.000 plant species
and 3.000 of these are endemic. As fauna, there are
19.000 invertebrates that contain 4.000 endemic species and 1.500 vertebrates which comprise 123 endemic species [4]. Although there is planning, inventories based on preserving and improving the rich
ecosystem of the country and impressions of management studies, there is not dominant systematic
development directed to them. This is because previous studies dealt with only isolated preserved land
approaches. Despite this, land uses continue to increase irregularly. The reasons of directly influencing the biological diversity are overgrazing of meadows and grassland, erosion, stubble burning, forest
fires, agricultural practices through machines, irregular and excessive use of pesticides in agriculture,
drying of wetlands, salinisation of dams, urbanisation, industrialisation, household and industrial
waste, mining, tourism-recreation, supply of firewood, excessive hunting and collection of wild
plants [3, 4, 5].
Turkey has an impressive richness in terms of
fauna and flora. This opportunity gives to the country prestigious place between the three continents.
Nearly 28% of total country area is covered by the
forests [6]. The aim of this work is to present the opportunities and challenges for forest biodiversity in
Turkey derived by EU Natura 2000 concept. The
richness of forest biodiversity in Turkey always
needs some new policy approaches to develop the
protection of biodiversity for the sustainable forest
management.

KEYWORDS:
Biodiversity and Conservation, Natura 2000 Sites, Forested Areas, Turkey

Conceptual framework of Natura 2000 network. Natura 2000 is an European ecological network of protected areas are designated by the EU
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national level as SAC which subsequently undergo implementation measures in six years. Another important factor for selecting and designing
Natura 2000 areas are the assessment criteria for national assessment of Annex I habitat types of Habitat
Directive:

Member States based on legally binding legislation:
The Habitats (92/43/EEC) and Birds Directives. The
relevant regulations for the Natura 2000 are given
under article 3 of the Habitats directive [7]. The article 3.1 clarifies Natura 2000 ³A coherent European
ecological network of special areas of conservation
shall be set up under the title Natura 2000. This network, composed of sites hosting the natural habitat
types listed in Annex I and habitats of the species
listed in Annex II, shall enable the natural habitat
types and the species ' habitats concerned to be
maintained or, where appropriate, restored at a favourable conservation status in their natural range´
Besides Habitats Directives is the Bird Directives as
an important basis for the designation of Natura 2000
sites.

Representativity. Degree of representativity
of the occurrence of the listed habitat type on the proposed site of Community interest, in relation to the
overall occurrence of that habitat type in the physiographic province or biogeographical region.
Relative surface area. Area of the proposed
site of Community interest covered by the habitat
type concerned in relation to the total area covered
by that habitat type in a country.
Conservation status and restorability. Degree of conservation and restoration possibilities of
the habitat type concerned on the proposed site of
Community interest. The 'conservation status' of individual sites in relation to habitat types can only be
assessed with detailed local knowledge.
Assessment criteria for national assessment of
Annex II species (Habitat Directive):

DESIGNING AND SELECTING NATURA
2000 SITES
According to Article 3 of the Habitats Directive, Natura 2000 is a coherent European ecological network of special areas of conservation (SAC)
and special protection Areas for birds (SPA). SACs
are sites to protect plants, animals and wildlife habitats of EU importance as designated by the Habitats
Directive. SPAs are sites of conservation value for
rare and threatened European bird species designated internationally under the Birds Directive [8, 9,
10]. While the designation of SPAs is based on the
presence of bird species listed in the annexes of the
Birds Directive including a validation stage of the
EU, SACs designation (Habitats Directive) is more
complex and involves several stages [7, 10, 11].
The procedure for site selection involves two
separate stages: In stage one, the EU member states
identify proposed Sites of Community Importance
(pSCI) for inclusion in the Natura 2000 network and
forward them to the European Commission together
with supplementary data and maps. In stage two, the
sites are assessed at EU level for their importance to
the Community. A List of VHOHFWHG6&,¶V 6&,V is
then drawn up by the EU Commission in conjunction
with the member states (Article 4 - 2 of the Habitats
Directive). Assessment of the pSCIs in both stages is
conducted in accordance with the criteria set out in
Annex III of the Habitats Directive [11]. The twostaged DVVHVVPHQW RI 6&,¶V serve selection of the
most suitable sites for inclusion in the List of pSCIs.
Once the lists are completed, the member states are
required to comply with the provisions of national
legislation to place their respective sites under protection as special areas of conservation (SACs)
within a period of six years. Natura 2000 sites are
selected on the basis of national lists proposed by the
member states. The European Commission adopts a
list of Sites of Community Importance (SCI) for each
biogeographical region, which then become part of
the network. Finally, the pSCIs are designated at the

Relative population size. Population size of
the species present on the proposed site of Community interest in relation to the populations present
within the national territory of a country. The relative population sizes of the individual species have
been determined by the EU states.
Conservation status. Degree of conservation
of the features of the habitat which are important for
the species concerned and restoration possibilities on
the proposed site of Community interest. The 'conservation status' of individual sites in terms of their
importance for species can only be assessed with detailed local knowledge.
Degree of isolation. Degree of isolation
(chorological situation) of the population present on
the proposed site of Community interest, in relation
to the natural range of the species.
Once member states propose sites to the EU
Commission for protection under the Birds Directive, the sites automatically become special proWHFWLRQ DUHDV 63$V  DQG DUH LQFOXGHG LQ WKH (8¶V
Natura 2000 network of protection areas. SPAs are
selected for the especially endangered bird species
listed in Annex I of the Birds Directive. Under ArtiFOH  RIWKH'LUHFWLYHWKHµPRVWVXLWDEOHWHUULWR
ULHVLQQXPEHUDQGVL]H¶VKRXOGEHGHFODUHGDVVSH
cial protection areas. Assessment criteria for Annex
I of the Birds Directive lists (193 species and subspecies) which are:
- in danger of extinction;
- vulnerable to specific changes in their habitat;
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and positively managed. Natura 2000 sites
DUHQ¶WVWULFW nature reserve sites where economic activities can take place [1]. The general principle that
the conservation of flora and fauna will receive priority when managing natural resources is the basis
for management of Natura 2000 areas. As long as favourable conservation status can be maintained or
restored in combination with the commercial management of forests expected on most forest sites,
economic activities can continue without substantial
change [15]. This can be attributed to the fact that
European forests are more dependent on seminatural
conditions [12]. Nature conservation objectives must
have priority on Natura 2000 sites, while the economic and social function of the forests should also
be taken into account [16]. The implementing the
land uses in Natura 2000 sites is regulated in the habitats directive. Each Natura 2000 area must have its
own conservation priority plans. The success of
those plans should be approved by the EU Commission at different intervals for species and habitats in
considering the monitoring activities [17]. Natura
2000 management plans can be specifically designed
for the site in question or integrated into other development plans, such as forest management plans [13].
This provides that the Natura 2000 conservation objectives are clearly included within sylvicultural
treatments, forest conservation measurements or any
land use operations in framework of a plan.

- considered rare because of small populations
or restricted local distribution;
- requiring particular attention for reasons of
the specific nature of habitat
Natura 2000 and European forests. The most
of forest type in Europe are semi-natural. It covers
about 87 % of total European forest area [12]. These
forests have been influenced by human intervention
for their multiple functions, delivering multiple economic, cultural and environmental benefits over centuries. Today, it is still playing an important role to
provide renewable and environmentally friendly raw
materials and economic development, employment
and prosperity, especially in rural areas. These forests have still a high biodiversity value and high biodiversity restoration potential, where are existing
pressures [13].
Forests make up about half of the Natura 2000
Network areas. This ratio is quite high amount compared to other land types like grasslands and wetlands. The average distribution of Natura 2000 forest
areas in the EU countries is 21%. For example, Germany has Natura 2000 areas in total of 55,142 km2,
of which 26,550 km2 is forested [14].
Natura 2000 aims to assure the long-term survival of Europe's most vulnerable species and habitats, by ensuring that a sufficient number and area of
their most important sites are adequately protected

FIGURE 1
Phytogeographical areas of Turkey
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FIGURE 2
(a) The important areas for endemic plants in Turkey [20].
(b) Distribution of endemic plant numbers in Turkey [28].

Biogeography has important prominence in the distribution of important endemic plant areas and endemic plant numbers in the country (Figure 2). The
rate of plant diversity and high endemism in Turkey,
which can be compared to almost all of the European
continent, is higher than in each European country.
Alpine regions in Turkey are not counted within the
main phytogeographical regions of the country.
However, Turkey is located within the Alpine-Himalayan orogenic belt where the mountainous areas
are dominant with the elevation over 1.500 meters.
There are important mountain regions especially in
the middle, east, northwestern and southeastern Anatolia such as Kackar, Erciyes, Aladaglar, Ararat,
Cudi mountains which spread over 3000m altitude.
Studies of biodiversity in Turkey are mainly carried
out on protected areas. The term high mountain vegetation in Turkey refers to the asylvatic (non-forest)
high mountain vegetation units of the subalpine to
subnival belts, which, however, may have secondary
anthropogeneous or natural extrazonal range extensions into subalpin or even montane elevations [21].
Screening and monitoring of biodiversity in Turkey
have been carried out at the level of provincial regions for the last few years [22]. The full legislations

OPPORTUNITIES AND CHALLENGES OF
TURKISH FORESTS FOR NATURA 2000
CONCEPT
Biogeographical species distribution in
country and its current status. Turkey is located
within three main phytogeographical regions (EuroSiberian, Irano-Turanian and Mediterranean) comprising the Anatolian, Mediterranean and Black Sea
regions (Figure 1) and the transition zones formed
among them [3, 18]. The climatic and geographical
properties of these phytogeographical regions generally change according to altitudinal surfaces within
short distances [19]. These variations are presenting
different terrestrial and aquatic ecosystems are also
found together. In these ecosystems, there are nearly
12.000 natural vascular plant taxa of which 3.694
taxa with over 30,7 % endemics are endemic [18].
As fauna, there are 19.000 invertebrates containing
4.000 endemic species and 1.500 vertebrates containing 123 endemic species [4]. Turkey has a remarkable position in the world with its richness of
biological diversity [18, 19]. A significant number of
endemic plant species is at risk of threatened [20].
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of forested area which comprises by over 60
tree species [6]. EU has 215 mio. hectares of forested
area which comprises by over 110 tree species in 14
main biogeographical regions which include 78 forest types and some of them are divided into subtypes [31, 32]. Forest formations of the Turkey include species belonging to different floristic regions,
namely Irano-Turanion, Mediterranean and Euro-Siberian. This characteristic is not seen in any of the
European countries. The forest types for Irano-Turanion phyto-geographical region will only belong to
Turkey, when Turkey has full membership. The Anatolian biogeographic region of Europe is commonly
dominated from Irano-Turanion phyto-geographical
region (Figure 3). The forest types in this biogeographical region have own features to characterize
such steppe site conditions [33, 34] and existing syntaxonomical and geobotanical data base about these
forests is low compared to the forests in other biogeographical regions. Likewise, it is possible to classify the new forest habitat types under Mediterranean (e.g. cedar, Taurus fir and some junipers) and
Euro-Siberian regions (Oriental spruce, mixed forests e.g. by Crimean pine, %RUQPXHOOHU¶VILURULHQWDO
beech, scots pine, oaks) in Anatolia. The Black Sea
biogeographic region of Turkey has widespread distribution from the other black sea biogeographic region in Europe (Figure 4). This biogeographic region, especially mountainous and high mountainous
forests only in Turkey, will provide a characteristic
new forest habitat types for Natura 2000.

for identification and protection of biodiversity in
Turkey provided currently at the level of action or
master plans [23, 24]. Some inventory studies for
planning and management of protected areas are also
applied. There are some studies which are developed
by non-governmental organizations for important areas and species [25, 26]. Data banks, especially for
plants and animals, are available at the taxonomic
[20] or national level [27].
Country level biogeographical properties of
tree distribution. The importance of directives for
Natura 2000 are emerging by designation of their
special conservation areas. Designing and selecting
procedures for Natura 2000 Sites are very complex
and required compressive assessment criteria at national level. The first question comes to mind: How
much of Turkey's data capacity can meet these criteria? Similar problems emerged after the membership
of eastern European states. The experience in these
countries have shown that they are obliged to notify
the proposed Natura 2000 sites at national level
(pSCI) to the European Commission within a few
years of membership.
7XUNH\¶V forest biodiversity has some special
subjects to protect the species than other EU countries. Firstly, the forest types of Turkey have important structures accordingly to diverse of species
and to variability biogeographically distribution of
habitats [29, 30]. Turkey has over 21 mio. hectares

FIGURE 3
Biogeographical regions of Europe and Turkey
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FIGURE 4
Physiography of the Black Sea biogeographical region

Natura 2000 sites in Turkey could provide necessity
to some scientific researches more. Especially, the
plants and (particular) birds of Turkey are concerning more effort for this issue. The vegetation communities with characteristic plants will be more decisive to classify the habitat types in Turkey. Therefore, it will be important the region or site specific
phytosociological studies to assess the biogeographical reference of habitats and species especially in
the forested area of Turkey. Additionally, species including birds must be locally identified in the population sizes, isolation grade of populations and
threats, which are required for priority assessment by
selecting and designing the Natura 2000 sites, and
later for monitoring the species in the sites. On the
other hand, it will gain importance the region and site
specific ecological studies such as altitudinal distribution, bedrock and degree of human influence.
The Natura 2000 sites have cost for management. For example, the overall cost for implementing Natura 2000 in the EU-LVHVWLPDWHGWREH¼
billion per year [38]. Because of the IRUHVWV¶GLYHU
sity in Turkey may need more forest areas to be protected by the Natura 2000 concept. It means that TurNH\¶V ELRGLYHUVLW\ EULQJV D FRQVLGHUDEOH ILQDQFLDO
burden to the EU and Turkey. Especially, Anatolia
will take place as a new European biogeographical
region in the list of the Natura 2000 biogeographical
regions. Additionally, several of the habitat types regarding to European biogeographical regions such
Anatolia, Mediterranean, Black Sea proposed have
been agreed to be variations of existing habitats and
therefore some amendments to existing habitats
were necessary. The species lists of EU habitat and

DISCUSSION AND CONCLUSION
The species richness and habitat diversity of
Turkey is a challenge not only for Turkey but also
for EU according to selecting, designing and managing of Natura 2000 sites. The Turkish national system for protected area is based only to conserve the
areas, which are restricted by managed land use
types. But, Natura 2000 concept provide the protecting the sites, as well as make possible the land uses
with plan and project. They have to consider the
compensatory measures to protect priority species
and habitats in Natura 2000 areas the conservation
status of the site, in relation to the favorable conservation status of habitats and the conservation value
of species, must be maintained or improved [35].
There are other protected area types in the EU countries besides the Natura 2000 sites. SACs, SPAs and
other protected area types (e.g. national park) can be
overlapped on the same site. After membership of
central and eastern European countries required a
rapid implementation of some inventory for florafauna and habitats during a few years [36, 37]. The
pre-existing national protected areas in these countries have become a good solution for this issue. It
can be a way for Turkey in a tight time situation. But
the question that arises here is, are the data in our
existing national protected areas sufficient to select
the Natura 2000 sites?
The existing habitat and species lists of the EU
habitat and bird directives are quite lacking in terms
of the species and habitats of Turkey. The species
lists of EU habitat and bird directives must be widely
revised for the habitats and species of Turkey. Therefore, the selecting, designing and managing of
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?uri=CELEX:32011L0092&from=EN
[10] Trochet, A. and Schmeller, D.S. (2013) Effectivenes of the Natura 2000 network to cover
threatened species. Nature Conservation, 4, 3553.
[11] Tworek S., Makomaska-Juchiewicz M. and Cierlik G. (2014) How to select potential sites of
community importance to the NATURA 2000
network: the issue of criteria. Ekologia (Bratislava), 33(2), 127±137.
[12] EEA (2006) European forest types. Categories
and types for sustainable forest management reporting and policy. European Environment
Agency, Technical report, No 9.
[13] EC (2015) Natura 2000 and Forests. Part I-II.
European Commission, Technical Report - 2015
± 088.
[14] Natura 2000 (2015) Natura 2000 Barometer ±
update 2014. European Commission. Nature
and biodiversity newsletter 37, 8-9.
[15] ec.europa.eu/environment/nature/info/pubs/
docs/nat2000/n2kforest_en.pdf
[16] ec.europa.eu/environment/nature/natura2000/
management/docs/art6/provision_of_art6
_en.pdf
[17] EC (2013) The Economic benefits of the Natura
2000 Network. Luxembourg, Publications Office of the European Union 77 p.
[18] Ture, C. and Bocuk, H. (2010) Distribution patterns of threatened endemic plants in Turkey: A
quantitative approach for conservation. Journal
for Nature Conservation 18, 296-303.
[19] Avci, M. (2005) Cesitlilik ve endemizm
DFLVLQGDQ 7XUNL\H¶QLQ ELWNL RUWXVX ,VWDQEXO
Universitesi Edebiyat Fakultesi Cografya
Dergisi 13, 27-55.
[20] Ekim, T., Koyuncu, M., Vural, M., Duman, H.,
Aytac, Z. and Adiguzel, N. (2000) Turkiye
Bitkileri Kirmizi Kitabi. Ankara: TTKD ve
Yuzuncu Yil Universitesi Yayini.

bird directives must be revised for the species of Turkey. Especially, the plants and particularly birds of
Turkey are concerning more effort for this issue.
Alpine habitat types and their characteristic
species in Turkey will be should discussed comprehensively. It should especially include secondary anthropogeneous or natural extrazonal alpine habitats
and forest types with sub-alpine character such high
mountainous forest types of Mediterranean, Black
Sea and Anatolian biogeographical regions
[39,40,41,42]. The flora-fauna and habitat studies
carried out by the state and civil initiatives in Turkey
are important cornerstones for the protection of the
biological diversity of the country.The quality and
spatial information of these studies is important for
the beginning of Natura 2000 studies in Turkey.
Whether Turkey is an EU member or not, such
studies will provide a very important strategies and
legally binding to protect the biodiversity of the
country. In addition to these approaches, creating
monitoring programs and building quantitative
databases for conservation programs will be
essential to assess future success in maintaining
forest biodiversity [3]. In Europe, more seminatural
forest habitat types will be protected by Natura 2000
through restoration, while in Turkey, more natural
forest areas will be protected. But that does not mean
that forests belonging to the seminatural oak forests
in Iran-Turan phytogeographical regions of Turkey
[43] will not be preserved. The existing protected
areas of Turkey and important endemic plant areas
are available as potential Natura 2000 sites (pSCs).
One of the most important deficiencies is the
inadequacy of data at various grades that will not
supply some criteria to select aQGGHVLJQWKH6$&¶V
at European level. The criterion found in the most
incomplete case are the relative population size and
the degree of isolation.
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OPTIMIZATION OF MINERALIZED REFUSE
ADSORBENT-FENTON-NACLO OXIDATION OF
BIOLOGICALLY TREATED LANDFILL LEACHATE USING
RESPONSE SURFACE METHODOLOGY
Fa-hui Nie, Qing Yu*, Wen-ting Li, Rong-rong Liu, Yong-xi Zhou
School of Civil Engineering and Architecture, East China Jiao Tong University, Nanchang, 330013, China

technology due to its many advantages including
various sources, low cost and simple procedures [2,
3]. However, these conventional biological treatments may not be sufficient to deal with landfill
leachate before discharging into the environment.
Therefore, a combination of physicochemical treatment methods have attracted more interests due to
its high efficiency [4, 5].
Mineralized refuse is considered as a promising adsorption material for the strong nitrification
capacity [6]. Meanwhile, it can realize resource
utilization, reduce pollution cost for production
enterprises, make landfill space for fresh living
garbage and extend the service life of landfill. It has
been widely reported that remove a large amount of
NH3-N with just little mineralized refuse in treating
landfill leachate[7,8]. The mineralized refuse from
Nanchang Mai Yuan landfill was chosen as adsorbent in this paper, and was used to statically absorb
COD and NH3-N in leachate treatment. However,
the efficiency of removing COD and NH3-N only
by adsorption techniques can not meet the draining
standard. In recent years, Fenton process, one of
Advanced Oxidation Processes(AOP) techniques
for removing pollutes of landfill leachate, has
gained significant interest by many researchers[916]. Hydrogen peroxide(H2O2) is highly effective
for the removal of pollutants, because the generation of hydroxyl radical(OH·) in Fenton process can
significantly oxidize a broad range of organic and
inorganic pollutants[17-19]. Landfill leachate treated by adsorption and Fenton process has a satisfactory degradation effect on COD, but the effect of
removal of NH3-N is not quite ideal, so the additional treatment is essential for further removal of
NH3-N. Based on this, many scholars[20-23] use
sodium hypochlorite (NaClO) to replace the traditional chlorine series oxidant for the removal of
NH3-N, the results obtained are quite acceptable.
The NaClO has the advantages of safe usage, convenient operation, good effects of oxidation and
low price, simultaneously, it reduces the generation
of disinfection byproducts as well[24, 25].
In this study, mineralized refuse adsorbentFenton-NaClO oxidation process was employed to
treat the landfill leachate. In Fenton and NaClO

ABSTRACT
In this study, mineralized refuse adsorbent Fenton-NaClO oxidation were employed to treat
biologically stabilized landfill leachate. Firstly, the
mineralized refuse after roasting modification was
used to absorb Carbon Oxidation Demand (COD)
and ammonia nitrogen (NH3-N) in leachate treated
by biochemical method, and the mineralized refuse
were characterized by Scanning electron microscopy (SEM) and X-ray energy dispersive spectra
(EDS) analysis. Response surface methodology
(RSM) was applied to evaluate the major factors
including the initial pH, reaction time, reaction
temperature, H2O2/ Fe2+ molar ratio, concentration
of H2O2 and NaClO on the removal of COD and
NH3-N in Fenton and NaClO process, and the interactions between these factors, and optimized the
operating parameters as well. Under the optimum
conditions of Fenton Process such as H2O2 concentration of 72 mmol/L, H2O2/ Fe2+ molar ratio of 3,
reaction time of 1.5h and pH of 5 shows 52.68% of
COD removal and 38.52% of NH3-N removal. Finally, the removal efficiency of COD and NH3-N
reached 81.86% and 98.96% respectively by using
NaClO oxidation to further remove them. The results demonstrate that the coupling of mineralized
refuse adsorbent-Fenton-NaClO oxidation processes is an alternative method to eliminate the COD
and NH3-N from landfill leachate.

KEYWORDS:
mineralized refuse, SEM/EDS, Fenton, NaClO, landfill
leachate, Response surface methodology

INTRODUCTION
Landfill leachate produced during the process
of landfill is complicated composition of high concentration biodegradable and non-biodegradable
products wastewater, characteristically rich in organic matter, phenols, NH3-N, phosphate, heavy
metals, and sulfide [1]. Traditionally, biological
treatment is the main landfill leachate treatment
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60 Υ). After setting 30 min, the supernatant was
analyzed for concentration of COD and NH3-N.

process, batch experiments were carried out to determine the optimal reaction parameters including
the initial pH, reaction time, reaction temperature,
H2O2/ Fe2+ molar ratio, concentration of H2O2 and
concentration of NaClO through response surface
methodology (RSM), and the mineralized refuse
were characterized by Scanning electron microscopy (SEM) and X-ray energy dispersive spectra
(EDS) analysis.

Calculation of the removal efficiency. The
following equation can be the expression of the
removal efficiency (R) of COD and NH3-N:
(1)
where Co and Ce is the initial and final concentrations of COD and NH3-N respectively.
BBD response surface design. Response surface methodology(RSM) is a powerful statisticalbased technique for designing experiments, building model, testing the appropriateness of model and
optimizing the process parameters with limited
number of experiments[26, 27].As one of the most
common design under RSM, Box±Behnken design
(BBD) is efficient and flexible. In this study, the
BBD was applied to evaluate the individual and
interactive effects of independent variables on the
responses in Fenton process, four main factors to
three levels each one were chosen: H2O2 concentration(mmol/L)(A), H2O2/ Fe2+ molar ratio(B), pH(C)
and reaction time(h)(D). The independent variables
and their levels were presented in Table 1.

MATERIALS AND METHODS
Leachate characteristics. Leachate samples
were collected from the effluent of leachate treated
by biochemical method with oxidation ditch-A/O in
Nanchang MaiYuan landfill. The wastewater looks
brown with no obvious stench, COD ranging from
1200-1500mg/L, the concentration of NH3-N ranging from 110-130mg/L, pH ranging from 4.5-6.5.
Mineralized refuse preparation. The mineralized refuse from Nanchang MaiYuan landfill was
chosen as adsorbent in this paper, and was used to
absorb COD and NH3-N in leachate treated by biochemical method after modification. The average
particle size of mineralized refuse smaller than
1mm were used for modification. The mineralized
refuse was first placed into a muffle furnace for
roasting at the temperature of 700Υ. After roasting
for 2h, remove the mineralized refuse and cool it
down to room temperature, then store them in the
bag until ready for use.

TABLE 1
Coded and actual values of the variables of the
design of experiments for the Fenton process
Factor

A
B
C
D

Experimental method. Batch experiments
were performed at room temperature(25Υ) in
beakers with 200mL leachate sample. Magnetic
stirrer(H97-A Thermostatic magnetic stirrer) was
used for sample mixing. The optimum conditions of
60g/L of mineralized refuse, 30 min of mixing time
and 150 rpm of mixing speed applied for mineralized refuse adsorption process. After 10 min centrifugal time, the supernatant was taken for the
sample of Fenton process.
In Fenton oxidation process, the initial pH was
adjusted to desired values(5.0, 6.0, 7.0), the H 2O2
was set to achieve the concentrations of 40, 60, 80
mmol/L. Meanwhile the molar ratio of H2O2/Fe2+
was attained at intended values (3,4,5), the reaction
time was adjusted to intended values (60,75,90min).
$IWHU)HQWRQ¶VWUHDWPHQWWKHS+ZDVDGMXVWHGWREH
8.0 and the samples were allowed to settle for 1h.
After the settling time, the supernatant was withdrawn from the beaker and was analyzed for concentration of COD and NH3-N.
In NaClO oxidation process, after the pH values of samples were adjusted to the desired levels(5-7), the appropriate amounts of NaClO(50-70
mmol/L) were added and mixed for intended time
(45-70min) under appropriate temperature (40-

Variables


[H2O2](mM)
[H2O2]/[Fe2+]
pH
Reaction time(h)

Coded levels of variables
-1
0
1
40
60
80
3˖1
4˖1
5˖1
5
6
7
60
75
90

The second order polynomial mathematical
models between related process parameters and
response values by response surface methodology
were established through multinomial regression
analysis of experimental data(Table 2), and the following generalized form of the second-order polynomial mathematical model was used to fit the experimental data[27]:
(2)
where Y represents predicted response (COD and
NH3-1UHPRYDOHIILFLHQFLHV  ȕ0θȕ1(i = 1, 2, 3,
 DQGȕij (i = 1, 2, 3, 4; j = 1, 2, 3, 4) are the model
coefficients, Xi and Xj are the independent variables.
The analysis of variances (ANOVA) of RSM
was employed using the software Design Expert
(version 8.0.6) to analyze the results and to check
the statistical significance of the developed mathematical model. The interaction between the process
variables was illustrated by the three dimensional
response surface plots. The optimum process parameters for Fenton process was calculated using
the fitted models and validated by experiments.
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FIGURE 1(a)
SEM image and EDS pattern of adsorbent before modification

FIGURE 1(b)
SEM image and EDS pattern of adsorbent after modification
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FIGURE 1(c)
SEM image and EDS pattern of adsorbent after adsorption

bined with metal ions in the filtrate after infiltration.
Furthermore, the X-ray energy dispersive spectra
pattern of mineralized refuse also revealed, that
mineralized refuse contains elements of O, Mg, Al,
Si, P, S, K, Ca, and Fe. Before and after modification as well as adsorption, the content and type of
the element in the adsorbent were changed.

RESULTS AND DISCUSSIONS
Characterization of mineralized refuse. The
Scanning electron microscopy(SEM) image and Xray energy dispersive spectra(EDS) pattern of the
mineralized refuse are shown in Fig. 1. As shown in
Fig. 1a, the mineralized refuse before modification
is mainly as particles with good dispersion and a
small amount of fibrous material. The mineralized
refuse has loose surface, with floccules attached.
The internal structure of mineralized refuse after
modification changed while fibrous material decreased. Besides, the attached floccules reduced
significantly with the surface of particles getting
smoother. The pore increased and penetrated into
the interior pore. The surface area increased compared to the one before modification which led to
enhanced adsorption. Meanwhile, after 700Υ roasting modification, the main structure of functional
JURXSV RQ PLQHUDOL]HG UHIXVH GLGQ¶W FKDQJH
Strength of a small amount of secondary functional
groups weakened or disappeared. However, the
structure of mineralized refuse before and after adsorptioQ GLGQ¶W FKDQJH &RPSDULQJ WKH JUDSK )LJ
1b and Fig. 1c, surface of mineralized refuse after
adsorption became more compact and denser while
contours of surface pores became blurred. The pore
stuck together may result from some substance being generated on the surface of the adsorbent or
functional groups on the adsorbent surface com-

Analysis of response surface. Percentage removal of pollutant was calculated, and the results of
RSM experiments by using the BBD design to determine the individual and interactive effects of the
four independent variables including concentration
of H2O2(mmol/L)(A), molar ratio of H2O2/ Fe2+(B),
pH(C) and reaction time(h)(D) in Fenton process,
which were presented in Table 2, along with the
predicted and practical values of the responses(COD removal (Y1) and NH3-N removal
(Y2)).The quadratic polynomial equations for the
COD and NH3-N removal percentages through the
multiple regression analysis(Table 3 and 4) were
obtained as follows:
COD
removal(%)=41.11+6.01X1-0.82X21.83X3+0.86X4+2.82X1X2-0.20X1X3+4.34X1X44.86X2X3-0.55X2X4+0.025X3X4-7.02X121.86X22+5.69X32+4.06X42
(4)
NH3-N
removal(%)=
21.67+1.67X10.052X2+0.086X3-0.35X4+5.3X1X2-4.73X1X30.22X1X4+5.27X2X3-6.71X2X4-2.89X3X40.56X12+0.13X22-0.02X32-0.072X42 (5)
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TABLE 2
BBD experimental design and results of COD and ammonia nitrogen removal efficiency
Independent variables
B
D(min)
Run A(mmol/L)
C
H2O2
H2O2/Fe2+
Reaction
pH
concentration
ratio
time
1
60
4
5
90
2
60
5
6
60
3
60
3
6
90
4
60
4
7
60
5
60
3
7
75
6
60
4
5
60
7
40
3
6
75
8
80
4
5
75
9
60
4
7
90
10
60
4
6
75
11
80
4
6
60
12
40
4
6
60
13
80
4
6
90
14
60
4
6
75
15
80
4
7
75
16
60
4
6
75
17
60
3
5
75
18
60
3
6
60
19
60
4
6
75
20
40
5
6
75
21
80
5
6
75
22
80
3
6
75
23
60
5
6
90
24
60
5
5
75
25
60
4
6
75
26
60
5
7
75
27
40
4
6
90
28
40
4
5
75
29
40
4
7
75

Response (Y,%)
Experimental
Predicted
COD
ammonia
COD
ammonia
removal nitrogen removal removal nitrogen removal
54.16
24.49
53.52
24.03
43.07
29.76
42.18
28.73
44.59
26.75
45.53
28.15
48.26
24.81
48.16
24.9
49.44
17.08
48.8
16.64
52.66
19.29
51.86
18.95
30.94
26.07
29.86
24.91
48.46
27.09
47.81
27.4
49.86
27.09
49.92
18.43
40.94
21.17
41.11
21.67
38.31
23.45
38.98
23.28
35.04
18.43
35.63
19.48
49.26
23.19
49.36
22.14
40.84
22.17
41.11
21.67
44.54
18.08
43.77
18.12
41.96
22.17
41.11
21.67
42.78
27.3
42.72
27.02
42.19
15.01
42.73
15.41
40.86
21.67
41.11
21.67
23.64
14.67
42.72
14.22
39.91
27.36
40.25
28.15
35.94
17.58
36.25
17.66
43.29
14.65
42.81
14.62
49.48
15.93
50.81
16.37
40.96
21.17
41.11
21.67
36.68
26.8
37.43
27.08
28.64
19.07
28.66
19.24
34.58
14.27
35.4
14.6
31.44
24.17
32.14
24.23

TABLE 3
Sequential model sum of squares for responses
Source
Mean
Linear
2FI
Quadratic
Cubic
Residual
Total
Mean
Linear
2FI
Quadratic
Cubic
Residual
Total

Sum of squares
DF
Mean square
F value
Prob>F
Sequential model sum of squares for COD removal
49880.53
1
49880.53
490.46
4
122.61
2.87
0.0451
203.02
6
33.84
0.74
0.6251
811.68
4
202.92
229.36
<0.0001
9.41
8
1.18
2.37
0.1546
2.98
6
0.5
51398.08
29
1772.35
Sequential model sum of squares for ammonia nitrogen removal
13345.55
1
13345.55
35.12
4
8.78
0.39
0.8129
526.53
6
87.75
129.94
<0.0001
2.44
4
0.61
0.88
0.5004
8.17
8
1.02
3.97
0.0551
1.54
6
0.26
13919.34
29
479.98
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TABLE 4
Model summary statistics for responses
Source

Std.Dev

Linear
2FI
Quadratic
Cubic

6.54
6.77
0.94
0.7

Linear
2FI
Quadratic
Cubic

4.74
0.82
0.83
0.51

R2
Adjusted R2
Predicted R2
Model summary statistics for COD removal
0.32
0.2104
-0.0601
0.46
0.1553
-0.8003
0.99
0.9837
0.9555
1
0.9908
0.8028
Model summary statistics for ammonia nitrogen removal
0.06
-0.0953
-0.47
0.98
0.967
0.9345
0.98
0.9661
0.9098
1
0.9874
0.8608

PRESS

Remarks

1608.68
2732.11
67.53
299.34

Suggested
Aliased

843.5
37.57
51.75
79.89

Suggested
Aliased

TABLE 5
ANOVA table for responses
Source
Model
A
B
C
D
AB
AC
AD
BC
BD
CD
A2
B2
C2
D2
C.V%
PRESS
AP
R2
Adj-R2

Y1COD removal (%)
F value
P value
121.51
<0.0001
490.19
<0.0001
9.06
0.0093
45.18
<0.0001
9.93
0.0071
35.89
<0.0001
0.17
0.6847
85.06
<0.0001
107.01
<0.0001
1.34
0.2659
0.21
0.6584
360.98
<0.0001
25.38
0.0002
237.22
<0.0001
120.97
<0.0001
2.27
67.53
45.723
0.9918
0.9837

Y2ammonia nitrogen removal (%)
F value
P value
58.07
<0.0001
48.38
<0.0001
0.046
0.833
0.13
0.7264
2.06
0.1733
161.64
<0.0001
128.85
<0.0001
0.29
0.5975
160.27
<0.0001
259.77
<0.0001
48.07
<0.0001
2.96
0.1072
0.15
0.7007
0.043
0.8511
0.048
0.8297
3.88
51.75
24.232
0.9831
0.9661

value of the adjusted determination coefficient (adjusted R2 = 0.9837 and 0.9661) also implied that
only less than 4% of the total variations were not
explained by the models. In addition, the low value
of the coefficient of variation (C.V. = 2.27% and
3.88%) indicated the high precision and reliability
of the experimental values.
Meanwhile, the predicted versus actual plot
(Fig.2) and Normal % probability graphs (Fig. 3)
can further verify that the adequacy of developed
mathematical models. The experimental data is in
good agreement with the predicted ones, since the
data obtained was very close to the diagonal line for
both graphs. Therefore, the development mathematical models could be used to describe the Fenton
process robustly. The effect of four factors on COD
and NH3-N removals can be observed by threedimensional response surface plots generated by
RSM as shown in Fig.4.

The significance and adequacy of the mathematical models were performed in the form of
ANOVA(Table 5). The F-value and P-value can
exam the statistical significance of the fit polynomial model, the high F-values and low P-values
indicates that the polynomial model adequately
explains the variation in the data and represents the
high significance. From Table 5, the response showing the model F value of 121.51for COD and 58.07
for NH3-N.It showed that both models were of high
significance. It could be seen that, the model Y1
(COD removal) terms A, C, AB, AD, BC, A2, C2,
and D2 had significant effects on the percentage of
COD removal whereas the model Y2 terms A, AB,
AC, BC, BD, and CD had significant effects on the
percentage of NH3-N removal, since the p-values of
these coefficients are less than 0.05. The determination coefficients(R2) of the models indicated that
99.18% and 98.31% of the total variability could be
explained by the models for both responses. The
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FIGURE 2
Predicted versus actual plot for responses:(a) COD removal, (b) ammonia nitrogen removal

FIGURE 3
Normal % probability plots for response:(a) COD removal, (b) ammonia nitrogen removal

FIGURE 4
Three-dimensional response surface plot for removal of (a) COD, (b) ammonia nitrogen
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reduced to 78mg/L and 0.47mg/L that meet the prescribed discharge standards of landfill pollution
control standard (GB16889-2008).Therefore, it is
appropriate to apply the mineralized refuse adsorbent-Fenton-NaClO oxidation process in the advanced treatment of biologically stabilized landfill
leachate.

Optimization of Fenton process parameters
and validation of the models. In order to obtain
the maximum COD removal and NH3-N removal,
the best combination was found to be the concentration of H2O2 71.68 mmol/L, H2O2/ Fe2+ molar ratio
of 3, reaction time of 1.5h and pH of 5. Under the
conditions, the removal efficiency of COD and
NH3-N were 50.27% and 36.52% respectively. But
in practice, the optimal condition for concentration
of H2O2 can be modified to 72 mmol/L. Under the
modified conditions, the experimental removal efficiency of COD and NH3-N were 52.68% and
38.52% respectively.
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Optimization of NaClO process parameters
and validation of the models. Similarly, RSM was
also applied to evaluate the major factors including
pH(5-7), concentration of NaClO (50-70mmoL/L),
reaction temperature (40-60Υ) and reaction
time(45-75min)on the removal of COD and NH3-N
in NaClO process, and the interactions between
these factors, and optimized the operating parameters as well. The results showed that the optimum
conditions for NaClO process were that the concentration of NaClO is 60mmol/Lθwith reaction temperature 50Υ, reaction time 60min and pH 6. Under the conditions, the removal efficiency of COD
and NH3-N were 82.27% and 97.48% respectively.
After verification, the experimental removal efficiency of COD and NH3-N were 83.86% and
98.96% respectively.
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FRPSRVLWLRQRISK\WRSODQNWRQDQGGRPLQDQFHRIDO
JDOVSHFLHVFRPPXQLW\7KLVFKDQJHLQIOXHQFHVDVHW
RIOLYLQJEHLQJXSWRWKHRQHVRQWKHKLJKHVWOHYHOVRI
WKHIRRGS\UDPLG>@3K\WRSODQNWRQFRPPXQLWLHV
PD\VKRZFKDQJHVLQQXPEHUVEDVHGHVSHFLDOO\RQ
WKH SK\VLFRFKHPLFDO ZDWHU WHPSHUDWXUH S+ GLV
VROYHGR[\JHQHWF FKDQJHVLQWKHZDWHU>@$G
GLWLRQDOO\LWZDVUHSRUWHGWKDWWKHK\GURORJLFDOIDF
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ZDWHUKROGLQJFDSDFLW\DUHKLJKO\VLJQLILFDQWLQSK\
WRSODQNWRQGHYHORSPHQW>@
$V SK\WRSODQNWRQ UHDFWV WR HQYLURQPHQWDO
FKDQJHVTXLFNO\WKH\DUHDQLPSRUWDQWIDFWRULQGH
WHUPLQDWLRQ RI WKH HQYLURQPHQWDO SROOXWLRQ DQG
WURSKLFOHYHOVRIODNHVDQGULYHUV6HYHUDOUHVHDUFKHUV
DFFHSWGRPLQDQWSK\WRSODQNWRQFRPPXQLWLHVDVLQ
GLFDWRUV LQ GHWHUPLQDWLRQ RI WKH WURSKLF OHYHOV RI
ODNHV3UHVHQFHDEVHQFHRUDEXQGDQFHRIDVSHFLHV
LQDUHJLRQLVEDVHGRQFHUWDLQHFRORJLFDOFRQGLWLRQV
DQGLWPD\EHXVHGDVDQLQGLFDWRURIHQYLURQPHQWDO
YDULDEOHV>@
7KHSUHVHQWLQYHVWLJDWLRQVWXGLHGWKHHIIHFWVRI
HQYLURQPHQWDO IDFWRUV RQ WKH VHDVRQDO JURZWK G\
QDPLFVDQGVXFFHVVLRQRISK\WRSODQNWRQVSHFLHVLQD
GDPODNH,WLVDZHOONQRZQIDFWWKDWPRQLWRULQJRI
SK\WRSODQNWRQLVD XVHIXOWRROIRULQYHVWLJDWLQJHX
WURSKLFDWLRQ DQG HQYLURQPHQWDO GHJUDGDWLRQ LQ WKH
GDPODNHV3DUWLFXODUO\FKORURSK\OODLVDQLPSRUWDQW
SDUDPHWHUWKDWFDQLQGLFDWHWKHWRWDOELRPDVVRISK\
WRSODQNWRQDQGWKHSURJUHVVRISULPDU\SURGXFWLRQ
+RZHYHUWRWDOSK\WRSODQNWRQDORQHLVQRWJHQHUDOO\
HQRXJKWRFRQGXFWDIXOOLQYHVWLJDWLRQ>@7KXV
VXFKVWXGLHVVKRXOGLQFOXGHSK\VLFRFKHPLFDOSURS
HUWLHVRIWKHVWXGLHGHFRV\VWHPDVZHOO
7KLV VWXG\ DLPHG WR GHWHUPLQH PRQWKO\
FKDQJHVLQWKHSK\WRSODQNWRQFRPSRVLWLRQDQGDEXQ
GDQFHLQGLIIHUHQWDOJDOJURXSVIRUWKH ILUVWWLPH LQ
WKH .DUNDPLV 'DP /DNH HVWDEOLVKHG RQ 5LYHU (X
SKUDWHV

ABSTRACT
7KH HQYLURQPHQWDO IDFWRUV WKDW DIIHFW WKH VHD
VRQDO FKDQJH RI WKH SK\WRSODQNWRQ FRPPXQLW\ DQG
FRPSRVLWLRQ LQ .DUNDPLV 'DP /DNH ZHUH LQYHVWL
JDWHGRQ VDPSOHVWDNHQIURP ILYH VWDWLRQVEHWZHHQ
-DQXDU\DQG'HFHPEHU,WZDVIRXQGWKDW
WKHSK\WRSODQNWRQRI.DUNDPLV'DP/DNHFRQVLVWHG
RI  WD[D EHORQJLQJ WR %DFLOODULRSK\WD  WD[D 
&KORURSK\WD WD[D &KU\VRSK\WD WD[RQ &\
DQRSK\WD WD[D 'LQRSK\WD WD[D DQG(XJOHQ
RSK\WD  WD[RQ  0HPEHUV RI %DFLOODULRSK\WD DQG
&KU\VRSK\WDLQFUHDVHGZHOOGXULQJVSULQJVXPPHU
DQGDOVRDWWKHHQGRIIDOOZKLOVW&KORURSK\WDJUHZ
ZHOO RQO\ LQ VXPPHU DQG IDOO &\DQRSK\WD EHFDPH
GRPLQDQWDWWKHHQGRIVSULQJDQGLQVXPPHU+RZ
HYHU'LQRSK\WDZDVUHPDUNDEO\FRQVSLFXRXVLQZLQ
WHU DV ZHOO DV LQ VSULQJ DQG IDOO LQ WHUPV RI SUHYD
OHQFH ([FHVVLYH UHSURGXFWLRQ RI &\DQREDFWHULD
ZKLFKLVDFKDUDFWHULVWLFDVSHFWRIPHVRWURSKLFODNHV
ZDVREVHUYHGLQ.DUNDPLV'DP/DNH LQERWK0D\
DQG-XO\5HVXOWVRISK\VLFDODQGFKHPLFDOPHDVXUH
PHQWVDQGDQDO\VLVLQGLFDWHGWKDWWKHODNHZDVPHV
RWURSKLFEDVHGRQ3&$DQG&DUOVRQWURSKLFVWDWHLQ
GH[3K\WRSODQNWRQFRPSRVLWLRQZDVIRXQGWREHDI
IHFWHGE\HQYLURQPHQWDOIDFWRUVVXFKDVWHPSHUDWXUH
S+GLVVROYHGR[\JHQSKRVSKDWHDQGQLWUDWHWKURXJK
WKH\HDU8VLQJWKHVHGDWDDVWURQJPRGHOZDVGHYHO
RSHGIRUVXVWDLQDEOHPDQDJHPHQWLQ.DUNDPLV'DP
/DNH
.(<:25'6
3K\WRSODQNWRQQXWULHQW .DUNDPLV 'DP /DNH 6DQOLXUID
7XUNH\

INTRODUCTION
'DPV DUH RQH RI WKH PRVW VLJQLILFDQW HIIHFWV
FUHDWHG RQ WKH K\GURORJLFDO UHJLPHV RI VWUHDPV E\
WKH KXPDQNLQG >@ 7KH JHQXLQH SK\VLFRFKHPLFDO
DQG ELRORJLFDO FKDUDFWHUV RI GDP ODNHV DUH IRUPHG
GXHWRVHDVRQDOSHULRGLFDOILOOLQJHPSW\LQJE\KX
PDQVDQGIOXFWXDWLRQVRQWKHVXUIDFHOHYHOVEDVHGRQ
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.DUNDPLV'DP/DNHDQGVDPSOLQJVWDWLRQV
7KH\ZHUHOHIWIRUKRXUVWRDFKLHYHSUHFLSLWDWLRQ
DQGWKHQXVHGIRUTXDOLWDWLYH DQGTXDQWLWDWLYHDQDO
\VHV
$Q 2O\PSXV &;)6 PLFURVFRSH ZDV XVHG
WRLGHQWLI\WKHVSHFLHVWDNHQIURPWKHGDPODNHDQG
DQ2O\PSXV&.;LQYHUWHGPLFURVFRSHZDVXVHG
IRUFRXQWLQJLQGLYLGXDOV7KH VDPSOHV ZHUH VKDNHQ
WR DFKLHYH KRPRJHQRXV GLVWULEXWLRQ DQG  PO RI
VDPSOHZDVWDNHQWRGHWHUPLQHWKHQXPEHURILQGL
YLGXDOV$YHUDJH YDOXHV ZHUH REWDLQHG RXW RI ILYH
UHSHWLWLRQV>@7KHIROORZLQJIRUPXODZDVXVHGWR
GHWHUPLQHWKHQXPEHUVRILQGLYLGXDOV

MATERIALS AND METHODS
.DUNDPLV'DP/DNHZKLFKFRQVWLWXWHVDSDUW
RIWKH6RXWKHDVWHUQ$QDWROLD3URMHFWLVFRQVWUXFWHG
RQ5LYHU(XSKUDWHVFRQVWUXFWHGLQWKHIRUPRIFRQ
FUHWHZHLJKWDQGHDUWKILOO,WLVLPSRUWDQWWRQRWHWKDW
WKHGDPLVWKHILUVWLPSOHPHQWDWLRQLQWXUNH\WKDWZDV
FDUULHGRXWZLWKWKHGHILQLWLRQRIDULYHUSRZHUSODQW
7KHVWXG\ZDVFRQGXFWHGDWVWDWLRQVIRUPRQWKV
EHWZHHQ-DQXDU\DQG'HFHPEHU )LJ 
7KHVHOHFWHGUHVHDUFKVWDWLRQVZHUHWKHRXWSXWZDWHU
RI %LUHFLN 'DP /DNH WKH %LUHFLN GLVWULFW EHIRUH
ILVKLQJIDUPVDIWHUILVKLQJIDUPVDQGWKHGDPZDOO
$ <6, SURIHVVLRQDO SOXV PHDVXUHPHQW GHYLFH
ZDV XVHG WR PHDVXUH ZDWHU WHPSHUDWXUH GLVVROYHG
R[\JHQ R[\JHQ VDWXUDWLRQ S+ DQG HOHFWULFDO FRQ
GXFWLYLW\ZKLOHD6HFFKLGLVNZDVXVHGWRPHDVXUH
OLJKWWUDQVPLWWDQFH&KORURSK\OODZDVPHDVXUHGE\
IOXRURPHWULFGHWHUPLQDWLRQRIWKHDFHWRQHH[WUDFWRI
D:KDWPDQ*)&ILOWHUWKURXJKZKLFKDNQRZQYRO
XPH RI WKH VDPSOH ZDV ILOWHUHG >@7RWDO SDUWLFOH
QLWURJHQ 731 ZDVFDOFXODWHGE\WKHGLIIHUHQFHEH
WZHHQ WRWDO QLWURJHQ DQG WRWDO GLVVROYHG QLWURJHQ
731 717'1 7URSKLF LQGH[ ZDV FDOFXODWHG E\
&DUOVRQ¶VPHWKRG>@
3K\WRSODQNWRQVDPSOLQJZDVFDUULHGRXWRQWKH
VXUIDFHRIZDWHUE\XVLQJSODQNWRQQHWRIWKHEUDQG
+\GUR%LRVZLWKDEULPGLDPHWHURIFPDQGSRUH
ZLGWKRIP7KHVDPSOHVZHUHSODFHGLQVWHUL
OL]HGERWWOHVDQGIL[HGE\DGGLQJIRUPDOGHK\GH

/W FFSK\WRSODQNWRQQXPEHU >@
ʌUðK
0DLQO\>@ZHUHXVHGIRUWKHLGHQWLILFDWLRQ
RISK\WRSODQNWRQVSHFLHV7KH DFFXUDF\RIWKH FXU
UHQWQDPHVRIWKHVSHFLHVZDVDFKLHYHGWKURXJKWKH
ZHEVLWHZZZDOJDHEDVHRUJ>@
6WDWLVWLFDODQDO\VLV7KHVLJQLILFDQFHOHYHOIRU
VWDWLVWLFDODQDO\VHVZDV1RQSDUDPHWULFVWDWLV
WLFV :LOFR[RQWHVW ZHUHXVHGWRFRPSDUHVWDWLRQV
7KHQXPEHURIDOJDOWD[DSUHVHQWLQHDFKVDPSOHZDV
FRQVLGHUHGDVVSHFLHVULFKQHVV%LRORJLFDOGLYHUVLW\
+¶  ZDVGHWHUPLQHGE\WKH PHWKRGRORJ\RI6KDQ
QRQDQG:HDYHU>@7KHSURFHGXUHVRIWKHDQDO\VHV
ZHUHFDUULHGRXWXVLQJWKH;/67$7$'$DQG3ULPHU
SDFNDJHVRIWZDUH
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5DQJHPHDQYDOXHVPHGLDQDQGVWDQGDUGGHYLDWLRQRISK\VLFDODQGFKHPLFDOYDULDEOHVRI.DUNDPLV'DP
/DNHGXULQJWKHVWXG\SHULRG

Water temperature (°C)

pH

DO (mg/L)

NO3-N(mg/L)

TP (mg PO4-3-P/L)

Secchi Disc (m)

Chlorophyll-a (μg /L)

Mean
Min.
Max
Mean
Min.
Max
Mean
Min.
Max
Mean
Min.
Max
Mean
Min.
Max
Mean
Min.
Max
Mean
Min.
Max

J
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7

F
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4
3.4

M
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3

A
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

M
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8

J
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6

J
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12

A
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6

S
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

D
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8

O
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8
2.8

N
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9

7$%/(
7KH&DUOVRQWURSKLFVWDWHFODVVLILFDWLRQ 76, RI.DUNDPLV'DP/DNH>@
6XUIDFH
76,




76, 73
76, &+/
76, 6'

/HYHO
0
0
2
P
0HVRWURSKLF

7URSKLF/HYHO

7KH PLQLPXP6HFFKLGLVNGHSWKLQ.DUNDPLV
'DP /DNH ZDV PHDVXUHG DV  P LQ WKH QG VWDWLRQ
-XQH DQGWKHPD[LPXPZDVPHDVXUHGDVPLQWKH
UG DQG WK VWDWLRQV LQ )HEUXDU\$SULO DQG 2FWREHU
7KHPHDQDQQXDO6HFFKLGLVNGHSWKZDVFDOFXODWHG
DV  P DQG WKH PHDQ PRQWKO\ 6HFFKL GLVN
GHSWKLQWKH GDPODNHFKDQJHGEHWZHHQ P
DQGP 7DEOH 'XULQJWKHVWXG\WKHGLI
IHUHQFHVDPRQJWKHVDPSOLQJVLWHVLQWHUPVRI6HFFKL
GLVN GHSWK ZHUH QRW IRXQG VWDWLVWLFDOO\ VLJQLILFDQW
:LOFR[RQWHVW3! 
,Q.DUNDPLV'DP/DNH76, 6' YDOXHVZHUH
LQWKHUDQJHRIDQG76, 73 YDOXHVZHUHLQ
WKHUDQJHRI7KHPLQLPXPYDOXHZDVIRXQG
LQWKHUGVWDWLRQZKLOHWKHPD[LPXPZDVIRXQGLQ
WKHVWVWDWLRQ76, &+/ ZDVGHWHUPLQHGWREHLQ
WKHUDQJHRI 7DEOH 

RESULTS
3K\VLFR&KHPLFDO 3DUDPHWHUV 7DEOH 
VKRZVWKHSK\VLFRFKHPLFDOSURSHUWLHVRI.DUNDPLV
'DP/DNH7KHPHDQYDOXHVRIVXUIDFH ZDWHUWHP
SHUDWXUH ZHUH IRXQG LQ WKH UDQJH RI  &
WKURXJKWKH\HDUDQGWKLVZDVQRWIRXQGWREHVWDWLV
WLFDOO\ VLJQLILFDQW :LOFR[RQ WHVW 3!  7KH
PHDQ S+ YDOXHV ZHUH LQ WKH UDQJH RI 
3! 7KHDPRXQWRIGLVVROYHGR[\JHQZDVFDO
FXODWHGLQWKHUDQJHRIPJ/ 3! 7KH
PRQWKO\ DPRXQWV RI QLWULWH 121  ZDV IRXQG LQ
WKHUDQJHRIPJ/ZKLOHWKLVUDQJHIRU
QLWUDWH 121  ZDV  PJ / 7KH RE
WDLQHGYDOXHVZHUHDQDO\]HGVWDWLVWLFDOO\DQGGLIIHU
HQFHVZHUHQRWIRXQGVLJQLILFDQW 3! 7KHPHDQ
PRQWKO\ GLVVROYHG UHDFWLYH SKRVSKRUXV PJ 32
3/ DQGWRWDOSKRVSKRUXVDPRXQWVZHUHFDOFXODWHG
DVPJ/ 3! UHVSHFWLYHO\
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FXPFDULQDWXP  VSHFLHV  IURP &KORURSK\WD 'L
QREU\RQ GLYHUJHQV  VSHFLHV  IURP &KU\VRSK\WD
*HLWOHULQHPDDPSKLELXP/\QJE\DPDMRU 2VFLOODWR
ULD OLPRVD 2VFLOODWRULD WHQXLV 3KRUPLGLXP EUHYH
DQG 3KRUPLGLXP OXFLGXP  VSHFLHV  IURP &\DQR
SK\WD DQG &HUDWLXP KLUXQGLQHOOD DQG 3HULGLQLXP
FLQFWXP VSHFLHV IURP'LQRSK\WD 7DEOH 
6WDWLRQ$WRWDORIWD[DZHUHUHFRUGHGLQ
WKHVWVWDWLRQEHORQJLQJWR%DFLOODULRSK\WD WD[D 
&KORURSK\WD WD[D &KU\VRSK\WD WD[RQ &\DQ
RSK\WD  WD[D  'LQRSK\WD  WD[D  DQG (XJOHQR
SK\WD WD[RQ 7KHJHQHUDUHSUHVHQWHGE\WKHKLJK
HVWQXPEHURIVSHFLHVZHUH*RPSKRQHPD WD[D 
)UDJLODULDDQG8OQDULD WD[DHDFK &\PEHOODDQG
(SLWKHPLD  WD[D HDFK  IURP %DFLOODULRSK\WD7KH
QXPEHURILQGLYLGXDOV LQGLYLGXDOV/ ZDVWKH
KLJKHVWLQ0DUFKDQGWKHORZHVW LQGLYLGXDOV/ 
LQ-DQXDU\7KHKLJKHVWQXPEHURIVSHFLHV WD[D 
ZDVUHFRUGHGLQ-XO\DQG2FWREHUDQGWKHORZHVW 
WD[D ZDVLQ-DQXDU\
6WDWLRQ$WRWDORIWD[DZHUHUHFRUGHGLQ
WKHQGVWDWLRQIURP%DFLOODULRSK\WD WD[D &KOR
URSK\WD WD[D &KU\VRSK\WD WD[RQ &\DQRSK\WD
WD[D DQG'LQRSK\WD WD[D 7KH JHQHUD UHSUH
VHQWHGE\WKHKLJKHVWQXPEHURIVSHFLHVZHUH*RP
SKRQHPD  WD[D  1DYLFXOD DQG 8OQDULD  WD[D
HDFK &\PEHOODDQG(SLWKHPLD)UDJLODULDDQG*\
URVLJPD  WD[D HDFK  IURP %DFLOODULRSK\WD 7KH
QXPEHURILQGLYLGXDOVWREHWKHKLJKHVWLQ-XO\ 
LQGLYLGXDOV/ DQGWKHORZHVWLQ1RYHPEHU LQ
GLYLGXDOV/  ZKLOH WKH PD[LPXP QXPEHU RI WD[D
ZDVUHFRUGHGLQ-XO\ WD[D DQGWKHPLQLPXPZDV
UHFRUGHGLQ0DUFKDQG$SULO WD[D 

1,6

1600

1,4

1400

1,2

1200

1

1000

0,8

800

0,6

600

0,4

400

0,2

200

0

Cell-1 104

Chl-a (μg /L)

3K\WRSODQNWRQ &RPPXQLW\ 'XULQJ WKH
VWXG\ WKH SK\WRSODQNWRQ RI .DUNDPÕú 'DP /DNH
ZHUH IURPWD[DLQFOXGLQJLQ%DFLOODULRSK\WD
LQ&KORURSK\WDLQ&KU\VRSK\WDLQ&\DQR
SK\WDLQ'LQRSK\WDDQGLQ(XJOHQRSK\WDRI
WKHVHWD[DZHUHVLJQLILFDQWEHFDXVHWKH\ZHUHIRXQG
LQDOOVWDWLRQV7KHPRVWIUHTXHQWO\UHSUHVHQWHGDOJDH
IURPWKHVHJURXSVZHUH*RPSKRQHPD WD[D (SL
WKHPLD )UDJLODULD 1DYLFXOD DQG 8OQDULD  WD[D
HDFK  &\PEHOOD *\URVLJPD DQG 1LW]VFKLD  WD[D
HDFK  IURP %DFLOODULRSK\WD DQG 3KRUPLGLXP 
WD[D IURP&\DQRSK\WD%DVHGRQWKHGDWDWKHKLJK
HVWQXPEHURIWD[DZDVIRXQGLQWKHQGVWDWLRQ 
WD[D ZKLOHWKHORZHVWWD[DZDVIRXQGLQWKHWKVWD
WLRQ WD[D  )LJ 
$PRQJDOODOJDHWD[DIURP%DFLOODULRSK\WD
DQGWD[DIURP&KRORURSK\WDZHUHUHFRUGHGLQDOO
VWDWLRQV7KHVHDOJDHDUH $VWHULRQHOODIRUPRVD$X
ODFRVHLUDJUDQXODWDYDUDQJXVWLVVLPD&DPS\ORGLV
FXV QRULFXV &RFFRQHLV SHGLFXOXV &RFFRQHLV
SODFHQWXOD &\PDWRSOHXUD VROHD &\PEHOOD DIILQLV
&\PEHOOD FLVWXOD &\PEHOOD F\PELIRUPLV 'LDWRPD
YXOJDULV(OOHUEHFNLDDUHQDULD(SLWKHPLDDUJXV(S
LWKHPLD WXUJLGD )UDJLODULD DFXV )UDJLODULD EUH
YLVWULDWD)UDJLODULDFURWRQHQVLV*RPSKRQHPDDFX
PLQDWXP *RPSKRQHPD ROLYDFHXP *RPSKRQHPD
WUXQFDWXP*\URVLJPDDFXPLQDWXP*\URVLJPDEDO
WLFXP+DODPSKRUDYHQHWD1DYLFXODUK\QFKRFHSK
DOD 1LW]VFKLD VLJPD 5KRLFRVSKHQLD DEEUHYLDWD
7U\EOLRQHOODOHYLGHQVLV8OQDULDDPSKLUK\QFKXV8O
QDULDFDSLWDWD8OQDULDGHOLFDWLVVLPDYDUDQJXVWLV
VLPDDQG8OQDULDXOQD VSHFLHV IURP%DFLOODUL
RSK\WD 0LFURVSRUD WXPLGXOD 3HGLDVWUXP GXSOH[
6SLURJ\UD DIILQLV 9ROYR[ DXUHXV DQG =\JQHPD FLU

0
1

Chl-a

2

3

Dinophyta

4

5

Chlorophyta

6

7

8

Cyanophyta

9

10

11

Bacillariophyta

12
Chrysophyta

),*85(
7KHQXPEHURISODQNWRQLFDOJDOFRXQWVDQG&KORURSK\OO±DFRQFHQWUDWLRQDWVWDWLRQV
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7$%/(
7KHOLVWRIDOJDHUHFRUGHGLQSK\WRSODQNWRQRI.DUNDPLV'DP/DNH

7D[D
%DFLOODULRSK\WD
$FKQDQWKLGLXPPLQXWLVVLPXP .W]LQJ &]DUQHFNL
$PSKRUDRYDOLV .W]LQJ .W]LQJ
$VWHULRQHOODIRUPRVD+DVVDOO
$XODFRVHLUDJUDQXODWDYDUDQJXVWLVVLPD 2)0OOHU 6LPRQVHQ
%UHELVVRQLDODQFHRODWD &$JDUGK 0DKRQH\ 5HLPHU
&DPS\ORGLVFXVQRULFXV(KUHQEHUJH[.W]LQJ
&RFFRQHLVSHGLFXOXV(KUHQEHUJ
&RFFRQHLVSODFHQWXOD(KUHQEHUJ
&UDWLFXODDPELJXD (KUHQEHUJ '*0DQQ
&WHQRSKRUDSXOFKHOOD 5DOIVH[.W]LQJ '0:LOOLDPV 5RXQG
&\FORWHOODPHQHJKLQLDQD.W]LQJ
&\PDWRSOHXUDHOOLSWLFD %UpELVVRQ :6PLWK
&\PDWRSOHXUDVROHD %UpELVVRQ :6PLWK
&\PEHOODDIILQLV.W]LQJ
&\PEHOODFLVWXOD (KUHQEHUJ 2.LUFKQHU
&\PEHOODF\PELIRUPLV&$JDUGK
&\PERSOHXUDFXVSLGDWD .W]LQJ .UDPPHU
'LDWRPDYXOJDULV%RU\GH6DLQW9LQFHQW
(OOHUEHFNLDDUHQDULD *0RRUHH[5DOIV 50&UDZIRUG
(QF\RQHPDFDHVSLWRVXP.W]LQJ
(SLWKHPLDDGQDWD .W]LQJ %UpELVVRQ
(SLWKHPLDDUJXV (KUHQEHUJ .W]LQJ
(SLWKHPLDVRUH[.W]LQJ
(SLWKHPLDWXUJLGD (KUHQEHUJ .W]LQJ
)UDJLODULDDFXV .W]LQJ /DQJH%HUWDORW
)UDJLODULDEUHYLVWULDWD*UXQRZ
)UDJLODULDFDSXFLQD'HVPD]LqUHV
)UDJLODULDFURWRQHQVLV.LWWRQ
*RPSKRQHPDDFXPLQDWXP(KUHQEHUJ
*RPSKRQHPDDQJXVWDWXP .W]LQJ 5DEHQKRUVW
*RPSKRQHPDJUDFLOH(KUHQEHUJ
*RPSKRQHPDJUXQRZLL503DWULFN 5HLPHU
*RPSKRQHPDLQWULFDWXP.W]LQJ
*RPSKRQHPDORQJLFHSV(KUHQEHUJ
*RPSKRQHPDROLYDFHXP +RUQHPDQQ %UpELVVRQ
*RPSKRQHPDWUXQFDWXP(KUHQEHUJ
*\URVLJPDDFXPLQDWXP .W]LQJ 5DEHQKRUVW
*\URVLJPDEDOWLFXP (KUHQEHUJ 5DEHQKRUVW
*\URVLJPDVWULJLOH :6PLWK &OHYH
+DODPSKRUDYHQHWD .W]LQJ /HYNRY
1DYLFXODFDSLWDWRUDGLDWD+*HUPDLQ
1DYLFXODREORQJD .W]LQJ .W]LQJ
1DYLFXODUDGLRVD.W]LQJ
1DYLFXODUK\QFKRFHSKDOD.W]LQJ
1LW]VFKLDLQWHUPHGLD+DQW]VFKLQ&OHYH *UXQRZ
1LW]VFKLDSDOHD .W]LQJ :6PLWK
1LW]VFKLDVLJPD .W]LQJ :6PLWK
3OHXURVLJPDDQJXODWXP -74XHFNHWW :6PLWK
5KRLFRVSKHQLDDEEUHYLDWD &$JDUGK /DQJH%HUWDORW
6WDXURQHLVSKRHQLFHQWHURQ 1LW]VFK (KUHQEHUJ
6WHSKDQRGLVFXVKDQW]VFKLL*UXQRZLQ&OHYH *UXQRZ
7U\EOLRQHOODOHYLGHQVLV:6PLWK
8OQDULDDPSKLUK\QFKXV (KUHQEHUJ &RPSqUH %XNKWL\DURYD
8OQDULDFDSLWDWD (KUHQEHUJ 3&RPSqUH
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7D[D
8OQDULDGHOLFDWLVVLPDYDUDQJXVWLVVLPD *UXQRZ 0$ERDO 3&6LOYD
8OQDULDXOQD 1LW]VFK 3&RPSqUH
&KORURSK\WD
&KORUHOODYXOJDULV%H\HULQFN>%HLMHULQFN@
&RHODVWUXPPLFURSRUXP1lJHOLLQ$%UDXQ
&RVPDULXPVXEFRVWDWXPYDUEHFNLL *XWZLQVNL :HVW *6:HVW
+\GURGLFW\RQUHWLFXODWXP /LQQDHXV %RU\
0LFURVSRUDWXPLGXOD+D]HQ
0RQDFWLQXVVLPSOH[ 0H\HQ &RUGD
3DQGRULQDPRUXP 2)0OOHU %RU\GH6DLQW9LQFHQW
3HGLDVWUXPGXSOH[0H\HQ
3VHXGRSHGLDVWUXPERU\DQXP 7XUSLQ (+HJHZDOG
6FHQHGHVPXVDUFXDWXV /HPPHUPDQQ /HPPHUPDQQ
6SLURJ\UDDIILQLV +DVVDOO 3HWLW
6WLJHRFORQLXPWHQXH &$JDUGK .W]LQJ
7HWUDsGULHOODUHJXODULV .W]LQJ )RWW
9ROYR[DXHUXV(KUHQEHUJ
=\JQHPDFLUFXPFDULQDWXP&]XUGD
&KU\VRSK\WD
'LQREU\RQGLYHUJHQV2(,PKRI
&\DQRSK\WD
*HLWOHULQHPDDPSKLELXP &$JDUGKH[*RPRQW $QDJQRVWLGLV
*ORHRFDSVDDOSLQD1lJHOLLQ5DEHQKRUVW
/\QJE\DPDMRU 0HQHJKLQLH[*RPRQW
0LFURF\VWLVDHUXJLQRVD .W]LQJ .W]LQJ
2VFLOODWRULDOLPRVD&$JDUGKH[*RPRQW
2VFLOODWRULDWHQXLV&$JDUGKH[*RPRQW
3KRUPLGLXPEUHYH .W]LQJH[*RPRQW $QDJQRVWLGLV .RPiUHN
3KRUPLGLXPOXFLGXP .W]LQJH[*RPRQW
3KRUPLGLXPVXEIXVFXP.W]LQJH[*RPRQW
6SLUXOLQDPDMRU.W]LQJH[*RPRQW
'LQRSK\WD
&HUDWLXPKLUXQGLQHOOD 2)0OOHU 'XMDUGLQ
3HULGLQLXPFLQFWXP 2)0OOHU (KUHQEHUJ
(XJOHQRSK\WD
3KDFXVSOHXURQHFWHV 2)0OOHU 1LW]VFKH['XMDUGLQ
7D[D1XPEHU
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WKH HQYLURQPHQWDO FRQGLWLRQV LQ 0DUFK EHWWHU WKDQ
RWKHUVDQGLWLVDEOHWRVKRZEHWWHUGHYHORSPHQW

6WDWLRQ$WRWDORIWD[DZHUHUHFRUGHGLQ
WKHUGVWDWLRQIURP%DFLOODULRSK\WD WD[D &KOR
URSK\WD WD[D &KU\VRSK\WD WD[RQ &\DQRSK\WD
 WD[D  'LQRSK\WD  WD[D  DQG (XJOHQRSK\WD 
WD[RQ 7KHJHQHUDUHSUHVHQWHGE\WKHKLJKHVWQXP
EHUV RI VSHFLHV ZHUH *RPSKRQHPD  WD[D  &\P
EHOOD)UDJLODULDDQG8OQDULD WD[DHDFK IURP%D
FLOODULRSK\WDDQG3KRUPLGLXP WD[D IURP&\DQR
SK\WD7KHKLJKHVWQXPEHURILQGLYLGXDOVLQWKHWKLUG
VWDWLRQZDVUHFRUGHGLQ0DUFK LQGLYLGXDOV/ 
DQGWKHORZHVWZDVUHFRUGHGLQ-XQH LQGLYLGX
DOV/ ZKLOHWKHPD[LPXPQXPEHURIWD[DZDVUHF
RUGHG LQ 2FWREHU  WD[D  DQG WKH PLQLPXP ZDV
UHFRUGHGLQ-XQH WD[D ,WLVQRWHZRUWK\WKDWZKLOH
WKHQXPEHURIWD[DZDVORZ WD[D LQ0DUFKWKLV
PRQWKKDGWKHKLJKHVWLQWHQVLW\RILQGLYLGXDOV 
LQGLYLGXDOV/ +RZHYHUWKLVFRQWUDGLFWRU\VLWXDWLRQ
LVDQLQGLFDWRUWKDWWKHVSHFLHV8OQDULDXOQDXWLOL]HV

6WDWLRQ$WRWDORIWD[DZHUHUHFRUGHGLQ
WKHWKVWDWLRQIURP%DFLOODULRSK\WD WD[D &KOR
URSK\WD WD[D &KU\VRSK\WD WD[RQ &\DQRSK\WD
WD[D DQG'LQRSK\WD WD[D 7KH JHQHUD UHSUH
VHQWHGE\WKHKLJKHVWQXPEHUVRIVSHFLHVZHUH*RP
SKRQHPD  WD[D  )UDJLODULD DQG 8OQDULD  WD[D
HDFK &\PEHOOD WD[D IURP%DFLOODULRSK\WDDQG
3KRUPLGLXP WD[D IURP&\DQRSK\WD7KHKLJKHVW
QXPEHURILQGLYLGXDOVLQWKHWKVWDWLRQZDVUHFRUGHG
LQ0DUFK LQGLYLGXDOV/ DQGWKHORZHVWZDV
UHFRUGHG LQ 2FWREHU  LQGLYLGXDOV/  ZKLOH WKH
PD[LPXPQXPEHURIWD[DZDVUHFRUGHGLQ-XO\ 
WD[D  DQG WKH PLQLPXP ZDV UHFRUGHG LQ 0D\ 
WD[D 
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1

DO
PO4

0,75

Temp

0,5
0,25

NO2
pH

0
Chrysophyta

Dinophyta
Bacillariophyta

-0,25
-0,5

Chlorophyta

NO3
Cyanophyta

-0,75

Chl-a

Euglenophyta

-1
-1

-0,75

-0,5

-0,25

0

0,25

0,5

0,75

1

),*85(
3ULQFLSDOFRPSRQHQWDQDO\VLV 3&$ RISK\VLFRFKHPLFDOYDULDEOHVDQGPDLQSK\WRSODQNWRQJURXSV
$EEUHYLDWLRQV&+/D&KORURSK\OOD'2GLVVROYHGR[\JHQQLWURJHQ121QLWUDWHQLWURJHQ73
WRWDOSKRVSKDWH7(03WHPSHUDWXUH&\DQRSK\WD&KORURSK\WD(XJOHQRSK\WD%DFLOODULRSK\WD
&U\SWRSK\WD'LQRSK\WD&KU\VRSK\WD
&RQFHQWUDWLRQV RI &KORURSK\OOD FKDQJHG LQ WKH
UDQJHRIJ/S+LQWKHUDQJHRI
7KHPHDQDPRXQWRIGLVVROYHGR[\JHQZDV
PJ/:KLOHWURSKRO\WLFUHDFWLRQVWKDWFRQVXPHR[
\JHQWDNHSODFHLQDZLGHK\SROLPQLRQOD\HULQGHHS
ODNHVWKH\WDNHSODFHLQWKHHQWLUHZDWHUFROXPQLQ
VKDOORZ ODNHV ZKLFK H[SODLQV WKDW VKDOORZ ODNHV
ZLWK WKH VDPH VXUIDFH DUHD VWRUH OHVV R[\JHQ WKDQ
GHHSODNHVGR>@
6HFFKL GLVN YLVLELOLW\ LQ .DUNDPLV 'DP /DNH
FKDQJHGWKURXJKRXWWKHVWXG\7KHPHDQYDOXHVZHUH
LQ WKH UDQJH RI  P 9LVLELOLW\ UHDFK  P LQ
)HEUXDU\$SULO DQG 1RYHPEHU7KH OLJKW WUDQVPLW
WDQFH YDOXHV REWDLQHG LQ RXU VWXG\ ZHUH ORZHU LQ
FRPSDULVRQWRWKRVHRIROLJRWURSKLFODNHV>@,QWKH
SUHYLRXV VWXGLHV LQ WKH DUHD YLVLELOLW\ YDOXHV ZHUH
IRXQGDVDQGP>@/LJKWLVDPDMRUUHVRXUFH
IRUSK\WRSODQNWRQDQGKDVDFRPSOH[SDWWHUQRIVSD
WLDODQGWHPSRUDOYDULDELOLW\>@6XVSHQGHGPDWWHU
LQODNHZDWHULQFUHDVHGLQDXWXPQDQGVSULQJUHVXOW
LQJ LQ PLQLPXP WUDQVSDUHQF\ 'XULQJ WKH VXPPHU
WKH WUDQVSDUHQF\ ZDV DW LWV PD[LPXP OHYHO 7KHUH
ZDVDOVRDVLJQLILFDQWFRUUHODWLRQEHWZHHQWKHJURZWK
RI SK\WRSODQNWRQ DQG WUDQVSDUHQF\ LQ .DUNDPLV
'DP/DNHVLQFHWKHODUJHVWSRSXODWLRQVRIDOODOJDH
RFFXUUHGGXULQJWKHVXPPHUZKLOVWLQGLYLGXDOQXP
EHUVZHUHORZLQZLQWHU
7KHPRQWKO\SK\WRSODQNWRQDEXQGDQFHRI.DU
NDPLV'DP/DNHUHODWHGWRZDWHUWHPSHUDWXUHOLJKW
WUDQVPLWWDQFH DQG QXWULHQW FRQFHQWUDWLRQ $ VWURQJ
UHODWLRQVKLSZDVIRXQGLQRWKHUVWXGLHVEHWZHHQSK\
WRSODQNWRQFRPSRVLWLRQDQGZDWHUWHPSHUDWXUH>
@ VLQFH ZDWHU WHPSHUDWXUH DIIHFWV DEXQGDQFH DQG

6WDWLRQ$WRWDORIWD[DZHUHUHFRUGHGLQ
WKHWKVWDWLRQIURP%DFLOODULRSK\WD WD[D &KOR
URSK\WD WD[D &KU\VRSK\WD WD[RQ &\DQRSK\WD
WD[D DQG'LQRSK\WD WD[D 7KH JHQHUD UHSUH
VHQWHGE\WKHKLJKHVWQXPEHUVRIVSHFLHVZHUH*RP
SKRQHPD  WD[D  8OQDULD  WD[D  &\PEHOOD DQG
)UDJLODULD  WD[D HDFK  IURP %DFLOODULRSK\WD7KH
KLJKHVWQXPEHURILQGLYLGXDOVLQWKHWKVWDWLRQZDV
UHFRUGHG LQ 0DUFK  LQGLYLGXDOV/  DQG WKH
ORZHVWZDVUHFRUGHGLQ0D\DQG$XJXVW LQGLYLG
XDOV/ ZKLOHWKHPD[LPXPQXPEHURIWD[DZDVUHF
RUGHGLQ$SULO WD[D DQGWKHPLQLPXPZDVUHF
RUGHGLQ0D\ WD[D 
$FFRUGLQJ WR WKH 6KDQQRQ:LHQHU LQGH[ WKH
VSHFLHVGHQVLW\RIWKHDOJDHLQWKHODNHZDVIRXQGDV
7KHPD[LPXPGHQVLW\ZDVIRXQGDVLQWKH
WKVWDWLRQ LQ 6HSWHPEHU DQG WKH PLQLPXP GHQVLW\
ZDVIRXQGDVLQWKHUGVWDWLRQLQ
7KHLQIOXHQFHRIWKHPHDVXUHGSK\VLFRFKHPL
FDO YDULDEOHV RQ WKH DEXQGDQFH RI SK\WRSODQNWRQ
JURXSVZDVDVVHVVHGXVLQJWZRPDLQIDFWRUVWKDWH[
SODLQHGRIWKHWRWDOYDULDQFHDWWKHODNH7KH
ILUVWD[LVZDVFORVHO\UHODWHGWR'LQRSK\WDDQG32
DQGWKHVHFRQGD[LVZDVFORVHO\UHODWHGWR'LQRSK\WD
DQG(XJOHQRSK\WD )LJ 

DISCUSSION
7KHPHDQDQQXDOWHPSHUDWXUHRIVXUIDFHZDWHU
RI .DUNDPLV 'DP /DNH ZDV  & DQG D PHDQ
6HFFKL GLVN GHSWK ZDV GHWHUPLQHG DV  P
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VKRZHGVLPLODULWLHVWRWKRVHRIPDQ\ODNHVDQGUHV
HUYRLUVLQ7XUNH\>@
7KH VSHFLHV GLYHUVLW\ RI %DFLOODULRSK\WD ZDV
WKH KLJKHVW LQ VSULQJ IROORZHG E\ VXPPHU DQG WKH
ORZHVWLQZLQWHUDQGIDOO)UDJLODULDFURWRQHQVLVDQG
$VWHULRQHOOD IRUPRVD ZKLFK ZHUH UHSRUWHG WR EH
IRXQG LQ HXWURSKLF ZDWHUV E\ 5H\QROGV HW DO >@
ZHUHLGHQWLILHGLQ/DNH.DUNDPÕúLQDOPRVWDOOVHD
VRQV&\FORWHOODVSHFLHVDUHDFFHSWHGE\YDULRXVDX
WKRUV DV WKH FKDUDFWHULVWLF LQGLFDWRU RI ROLJRWURSKLF
DQG PHVRWURSKLF ODNHV > @ $FFRUGLQJ WR WKH
GDWDLQWKHOLWHUDWXUHLWZDVUHSRUWHGWKDW&\FORWHOOD
VSHFLHV ZHUH WKH VSHFLILF VSHFLHV RI ROLJRWURSKLF
ODNHV DQG UHODWHG WR WKH WURSKLF VWDWXV RI WKH ODNH
>@ 2Q WKH RWKHU KDQG &\FORWHOOD VSHFLHV DUH
DPRQJVXEVSHFLHVLQHXWURSKLFODNHVLQ7XUNH\>@
&\FORWHOOD ZDV UHSRUWHG WR EH IRXQG DEXQGDQWO\ LQ
ODNHVWKDWDUHSRRULQQXWULHQWVDQGVSHFLHVOLNH&\
FORWHOODPHQHJKLQLDQDPD\EHGRPLQDQWLQLQWHUPH
GLDWHVL]HGHXWURSKLFODNHV>@,QWKHVKDOORZ WKH
PHDQGHSWKP DQGQXWULHQWULFK.DUNDPLV'DP
/DNHLWZDVIRXQGWKDW&\FORWHOODPHQHJKLQLDQDGH
YHORSHGLQIDOO ZLQWHUDQGVSULQJLQWKH VWDQGWK
VWDWLRQV ZKHUH ZDWHU LV PL[HG ZHOO$ FHQWULF GLD
WRP $XODFRVHLUD JUDQXODWD YDU DQJXVWLVVLPD ZDV
IRXQG LQ WKH SK\WRSODQNWRQ FRPSRVLWLRQ RI DOO VWD
WLRQVLQZLQWHUDQGIDOO,WZDVUHSRUWHGWKDW$XODFR
VHLUD VSS PD\ EH DEXQGDQW DQG GRPLQDQW LQ GDP
ODNHVZLWKPXGG\FRQGLWLRQV>@8OQDULDXOQD
ZDV WKH PRVW VLJQLILFDQW VSHFLHV LQ DOO VWDWLRQV
)UDJLODULD VSHFLHV ZHUH WKH VHFRQG PRVW DEXQGDQW
VSHFLHV IROORZLQJ WKH 8OQDULD JHQXV LQ .DUNDPLV
'DP/DNH
&KORURSK\WD PHPEHUV ZHUH REVHUYHG LQ VXP
PHUPRQWKVWKHPRVW7KHYDVWPDMRULW\RIWKLVJURXS
FRQVLVWHG RI &KORURFRFFDOHV PHPEHUV (VSHFLDOO\
%RWU\RFRFFXV EUDXQLL UHSRUWHG E\ 5H\QROGV HW DO
>@WRSUHIHUODNHVZLWKDFOHDQHSLOLPQLRQOD\HUDQG
EHWROHUDQWIRUPXGGLQHVVZDVIRXQGZLWKLQWKHSK\
WRSODQNWRQRI.DUNDPLV'DP/DNHLQDOPRVWDOOVHD
VRQV3HGLDVWUXPERU\DQXPDQG3GXSOH[UHSRUWHG
E\5DZVRQ>@DQG%HOOLQJHUDQG6LHJHH>@WREH
WKH LQGLFDWRU RI PHVRWURSKLF ODNHV ,Q WKH SUHVHQW
VWXG\ WKHVH JUHHQ DOJDH ZHUH WD[D WKDW ZHUH IUH
TXHQWO\VHHQLQVXPPHUZLQWHUDQGVSULQJPRQWKV
0HPEHUV RI 9ROYRFDOHV ZHUH REVHUYHG LQ VXPPHU
PRQWKVZLWKQRWLFHDEOHDSSHDUDQFHRI(XGRULQDHOH
JDQV3DQGRULQDPRUXPDQG9ROYR[JODEDWRU,WZDV
UHSRUWHG WKDW WKHVH WD[D DUH DEXQGDQW LQ HXWURSKLF
GDPODNHVWKDWDUHULFKLQPLQHUDOV>@(VSHFLDOO\
3HGLDVWUXP VSHFLHV ZHUH IRXQG DEXQGDQWO\ LQ HX
WURSKLF ODNHV UDWKHU WKDQ ROLJRWURSKLF ODNHV ,Q RXU
VWXG\WKHVHDOJDHHQFRXQWHUHGLQDOOVWDWLRQVHVSH
FLDOO\LQVXPPHUPRQWKV
$OWKRXJK &\DQRSK\WD VSHFLHV ZHUH REVHUYHG
PRVWO\LQVSULQJDQGVXPPHUPRQWKVWKH\ZHUHHQ
FRXQWHUHGZLWKPXFKOHVVQXPEHUVLQIDOODQGZLQWHU
([FHVVLYH&\DQRSK\WDGHYHORSPHQWLQVXPPHUPD\
EH H[SODLQHG E\ VXIILFLHQW DPRXQW RI QXWULHQWV DQG
KLJKZDWHUWHPSHUDWXUH>@/\QJE\DPDMRU

UHSURGXFWLRQRIDOJDHGLUHFWO\7KHVHDVRQDOVXFFHV
VLRQ DQG VSHFLHV FRPSRVLWLRQ RI WKH SK\WRSODQNWRQ
ZHUH VLPLODU DOO VWDWLRQV GXULQJ WKH VWXG\7KH UHD
VRQVIRUWKHVLPLODULWLHVPLJKWEHGXHWRVLPLODUHQ
YLURQPHQWDOFRQGLWLRQVDWWKHVWDWLRQV7KHLQFUHDVH
LQ SK\WRSODQNWRQ GXULQJ WKH VSULQJ DQG VXPPHU
PRQWKVLQ.DUNDPLV'DP/DNHFRXOGEHDUHVXOWRI
WKHLQFUHDVLQJZDWHUWHPSHUDWXUH
$FFRUGLQJWRGDWDREWDLQHGQRUHODWLRQZDVRE
VHUYHGEHWZHHQSK\WRSODQNWRQJURZWKDQGS+OHYHO
VLQFH KLJK DQG ORZ LQGLYLGXDO QXPEHUV ZHUH RE
VHUYHGDWVLPLODUS+OHYHOV>@
1XWULHQWV VXFK DV 71 DQG 73 ZHUH UHODWLYHO\
KLJKZKLOHSK\WRSODQNWRQELRPDVVDQG&KORURSK\OO
DZHUHUHODWLYHO\ORZZKLOHGLDWRPVZHUHVWLOOGRPL
QDWLQJ WKH SK\WRSODQNWRQ LQ .DUNDPLV 'DP /DNH
7KHVHILQGLQJVVXJJHVWWKDWSK\WRSODQNWRQG\QDPLFV
LQ.DUNDPLV'DP /DNH PLJKWEH DIIHFWHGQRWRQO\
E\WKHQXWULHQWVEXWDOVRE\RWKHUIDFWRUV>@
,WZDVUHSRUWHGFRQFHQWUDWLRQRIFKORURSK\OOD
DVȝJ/IRUHXWURSKLFODNHVȝJ/IRUPHV
RWURSKLF ODNHV DQG   ȝJ/ IRU ROLJRWURSKLF
ODNHV>@7KHFRQFHQWUDWLRQRIWKHFKORURSK\OODLQ
.DUNDPLV'DP/DNH ȝJ/ ZHUHUHOD
WLYHO\ORZLQGLFDWLQJROLJRWURSKLFVWDWXVRIWKHGDP
ODNH2QWKHRWKHUKDQGWKHFKORURSK\OODYDOXHRE
VHUYHGWKURXJKWKH\HDU J/ ZDVFRPSDUD
EOH WR WKH RQH UHSRUWHG E\ 0RUNR\XQOX<XFH HW DO
>@ J/ ,WLVNQRZQWKDWLQVKDOORZODNHV
DQGSRQGVEHQWKLFPDWHULDOLVFDUULHGLQWRWKHZDWHU
FROXPQDVDUHVXOWRIZDWHUPRYHPHQWV>@,QWKLV
FDVHLWPD\EHPLVOHDGLQJWRGHWHUPLQHWKHWURSKLF
VWDWHLQVKDOORZODNHVRQO\E\FRQVLGHULQJOLJKWWUDQV
PLWWDQFH,QWKLVVWXG\WKHODNHZDVLGHQWLILHGWREH
LQ WKH OLPLW RI PHVRWURSKLF VWDWH EDVHG RQ WKH 7',
DQGPHDQ7',YDOXHVFDOFXODWHGIURPFKORURSK\OOD
DQG6HFFKLGLVNPHDVXUHPHQWYDOXHV
7KHGDWDUHODWHGWRWKHFRQFHQWUDWLRQVRIQLWURJ
HQRXVFRPSRXQGVLQ.DUNDPLV'DP/DNHZHUHVLP
LODU WR WKRVH RI 0RUNR\XQOX <XFH HW DO >@ 7KH
PHDQQLWULWHDPRXQWZDVPJ/7KHPRQWKO\
DYHUDJHFKDQJHGLQWKHUDQJHRIPJ/
ZKLOVWWKHPHDQQLWUDWHDPRXQWZDVPJ/7KH
DPRXQWRIGLVVROYHGUHDFWLYHSKRVSKRUXVZDV
PJ/DQGWKHPHDQDQQXDOWRWDOSKRVSKRUXVDPRXQW
LQWKHVXUIDFHZDWHUZDVPJ3/$FFRUGLQJWR
WKHGDWDREWDLQHGIURPWKHVXUIDFHZDWHUFROXPQLW
ZDVIRXQGWKDWSKRVSKRUXVLVDUHVWULFWLYHQXWULHQWLQ
WKH GDP ODNH DQG WKLV UHVXOW DJUHHG ZLWK WKRVH RI
RWKHUVWXGLHV>@'LIIHUHQFHVRIWKHVSDWLDODQGWHP
SRUDO FKDQJH LQ WKH SDUDPHWHUV DPRQJ VWDWLRQV RI
VWXG\ ZHUH QRW VWDWLVWLFDOO\ VLJQLILFDQW DQG WKLV
VKRZHG WKDW WKHUH ZDV VSDWLDO KRPRJHQHLW\ LQ WKH
GDPODNH
7KH ODUJHVW VKDUH RI WKH SK\WRSODQNWRQ EH
ORQJHG WR %DFLOODULRSK\WD  WD[D  LQ .DUNDPLV
'DP /DNH 7KH KLJKHVW QXPEHU RI WD[D   ZDV
IRXQGLQWKHQGVWDWLRQZKLOHWKHORZHVWQXPEHU  
ZDVUHFRUGHGLQWKHWKVWDWLRQ7KHVSHFLHVFRPSR
VLWLRQRIWKHSK\WRSODQNWRQRI.DUNDPLV'DP/DNH
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DQG2VFLOODWRULDOLPRVDZHUHUHFRUGHGLQDOPRVWDOO
VWDWLRQV LQ VSULQJ ZKLOH 3KRUPLGLXP OXFLGXP RF
FXUUHGRQO\LQZLQWHU&\DQRSK\WHVPD\KDYHFDXVHG
WKHFRORURIWKHZDWHUWRWXUQLQWRJUHHQLQ.DUNDPLV
'DP /DNH ,W ZDV VKRZQ WKDW &\DQRSK\WD VSHFLHV
DUH IRXQG DEXQGDQWO\ LQ HXWURSKLF ODNHV > @
0RUHRYHULQFDVHVZKHUHZDWHUPRYHPHQWVDUHVWD
EOH DQG LQ ODNH HQYLURQPHQWV ULFK LQ QLWUDWH WKHVH
VSHFLHVUHSURGXFHZLWKDQLQFUHDVHLQZDWHUWHPSHU
DWXUH>@
&KU\VRSK\WD VSHFLHV LQ .DUNDPLV 'DP /DNH
JHQHUDOO\VWDUWWRDSSHDULQVWDWLRQVZLWKLQFUHDVLQJ
WHPSHUDWXUH 7KH &KU\VRSK\WD VSHFLHV 'LQREU\RQ
GLYHUJHQVZDVIRXQGLQDOOVWDWLRQVDQGVHHPHGWREH
DIIHFWHGE\QLWUDWHDQGSKRVSKDWH6WXGLHVUHYHDOHG
WKDWSKRVSKDWHDQGQLWUDWHKDYHDQLQIOXHQFHRQWKLV
VSHFLHV7KLVVSHFLHVZDVDOVRREVHUYHGLQ.DUNDPLV
'DP /DNH$GGLWLRQDOO\ &KU\VRSK\WD VSHFLHV WKDW
RFFXULQWKHHQYLURQPHQWZLWKGHFUHDVHGZDWHUWHP
SHUDWXUHVZHUHDOVRREVHUYHGLQWKHODNH>@
7ZRWD[D RIWKH 'LQRSK\WD ZHUH IRXQGLQWKH
ODNHSDUWLFXODUO\LQVXPPHUPRQWKVDQG'LQRIODJHO
ODWH&HUDWLXPKLUXQGLQHOODZDVREVHUYHGWKURXJKRXW
WKHVXPPHUDQGIDOOPRQWKV,WZDVUHSRUWHGWKDWWKLV
DOJD LV DQ LQGLFDWRU RI PHVRWURSKLF ZDWHUV PRVWO\
IRXQGLQWKHHSLOLPQLRQRIHXWURSKLFODNHVLQVXPPHU
PRQWKV$OWKRXJK RWKHU GLQRIODJHOODWHV 3HULGLQLXP
DQG&HUDWLXPVSHFLHVWKDWJHQHUDOO\SUHIHUHXWURSKLF
ODNHV ZHUH DOVR UHSRUWHG LQ PHVRWURSKLF ODNHV >
@
,W ZDV UHSRUWHG WKDW VKDOORZLQJ RI ZDWHUV DQG
LQWHQVLW\RIRUJDQLFPDWWHUFUHDWHVXLWDEOHFRQGLWLRQV
IRU(XJOHQRSK\WDVSHFLHVZKLFKZHUHUHSRUWHGWREH
IRXQG UDWKHU LQ VKDOORZ ZDWHUV WKDW DUH ULFK RI RU
JDQLF PDWWHU >@ (XJOHQRSK\WD ZDV UHSUHVHQWHG
ZLWKDIHZWD[DLQWKHSK\WRSODQNWRQRI/DNH.DU
NDPLVDQG3KDFXVSOHXURQHFWHVZDVREVHUYHGLQWKH
WKVWDWLRQLQVXPPHUPRQWKV
7KH7URSKLF6WDWH,QGH[GHYHORSHGE\&DUOVRQ
>@LVXVHGWRGD\LQYDULRXVOLPQRORJLFDOVWXGLHVWR
GHWHUPLQHWKHHIILFLHQF\RIEHQWKLFKDELWDWV>@
.DUNDPLV'DP/DNHZDVIRXQGWREHDPHVRWURSKLF
ODNH DQG WKLV UHVXOW LV LQ SDUDOOHO WR WKRVH LQ RWKHU
VWXGLHVLQWKHOLWHUDWXUH>@
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DETERMINATION OF THE ANTI-OXIDATIVE
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140,000 species on earth [5]. However, previous
studies already determined antibacterial, antifungal,
antioxidant, antiviral, anti-allergenic, hypoglycemic,
anti-inflammatory and immune system boosting
properties of the examined species [6-11]. Mushrooms contain several secondary metabolites including phenolic compounds, polyketides, terpenes and
steroids [12]. These secondary metabolites, which do
not have nutritional value, have significant medical
properties [13]. These secondary metabolites play a
vital role in the antioxidant defence mechanisms in
biological systems [14]. Mushrooms have several biological activities and when consumed, help reduce
oxidative stress in vivo due to their antioxidant properties. In recent years, various nutrients were used in
addition to the antioxidants produced in the human
body to reduce the oxidative damage induced by free
radicals [15-18]. Antioxidants may block or delay
the oxidation process by blocking the initiation or
spread of oxidizing chain reactions [19]. Oxidative
stress could cause several serious health problems including heart diseases, neurological disorders, diabetes, leukaemia, cirrhosis, necrosis and aging [17,20].
In addition to the existing resources, examination of
mushrooms for antioxidant activity and oxidative
stress index (OSI) is quite important for identifying
new resources.
Turkey is home to several macro-mushroom
species due to the rich biodiverse environment [11].
However, number of studies on biological activities
of indigenous mushrooms is extremely limited.
Thus, the present study aimed to determine the biological activities of Trametes gibbosa (Pers.) Fr.,
Fomes fomentarius (L.) Fr., Fuscoporia torulosa
(Pers.) T. Wagner & M. Fisch., Daedalea quercina
(L.) Pers., Inonotus hispidus (Bull.) P. Karst. and
Trichaptum biforme (Fr.) Ryvarden mushrooms, collected at the Belgrade Forest in Istanbul, Turkey. In
this context, antioxidant activities, DNA protective
activities, cytotoxic effects, oxidative stress status
and phytochemical content of the mushroom ethanol
extracts were determined.

ABSTRACT
The objective of the present study was to determine antioxidant activities, DNA protective activities, cytotoxic effects, oxidative stress status and
phenolic content of Trametes gibbosa (Pers.) Fr.,
Fomes fomentarius (L.) Fr., Fuscoporia torulosa
(Pers.) T. Wagner and M. Fisch., Daedalea quercina
(L.) Pers., Inonotus hispidus (Bull.) P. Karst. and
Trichaptum biforme (Fr.) Ryvarden mushrooms.
DPPH method was used to determine the antioxidant
activities. DNA protective activity was determined
with pBR 322 supercoil DNA. To determine the cytotoxic effects, the effects of extracts on A549 cell
line were tested. Total antioxidant status (TAS), total
oxidant status (TOS) and oxidative stress index
(OSI) were determined. Phenolic content and other
phytochemicals were screened with HPLC device. It
was determined that antioxidant activities increased
as the concentration of mushroom ethanol extracts
increased. The highest activity was observed in I.
hispidus EtOH extract, and the lowest activity was
observed in T. gibbosa EtOH extract. It was determined that all mushroom ethanol extracts exhibited
DNA protective effects. The highest cytotoxic effect
on A549 cells was observed with D. quercina ethanol extract. No cytotoxic effect was observed in I.
hispidus and F. torulosa species. In conclusion, it
was determined that the macro-mushrooms scrutinized in the study could be used in medicinal, pharmacological, nutrition and environmental protection
applications due to their strong antioxidant, DNA
protective and cytotoxic activities.

KEYWORDS:
Mushroom, antioxidant, oxidant, oxidative stress, cytotoxic effect, DPPH, Phenolic compounds

INTRODUCTION
Mushrooms, which are cosmopolitan living organisms, have been used in food and medicine production for centuries [1-4]. There are limited numbers of studies on mushrooms, which have a significant pharmacological value and believed to span
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 ȝ0 )H&O  ZDV DGGHG WR WKH SUHSDUHG VROXWLRQ
and the product was incubated for 10 minutes at ambient temperature. The final volume of the mixture
was adjusted to 20 mL and allowed to stand for 30
minutes at 37 ° C. The DNA was then analysed by
electrophoresis on a 1% agarose gel containing ethidium bromide [24].

MATERIAL AND METHODOLOGY
Sampling. Mushroom samples used in the
study were collected at Belgrade forest in Istanbul.
Fungarium specimens were preserved in Ankara
University, Faculty of Sciences, Biology Department
fungarium (Ankara, Turkey). Mushrooms were dried
at 40 °C in an incubator. Then, they were pulverized
with a mechanical grinder. 30 g pulverized
mushroom samples were placed in magazines and
extracted with ethanol in a soxhlet extractor for 6
hours at 50 °C (BUCHI Extraction System Model B811). After extraction, the extracts were
concentrated at 40 °C under high pressure on a rotary
evaporator and stored at +4 °C until the experiment.

Cytotoxicity assay. MTT (3- [4, 5-dimethylthiazol-2-yl]- 2, 5-diphenyl-tetrazolium bromide) was
used to measure cell viability of A549 cells. In short,
cells were detached using 3.0 mL Trypsin-EDTA solution (Sigma-Aldrich, MO, USA) after reaching 7080 % confluency and cultured in 24-well plates and
incubated for 24 hours. After 24 hours, varying dilutions of (5, 25, 50, 100, 200 μg/ml) the extracts were
applied and cells were incubated for a further 24
hours. Control cells were only treated with the
growth medium, which was not supplemented with
FCS. After 48 hours of incubation, the supernatants
were replaced with 1 mg/mL MTT (Sigma) dissolved in growth medium and incubated at 37°C until purple precipitate is visible. Following incubation,
supernatants were removed and MTT absorbed by
cells was dissolved by adding dimethyl sulfoxide
(DMSO) (Sigma-Aldrich, MO, USA). Plates were
read at 570 nm using an Epoch spectrophotometer
(BioTek Instruments, Winooska, VT).

Antioxidant analyses. Mushroom DPPH free
radical scavenging activities were determined with
the method developed by Shimada et al. [21]. 1, 1diphenyl-2-picrylhydrazyl (DPPH) (Sigma, Aldrich)
is a stable free radical with a maximum optical absorbance at 517 nm. The presence of an antioxidant
molecule in this radical medium is characterized by
the change of the violet purple colour into a light yellow colour. Stock solutions containing 1 mg / mL extract ZHUHSUHSDUHGZLWK'062ȝ/VROXWLRQZDV
DGGHGWRȝ/'33+7KHVROXWLRQVZHUH
incubated in the dark for 30 minutes at ambient temperature. The absorbance was read at 517 nm. The
same process was repeated for all concentrations and
samples. Caffeic acid and rosmarinic acid were used
as reference antioxidants. Finally, DPPH free radical
scavenging rates were calculated with the formula
below:
SA (%)= [(ADPPH-ASample)/(ADPPH)]x100
*Scavenging activity

Phenolic content. Mushroom extracts were
processed with a modified version of the method developed by Caponio et al. [25] using a SHIMADZU
system HPLC device and a DAD detector: Injection
YROXPH ZDVDGMXVWHGWRȝ/DFHWLFDFLGZDV
used as mobile phase A and methanol was used as
mobile phase B (Table 1) and the flow rate was regulated to 0.8 mL per minute. Chromatographic separation was conducted with Agilent Eclipse XDB&FROXPQ [PPLGȝ0 DW&

TAS, TOS and OSI values. Mushroom extract
total antioxidant status (TAS), total oxidant status
(TOS) and oxidative stress index (OSI) values were
measured with Rel Assay brand commercial kits (Rel
Assay Kit Diagnostics, Turkey). Trolox was used as
TAS calibrator and the results were expressed as
mmol Trolox equiv./L [22]. Hydrogen peroxide was
used as TOS calibrator and the results were exSUHVVHG DV ȝPRO +2O2 equiv. /L [23]. Oxidative
stress index (OSI) was calculated with the following
formula:
TOS, μmol H2O2 equiv. /L
OSI =
TAS, mmol Trolox equiv. /L X 10

RESULTS AND DISCUSSIONS
DPPH activity. Mushroom ethanol extract antioxidant activity was determined with DPPH
method and the % inhibition values are presented in
Table 2.
It was determined that DPPH free radical scavenging effect of mushroom extracts increased due to
the increase in extract concentration. I. hispidus, F.
torulosa and F. fomentarius mushrooms exhibited
higher activity when compared to the caffeic and rosmarinic acids used as standards. T. biforme, D.
quercina and T. gibbosa mushrooms did not demonstrate any significant activity. Recent studies reported antioxidant potential of mushroom samples
collected in Brazil, China, Korea, Spain,

DNA protective activity. Mushroom ethanol
extract DNA protective activities were determined
ZLWKS%5VXSHUFRLO'1$DQGȝJP/
standard solutions were prepared with mushroom exWUDFWVȝJSODVPLGS%5ZDVDGGHGWRVXSHU
coil DNA Eppendorf WXEHV DQG  ȝ/ VWDQGDUG
mushroom H[WUDFWVROXWLRQZDVDGGHGȝ/RI)HQ
WRQ VDJHQW P0+2ȝ0DVFRUELFDFLGDQG
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TABLE 1
HPLC gradient program
0.1
20
28
35
Minute
93
72
75
70
%A
7
28
25
30
%B
%A: % 3 Acetic acid,% B: Methanol

50
70
30

60
67
33

62
58
42

70
50
50

73
30
70

75
20
80

80
0
100

81
93
7

TABLE 2
Dpph Free Radical Sweeping Activity Percentages of Mushroom Samples
Samples
Caffeic acid (%)
Rosmarinic acid (%)
T. biforme
D. quercina
I. hispidus
F. fomentarius
F. torulosa
T. gibbosa

25
8.62±0.91
6.03±0.15
nd
nd
25.96±2.23
34.48±0.20
14.35±0.46
nd

50
21.34±0.66
47.72±0.76
nd
nd
42.80±6.24
49.39±1.93
29.11±0.51
0.15±0.46

75
38.39±0.66
56.44±1.98
10.40±2.49
nd
66.38±4.16
71.91±7.91
54.56±0.30
0.30±0.81

100
54.47±0.05
66.33±1.01
1.37±1.78
4.82±1.57
79.77±0.61
75.51±3.91
81.64±2.03
2.54±1.22

The results indicate % inhibition values. Values are presented as mean±S.D; n=3

TABLE 3
Tas, Tos And Osi Values of Mushroom Samples
Samples
T. biforme
D. quercina
I. hispidus
F. fomentarius
F. torulosa
T. gibbosa

TAS
(mmol/L)
0.802±0.050
0.312±0.047
2.922±0.096
3.270±0.229
4.033±0.237
0.590±0.064

TOS
(μmol/L)
4.356±0.200
6.868±0.373
6.534±0.249
2.601±0.109
2.969±0.133
3.522±0.275

26ø
(TOS/(TASx10))
0.543±0.059
2.201±0.493
0.224±0.001
0.080±0.005
0.074±0.004
0.597±0.019

Values are presented as mean±S.D.; n=5

of TOS values demonstrated that the highest value
was observed in D. quercina and the lowest value
was observed in F. fomentarius mushroom. OSI values were the highest in D. quercina and the lowest in
F. torulosa. In a study conducted with Macrolepiota
procera (Scop.) Singer mushroom, collected in AnWDO\D $NVHNL  DQG %DOLNHVLU .D]GD÷Õ 1DWLRQDO
Park), it was determined that TAS values were 2.823
and 2.805 (mmol / L), TOS values were 10.349 and
 ȝPRO  /  DQG 26, YDOXHV were 0.367 and
0.235, respectively [29]. Furthermore, TAS values
of Omphalotus olearius (DC.) Singer mushroom colOHFWHGLQ$GDQD .DUDLVDOÕ DQG$QWDO\D .RQ\DDOWÕ 
were 2.836 and 2.827 (mmol / L), TOS values were
DQG ȝPRO/ DQG26,YDOXHV were
0.291 and 0.503, respectively [10]. Compared to
these studies, OSI values of F. torulosa, F. fomentarius and I. hispidus mushrooms were lower in our
study. Furthermore, compared to these studies, D.
quercina, T. gibbosa and T. biforme mushrooms had
higher OSI values. Oxidative stress could occur under conditions where antioxidant compounds are ineffective in removing oxidant substances that are induced by both metabolic reactions and environmental factors [30]. The OSI value demonstrates the percentage tolerance of the internally produced antioxidant compounds and the antioxidant compounds produced due to external factors tolerance of the internally produced antioxidant compounds

India, Portugal, Taiwan and Turkey [26]. It was
demonstrated that mushrooms may contain several
phytochemicals similar to plants and therefore could
exhibit significant bioactivity levels [27]. Lee et al.
[28] identified the DPPH free radical scavenging activity for 83 mushrooms. In that study, similar to the
present study, it was determined that Trametes sp.
possessed very low antioxidant activities. In the present study, the antioxidant activity of D. quercina
was low, while the species with the highest activity
was F. torulosa. Antioxidant activity of I. hispidus
species had the second highest activity levels. It was
considered that the display of different levels of antioxidant activities by different species could be due
to different phytochemicals present in their structures, different regions they were collected, and the
differences between the species. Study data demonstrated that among mushroom samples that were collected in Belgrade forest, I. hispidus, F. torulosa and
F. fomentarius mushrooms could be used as antioxidant resources.
TAS, TOS and OSI values. TAS, TOS and
OSI values of mushroom samples that were scrutinized in the study were determined with Rel Assay
kits and the findings are presented in Table 3.
TAS values of mushrooms collected in the Belgrade forest demonstrated that the highest value was
found in F. torulosa mushroom and the lowest value
was found in D. quercina mushroom. Examination
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FIGURE 1
DNA protective activities of mushroom samples

a: T. biforme, b: D. quercina, c: I. hispidus, d: F. fomentarius, e: F. torulosa, f: T. gibbosa
FIGURE 2
Cytotoxic effects of mushroom samples
growth of mushrooms with respect to oxidative
stress when compared to Antalya, Adana and
%DOÕNHVLU

and the antioxidant compounds produced due to external factors by the mushrooms. In the present
study, the lower OSI values found in F. torulosa, F.
fomentarius and I. hispidus mushrooms were due to
the higher TAS values of these mushrooms. These
mushrooms had a higher antioxidant capacity when
compared to the other samples, resulting in a higher
tolerance for the oxidant compounds. Furthermore,
based on the TOS values, it could be argued that Belgrade forest was a more suitable environment for the

DNA protective activity. The DNA protective
activities of mushroom ethanol extracts were determined using pBR 322 supercoiled DNA. The findings are shown in Figure 1.

6249

© by PSP

Volume 26 ± No. 10/2017 pages 6246-6252

Fresenius Environmental Bulletin


TABLE 4
Phenolic contents of mushroom samples
Phenolic acids
Gallic acid
Catechin
Clorogenic acid
Epicatechin
Sringic acid
Hydroxy benzoic acid
Cinnamic acid
Caffeic acid
Benzoic acid

1
118.6
2.3
22.6
6.6
12.9
nd
nd
nd
nd

2
438.5
67.3
37.2
33.3
17.3
18.6
nd
nd
nd

3
0.6
13.8
nd
nd
nd
nd
15.6
nd
nd

4
0.95
9.6
27.2
nd
nd
nd
nd
10.3
nd

5
9.8
2.7
42.7
nd
4.5
nd
nd
nd
170.6

6
23.5
3.9
70.8
8.5
1.5
nd
nd
nd
nd

1: T. biforme, 2: D. quercina, 3: I. hispidus, 4: F. fomentarius, 5: F. torulosa, 6: T. gibbosa
 ȝJ  P/ 1R GRVH-dependent effects were observed in the experiment conducted with T. gibbosa
extract. However, it was determined that a cytotoxic
HIIHFWZDVREVHUYHGLQWKHFHOOVDWWKHGRVHRIȝJ
/ mL. Cytotoxic effects of solutions prepared with F.
torulosa and I. hispidus extracts were tested on A549
cells, however it was observed that the extract doses
exhibited weak cytotoxic effects on A549 cells.

DNA protective activity refers to the protection
of DNA against the hydroxyl radical, one of the most
dangerous known radical species that exist when antioxidant compounds are present. If the hydroxyl
radical is not removed from the medium, it would
break the DNA in these regions by binding to the
sugar phosphate backbone. In the present study, we
attempted to determine the DNA protective activity
using mushroom extracts. When the results were examined, it was observed that the destructive effect of
the generated hydroxyl radical on DNA could be determined when the negative control is examined. In
the negative control, the linear DNA form completely disappeared. However, it was clearly observed that all applied doses exhibited DNA protective activity when compared to the negative control.
DNA-protective activities of macro-mushrooms
were determined in previous studies as well [31].
Gloeophyllum trabeum, Daedalea dickinsii, Pseudomerulius curtisii, Stereu sanguinolentum, Cryptoporus volvatus and Gloeophyllum abietinum mushrooms were reported to have natural antioxidant and
potential DNA protective activities [28]. In addition
to these studies, we have identified potential DNA
protective activities in the mushrooms examined in
our study.

Phenolic contents. Mushroom species extracts
were screened with HPLC method to determine phenolic compounds. The findings are shown in Table
4.
Analyses conducted in the present study
demonstrated that 9 phenolic acids were present: gallic acid, catechin, chlorogenic acid, epicatechin, syringic acid, hydroxybenzoic acid, cinnamic acid, caffeic acid and benzoic acid. The type and amount of
the determined phenolic content varied based on the
extract. Gallic acid and catechin were found in all
mushroom extracts; the highest amount was found in
D. quercina species. Chlorogenic acid was highest in
T. gibbosa, but it was not found in I. hispidus. The
highest epicatechin content was detected in D.
quercina species, while it was not detected in I. hispidus, F. fomentarius and F. torulosa mushrooms.
Syringic acid was not detected in I. hispidus and F.
fomentarius mushrooms, while D. quercina had the
highest syringic acid content. Hydroxy benzoic acid
was identified only in D. quercina. Caffeic acid was
identified in F. fomentarius, cinnamic acid was identified in I. hispidus and benzoic acid was identified
in F. torulosa. Phenolic acids are known to have several activities, among which antioxidant activity is
the prominent [33]. The highest antioxidant activities
were found in I. hispidus, F. fomentarius and F.
torulosa mushrooms in antioxidant activity tests.
However, it was determined that D. quercina, T. gibbosa and T. biforme mushrooms, which had the highest phenolic content, demonstrated poor antioxidant
activities. It could be argued that the determined phenolic substances affected antioxidant activities based
on the amount and species. Furthermore, it is considered that cinnamic, caffeic and benzoic acid content
determined in I. hispidus, F. fomentarius and F.
torulosa mushrooms could be more predominant in

Cytotoxic action. Mushroom species extracts
were prepared as standard solutions in 25, 50, 100
DQGȝJPOFRQFHQWUDWLRQVDQGFHOOYLDELOLW\ZDV
tested with lung cancer cell line A549. The findings
are presented in Figure 2.
Kaygusuz et al. [32] investigated antimicrobial,
antioxidant and cytotoxic effects of Agaricus lanipus
mushroom. The study concluded that the mushroom
had high anti-proliferative and pro-apoptotic effects.
F. fomentarius reduced cell viability at doses of 25
DQGȝJP/DOWKRXJKLWZDVGHWHUPLQHGWKDt the
effects of F. fomentarius were significant at 50 and
ȝJP/FRQFHQWUDWLRQVD. quercina extracts appeared to cause a dose-dependent decrease in cell
density. The highest activity was measured at doses
RIDQGȝJP/T. biforme extract appeared
to decrease cell viability in a dose-dependent manner. The highest activity was observed at a dose of
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from Northeast Portugal. Journal of Food Science, 76(6), 824-830.
[6] Wasser, S.P. (2002) Medicinal mushrooms as a
source of antitumor and immunomodulating
polysaccharides. Applied Microbiology and Biotechnology, 60, 258-274.
[7] Lee, I.K., Kim, Y.S., Jang, Y.W., Jung, J.Y.,
Yun, B.S. (2007) New antioxidant polyphenols
from the medicinal mushroom Inonotus
obliquus. Bioorganic & Medicinal Chemistry
Letters, 17, 6678-6681.
[8] 6DUÕNUNo&dRSXU0<ÕOGÕ]'$NDWD,
(2011) Metal concentration of wild edible mushrRRPV LQ 6R÷XNVX 1DWLRQDO 3DUN LQ 7XUNH\
Food Chemistry, 128, 731-734.
[9] Sudha, G., Vadivukkarasi, S., Shress, R.B.I.,
Lakshmanan, P. (2012) Antioxidant Activity of
Various Extracts from an Edible Mushroom
Pleurotus eous. Food Sci. Biotechnol., 21(3),
661, 668 (2012).
[10] Sun, L., Bai, X., Zhuang, Y. (2012) Effect of different cooking methods on total phenolic contents and antioxidant activities of four Boletus
mushrooms. J Food Sci Technol., 51(11), 33623368.
[11] Sevindik, M., Akgül, H., Bal, C. (2017) Determination of Oxidative Stress Status of Ompholatus olearius Gathered from Adana and Antalya
Provinces in Turkey. Sakarya University Journal of Science, 21(3), 324-327.
[12] Oke, F., Aslim, B. (2011) Protective effect of
two edible mushrooms against oxidative cell
damage and their phenolic composition. Food
chemistry, 128(3), 613-619.
[13] Vaz, J.A., Barros, L., Martins, A., Morais, J.S.,
Vasconcelos, M.H., Ferreira, I.C.F.R. (2010)
Phenolic profile of seventeen Portuguese wild
mushrooms. Food Science and Technology, 44,
343-346.
[14] 3DODFLRV,/R]DQR00RUR&'¶DUULJR0
Rostagno, M.A., Martínez, J.A., Villares, A.
(2011) Antioxidant properties of phenolic compounds occurring in edible mushrooms. Food
Chemistry, 128(3), 674-678.
[15] 0XMLü,=HNRYLü=9LGRYLü65DGRMNRYLü
0äLYNRYLü-*RÿHYDF'  )DWW\DFLG
profiles of four wild mushrooms and their potential benefits for hypertension treatment. Journal of medicinal food, 14(11), 1330-1337.
[16] 9LGRYLü660XMLü,2=HNRYLü=3/HSR
MHYLü =' 7XPEDV 97 0XMLü $,  
Antioxidant properties of selected Boletus
mushrooms. Food Biophysics, 5(1), 49-58.
[17] Babu, D.R., Rao, G.N. (2013) Antioxidant properties and electrochemical behavior of cultivated commercial Indian edible mushrooms.
Journal of food science and technology, 50(2),
301-308.
[18] Karatas, M., Dogan, M., Emsen, B., & Aasim,
M. (2015). Determination of in vitro free radical

exhibited antioxidant activities when compared to
others. Antioxidant activities of phenolic substances
identified in the same system should be evaluated to
make definite judgments.

CONCLUSION
In the present study, it was determined that I.
hispidus and F. torulosa mushrooms demonstrated
high antioxidant activities; the highest TAS value
was found in F. torulosa, all examined extract doses
demonstrated DNA protection activity, the extracts
had anti-proliferative / cytotoxic effects on the A549
cells based on the dose, and finally, they contained
important phenolics such as gallic acid, catechin,
chlorogenic acid, epicatechin, syringic acid, hydroxy-benzoic acid, cinnamic acid, caffeic acid and
benzoic acid. In conclusion, it was determined that
macro- mushrooms tested in the present study could
be used as natural resources in the fields of medicine,
pharmacology, nutrition and cosmetics due to their
strong antioxidant, DNA protective and cytotoxic activities.
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THE EFFECT OF PARTICLE SIZE ON PHOSPHORUS
ADSORPTION KINETIC AND DESORPTION BY TURKISH
NATURAL ZEOLITES
Veli Uygur*, Canan Sanli Celik, Enise Sukusu, Metin Mujdeci
Suleyman Demirel University, Agricultural Faculty, Soil Science and Plant Nutrition Department, Isparta, Turkey

P from the water bodies with highly P-reactive adsorbents is essential to maintain water-quality criteria and protect water bodies from environmental
risks.
Phosphorus may be removed from the solution
phase onto solids through ligand exchange (adsorption), precipitation, lattice diffusion, and anion exchange processes depending on the adsorbent type
that the first two mechanisms being the most important [3]. Due to increase in the eutrophication
problems in natural water resources the adsorption of
P from aqueous solutions has been widely investigated in recent years in order to find efficient, environmentally friendly and low cost materials [4-11].
Phosphorus adsorption/desorption and adsorption kinetics of zeolite are determined by variety of
factors such as initial P concentration, contact time,
particle size, pH, adsorbent ratio, temperature, the
presence of competing ions, mineralogy of zeolite,
etc. [12-15]. Researchers have tried to increase the P
removal efficiency of natural zeolite by surface manipulation with variety of organic and inorganic
chemical compounds [14, 16-19] and particle size reduction by physical means [20]. On the other hand,
modification of chemical structure in synthetic zeolite production processes to produce super P adsorbent zeolite-like minerals has been the other approach [21, 22]. Previous studies have indicated that
P adsorption capacity of zeolites can differ in a very
large scale from 0.37-47.2 mg g-1 depending on the
nature of the zeolite minerals and working conditions
[14, 15, 23]. The reactivity of adsorbents to any adsorbate is largely dependent on surface area and porous structure. This behaviour has prime significance
when the adsorption reaction is diffusion controlled.
In these circumstances increasing the sorbent surface
area influence the adsorbed ions, adsorption kinetic
and desorbability of adsorbed ions in question. In
contrast the coarse-grained zeolite retained phosphorus at a higher level than the fine-grained zeolite in
filters [20].
Since the reactions of phosphorus with zeolite
are largely diffusion controlled and surface area dependent nature of adsorption phenomena it is expected that zeolite adsorption and desorption chemistry is to change depending on the physical particle
size. Therefore, the aim of this work was to determine the adsorption / desorption chemistry of P in

ABSTRACT
Natural clinoptilolite-zeolite is widely used for
enhancing crop production potential of soils by improving chemical and physical properties and treating the polluted water sources. The particle size of
the adsorbents is of particular significance for manipulating the adsorption desorption characteristics
of sorbed ions. Therefore we tested the effect of micronized natural clinoptilolite-zeolites samples on
phosphorus (P) adsorption/desorption. Batch adsorption experiments were conducted using 1 g of adsorbent with 20 mL solution containing 0-50 mg P L-1
prepared in 0.01 M CaCl2 background solution. The
desorbability of the P was measured by 0.5 M NaHCO3 solution at pH 8.5. Sorption kinetic was studied at 5 and 25 mg L-1 initial concentrations for 5, 10,
20, 30 min; 1, 2, 4, 8, 16, and 24 h. Both Freundlich
and Langmuir sorption models fitted the sorption
data well; however Langmuir model described the
data with better determination coefficient. The adsorption capacity of Rota zeolite was slightly higher
WKDQ*RUGHV]HROLWH¶VFDSDFLW\7KHSDUWLFOHVL]HGH
pendency of sorption capacity was apparent for Gordes zeolite. Results of kinetics study indicated that
the adsorption data fit the second-order kinetic
model better than the Elovich model. The sorption
data indicated that these zeolite deposits have different particle size dependent-P sorption behaviour that
may be used for different purposes.
KEYWORDS:
Natural clinoptilolite-zeolite; phosphorus; adsorption; desorption; particle size

INTRODUCTION
Excessive application of phosphate fertilisers,
intensive livestock operations and related agricultural practices and untreated municipal effluents rich
in detergents have resulted in P enrichment of arable
lands, surface and ground water [1, 2]. These elevated levels of P along with high erosion potential of
surface soils threaten the water sources through eutrophication. Therefore, stabilizing P in the borderline of the agricultural lands or removal of excessive
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zeolite used (g).
Then the following linear adsorption equations
were fitted to sorption data by regression analysis.
Langmuir: Ce/Sim = Ce/b+1/ab
Freundlich model which can have non-linear
form of Si= Kf Cn can be written linear by taking log
of the equation as: log (Si) = log Kf + n log Ce
Where b maximum P adsorption capacity (mg
kg-1), a constant related to bounding energy (L kg-1),
n a measure of adsorption intensity and Kf corresponding to the amount of P adsorbed (mg kg-1)
when the Ce is equal to 1 mg P L-1. The Langmuir
equation was modified by including the HCl+HNO3
(1:3 v/v) soluble P to the adsorbed amounts (Sim) at
differing initial concentrations to improve determination coefficient of the regression model [27]. To
evaluate the success of the model describing the
sorption data, determination coefficient of the fit
along with F test was used.

order to determine the feasibility of micronized zeolite to be used to control mobility and pollution of P
in the environment.

MATERIAL AND METHODS
Zeolite Preparation and Properties. Two natural clinoptilolite-zeolites with different sizes were
kindly supplied by Rota Madencilik Sti. (RZ) and
Gordes Zeolite Ltd Sti (GZ). The zeolite samples
were ground to 500, 250, 106 and 53 μm stainless
steel screens to obtain 250-500, 106-250, 53-106 and
<53 μm micronized particle sizes. Some chemical
properties of the zeolite specimens were given in Table 1. Both zeolite specimens consist of hydrated Ca,
K, Na, Mg alumina-silicates, however, RZ mineralogically purer than GZ and consist of some cristobalite and tridimite up to 5% with higher porosity.

Adsorption Kinetics. Phosphorus sorption kinetics of the zeolite samples were studied at 5 and 25
mg L-1 initial concentrations for 5, 10, 20, 30 min; 1,
2, 4, 8, 16 and 24 h. The experimental conditions
were identical to those of adsorption study. The
sorption data were fitted to linear Elovich, and second order models which can be written below (Ho
and McKay, 2002):
Elovich equation: TW ȕ OQ Įȕ ȕOQW
Where qt is the amount of P sorbed at a time t
(mg kg-1), Į initial sorption rate (mg L-1 min-1) and ȕ
desorption constant (kg mg-1). The model constants
were obtained from the linear qt versus lnt plot.
௧
ଵ
ଵ
Pseudo-second order model: ൌ మ   ݐ

TABLE 1
Some properties of the experimental zeolites
[24, 25]
Properties
Mineral
composition
Surface area
(m2 g-1)
Porosity (%)
CEC
(cmol kg-1)
P content
(mg kg-1)*

Rota zeolite
Clinoptilolite
90-95%
39.0

Gordes zeolite
Clinoptilolite
70-85%
40.7

47.5
150-210

39.0
160-200

188-270

121-200

* measured in the HNO3/HCl (3:1, V: V) digest
for different particle sizes.



ܵ݅ ൌ





Where qe and qt are the sorption capacity of P at
equilibrium and at a time t2, respectively, k is the rate
constant (1 min-1) for pseudo-second order sorption.
The linear plot of t/qt versus t gives a slope of 1/qe
and an intercept of 1/݇ݍଶ (l h-1).
The appropriateness of the sorption kinetic
models was tested with the regression analysis as described for Freundlich and Langmuir models.

Adsorption. Batch sorption technique was
used to determine P sorption/desorption data. One
gram of subsamples of zeolites, in triplicates, were
equilibrated with varying concentrations of P (0, 5,
10, 20, 30, 40 and 50 mg P L-1 as KH2PO4 prepared
in 0.01 M CaCl2 solution) at 20±1°C by continuous
mixing on a reciprocal shaker for 24 h. The CaCl2
solution was used to maintain constant ionic strength
resembling typical soil solution. After equilibration
the supernatants were separated by centrifugation
and filtration procedures. The supernatants were then
analysed for P by employing the ascorbic acid
method [26] using a double beam UV/VIS spectrometer (T-80, PG Instrument). The amount of adsorbed
P was calculated from the equation given below:

Desorption. In order to determine the desorbability of the adsorbed P 0.5 M NaHCO3 solution at
pH 8.5 which is commonly used to extract soil available P in neutral to alkaline soils. The desorption ratio (DR) at different initial concentrations was calculated from the equation below:

ሺ ܥെ ݁ܥሻൈܸ
ܹ

DRሺΨሻ ൌ

ௌିௌௗ௦
ௌ

ͲͲͳݔ

where Sides is the amount of P desorbed by 0.5
molar NaHCO3 solution. By this way it was possible
to extract some information about the sorption mechanism of P as a consequence of particle size.

Where Si is the amount of P adsorbed by unit
mass of zeolite (mg kg-1), Co initial concentration of
P (mg L-1), Ce the equilibrium concentration of P
(mg L-1), V solution volume (mL), W the amount of
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TABLE 2
The effect of particle size on adsorption parameters of Langmuir model
Gördes
Particle size
(μm)
a
53
53-106
106-250
250-500

0.0056
0.0062
0.0065
0.0099

Rota
b
0.0015
0.0015
0.0019
0.0018

Max ads
(mg kg-1)
667
667
526
556

R2

a

b

0.961
0.974
0.978
0.953

0.0021
0.0025
0.0028
0.0035

0.0012
0.0012
0.0012
0.0013

Max ads
(mg kg-1)
833
833
833
769

R2
0.977
0.984
0.989
0.984

TABLE 3
The effect of particle size on Log based Freundlich model parameters
Particle size Gördes
(μm)
n
0.287
53
0.287
53-106
0.285
106-250
0.346
250-500

Kf
2.36
2.33
2.26
2.15

R2
0.939
0.926
0.960
0.980

Rota
n
0.240
0.263
0.293
0.310

Kf
2.58
2.52
2.49
2.43

R2
0.961
0.956
0.964
0.958

FIGURE 1
The effect of particle size on phosphorus sorption by zeolite samples
ima at differing particle size but 250-500 mm particle size. This apparent difference between two zeolites is likely to be related to porous nature of the
samples and mineralogy to a lesser extent. As can be
seen in Table 1 GZ has considerably smaller pore
volume and higher mineralogical impurities. This
means the smaller particle size resulted in the more
surface sites may be reactive for P. Therefore P ions
cannot access some of the surface sites in this zeolite.
In contrast well developed porous structure of RZ resulted in nearly similar amount of P adsorption maximum.
The P removal by zeolite in the suspension is
remarkably related to the reaction conditions, such as
the initial concentration of P, initial pH value, temperature, zeolite particle size, dosage and the amount
of amount and type of exchangeable cations on zeolite [13, 29, 30]. The surface modification of zeolite
surfaces with either different cations or specific anion exchangers have been reported to differ P sorption maxima. However, the maximum P sorption of
natural zeolites is influenced by the accompanying/saturating cations through inducing precipitation
reactions [4, 6] or competing anions such as humic
substances [5]. As a result, sorption

RESULTS AND DISCUSSION
Adsorption. The experimental data of phosphate ions adsorption at equilibrium onto two zeolite
specimens at differing particle sizes in the solution at
equilibrium are presented in Figure 1a, b. Langmuir
and log based linear Freundlich isotherms were applied to the experimental data of phosphate ion adsorption at equilibrium versus phosphate ion concentration at equilibrium with 5% zeolite containing suspension. Table 2 and 3 shows calculated sorption parameters of the zeolites. Both isotherm model described the P sorption data well, however, the Langmuir model performed slightly better by considering
determination coefficients. The maximum P adsorption of GZ and RZ varied between 667-526 and 833769 mg kg-1 respectively. The binding energy coefficients of GZ were between 0.0056-0.0099 L kg-1
whereas they were 0.0021-0.0035 mL g-1 and increased in parallel with the increase in particle size.
Sorption maxima calculated from the Langmuir
equation were highly particle size dependent in GZ
whereas Rota zeolite showed constant sorption max-
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TABLE 4
The effect of particle size on phosphorus desorption percentage (%) as a function of initial
phosphorus concentration
Initial P concen- Gordes
Particle size (μm)
tration
(mg L-1)
<53
53-106
268
282
5
112
109
10
96.7
83.1
20
83.1
77.6
30
64.5
59.9
40
77.5
76.4
50

Rota
106-250
109
51.5
59.5
47.4
43.7
61.0

250-500
82.1
68.0
59.1
45.2
37.2
50.2

maxima ranges from 370 to 47200 mg kg-1 were reported in the literature [14, 15, 23]. The current data
are in the lower end of the reported limits.
In GZ, the Freundlich n parameters or the isotherm slope were highly particle sizes-dependent in
both zeolite specimens, but the values of n were not
corresponded to the particle size differences up to
ȝPIRUGZ but there was a steady sorption maxima in smaller particle sizes. This indicates that the
smaller the particle size resulted in the lesser affinity
of the surfaces to P. The increase in slope indicates
that higher proportions of the added P are to be fixed
by the surfaces. Log Kf values ranged from 2.36 to
2.15 mg kg-1 and 2.58 to 2.43 mg kg-1 for GZ and
RZ, respectively. The particle sizes and the log Kf
values were inversely related. This could be associated with the P fixed in the structural units of the zeolites which can be seen in Table 1. This is because
of the reduction of the particle size enriched the solution P by releasing back the P in the structural
units. Moharami and Jalali [9] determined the Kf
value for Iranian natural zeolite as 12.63 mL g-1 and
the n value as 1.56 (1 / 1.56 = 0.641). In this study,
solution P was used up to an initial concentration of
250 mg L-1, which resulted in higher adsorption values, since at higher concentrations P gave a precipitation reaction in the presence of CaCl2. This has
caused the n value to approach to the unity. In this
study, n (1 / n) was found to be in the range of
0.2395-0.3455 and is quite small because of the usage of a concentration range that may disable precipitation reactions. The log Kf value is changed between 2.58 and 2.15, which is a very high value. Argiri et al. [6] reported an n value of 0.72 and the value
of log Kf of 4.32. These values are clearly higher than
the ones found in this work. This is because the
amount of zeolite solution used is higher and the concentrations of P used are lower. It is therefore possible that the data obtained may be high because they
studied at a concentration limit where the adsorption
is promoted.

<53
49.2
40.5
47.8
38.2
37.9
34.7

53-106
47.5
40.6
51.7
36.8
48.4
43.8

106-250
49.1
42.8
48.5
46.9
42.0
47.8

250-500
47.5
40.1
47.7
51.2
43.8
50.3

size below 250 μm, the desorption percentages were
over 100%. This indicates that the NaHCO 3 solution
was able to extract previously adsorbed P majority of
which probably fixed in the structural units during
the formation of zeolites or encapsulated in the
pores. Because as the particle size decreased the
higher desorption rates were observed for GZ. Increasing initial concentration up to 40 mg P L-1 resulted in a decrease in the desorption rate at any particle size but 50 mg P L-1 initial concentration behaved differently. In general both the adsorption and
desorption were higher for <53 μm particle size.
This point out that newly forming sorption sites induced by particle size reduction probably adsorbed P
in NaHCO3 extractable pool.
However, RZ behaved distinctly different comparing the GZ. The smallest particle sized RZ induced gradual decrease in desorption percentage due
to increasing P loads. This corresponds to higher energy sorption of P where chemisorption and/ or precipitation processes can take place. Chemisorbed-P
and/or precipitations of low solubility product solid
phases limit desorbability of the ions. The desorption
percentages for RZ at differing initial concentration
and particle sizes were comparatively changed in a
narrow range (51.7-34.7%). The ranges become even
narrower when the particle size increased (Table 4)
which may be attributed to evenly distribution of
pores where the particle size increase limited the diffusion. The P desorption percentage of zeolite was
reported to be 18.1 which was highly smaller than
the current results. The desorption ratio is highly related to the sorption mechanisms [32], initial concentrations, working conditions, extracting solution
[31]. Moharemi and Jalali [9] used 0.01 M CaCl2 solution which can solubilize/extract far less P in the
soils [33]. Moreover, Sabadash et al. [32] found negligible amounts of P desorption as distilled water is
the extractant. The relatively small ratio of desorption in RZ deposit after NaHCO3 extraction indicates
the phosphate binding by zeolite via the mechanism
of chemical sorption with insoluble compounds formation. These results confirm the conclusions concerning the formation of aluminium phosphate in the
zeolite pores [34].

Desorption. The percentage of desorbed P
were highly dependent on the initial concentration of
P, particle size and zeolite origin (Table 4). At low
initial concentrations (up to 10 mg P L-1) and particle
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FIGURE 2
Plot of Elovich equation for sorption of phosphorus on to different sized Gordes zeolite
at various initial concentrations (5 and 25 mg P L -1)

FIGURE 3
Plot of Elovich equation for sorption of phosphorus on to different sized Rota zeolite
at various initial concentrations (5 and 25 mg P L -1)
TABLE 5
The effect of particle size, initial P concentration and zeolite type on parameters of
Elovich kinetic model
Initial P concen- Gordes zeolite
Particle size
tration
Ø<53 μm
53<Ø<106 μm
106<Ø<250 μm
250<Ø<500 μm
5 mg L-1
Ø<53 μm
53<Ø<106 μm
106<Ø<250 μm
250<Ø<500 μm
25 mg L-1

Į
1.299
1.853
3.249
3.325
25.32
14.99
13.8
17.13

ȕ
40.8
24.14
23.64
35.02
207.6
240.4
183.4
176.3

R2
0.894
0.933
0.971
0.941
0.983
0.941
0.872
0.966

Rota zeolite
Į
1.859
2.315
2.287
2.271
12.54
8.887
11.81
9.43

ȕ
62.59
58.91
58.07
58.77
264.2
279.9
269.3
266.5

R2
0.968
0.968
0.967
0.951
0.932
0.951
0.956
0.935

values of Į and ȕ varied as a function of the initial P
concentration, C0, zeolite type and particle size. Particle size dependency of Elovich model was apparent
in the GZ whereas the parameters of RZ differed in
relatively narrow range.
The same kinetic data were subjected to
pseudo-second order equations. The determination
coefficients of the regression lines, R2, of pseudosecond kinetic model were higher in all cases
(>0.998) than Elovich model. This indicates that
pseudo-second model can describe the adsorption kinetics of P by different type and particle sized

Sorption Kinetics. The results of phosphate
adsorption kinetic experiments at 20±1°C and for
concentrations of 5 and 25 mg P L-1 are shown in Table 5 and 6. Figure 2 and 3 illustrate plots of the Elovich model for the differing particle size zeolite specimens at initial concentration of 5 and 25 mg P L-1.
In this case, a linear relationship was obtained between P sorbed, qt, and ln t over the entire sorption
period, with high correlation coefficients (> 0.872)
for all the lines (Table 5). It is clear that the simple
Elovich equation may be used to describe the kinetics of P sorption on the natural zeolites. Table 5
shows the kinetic constants obtained from the Elovich equation. It will be seen from the data that the
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TABLE 6
The effect of particle size, initial P concentration and zeolite type on parameters of
pseudo-second order kinetic model
Initial P concen- Particle size
tration
(μm)
Ø<53
53<Ø<106
106<Ø<250
250<Ø<500
5 mg L-1
Ø<53
53<Ø<106
106<Ø<250
250<Ø<500
25 mg L-1

Gordes zeolite
k
qe
(mg/kg)
(kg/(mg min)
49.5
0.277
37.7
0.072
48.5
0.044
59.5
0.064
385
0.084
357
0.078
286
0.071
294
0.104

zeolites. Similar results have been reported by other
authors [10, 35, 36]. The results in Tables 6 show the
sorption rate constant, k, and equilibrium sorption
capacity, qe, as a function of the initial P concentrations (C0), particle sizes and zeolite type. Thus, on
increasing the initial P concentration from 5 to 25 mg
P L-1, the P equilibrium sorption capacity ranges for
different particle size increased from 37.7-59.5 and
74.1-75.8 to 286-385 and 333.3-357.1 mg P kg-1 for
GZ and RZ, respectively.

R2
0.999
0.998
0.998
0.998
0.999
0.999
0.999
0.999

Rota zeolite
k
qe
(mg/kg)
(kg/(mg min)
75.8
0.262
75.2
0.205
75.2
0.125
74.1
0.354
357.1
0.151
344.8
0.266
357.1
0.147
333.3
0.181

R2
1.000
1.000
0.999
1.000
0.999
1.000
0.999
0.999
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SOME MATURITY PROPERTIES OF OKUZGOZU
(VITIS VINIFERA L. CV.) GRAPE BERRIES
Gultekin Ozdemir1,*, Abdullah Sessiz 2, Resat Esgici3
2
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'LFOH8QLYHUVLW\)DFXOW\RI$JULFXOWXUH'HSDUWPHQWRI$JULFXOWXUDO0DFKLQHU\DQG7HFKQRORJLHV(QJLQHHULQJ'L\DUEDNÕU7XUNey
3
'LFOH8QLYHUVLW\%LVPLO9RFDWLRQDO+LJK6FKRRO'L\DUEDNÕU7XUNH\

However, conventional breeding methods are dominant in vineyards activities. Especially pruning and
harvesting processes in vineyards are still mainly
performed by manually. These process time consuming, difficult and tiring. So, production cost is very
high and labor efficiency is low. The scarcity and increased cost of hand labor and the increased competition from markets with inexpensive labor have
caused commercial growers to depend on mechanization in the vineyard to ensure market competition
[1-2]. We know harvesting is one of the critical stage
in the management of vineyards. So, use of mechanical harvesting application should be increased in
vineyards [14]. Machine harvesting offers many advantages beyond labor and cost savings since it can
help improve grape yield and quality in vineyard.
Percentage presence of undamaged grapes and dimensions are an important quality criteria both table
grape and juice industry. Therefore, the economic
value of grape mostly depends on the presence of undamaged grape fruits. To reduced harvest and postharvest losses, we need to know some physical, mechanical and ripening properties of each grape cultivar separately. Because, these properties are important parameters for design of a pruner, harvester,
sorting and grading machines. Some of these properties include the dimensional size, shape, sphericity,
geometric mean diameter, surface area, mass, volume, etc. These properties generally depend on the
species, variety, diameter, maturity, moisture content and cellular structure [3-4-5-15]. In addition to
physical properties, we have to know some information related to grape berries detachment force
from cluster and some quality criteria such as ripening, skin firmness, soluble solids content, pH, total
acidity and maturity index for suitable maturity stage
of grape harvesting [11]. Until now, many studies
have been conducted related to mechanical and physical properties of agricultural products and biological
materials such as fruits, grains and seeds [16-17].
But, published researches were not found directly
physical and maturity properties of grape berry and
their relations. These properties are important parameters for design of a new grapevine harvester,
sorting, transporting, and grading machines. In the
directions of this data, the objective of this study was
to measure and determine maturity properties of

ABSTRACT
Some physical, mechanical and ripening properties of Okuzgozu (Vitis vinifera L. vc.) grape berries were determined. The test samples were obtained from an organic commercial vineyard in Di\DUEDNÕUSURYLQFHZKLFKLVORFDWHGLQWKHVRXWKHDVW
ern part of Turkey. The tests were carried out during
the different phenological stages of the veraison (30
August), 15 days after veraison (15 September) and
harvesting time (30 September) in 2016. Some basic
important berry ripening and harvesting parameters
such as the maximum berry detachment force (FDF)
from cluster and berry skin firmness were measured
in Newton (N) by using a pull digital force gauge.
Total soluble solids content (TSSC), pH and total
acidity values were determined at three different
phenological stages. The results show that the size of
grape berries increased with period of maturity. The
average length, width and thickness were obtained as
19.42 mm, 17.57 mm, and 17.53 mm, respectively.
While weight of berries, TSSC, pH and, maturity index increased, BDF, BDF/W ratio, skin firmness,
and acidity decreased with phenological stages and
axial dimensions. The berries detachment force was
decreased from 3.56 N to 2.69 N, while berries
weight increased from 3.45 g to 4.42 g depend on
phenological stages. Also, there were found closely
relationships between mechanical and ripening properties of berries depend on phenological stages.
While DF, FDF/W and skin firmness decreased, soluble solids content (17.50-23.97 %) and pH (3.533.76) values increased with phenological stages,
whereas the total acids were slight changed and reduced from 0.462 to 0.273 %.
KEYWORDS:
Grape, Okuzgozu, Berry, Maturity, Physical and Ripening
Properties

INTRODUCTION
Grapes are the most widely grown as commercial fruit in Turkey. Also, it is valuable and important
product both human diet and economy in this region.
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grape berries of Okuzgozu variety and their relationships at different phenological stages.

fruit harvesting [1-7-9], and firmness is the resistance of the individual fruit to deformation under
applied forces [10]. Therefore, to determine of these
parameters of Okuzgozu grape berries were measured at three different phenological stages during the
harvest period. Grape berries were weighed by
means of a digital balance with 0.01g (Figure 3). The
maximum values of BDF force and berry skin firmness were measured in Newton (N) by using a pull
digital force gauge (Model FG-20, Lutron Instrument) with stainless steel cone head (Figure 2). The
digital force gauge is shown in Figure 2. After measuring the firmness and detachment force, some basic
important fruit ripening and harvesting parameters,
such as total soluble solids content (TSSC) (by hand
refractometer), pH (by pH meter) and total acidity
(by Digital Burette) values were determined at three
different phenological stages [1-7-11].

MATERIALS AND METHODS
Vineyard and samples. This study was performed with Okuzgozu (Vitis vinifera L) local grape
variety (Figure 1). The tests samples were obtained
IURPDQRUJDQLFFRPPHUFLDOYLQH\DUGLQ'L\DUEDNÕU
province, which is located in the southeastern part of
Turkey.

FIGURE 1
View of vineyard area and Okuzgozu grape
variety
The test samples were randomly harvested by
manually from vineyard. Then grape clusters (Figure
2) were transported to laboratory of Department of
Agricultural Machinery and Technologies Engineering, University of Dicle and it was preserved in a refrigerator at 5 0C until the time of the cutting tests.

FIGURE 2
View of grape cluster, force gauge, micrometer
and balance
Data analysis. All data were determined using
the analysis of variance (ANOVA) method and significant differences of means were compared using
the least significant difference test (LSD) at 5% significance levels using the Tukey multiple range tests
in JMP software, version 11.All these tests were replicated least 15 times and the average values were
reported. The relationship between physical properties of grape berries and phenological stages were
determined using regression analysis of Microsoft
Excel (2010) program.

Measurement of grape berry physical properties. The grape berry tests were carried out during
the different phenological stages of the veraison (30
August), 15 days after veraison (15 September) and
harvesting time (30 September) in 2016. To determine the physical properties of grape berries, 25 berries randomly taken from five grape clusters at each
phenological stages during the harvest season.
Length, width and thickness of grape berries were
measured with a micrometer to within 0.01 mm. The
geometric mean diameter, sphericity, roundness, and
surface area of individual fruits were calculated using the following equations [5-6-7-8].

RESULTS AND DISCUSSION

ሺ    ሻ
͵
 ൌ ሺሻଵȀଷ
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Average some physical, mechanical and ripening properties of Okuzgozu grape berries for different phenological stages are presented in Table 1. Statistical differences were found between phenological
stages and physical properties. The effect of phenological stages were found significant (p<5) on measured (except sphericity) all physical, mechanical and
ripening properties of grape berries, namely; length,
width, thickness, volume, arithmetic mean diameter,
geometric mean diameter, surface area, detachment
force (BDF), weight, skin firmness, TSSC, % pH,
and acidity.
The main axial dimensions of berries increased
gradually over the period of maturity dates (Table 1).
The mean length, width and thickness values for




Where L is the length (mm), W is the width (mm), T
is the thickness (mm), Da is arithmetic mean diameter (mm), Dg is geometric mean diameter (mm), ] is
sphericity (%).
Measurement of mechanical and ripening
properties of grape berries. Berry fruit detachment
force (BDF), berry weight (W), and the FDF/W ratio
are important mechanical and ripening properties for
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Similar results were observed for ripening
properties, namely skin firmness, TSSC, pH, acidity
at different phenological stages. Significant differences were found between ripening properties and
maturity dates. The maximum firmness was observed as 1.28 N, when the TSS content was 17.50
%. Then the grape skin firmness slightly decreased
from 1.28 N to 1.13 N with phenological stages. The
situation can be explain that the water content of fruit
increased and berries thickness decreased with maturity [7]. According to these results we can express
that there is a high correlation between BDF/W ratio
and fruit skin firmness. Also, there were found
closely relationships between mechanical and ripening properties of berries depend on phenological
stages. While BDF, FDF/W and skin firmness decreased, soluble solids content (17.50-23.97 %) and
pH (3.53-3.76) values increased with phenological
stages. At these stages, the total acids were slight
changed and reduced from 0.462 to 0.273 %.
Whereas, the lowest values of TSSC and pH were
observed at verasion stage as 17.50 % and 3.53, respectively.
The maximum detachment force and grape skin
firmness were observed at verasion stage as 3.56 N
and 1.28 N, respectively. Also, while berries weight
increased due to maturity, TSSC and pH increased,
acidity decreased with phenological stages. Similar
results were found by [1]. Researcher reported that
the mean pH was in range 3.35 to 3.77 and titratable
acidity was in the range of 6.44 to 7.31 g·Lí for
veraison stage [1].

three phenological stages were obtained as 19.42
mm, 17.57 mm, and 17.53 mm, respectively. In addition to, the volume, arithmetic mean diameter, geometric mean diameter, surface area values were
changed statistically with phenological stages. These
values slightly increased with the period of maturity
time. The increase in physical sizes may be due to
physiological growth and increase of maturity index.
However, only the change in sphericity was not
found significant between phenological stages. It
varied from 0.928 % to 0.950 %. As grape barriers
developed uniformly in all three axial dimensions,
the value of sphericity was obtained a high and almost constant [7]. Versus to increase of physical dimensions depend on phenological stages, while berries detachment force (BDF) from grape cluster,
weight, BDF/W ratio, berries skin firmness, and
acidity decreased, weight of berries and TSSC and,
pH values increased with phenological stages and
axial dimensions (Table 1).
There were observed negative relationship between detachment force (BDF) and berries weight.
While the fruit weights increased, the BDF decreased with phenological stages. The berries detachment force from the grape cluster was decreased
from 3.56 N to 2.69 N, berries weight increased from
3.45 g to 4.42 g depend on phenological stages. As
the water content of grape berries increased with maturity, the weight of grape has increased with phenological stages. These values are valuables data for
maturity criteria of Okuzgozu grape berries, because
BDF/W ratio is an important parameter of fruits mechanical harvesting.

TABLE 1
Mean physical, mechanical and ripening parameters of Okuzgozu grape berries at
different phenological stages
Phenological Stages
Properties*
Veraison
15 days after Veraison
Harvest
Mean
Length (mm)
18.80b
18.90b
20.57a
19.42
Width (mm)
16.81b
17.43b
18.50a
17.57
c
b
17.58
18.44a
17.53
Thickness (mm)
16.66
Volume (cm3)
3.36b
3.47b
4.25a
3.69
Arithmetic mean dia (mm)
17.42b
17.95b
19.17a
18.18
Geometric mean dia (mm)
17.37b
17.95b
19.14a
18.15
2
b
b
Surface area (mm )
955.53
1019.45
1155.11a
1043.36
Sphericity (%)
0.928
0.950
0.930
0.936
Detachment force (BDF), N
3.56a
3.05ab
2.69b
3.10
Weight (W) g
3.45 c
3.93b
4.42a
3.93
a
b
(BDF/W) N/g
1.031
0.776
0.608c
0.805
Skin firmness (N)
1.28
1.18
1.13
1.196
TSSC (%)
17.50
20.33
23.97
20.60
Acidity (%)
0.462
0.390
0.273
0.375
Maturity index
37.65
52.12
87.80
59.19
pH
3.53
3.61
3.76
3.63

LSD**
0.795
0.771
0.752
0.453
0.681
0.685
78.58
ns
0.422
0.408
0.097

*All data represent the average of three replications with 15 values.
PHDQVIROORZHGE\WKHVDPHOHWWHULQHDFKFROXPQDUHQRWVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶VPXOWLSOHUDQJH
test at the 5 % level, ns: not significant
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TABLE 2
Regression equations of cutting properties as a function of three axial dimensions
Parameters*
Regression equation
Arithmetic mean diameter (mm)
Y= -4.41x 10-15 +0.333L+0.333 W+0.333T
Geometric mean diameter (mm)
Y= -0.08266+0.3117L+0.348W+0.345T
Y= -1039+35.290 L+37.696W+41.79T
Surface area (mm2)
Sphericity (%)
Y= 0.9571-0.0388 L+0.0190W+0.0172T
Y= -6.851+0.1327 L+0.2194W+0.2347T
Volume (cm3)
Detachment force (N)
Y= -1.145-0.00788 L+0.1143W+0.0979T
Weight (g)
Y= -6.192-0.1154L+0.1954W+0.2562T
*L: Length (mm), W: Width (mm), T: Thickness

In order to determine the relationships between
the grape berries size and the other properties, multiple regression equations were derived from the values of three axial dimensions at different phenological stages. Theirs relationships are given in Table 2.
According to the regression equations, significant
and high correlations were found between investigated axial dimensions and the other physical properties and mechanical properties of berries (Table 2).
As can be seen from the Table 1 and Table 2, especially, average sphericity, roundness and R2 values
were found very high at three phenological stages.
Due to obtained high correlation coefficients, this
equations can be used for predict the arithmetric
mean diameter, geometric mean diameter, surface
area, sphericity and roundness of Okuzgozu grape
variety as a function of axial dimensions and maturity time. These calculations and equations can be
considered in designing the prototype of sorting and
separating machine and food industry for grape [212]. Similar results were found by [13] for Rasa
grape variety.

R2
1.000
0.999
0.999
0.994
0.923
0.402
0.978

REFERENCES
[1] Morris, J.R. (2007) Development and commercialization of a complete vineyard mechanization system. HortTechnology. 17, 4, 411-420.
[2] Sessiz, A., Esgici, R., Ozdemir, G., Elicin, A.K.,
Pekitkan, F.G. (2015) Cutting properties of different grape varieties. Agriculture & Forestry,
61: (1): 211-216.
[3] Persson, S. (1987) Mechanics of cutting plant
material. ASAE Publications, St Joseph, MI,
USA.
[4] Morris, J.R. (2000) Past, Present, and future of
vineyard mechanization. Proceeding ASEV 50
th Anniv. Ann. Mtg. Seatle, WA, 51, 155-164.
[5] Sessiz, A., Elicin, A.K., Esgici, R., Ozdemir, G.,
Nozdrovicki, L. (2013) Cutting Properties of
Olive Sucker. Acta Technologica Agriculturae.
The Scientific Journal for Agricultural Engineering, The Journal of Slovak University of
Agriculture in Nitra, 16, 3, 80±84.
[6] Mohsenin, N.N. (1986) Physical properties of
plant and animals materials. 2 nd edition. New
York, NY: Gordon and Breach Science Publishers.
[7] Jha, S.N., Kingsly, A.R.P., Sangeeta, C. (2006)
Physical and mechanical properties of mango
during growth and storage for determination of
maturity. Journal of Food Engineering 72, 73±
76.
[8] Zare, D., Salmanizade, F., Safiyari, H. (2012)
Some Phyical and mechanical properties of
Russian olive fruit. World Academiy of Science, Engineering and Technology. International Journal and biological, Biomolecular, Agricultural, Food and Biotechnologicval Enginerring. 6, 9, 668-671.
[9] Sessiz, A., Özcan, M.T. (2007) Olive removal
with pneumatic branch shaker and abscission
chemical. Journal of Food Engineering, 76, 2,
148-153.
[10] Renny, E.P., Yahya, A., Adam, N.M., Samsuzana, A.A. (2015) Correlation of moisture content to selected mechanical properties of rice
grain samples. International Journal on Advanced Science Engineering Information Technology. 5, 5, 264-267.

CONCLUSION
Some physical, mechanical and ripening
properties of grape berries of Okuzgozu variety and
theirs relationships were determined at three
phenological stages. The effect of phenological
stages were found significant (p<0.5) on measured
(except sphericity) all physical, mechanical and
ripening properties of grape berries. The main size
(length, width and thickness) of grape berries
increased over the period of maturity dates.
Berries detachment force (BDF) from grape
cluster, BDF/W ratio, berries skin firmness, and
acidity decreased, while weight of berries (W), total
soluble solids content (TSSC) and, pH values
increased with phenological stages and axial
dimensions. Soluble solids content values varied
from 17.50 % to 23.97 % and pH varied from 3.533.76 with phenological stages. However, the total
acids were slight changed and reduced from 0.462 to
0.273 % with phenological stages. As a result, these
values may be used find out the optimum maturity
stage for harvesting of Okuzgozu grape variety.



6264

© by PSP

Volume 26 ± No. 10/2017 pages 6261-6265

Fresenius Environmental Bulletin


[11] Ozdemir, G., Sogut, A.B., Pirinccioglu, M., Kizil, G., Kizil, M. (2016) Changes in the phytochemical components in wine grape varieties
during the ripening period. Scientific Papers B,
Horticulture Vol. LX: 85-93.
[12] Ghahraei, O., Ahmad, D., Khalina, A.,
Suryanto, H., Othman, J. (2011) Cutting tests of
kenaf stems. Transactions of the ASABE, 54, 1,
51-56.
[13] Khodaei, J., Akhijahani, H.S. (2012) Some
physical properties of Rasa grape (Vitis vinifera
L.). World Applied Sciences Journal 18, 6, 818825.
[14] Ozdemir, G., Sessiz, A. Esgici, R. Elicin, A.K.
(2015) Cutting properties of wine grape cultivars. Scientific Papers. Series B, Horticulture.
Vol. LIX, 2015. Print ISSN 2285-5653, CDROM ISSN 2285-5661, Online ISSN 22861580, ISSN-L 2285-5653
[15] Nesvadba, N., Houska, M., Wolf, W., Gekas,
V., Jarvis, D. Sadd, P.A., Johns, A.I. (2004) Database of physical properties of agro-food materials. Journal of Food Engineering 61, 497-503.
[16] Sessiz, A., Esgici, R., Kizil, S. (2007) Moisturedependent physical properties of caper (Capparis Ssp) Fruit. Journal of Food Engineering,
79, 1426-1431.
[17] Sessiz, A., Esgici, R., Ozdemir, G., Elicin, A.K.,
Pekitkan, F.G. (2015) Cutting properties of different grape varieties. Agriculture & Forestry,
61: (1): 211-216. DOI: 10.17707 /AgricultForest. 61.1.27 Podgorica.

Received:
Accepted:

04.07.2017
29.07.2017

CORRESPONDING AUTHOR
Gultekin Ozdemir
Department of Horticulture, Faculty of Agriculture
University of Dicle, Diyarbakir ± Turkey
e-mail:gozdemir@dicle.edu.tr



6265

Volume 26 ± No. 10/2017 pages 6266-6271

© by PSP

Fresenius Environmental Bulletin



EFFECT OF TOPOGRAPHIC MAP SCALE ON QUALITY OF
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to be used increasingly in a more effective manner
with the aim of reducing time wasted to find boundary on land in soil survey mapping and different discipline [2, 3, 4, 5, 6, 7, 8].
The soil survey and mapping studies have
started in the 1950s in Turkey, schematic soil map
[9] was prepared for all over Turkey In the same
years, 1:800000 scale Turkey Soil Map was prepared
on exploratory level by American expert H. Oakes
as well [1]. Through 1:25000 scale maps, search intended soil surveys of overall country were performed and their maps were constituted between the
years 1966 and 1971 by General Directorate of SoilWater. 1:100000 scale search intended provincial
land presence maps were constituted by General Directorate of Rural Services between the years 1984
and 2000. Furthermore, the detailed soil surveys
of the significant plains were performed with agricultural enterprises located throughout the country.
The use of existing potential of soils unconsciously have resulted negative consequences in
an irreversible manner. The most appropriate material for the studies aiming identification, classification of land and soil resources on the basis of scientific principles and prevention of their misuses and
improper uses are detailed soil maps prepared on serial level. Primarily European Union member states,
many countries have classified and mapped their
soils. However, this has not been performed in Turkey yet. Use of unsuitable scale maps other than
these mentioned maps will lead to significant mistakes in classification as well. Therefore, detailed
soil surveys must be carried out throughout the country on serial level and their maps must be constituted.
In this study, it was investigated whether different scale topographic maps could be used in detailed soil mapping studies as well as digital mapping
techniques and whether the slope boundaries determined with different slope classification methods
could be soil boundary. For this purpose, 1:5000 and
1:25000 scale topographic map data were compared
and high resolution QuickBird satellite data that belongs to the work environment was used as auxiliary
cartographic material.

ABSTRACT
Topography and slope, the most important factors that makes soil, can be identified easily by
means of topographic maps. The most important factors regarding this issue are the scale and quality of
cartographic material. In this study; the accuracy of
slope maps provided with the use of the different
scale topographic maps, one of these cartographic
materials and probability of being soil boundary of
those were compared. In consequence of digitizing
of topographic maps through digital mapping techniques, different resolution DEM and slope maps
were created. It was identified that the more resolution increased in slope maps acquired by geographic
information system, the more the compatibility of
slope maps with land decreased. The 2 m resolution
slope map acquired by digitizing the 1:5000 scaled
topographic map was determined to overlap with a
high level of soil boundaries. The slope boundaries
acquired from 1:25000 scaled map were found to be
incompatible with land in lower levels.

KEYWORDS:
Topographic map, slope, detailed soil survey, digital mapping, GIS

INTRODUCTION
Soil surveys are complement of studies through
which, all morphologic characteristics of soils are
GHVFULEHG VRLOV¶ SK\VLFDO DQG FKHPLFDO SURSHUWLHV
are defined, soils are classified according to the specific classification systems and assessments of lands
are performed in a variety of levels [1].
The most time and experience requiring and
cost increasing factors in detailed soil mapping are
identification of boundaries on land, and then drawn
on available cartographic material correctly. The remote sensing (RS) techniques and geographic information systems (GIS) offering constantly new opSRUWXQLWLHV WR QDWXUDO UHVRXUFHV¶ UHVHDUFKHUV LQ OLQH
with advances in computer technology, have started
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FIGURE 1
Location of study area

FIGURE 2
Relief map view of work area

the environment of geographic information systems.
Making use of these counter lines, digital elevation
models (DEM) and slope maps with different scales
and resolutions belonging to work area were created.
Especially prominently different areas in resulting
slope classes from both maps were compared with
land controls and most land compatible slope map
resulted topographic map was assessed as main cartographic material. With the aim of determination
whether slope boundaries resulted in classifications
could also be soil boundary, slope boundaries were
digitized as polygonal in office environment. At this
stage, too small areas to be seen on map were eliminated and included in the neighboring polygons,
most appropriate to their classes. These boundaries
were transferred onto QuickBird satellite image and
land works were performed.
Because of that in the surrounding area, the series were previously defined and detailed soil maps
were already constituted in the areas with similar naWXUH D QHZ SURILOH LGHQWLI\LQJ SURFHVV ZDVQ¶W SHU
formed. In order to identify whether slope map digitization resulted polygons could be soil boundaries;
sampling studies were performed with auger in every
ERXQGDU\¶VFHQter, soil and land characteristics were
determined in the level of series and important
phases, and mapping units were constituted.

MATERIALS AND METHODS
The study was carried out within an area of approximately 1000 ha between 370 03' 52'' K, 350 22'
23'' D and 370 26' 07'' K, 350 17' 52'' D (Figure 1).
Mediterranean climate, which is hot and dry in
summers and warm and rainy in winters, is dominant
in work area. The average total annual rainfall in the
province of Adana is 668 mm almost half of the rainfall occurs as rain in winters. The average temperature is 19 °C in respect of the same period for many
years, and it can increases up to 44 °C in summers.
The lowest average temperature is 5.5 °C and occurs
in January. Taking into account these data, soil moisture regime of work area was identified as Xeric, soil
thermal regime of that was identified as Thermic
[10].
1:25000 and 1:5000 scale topographic maps
were used as the most important cartographic material and September 2010 dated QuickBird satellite
image was utilized as auxiliary cartographic material
in the study. Regarding Bureau works, Erdas Imagine 9.1 software was used for processing of remote
sensing data; ArcMap 10.0 software was used for the
process of digitizing map.
After being digitized, the counter lines on two
different scale topographic map were introduced to
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slope map acquired from 1:25000 scale topographic map (Figure 3d). For the purpose of testing
the accuracy of both slope maps; the sample areas
were determined from the different slope defined
points, transferred over the image and their coordinates were addressed at the same time. In the control
phase performed in the land, predetermined points
were gone their coordinates and slopes were identified. It was explored in land observations that 1:5000
scale topographic maps resulted slope classes were
highly compatible with real situation on land and for
this reason, this scale topographic map resulted data
were used in the next stages of the study.
The different resolution slope maps were acquired from contour lines, depending on the aim of
the Project. For this purpose, primarily DEM maps
with 2 m, 5 m and 10 m resolutions and then slope
maps with the same resolution were obtained (Figure
 (YHQWKRXJKWKHUHZHUHQ¶WVRFULWical differences
at three different resolution slope map in office environment, it was found in the land study performed
with the aim of comparing the resulting slope maps
with real situation on land that the most correct results were obtained through 2 m resolution slope
maps. It was determined in this stage of the
study that 5 m and 10 m resolution slope maps were
rougher than others.

RESULTS
In the study, in which the effects of topographic
PDSV¶VFDOHDQGGHWDLORQTXDOLW\RIVRLOPDSVLQGH
tailed soil surveys were evaluated, the differences
were found in DEM (Digital Elevation Model) and
slope maps acquired with digitization of both different scale topographic maps. For the purpose of evaluation of that and comparison of the topographic
data acquired from 1:5000 scale town maps with
those acquired from 1:25000 scaled maps; the work
area related contour lines on both topographic maps
were digitized, the relief map view of the land (Figure 2) and the slope maps were resulted from these
lines.
Evaluating these two slope maps, partial differences were identified in slope classifications. When
two slope boundaries acquired from two different
scale topographic maps belonging to a given sample
area (Figure 3) were compared; it was seen that
while some areas were included in similar slope classes, some of them were included in different slope
classes. While it was seen in the slope map acquired
from 1:5000 scale topographic map (Figure 3b) that
a major part of sample area were included in class C
with slope of 6 to 12%; the same area was included
in class D with slope of 12 to 20% according to the

FIGURE 3
Comparison of two different scale. ((a): 1:5000 scale topographic map contour lines;
(b) 1:5000 scale topographic map FRQWRXUOLQHV¶VORSH (c) 1:25000 scale topographic map contour lines;
(d) 1:25000 scale topographic map FRQWRXUOLQHV¶VORSH
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FIGURE 4
Different resolution slope maps ((a) 2 m; (b) 5 m and (c) 10 m resolutions)

FIGURE 5
Merge of small slope boundaries

FIGURE 6
Comparison of probable and exact boundaries
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found that a little experienced surveyor could
constituted mapping units correctly in easier manner
by using this method. Nevertheless, in the studies
performed with 1 m and higher resolution satellites,
this method was found partially insufficient for
1:5000 scale topographic maps. Therefore, the probable boundaries acquired from slope map should be
evaluated together with the image characteristics of
cartographic material used. In addition, the differences in image characteristics involved at the same
slope and that could also be defined at cartographic
material, have to be analyzed and evaluated by surveyor carefully.
Saving on time was provided by high resolution
satellite image of cartographic material and using
slope maps acquired in digital environment. The definition point on land was easily found with auger and
the polygon boundaries that would be constituted for
mapping unit, were more easily and quickly confirmed. Significant overlapping of the slope boundaries that previously acquired in office environment
using numerical techniques, with soil boundary appears to be the greatest factor for that. This similarity
was seen in a significant part of the study (Figure
6a). Personal comments and drawing oriented differences should not mean that the boundaries are incorrect. Due to the fact that the incompatibilities between the boundaries established in the office environment and those determined after land controls,
were defined as a buffer or transition zone; these
boundaries could be considered as correct ones. But,
incompatibilities are available in specific sections as
well (Figure 6b). It was seen that these incompatibilities were much more at the areas especially where
slope changed very often. It was seen that slope classes acquired from contour lines transferred to cartographic material wrongly, were also wrong. These
incompatibilities were eliminated during land controls and real slope classes and boundaries were imprinted to cartographic material.

The slope maps acquired in digitized form in
GIS environment in order to determine that whether
slope boundaries obtained in this manner could be
soil boundary, were digitized as polygonal. Since
display of many areas with small boundaries on map
would have a negative effect on its readability and
practicability [1]VPDOODUHDVQRWVXLWDEOHIRUPDS¶V
VFDOH ZHUHQ¶WGLVSOD\HGRQ PDSDQG WKH\ ZHUH LQ
cluded in neighbor polygons, most appropriate to
their class. The most important objective for that is
to complete land works in less time and increase the
quality of map. Without performing this simplification, if it is intended to control each slope with auger,
controlling from a very large number of points will
be required. Moreover, due to the fact that these
boundaries will be eliminated before moving to
printing stage, it will be useless to waste time at land.
For example LI WKLV RSHUDWLRQ ZDVQ¶W SHU
formed within the boundaries of the polygon indicated as number 1 in Figure 5a, in this case, approximately 8 to 10 control points would have to be constituted. However, as shown in Figure 5b, even if
control points were constituted with such number of
DXJHU WKH\ FDQ¶W EH XWLOL]HG GXH WR IDLOLQJ WR EH
mapped later and this application will both increase
the workforce and cause waste of time. In this way,
probable soil boundaries of entire work area were
identified and transferred over the satellite image
that would be used as base cartographic material on
land. The second land work phase defined as the one;
in which symbols and boundaries of soil were determined and confirmed on land plots with probes and
observations performed on land, soil mapping studies were completed [1]; was performed with satellite
image over which, probable soil boundaries acquired
in office environment were transferred. At this stage,
controls and identifications were made with auger
from the points that could represent every polygon
identified and mapping units were identified.
Identification of the boundaries previously acquired in office environment, was performed in an
absolutely easy manner at land works carried out
with high resolution satellite data. Auger using supplied soil properties were identified and their series
ZHUHVSHFLILHGPDNLQJXVHRIODQG¶VOHJHQGSUHSDUHG
taking into account the general characteristics of predetermined soil series. Afterwards, land-soil characteristics were identified and mapping units were constituted on the basis of mapping legend. At this stage,
the most important auxiliary cartographic material
was satellite image. In addition, the slope maps acquired by making use of geographic information systems and contour lines, were also used as an important auxiliary cartographic material. The slope
map acquired by digitization of large scaled topographic map showed significant similarity with land.
Probable soil boundaries acquired by transferring
slope polygons over satellite image in office environment, provided convenience on land. It was

DISCUSSION
In this study performed basically for evaluation
of scale differences at topographic maps used as a
base for multipurpose engineering projects and for
practicality of those in soil survey and mapping studies; the detailed soil survey and mapping of sloping
region located in the North of the province of Adana
and Cukurova University campus, was performed.
Two different scale topographic maps were used for
this purpose. The counter lines involved at 1:5000
and 1:25000 scale topographic maps were digitized.
Through this study performed in the environment of
geographic information system; firstly DEM subsequently slope maps were acquired from these counter lines mentioned. When the compatibility of the
slope maps acquired from two different scale topo-
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graphic maps, with real situation on land was evaluated; it was seen that the slope map acquired from
the greater, that is to say, 1:5000 scale map was more
compatible. Nevertheless, it was revealed that
1:25000 scale topographic maps could also be used
in smaller scale studies, not necessitate any detail.
In the next stage, 2, 5 and 10 m resolution slope
maps were acquired from 1:5000 scale map. It was
revealed that especially 10 m resolution slope map
was rougher for the studies requiring to be detailed.
$OWKRXJKWKHUHZHUHQ¶WYHU\VLJQLILFDQWGLIIHUHQFHV
between 2 m and 5 m resolution slope maps; 2 m resolution slope map was identified more compatible
and this map was used in the rest of the study.
In the last operation before going to the land,
the small boundaries on the slope map were merged
with their nearest neighboring boundaries and slope
boundaries were digitized. Thus, before going to the
land, probable soil boundaries were identified on the
basis of the slope map and transferred onto the satellite image that is a cartographic material. By this
way, not only time spent on land has been shortened,
but also it has facilitated less experienced researchers to find soil boundary. During the land work, these
data were selected as the baseline and land observations and soil boundaries were confirmed.
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PREPARATION OF Ȗ -Fe2O3/SiO2/TiO2 UNDER THE
LOW-TEMPERATURE AND THE PHOTO-CATALYTIC
DEGRADATION OF SULFAMETHAZINE IN WATER
Qingzhu Jia*, Xiaochen Jia, Hui Chen
School of Marine and Environmental Science, Tianjin University of Science and Technology, Tianjin 300457, China

ing contaminants increasingly occurred in
wastewater and aquatic environments[2]. However,
DQWLELRWLF GUXJV¶ UHPRYDO LV GLIILFXOW DQG JHQHUDOO\
inefficient in traditional wastewater treatment
plant[3]; hence, sulfa antibiotics residue has caused
a potential threat to aquatic organisms and human
health[4].
Because of its chemical stability, innocuity
safety, high photo-catalytic activity and relatively
lower cost, TiO2 photo-catalysis has been utilized
widely to degrade organic contaminants from the
water body[5],[6],[7],[8] . Also, in order to recycle
photo-catalyst from the disposal wastewater there
are increasing concerns of immobilizing TiO2 by
the coating deposited on a solid substrate such as
silica gel[9], alumina[10], glass spheres[11] and/or
activated carbon[12], et al. These approaches can
enhance the separability of TiO2 from the treated
wastewater to some extent, however, the immobilization of TiO2 catalytic might bring about a striking
diminution of catalytic activity[13]. Thus, it is of
vital challenge to develop multifunctional photo-catalysts with properties of efficient recyclability
and high photo-activity.
Colloidal magnetic microsphere has recently
been fascinating as composites, due to their faultless integration of sensitive magnetic response and
flexible surface[14]. However, the direct contiguity
of magnetic cores and TiO2 photo-catalyst would
usually lead to an unfavorable heterojunction between them giving rise to an enhancement of electron-hole recombination[15]. Hence, in order to
avoid direct contiguity between TiO2 shell and
magnetic cores, it would be necessary to insert interfacial layers, such as activated carbon (due to
absorbability)[16],[17], CdS (owing to visible light
responsive and hetero-structure with TiO2-based)
[18], and SiO2 (because of chemical inertness and
thermo-stability)[19],[20],Q:HLHWDO¶VZRUN[21],
the Au-CdS-TiO2 nanojunction with an all-solid
state Z-scheme system was synthesized by the gas
bubbling-assisted membrane reduction-precipitation
method. By using the sol-gel method, the prepared
magnetic TiO2-WO3/SiO2/Fe3O4 nanoparticles under the high-temperature (80Ԩ) could successfully

ABSTRACT
,Q WKLV ZRUN WKH PDJQHWLF Ȗ-Fe2O3/SiO2/TiO2
microspheres of core±shell structure with convenient recyclability were prepared by using the ultrasonic-DVVLVWHG PRGLILHG 6WऺEHU PHWKRG DQG VRO-gel
approach, and the photo-activity of which was
evaluated by through the photo-degradation of sulfamethazine in aqueous solution. Results suggested
that the good superparamagnetic properties of
Ȗ-Fe2O3/SiO2/TiO2 could be reserved by the forPDWLRQ RI Ȗ-Fe2O3. The photo-degradation of sulfamethazine results demonstrated that the prepared
Ȗ-Fe2O3/SiO2/TiO2 could provide the same high
UV-photo-activity as that of P25 TiO2 because of
their similar constitutes of anatase and rutile types.
And the higher UV-photo-degradation rate for sulfamethazLQH RI Ȗ-Fe2O3/SiO2/TiO2 than that of
Ȗ-Fe2O3/TiO2 further demonstrated that the SiO2
interlining could not only block the contact of TiO2
VKHOO DQG PDJQHWLF FRUH Ȗ-Fe2O3, but also enhance
the photo catalytic reactivity. Moreover, this easily
UHFRYHUDEOH Ȗ-Fe2O3/SiO2/TiO2 could be reused at
least for five times without any appreciable reduction of photo-catalytic efficiency. In combination
with HPLC/ESI-MS analysis and density functional
theory, photo-degradation pathway of sulfamethazine had been speculated, and some key reaction
processes as the hydroxyl oxide, ammonia oxidation, splitting decomposition and open loop reactions might have occurred during the photo-degradation of sulfamethazine.

KEYWORDS:
Photo-catalyst; TiO2; SiO2; Sulfadimidine; Degradation
pathway

INTRODUCTION
Though sulfa drugs have made a great contribution to stock breeding and disease treatment[1],
its extensive use and even abuse has also brought
many environmental problems. Thus, these emerg-
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method. The process of the fore mentioned
Fe3O4/SiO2 as seed for the TiO2 coating was described above. In the typical synthesis, firstly,
120mg Fe3O4/SiO2 microspheres scattered in 50mL
2-propanol were sonicated for 15min at different
temperatures (35Ԩand 65Ԩ). Then, the dispersion
was added in 50mL Milli-Q water and 130mL isopropanol, given a few glacial acetic acid, and was
sonicated for 30min. Next, 6mL Titanium isopropoxide was dropwise added and sonicated for 3h.
The resulting photo-catalyst was dried overnight in
an oven at 80Ԩ, 105Ԩ and 120Ԩ, respectively.
Then, they were washed three times by ethanol and
Milli-Q water. Lastly, the Fe3O4/SiO2/TiO2 microspheres were calcined at 450Ԩfor 2h. Additional,
Fe3O4/ TiO2 nanoparticles was prepared using the
above approach. Simultaneously, in order to investigate the effect of calcination temperature,
Fe3O4/SiO2/ TiO2 magnetic microspheres synthesized at 35Ԩ were calcined at 300Ԩ, 400Ԩ,
450Ԩ,500Ԩand 600Ԩ, respectively, for 2hr under
static air.

photo-degrade the bisphenol A from an aqueous
solution[17]. But it is unstable and its catalytic efficiency is relatively low at high temperature synthesis[17]. It is necessary to develop a new
Ȗ-Fe2O3/SiO2/TiO2 photocatalyst with higher activity and very good stability.
In this present study, in order to improve the
recyclability and photo-activity especially irradiated
by sunlight of TiO2-based catalyst, new hierarchiFDOO\ PLFURSRURXV PDJQHWLF Ȗ-Fe2O3/SiO2/ TiO2
nanoparticles was prepared under the low- temperDWXUH 6WUXFWXUH FKDUDFWHUV RI Ȗ-Fe2O3/SiO2/TiO2
nanoparticles were systematically tested in terms of
techniques such as X-ray diffraction, scanning electron microscopy, Fourier transform infrared spectroscopy, vibrating sample magnetometer and
UV-vis diffuse reflectance spectra, etc. Also, the
photo-DFWLYLW\ RI Ȗ-Fe2O3/SiO2/TiO2 nanoparticles
was verified by the UV/SUN-degradation of sulfamethazine, and in combination with HPLC-MS
analysis, photo degradation pathway of sulfamethazine would be speculated in detail.

Characterization of photo-catalysts. The
characterization of the photo-catalysts was tested by
the following equipment. X-ray diffraction patterns
of nanoparticles were measured with a
D/MAX-2500 X-ray diffractometer (XRD, Rigaku.
Japan). Gold APP Instruments BET surface area were obtained with Tristar 3020 M (BET, micromeritics, America). The morphologies were
performed by the scanning electron microscopy
(SEM, Shimadzu Japan) equipped with an accelerating voltage of 200kV. For FT-IR, the spectra were
gathered on a Fourier Transform Infrared Spectrometer (FT-IR, MultiGas 2030). Magnetic hysteresis curves were obtained with a Vibrating Sample
Magnetometer (VSM, LDJ-9600, America) at 300K.
UV-vis diffuse reflectance spectra (UV-vis DRS)
were carried out by a Cary 60 UV-vis spectroscopy
(Agilent, China).

MATERIALS AND METHODS
Materials. Titanium isopropoxide and sulfamethazine were supplied by Adamas-beta as pure
compounds (>99%). Methyl alcohol, ethanol, glacial acetic acid, tetraethyl orthosilicate (28 wt.%),
isopropanol and ammonium hydroxide (25 wt.% by
volume) were purchased in China. P25 TiO2 powders was bought from the manufacturer Degussa
AG (Germany). Fe3O4 was directly obtained from
MACKLIN. Milli-Q water was used for all preparing and after treatment processes. All the reagents
were used without further purification.
Preparation of Ȗ-Fe2O3/SiO2/TiO2 composite nanoparticles. Preparation of Fe3O4/SiO2. In
this work, Fe3O4 spheres could be directly bonded
with amorphous silica by the ultrasound modified
6WऺEHU PHWKRG )LUVWO\ PJ QDQRVL]HG )H3O4
spheres scattered in 25mL 2-propanol were sonicated for 15min. Then, the dispersion was scattered
in a mixed solution of Milli-Q water (25mL) and
2-propanol (75mL). Meanwhile, 0.8mL ammonia
solution was dropwise added during 30min soniFDWLRQ 1H[W ȝ/ WHWUDHWK\O RUWKRVLOLFDWH ZDV
mixed in this solution, which was maintained during 3hr ultrasonic at 35Ԩ. Then, they were washed
three times with ethanol. Finally, the sample was
dried overnight at 60Ԩ.

Photocatalytic degradation sulfamethazine.
Being as a representative sulfonamide, sulfamethazine was selected to assess the photo-catalytic activity of the prepared Ȗ-Fe2O3/SiO2/TiO2 catalyst.
Photolysis reactions of sulfamethazine were performed with a jacketed reactor setup. Firstly, the
sulfamethazine solution (initial concentration of 10
mg/L, initial pH of 6.0) was stirred about for 30
min in the darkness with the addition of photo-catalysts Ȗ-Fe2O3/SiO2/TiO2, in order to reach the
adsorption±desorption quasi-equilibrium. The required pH of 6.0 was adjusted by adding diluted
aqueous solution of NaOH and/or hydrochloric acid.
Then, the UV-ODPS :Ȝ   DQGRU IOuorescent lamp (205W) were switched on and the photo-degradation process would be last for 2hr. Also,

Preparation of Fe3O4/SiO2/TiO2 composite
nanoparticles. By using Titanium isopropoxide as
titanium source, the Fe3O4/SiO2/TiO2 microspheres
were prepared with an ultrasound modified sol-gel
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FIGURE 1A
XRD patterns of standard card with various nanoparticles.
(XRD) of various nanoparticles were showed in
Fig.1. The standard XRD patterns of Fe3O4,
Ȗ-Fe2O3, SiO2, rutile and anatase were showed as
Fig. S1 provided as supplementary. Here, XRD
patterns of P25 was used as the standard diffractogram for bulk P25 TiO2 given by the business firm.
Fig.1 suggested the cubic spinel structure
characteristic peaks of the Fe3O4 nanoparticles.
$FFRUGLQJ WR ;5' SDWWHUQV RI Ȗ-Fe2O3/SiO2/TiO2
nanoparticle, diffractogram peaks of rutile and anatase could be detected obviously, which was similar
to those of P25 TiO2. Therefore, the new
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles synthesized in our
work might have the good photo-catalytic effect.
Moreover, for the calcined samples of
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles, diffraction peaks
RI )H ZHUH VKRZHG DV SHDNV RI KHPDWLWH Ȗ-Fe2O3)
according to the XRD pattern standard card of
Ȗ-Fe2O3 (showed as Fig. 1A). These result suggested that the magnetic iron oxide core (Fe3O4) had
EHHQ FRQYHUWHG LQWR KHPDWLWH Ȗ-Fe2O3) after calcination, and the good superparamagnetism

sunlight (light intensity of 418W/m2) were used as
light source about 2 hr. During the reaction process,
samples obtained firstly by the magnetic separated
DSSURDFK ZHUH VLIWHG WKURXJK D  ȝP PHPEUDQH
for the HPLC (Ultimate 3000) analysis. Here, the
mobile phase was 1 mL/min methanol and water
(4:6 of V/V), and an Agela Venusil MP (C18 (2);
î PP ȝP  FROXPQ ZDV XVHG DQG WKH GH
tector wave length was set as 268.5nm.
Quantum-mechanical calculations of sulfamethazine. According to the density functional
theory, atomic charges, frontier electron densities
and bond lengthes of SMZ molecule were calculated and simulated on the Pentium IV computer by ab.
initio algorithm.

RESULTS AND DISCUSSION
6WUXFWXUH&KDUDFWHUVRIȖ-Fe2O3/ SiO2/TiO2
nanoparticles. XRD. X-ray diffraction patterns
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RI KHPDWLWH LQ WKH Ȗ-Fe2O3/SiO2/TiO2 system
would ensure the high quality magnetic separation
capability, which was the reason that the catalyst
prepared in this present study was named as
Ȗ-Fe2O3/SiO2/TiO2 but not Fe3O4/SiO2/TiO2.

3500cm-1 denoted the bending vibration of the anaWDVH FU\VWDOV ,Q FDVH RI Ȗ-Fe2O3/TiO2 Ȗ-Fe2O3 absorption peak was detected. While for
Ȗ-Fe2O3/SiO2/TiO2, it should be noted that no
Ȗ-Fe2O3 absorption peaks was detected obviously,
ZKLFK PLJKW LPSO\ WKDW Ȗ-Fe2O3 was absolutely
sheltered by SiO2 shells; moreover, Fe and Ti bonds
absorption peaks had not been recorded, implying
WKDWȖ-Fe2O3 cores and TiO2 shells were totally isolated by the SiO2. Also, and 1403-1232cm-1 stands
for the stretching modes of Si-O-Si. A band at
1052cm-1 was a typical stretching modes of Ti-O-Si
linkage which was Si4 structural unit connected to
TiIV14. These results also implied that tetrahedral
TiIV could merge into the silica framework. Hence,
Ȗ-Fe2O3/SiO2/TiO2 was core±shell structured magnetic microspheres. In addition, adsorption experiments of this work showed that this prepared photo-FDWDO\VW Ȗ-Fe2O3/SiO2/TiO2 might have a low
adsorption capacity of pollutants. Thus, combined
with SEM and BET, tight outer and small porosity
of the photo-catalytic structure might be speculated
and showed as Scheme 1.

BET&SEM. In Fig. 2, the N2 adsorption-GHVRUSWLRQLVRWKHUPRIȖ-Fe2O3/SiO2/TiO2 was
shown, which exhibited a type V patterns with distinct H1 hysteretic loops in accordance with the
IUPAC classification, indicating the presence of
agglomerates of spherical particles which is relatively uniform size. Also, the BET surface area of
WKH Ȗ-Fe2O3/SiO2/TiO2 particles is 49.3 m2/g, the
BJH pore volume is 0.17 cm3/g and the pore diameter is 13.5 nm. On the other hand, the morphology
of the as-SUHSDUHGȖ-Fe2O3/SiO2/TiO2 nanoparticles,
Fe3O4 and other magnetic microspheres were characterized by SEM (Fig. S2, provided as supplementary), which indicated the retention of the original hierarchical structure on the nanoscale. In
Fig.S2, Fe3O4 cores were regular spherical shape
with the diameter of 50 nm, consisting of many
small microspheres. And also, it could be seen that
15 nm SiO2 layer was uniformly coated over magnetic cores of Fe3O4. When the loaded TiO2 was
90%, the diameter of FST nanoparticles microspheres varied from 100 nm to 280 nm. These clusWHUV¶ VWUXFWXUHV ZHUH FRQQHFWHG OLNHO\ RZLQJ WR
magnetic dipole interaction between neighboring
nanoparticles. Also, this clusters structure character
RI Ȗ-Fe2O3/SiO2/TiO2 might lead to much stronger
saturation magnetization of magnetic cores than
single nanoparticle[15]. Consequently, magnetic
QDQRSDUWLFOHV Ȗ-Fe2O3/SiO2/TiO2 could be quickly
separated by a magnet and the reusability of which
might be ensured further.

Magnetic hysteresis curves. Magnetic hysteresis curves were obtained by using a vibrating
sample magnetometer shown as in Fig.4. The saturation magnetization of Fe3O4, Fe3O4/SiO2 and
Ȗ-Fe2O3/SiO2/TiO2 were estimated to be 39.1emu/g,
25.7 emu/g and 6.7 emu/g at 300K temperature,
respectively. The coactivity, and residual magneti]DWLRQ RI Ȗ-Fe2O3/SiO2/TiO2 nanoparticles were
assessed to be 14.31 G and 0.15 emu/g, respectively, implying the superparamagnetism capability of
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles. Benefited from
properties of the higher saturation magnetization as
well as narrower magnetic hysteresis curve, the
PDJQHWLFFRUHFRQVLVWHGRIVSKHULFDOȖ-Fe2O3 nanoparticles could make quick magnetic separation and
re-dispersal[19] +HQFH WKH Ȗ-Fe2O3/SiO2/TiO2
nanoparticles photo-catalyst could be efficiently
separated under an external magnetic field[20].
Meanwhile, once the external magnetic field was
removed, magnetic microspheres could be
re-dispersed in the mixture solution.
UV-Vis. The UV-vis diffuse reflectance spectra of TiO2 DQG SUHSDUHG Ȗ-Fe2O3/SiO2/TiO2 nanoparticles were showed in Fig. 5. Results of
Fe3O4@SiO2 showed weaker absorption performance in the range of 450-750 nm. The UV±vis
diffuse reflectance spectra of TiO2 mainly concentrated on the UV range of 200nm to 400nm. Here, it
VKRXOG EH QRWHG WKDW Ȗ-Fe2O3/SiO2/TiO2 nanoparticles showed a notably wide absorption peak in the
visible light region (more than 400nm). The possible reason might be that the iron ion could modify
the photo absorption behavior to some extent and a

SCHEME 1
Schematic diagram of synthetic FST NPs
FTIR analysis. FTIR spectroscopy (the range
of 4000-400cm-1) was carried out by using the MultiGas 2030 to further identify composition information and chemical bonding of SiO2 layers. And
sequential
coating
TiO2
layers
of
Ȗ-Fe2O3/SiO2/TiO2 DQGȖ-Fe2O3/TiO2 were shown in
)LJ )RU ERWK Ȗ-Fe2O3/SiO2/TiO2
and
Ȗ-Fe2O3/TiO2, the high-intensity peak about at
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All
the
above
results
indicated
that
Ȗ-Fe2O3/SiO2/TiO2 had further enhanced photocatalytic activity compared with P25 TiO2 especially in the normal visible light range.

slight blue-shift at visible wavelengths could then
be occurred22 Ȗ-Fe2O3/SiO2/TiO2 nanoparticles
prepared at synthesis temperatures of 35Ԩand 65Ԩ
existed the similar absorption results, though in the
normal visible light range, the absorption peak of
the former was slightly higher than that of the latter.
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Magnetic hysteresis curves of (a) Fe3O4, (b) Fe3O4/SiO2 F Ȗ-Fe2O3/TiO2,
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Effects of catalyst synthesis temperature on the photo-degradation of sulfamethazine
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tional heat synthesis treatment was successful and
hopeful.

Influences of synthesis temperature and
calcination temperature on the photo-catalytic
SURSHUW\ RI Ȗ-Fe2O3/SiO2/TiO2. Synthesis temperature. Irradiated with the sunshine (about
418W/m2), the photo-DFWLYLW\RIȖ-Fe2O3/SiO2/TiO2
prepared at different synthesis temperature were
investigated and the results were given in Fig.6.
Fig.6 showed that the degradation rate of sulfamethazine decreased with the increasing of synthesis
WHPSHUDWXUH RI Ȗ-Fe2O3/SiO2/TiO2 )RU WKHȖ-Fe2O3/
SiO2/TiO2 prepared at 35 the increasing of synthesisulfamethazine was about 95% after photolysis
IRU K ZKHUHDV IRU WKHȖ-Fe2O3/SiO2/TiO2 obtained
at 65after photolysis for 2h rate could be reached.
In case of the degradation kinetic constant, the former ( k=0.0294 min-1) was about the two times of
the latter (k=0.0139 min-1). These results suggested
that the photo-FDWDO\WLF DFWLYLW\ RI Ȗ-Fe2O3/SiO2/
TiO2 nanoparticles magnetic microsphere might be
decreased with the rising of synthesis temperature.
And the possible reason might be that the volatility
of isopropyl alcohol would be increased if temperatures were too high, which therefore would influence the structure and photo-catalytic activity of
Ȗ-Fe2O3/SiO2/TiO2. At the same time, an interesting
phenomenon was found. Compared to the Ȗ-Fe2O3/
SiO2/TiO2 of conventional synthesis process, the
Ȗ-Fe2O3/SiO2/TiO2 at low temperature synthesis
better adapt to environmental changes (such as water temperature and PH), owing to firmer TiO2 adhesion from the novel preparation method.
Moreover, our work demonstrated that if the
FRQGHQVLQJ WHPSHUDWXUH RI Ȗ-Fe2O3/SiO2/TiO2 was
ORZHQRXJKWKHSUHSDUHGȖ-Fe2O3/SiO2/TiO2 nanoparticles would have relatively higher efficiency
especially at the low-temperature synthesis condition. Accordingly, this proposed new method of
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles prepared under a
lower synthesis temperature instead of the tradi-

Calcination temperature. Thermogravimetric
analysis of Fe3O4/SiO2/TiO2 was showed in Fig.S3
provided as supplementary. XRD patterns of
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles prepared at different calcination temperatures were described in
Fig. S4 provided as supplementary, and effects of
FDOFLQDWLRQ WHPSHUDWXUH IRU Ȗ-Fe2O3/SiO2/TiO2 on
the photo-degradation of sulfamethazine were
showed in Fig.7.
)LJ6 VXJJHVWHG WKDW WKH Ȗ-Fe2O3/SiO2/TiO2
nanoparticles weightlessness was about 2.39% from
300Ԩ to 400Ԩ because of the crystal type transformation from amorphism to anatase, and about
1.32% weightlessness was obtained in the range of
400-500400-500-500f 400-500pe transformation
IURP
WXUH
IRU
Ȗ-Fel
and
hopeful.w
PHWȖ-Fe2O3/SiO2/TiO2 nanoparticles weightlessness
was almost zero in the range of 600Ԩ to
800Ԩ.Accordingly, calcination temperature range
RI Ȗ-Fe2O3/SiO2/TiO2 nanoparticles was set at
300-600a.
According to XRD patterns shown in Fig.S4,
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles calcination temperature at 300Ԩmainly included the amorphous
state TiO2 )RU Ȗ-Fe2O3/SiO2/TiO2 nanoparticles
samples prepared at 450-550300Ԩmainly anatase
and a few rutile TiO2 were detected obviously. For
d at2O3/SiO2/TiO2 nanoparticles of calcination
temperature at 450Ԩ, diffractogram peaks were the
strongest, suggesting the better crystallinity of
TiO2. However, when calcination temperature over
60000 cry2 crystal converted anatase into rutile. In
summary, results shown in Fig. S4 demonstrated
that the crystal form and crystallinity of TiO2 in
Ȗ-Fe2O3/SiO2/TiO2 would be markedly affected by
the calcination temperatures.
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for the photo-degradation of sulfamethazine.

VKLQH :KLOH IRU Ȗ-Fe2O3/SiO2/TiO2 nanoparticles
prepared at 300 and 600Ԩ, the photo-activity was
very low, and the degradation rate of sulfamethazine was only 60% after photolysis of 2hr (k=0.007
miní1). Consequently, the optimal calcination temperature should be set at 450Ԩ.

Also, results shown in Fig.7 demonstrated that
the photo-DFWLYLW\ RI Ȗ-Fe2O3/SiO2/TiO2 was dramatically influenced by the calcination temperatures, and the high photo-activity could be obtained
in the range of 400-500Ԩ, especially for 400Ԩ and
450Ԩ Ȗ-Fe2O3/SiO2/TiO2 nanoparticles, with the
sulfamethazine degradation rate of 90% in the sun-
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TABLE S1
The residue Fe ion of Ȗ-Fe2O3/SiO2/TiO2 and Ȗ-Fe2O3/TiO2 systems after separation.
Reuse-time

1 time

2 times

3 times

4 times

5 times

)HLRQRIȖ-Fe2O3/TiO2

1.3375

1.214

0.832

0.900

0.876

Fe LRQRIȖ-Fe2O3/SiO2/TiO2

0.0201

0.0008

0.0174

0.0036

0.0284

Fe ion mg/L

1.0

0.8
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FIGURE 9
Sulfamethazine concentrations over time in dark, solar irradiation or UV
FRQGLWLRQZLWKȖ-Fe2O3/TiO2, Ȗ-Fe2O3/SiO2/TiO2 and/or P25 TiO2

Ȗ-Fe2O3/TiO2 system was about 0.8-1.4 mg/L, while
LQ WKH Ȗ-Fe2O3/SiO2/TiO2 system, the residual iron
content was only about 0.003-0.02 mg/L, which
might be roughly ignored. These results further
suggested that the SiO2 interlayer could protect
magnetic cores from dissolution of iron ion, and
Ȗ-Fe2O3/SiO2/TiO2 nanoparticles microspheres prepared in this work were stable and reusable.

Photo-catalyst reusability. Magnetic separation process was a viable technique for reusability
of synthesized photo-catalyst23. Fig.8 described the
UHXVDELOLW\ RI Ȗ-Fe2O3/TiO2 DQG Ȗ-Fe2O3/SiO2/TiO2
samples on the photo-degradation of sulfamethazine in aqueous solution. Results showed that the
photo-DFWLYLW\ RI Ȗ-Fe2O3/TiO2 decreased dramatically (sulfamethazine degradation rate from 75% to
50%) with the increasing of reused times under UV
LUUDGLDWHG IRU KU ZKLOH IRU WKH Ȗ-Fe2O3/SiO2/TiO2
VDPSOHV WKHVH Ȗ-Fe2O3/SiO2/TiO2 could keep high
photo-activity (sulfamethazine degradation rate
range of 91- UHVSHFWLYHO\  DIWHU ILYH WLPHV¶
utilization under UV irradiated for 1hr and/or solar
radiation for 2 hr. Also, loss of photo-activity might
be roughly ignored during the sulfamethazine degUDGDWLRQ ZLWK Ȗ-Fe2O3/SiO2/TiO2. In fact, not only
the photo-catalytic activity, but also the magnetic
and the stability largely influenced the practical
DSSOLFDWLRQRIȖ-Fe2O3/SiO2/TiO2 microspheres.
On the other hand, in order to prove the stabilLW\ RI Ȗ-Fe2O3/TiO2 DQG Ȗ-Fe2O3/SiO2/TiO2 nanoparticles photo-catalysts, the residual concentration
of iron ion in solution was tested by using the
atomic absorption spectrophotometer (AA-7003F,
China). Table S1 (provided as supplementary)
showed that the residual iron content in the

Photo-catalytic
sulfamethazine.
Photo-catalytic effect for sulfamethazine. In order to
evaluate the photo-DFWLYLW\ RI Ȗ-Fe2O3/SiO2/TiO2
nanoparticles prepared in this work, photo-degradation of sulfamethazine under various
conditions were investigated and the results were
shown as in Fig.9. Fig.9 suggested that the change
of sulfamethazine concentration was very little (less
WKDQ XQGHUMXVWȖ-Fe2O3/SiO2/TiO2 TiO2 in the
absence of irradiation. It was obvious that sulfamethazine removal efficiency was high as 95%
(kuv=0.0516min-1, R2 = 0.99) with photo-catalystics
of P25 TiO2 DQG Ȗ-Fe2O3/SiO2/TiO2 for 1 hr under
UV-irradiation, yet sulfamethazine removal efficiency only reached 57% if just irradiated by UV
for 2 hr. Also, sulfamethazine removal efficiency
was high as 70% ( ksun=0.0294min-1, R2 = 0.94)
with photo-catalystic of P25 TiO2 and
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a

b

c

FIGURE 10
Scheme of the frontier orbital density of Sulfamethazine (a) HOMO, (b) LOMO
and (c)structural formula of sulfamethazine molecule.

a

b
FIGURE S5
Electron reorganization of sulfamethazine of ((a)cation (b)anions)
on the surface of Ȗ-Fe2O3/SiO2/TiO2.

Ȗ-Fe2O3/SiO2/TiO2 for 1 hr under solar irradiation. What is more, the photo-activity of prepared
Ȗ-Fe2O3/SiO2/TiO2 for 2 hr at the sunshine would
UHDFK WKH DOPRVW VDPH OHYHO RI Ȗ-Fe2O3/SiO2/TiO2
for 1 hr under UV-irradiation, which further
demonstrated the slight blue-VKLIW RI Ȗ-Fe2O3/
SiO2/TiO2 at visible wavelengths in the UV-vis.
:KLOH LQ WKH FDVH RI Ȗ-Fe2O3/TiO2, the lower sulfamethazine removal efficiency (75% or 40%) was
REWDLQHG XQGHU FRQGLWLRQ RI Ȗ-Fe2O3/TiO2/UV or
Ȗ-Fe2O3/TiO2/sunshine. Compared to the perforPDQFHRIȖ-Fe2O3/SiO2/TiO2 with their samples, our
Ȗ-Fe2O3/SiO2/TiO2 have higher activity and very
good stability, due to the novel prepared method[15],[22],[23].
The photo-activity similarity of P25 TiO2 and
Ȗ-Fe2O3/SiO2/TiO2 suggested that they might have
the same crystal type of anatase and rutile, which
could be certified by their XRD shown in Fig.1.
Comparisons of photo-DFWLYLW\ EHWZHHQ Ȗ-Fe2O3/
SiO2/TiO2 DQG Ȗ-Fe2O3/TiO2 suggested that the
SiO2 interlayer was vital for photo-catalyst to possess both the superparamagnetic properties of inWHUQDO Ȗ-Fe2O3 and photo-catalytic activity of exterior TiO2, which could not only restrain the weakHQLQJ RI Ȗ-Fe2O3 magnetism but also prevent the
weakening of photo-activity[14]. Therefore,
Ȗ-Fe2O3/SiO2/TiO2 with high photo-catalytic effect
prepared in this work could realize the separation
and recycling of photo-catalyst, and effectively
reduce the costing of wastewater treatment.

TABLE S2
Potential cleavage sites and frontier electron
density values at each position of sulfamethazine
Atom No.

Charge value

PED value

1

-0.083988

1.052891

2

-0.035062

0.944780

3

-0.094692

1.106375

4

-0.036046

0.950464

5

-0.083008

1.054081

6

0.120865

0.936789

7

-0.385078

1.545668

8

0.674793

1.981570

9

-0.330941

1.952738

10

-0.326142

1.676705

11

-0.378754

0.982929

12

0.283637

0.886688

13

-0.277453

1.033106

14

0.131882

0.903212

15

-0.106427

1.000156

16

0.136514

0.895291

17

-0.267186

1.329408

18

-0.184938

0.981180

19

-0.186343

1.035729

Degradation pathway of sulfamethazine.
HOMO is the Highest Occupied Molecular Orbital,
and LOMO means the Lowest Unoccupied Molecular Orbital[24]. Sometimes, HOMO and LUMO
are referred to as frontier orbitals in frontier molecular orbital theory[25] . The highest molecular orbit
electron in each atom has a certain charge density
distribution, and the order of the size distribution
would decide the location of an electrophilic rea-
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ory, the part of the high front electron density could
be attacked preferentially by hydroxyl radicals; and
these bonds connected with these atoms could preferentially break. Here, part of possible bond cleavage of sulfamethazine was shown in Fig.10.
In order to further analyze intermediate products, HPLC/ESI-MS analysis was carried out. The
characteristic peak of HPLC/ESI-MS Ion flow chart
could be shown at 2.2min, 2.5min, 5.6min, 5.9 min
and 7.3min, and the corresponding intermediates
are 2,4-Dimethylpyrrole, hydroquinone, N-(4,6Dimethylpyrimidi-2-yl)Benzene-1,4-Diamine, sulphanilamide and 2-Amino-4,6-dimethylpyrimidine,
respectively.
According to the theoretical analysis and
HPLC/ESI-MS analysis results of this work, the
main reactions in the sulfamethazine degradation
process might be (1), the hydroxyl oxide (2), ammonia oxidation (3), splitting decomposition and
(4), open loop, etc. Hence, degradation pathway of
sulfamethazine could be speculated and also expressed in detail as Fig.11. Here, three main pathways could be summarized as follows: (1), firstly,

gents attack individual atoms. Hence, electrophilic
reaction is most likely to occur on the maximum
charge density of atoms in the HOMO; similarly,
nucleophilic reagent is the most easy to attack
maximum charge density of atoms in the
LUMO[26].
On the basis of density functional theory[24],
scheme of sulfamethazine molecular model was
calculated using ab initio calculation show as in
Fig.10, and the atomic charge values were listed in
Table S2 provided as supplementary. Also, trapping
experLPHQWV RI UHDFWLYH VSHFLHV OLNH Â2+ DQG Â22should be confirmed by ESR[27].
Results listed in Table S2 showed that O9 and
O10 have larger electronegativity though slightly
different (-0.330941 and -0.326142). Consequently,
O9 and/or O10 of sulfamethazine might interact
with TiOH2+ on the TiO2 surface during the photo-catalytic degradation of sulfamethazine, and it
was possible that the new bond of -O-+«2-bond
could be obtained (in Fig. S5 provided as supplementary). Also, Table S2 showed that C1, C3, N7,
S8, O9, O10 and N13 have the higher front electron
density. In accordance with the frontier orbital the-

FIGURE 11
Possible pathways of sulfamethazine oxidative degradation
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results demonstrated the successful and hopeful
prospect of this prepared Ȗ-Fe2O3/SiO2/TiO2 at
lower-temperature comparing with the traditional
heat synthesis approach. Additional, in combination
with HPLC/ESI-MS analysis and density functional
theory, degradation pathway of sulfamethazine had
been speculated, and some main processes as the
hydroxyl oxide, ammonia oxidation, splitting decomposition and open loop reactions might have
occurred during the photo-degradation of sulfamethazine.

from the theory, intermediate products of sulfamethazine can be obtained by a hydroxyl attack on the
sulfonamido-. And these products are able to yield
by sulfamethazine desulfurization such as formation of 2-Amino-4, 6-dimethylpyrimidine, sulfanilamide, and N-(4,6-Dimethylpyrimidi-2-yl)
Benzene-1,4-Diamine. (2), moreover, hydroxylation
of the amidogen could take place owing to the attack of the hole and/or hydroxyl radical, which further led the formation of 4,6-Dimethyl-2- hydroxypyrimidine and 4-aminobenzenesulfonic acid.(3),
owing to the attack of hydroxyl radical to the benzene ring, phenol and then hydroquinone could be
formed successively.(4), the opening of the pyrimidine ring might be generated due to the attack of
hydroxyl radicals on the ortho carbon position of
the ring. Also, B Yang[28] (Vis/g-C3N4 %DELü[29]
(thin TiO2 ILOP  DQG 3HULãD V[30] (sunlight irradiation) investigation demonstrated that desulfurization and cracking had occurred during the sulfamethazine degradation process, which was consistent
with our results. On the other hand, the referenced
results suggested that demethylation, heterocyclic
cracking and/or the methylazolyl group reaction
might be incurred during the sulfamethazine degradation process, while in our work, only the pyridine
could be formed owing to the high photo degradaWLRQ SHUIRUPDQFH RI Ȗ-Fe2O3/SiO2/TiO2. Moreover,
it should be noted that the possible ruptured position of chemical bond was consistent with intermediate products of the experimental process, which
further demonstrated the theoretical guidance of the
density functional theory for the experimental process.
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VROLGPDWUL[LQWUDQVSRUWSURFHVVLVJHQHUDOO\DIIHFWHG
E\ PDQ\ IDFWRUV VXFK DV WKH FKDUJH IRUFH SDUWLFOH
VL]HGLVSHUVLRQDQGEULGJHFRQQHFWLRQ2YHUDOOPRVW
FXUUHQWO\ DYDLODEOH WKHRUHWLFDO PRGHOV VHHP WR EH
LQDGHTXDWH WR GHVFULEH WKH GHSRVLWLRQ SURFHVV RI
SDUWLFOHV>@
MRVW HVWDEOLVKHG JRYHUQLQJ HTXDWLRQV RQ WKH
WUDQVSRUWRISDUWLFOHVLQSRURXVPHGLXPLQFOXGHWKH
GHSRVLWLRQNLQHWLFV LHDEVRUSWLRQSURFHVV >@
LQGXFHGE\SK\VLFDODQGFKHPLFDOLQWHUIDFHHIIHFWV
7KHUHOHDVHRISDUWLFOHVGHSRVLWHGRQWKHVROLGPDWUL[
FDXVHG E\ WKH YDULDWLRQV RI SK\VLFDO RU FKHPLFDO
LQWHUDFWLRQEHWZHHQSDUWLFOHVDQGVROLGPDWUL[LVDOVR
LQYHVWLJDWHG >@ ,Q UHDOLW\ WKH K\GURG\QDPLF
GLVSHUVLRQ HIIHFW RQ GHHS EHG ILOWUDWLRQ LV YHU\
LPSRUWDQW GXH WR WKH HIIHFWV RI PROHFXODU GLIIXVLRQ
DQG PHFKDQLFDO PRYHPHQW HVSHFLDOO\ IRU WKH
PLJUDWLRQ RI SDUWLFOHV QHDU WR ZHOOV ZKHUH WKH
GLVSHUVLYLW\PD\DOUHDG\DULVHWRWKHEHGVFDOH>@
)RU WKLV D GLVSHUVLRQ LWHP LV DGGHG WR WKH
PDWKHPDWLFDO PRGHOV ZKLFK DFFRXQWV IRU SDUWLFOH
GLIIXVLRQ LQ WKH PDVV EDODQFH IRU SDUWLFOHV EXW
QHJOHFWV WKH GLVSHUVLRQ IOX[ FRQWULEXWLQJ WR WKH
UHWHQWLRQNLQHWLFV
,Q WKLV VWXG\ D PDWKHPDWLFDO PRGHO LV
GHYHORSHG WR GHVFULEH WKH VHHSDJH WUDQVSRUW RI
SDUWLFOHVLQSRURXVPHGLXPZKLFKWDNHVLQWRDFFRXQW
WKH GLVSHUVLRQ HIIHFW LQ WKH SURFHVV RI GHSRVLWLRQ
NLQHWLFV7KHQWKHJHQHUDOVROXWLRQZLWKDQLWHPRI
WKHSDUWLFOHVRXUFHLVREWDLQHGE\/DSODFHWUDQVIRUP
DQG LQYHUVH /DSODFH WUDQVIRUP %DVHG RQ WKH
HOHPHQWDU\VROXWLRQRIDQLQVWDQWDQHRXVSODQHVRXUFH
WKHVHPLDQDO\WLFDOVROXWLRQRIWKHSDUWLFOHWUDQVSRUW
HTXDWLRQ LV GHULYHG LQ D VHPLLQILQLWH VDWXUDWHG
SRURXV PHGLD FRQWDLQLQJ D SDUWLFOH VRXUFH ZKRVH
FRQFHQWUDWLRQ YDULHV ZLWK WKH FRRUGLQDWH DQG WLPH
6RPH FRPSOLFDWHG SDUWLFOH WUDQVSRUW SUREOHPV
LQGXFHGE\VHHSDJHVXFKDVH[SRQHQWLDOO\GHFD\HG
VRXUFH FDQ EH DQDO\]HG FRQYHQLHQWO\ XVLQJ WKLV
VROXWLRQ

ABSTRACT
7KH JHQHUDO VROXWLRQ RI WKH WUDQVSRUW RI
SDUWLFOHV LQGXFHG E\ VHHSDJH LQ D VHPLLQILQLWH
VDWXUDWHGSRURXVPHGLDLVREWDLQHGE\XVLQJ/DSODFH
WUDQVIRUP DQG LQYHUVH /DSODFH WUDQVIRUP ZKLFK
WDNHV LQWR DFFRXQW WKH GLVSHUVLRQ HIIHFW LQ WKH
GHSRVLWLRQ NLQHWLFV %DVHG RQ WKH VROXWLRQ RI DQ
LQVWDQWDQHRXV SODQH VRXUFH WKH VHPLDQDO\WLFDO
VROXWLRQRIWKHSDUWLFOHWUDQVSRUWHTXDWLRQLVGHULYHG
LQSRURXVPHGLDFRQWDLQLQJDSDUWLFOHVRXUFHZKRVH
FRQFHQWUDWLRQYDULHVZLWKWLPHDQGVSDFH7KHUHVXOWV
VKRZWKDWWKHLPSDFWRIWKHGLVSHUVLRQHIIHFWRQWKH
WUDQVSRUWRISDUWLFOHVLQSRURXVPHGLDLQFUHDVHVZLWK
LQFUHDVLQJ GLVSHUVLRQ FRHIILFLHQW DQG WKH
FRQFHQWUDWLRQRISDUWLFOHVLQFUHDVHVUDWKHUVKDUSO\IRU
VPDOOGLVSHUVLRQFRHIILFLHQWEXWPRUHVPRRWKO\IRU
ODUJH GLVSHUVLRQ FRHIILFLHQW ,Q WKH DEVHQFH RI WKH
GLIIXVLYH HIIHFW LQ WKH GHSRVLWLRQ NLQHWLFV WKH
FRQFHQWUDWLRQ RI SDUWLFOHV DQG WKH UDWH RI SDUWLFOHV
GHSRVLWHG RQ WKH VROLG PDWUL[ LQFUHDVH WKDQ WKH
H[LVWHQFHRIWKHGLIIXVLYHHIIHFW
.(<:25'6
6DWXUDWHG SRURXV PHGLD SDUWLFOH VL]H UHOHDVH VRXUFH
VHHSDJHWUDQVSRUW

,1752'8&7,21
7KHUHVHDUFKRQWKHWUDQVSRUWDQGGHSRVLWLRQRI
SDUWLFOHV LQGXFHG E\ ZDWHU IORZLQJ WKURXJK WKH
SRURXV PHGLXP LV RI FRQVLGHUDEOH SUDFWLFDO
LPSRUWDQFH LQ D YDULHW\ RI HQYLURQPHQWDO
DJULFXOWXUDO DQG LQGXVWULDO DSSOLFDWLRQV > @ $
QXPEHU RI ODERUDWRU\ WHVWV KDYH EHHQ FRQGXFWHG WR
LQYHVWLJDWHWKHPLJUDWLRQDEVRUSWLRQDQGUHOHDVHRI
SDUWLFOHV LQ SRURXV PHGLD DQG VHYHUDO WKHRUHWLFDO
PRGHOVKDYHDOVREHHQGHYHORSHGWRFKDUDFWHUL]HWKH
WUDQVSRUWSURFHVVRISDUWLFOHVLQFOXGLQJWKHFDSLOODU\
PRGHOLVRODWHGVSKHULFDOPRGHODQGFRQVWULFWHGWXEH
PRGHO>@,QJHQHUDOWKHWUDQVSRUWRISDUWLFOHVLQ
SRURXV PHGLXP FDQ EH ZHOO GHVFULEHG E\ WKH
FODVVLFDO GHHS EHG ILOWUDWLRQ PRGHO > @ WKH
SULQFLSOHRIZKLFKLVEDVHGRQWKHFRQFHSWRIDYHUDJH
FRQFHQWUDWLRQ>@7KHFDSWXUHRISDUWLFOHVRQWKH

0$7+(0$7,&$/ 02'(/ $1' 62/87,21
0(7+2'
*RYHUQLQJHTXDWLRQV%DVHGRQWKHDGYHFWLRQ
GLVSHUVLRQ HTXDWLRQ WKH WUDQVSRUW RI SDUWLFOHV LQ
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SXUHSRURXVPHGLXPDQG[LVWKHGHFD\SDUDPHWHURI
SDUWLFOH GHSRVLWLRQ ZKLFK LV WKH LQYHUVH RI WKH
PD[LPXPFRQFHQWUDWLRQVPRISDUWLFOHVGHSRVLWHGRQ
WKHVROLGPDWUL[ [ VP 
:KHQWKHFRQFHQWUDWLRQRIFDSWXUHGSDUWLFOHVLV
VPDOOHQRXJKWREHQHJOLJLEOHRQHFDQWDNH[ DQG
WKXVO O LQWKLVFDVH2QWKHFRQWUDU\VPDOOSRUHV
DUH SRVVLEO\ ILOOHG DQG HYHQ EORFNHG ZLWK WKH
DFFXPXODWLRQRISDUWLFOHVRQWKHVROLGPDWUL[GXULQJ
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SURFHVVRISDUWLFOHVRQWKHVROLGPDWUL[

VDWXUDWHG KRPRJHQHRXV SRURXV PHGLD XQGHU WKH
FRQGLWLRQ RI RQHGLPHQVLRQDO K\GURG\QDPLF
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FIGURE 1
Physical model
3K\VLFDOPRGHODQGVROXWLRQVLQWKH/DSODFH
WUDQVIRUP )RU WKH SUREOHP RI RQHGLPHQVLRQDO
VHHSDJH PLJUDWLRQ )LJ   WKH FRQFHQWUDWLRQ RI
SDUWLFOHV LQ SRURXV PHGLXP LV REYLRXVO\ UHODWHG WR
WKHFRRUGLQDWH]$VVXPHWKDWWKHLQLWLDOFRQGLWLRQLV
& ]   V ]   ZKHQ ]! DQG WKH ERXQGDU\
FRQGLWLRQLV& W DQG& fW 
:KHQ& ] WKH/DSODFHWUDQVIRUPRI(T

O0 (1  [V )  
ZKHUH O LV WKH LQLWLDO ILOWUDWLRQ FRHIILFLHQW LQ
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X  FPV according to previous studies [12, 15]
DQG GLIIHUHQW GLVSHUVLRQDGYHFWLRQ UDWLRV N 
 RUK\GURG\QDPLFGLVSHUVLRQFRHIILFLHQWV
'     FPV  DUH FRQVLGHUHG
0XOWLSOHLQWHJUDOVDUHFDOFXODWHGXVLQJ0DWKHPDWLFD
VRIWZDUH :ROIUDP5HVHDUFK 
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]DQGGHFD\Vexponentially with time t (Fig. 1). Thus,
the release rate can be expressed as:
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ZKHUHJLVWKHLQLWLDOUHOHDVHUDWH 0/7 E
LV D GHFD\ SDUDPHWHU 7  N LV D SDUDPHWHU
GHVFULELQJ WKH GLVWULEXWLRQ RI WKH SDUWLFOH VRXUFH
DORQJWKHGHSWK
:KHQ E  DQG N  q ( z , t ) J DQG (T  
FDQEHUHGXFHGWRDFRQVWDQWVRXUFH7KHUHOHDVHUDWH
RI SDUWLFOHV GHFUHDVHV exponentially with t for
various k values (N ), which can
be expressed by Eq. (29). $VVXPHWKDWD FPDQG
E FPWKHQG FP7KHIDFWRUVDIIHFWLQJSDUWLFOH
PLJUDWLRQ LQFOXGH WKH DGYHFWLRQ HIIHFW RI VHHSDJH
ZDWHU IORZ DQG WKH PROHFXODU PRYHPHQW DQG
K\GURG\QDPLF GLVSHUVLRQ RI SDUWLFOHV GXH WR ZDWHU
IORZ7KHUHODWLYHFRQWULEXWLRQRIWKHDGYHFWLRQDQG
GLVSHUVLRQ HIIHFWV GLIIHUV VLJQLILFDQWO\ ZLWK WKH
VHHSDJHYHORFLW\X$GLPHQVLRQOHVVUDWLRFDOOHGWKH
GLVSHUVLRQDGYHFWLRQ UDWLR LV LQWURGXFHG DV
N ' X/ DG/ WR FKDUDFWHUL]H WKH UHODWLRQVKLS
EHWZHHQ WKH PLFUR KHWHURJHQHLW\ VL]H GLVSHUVLYLW\
DG DQGWKHFKDUDFWHULVWLFVL]H/RIWKHERXQGDU\RI
SDUWLFOH VRXUFH ZKLFK LQ IDFW LV WKH LQYHUVH RI WKH
3HFOHWQXPEHU3H N 3H )RUWKHSUREOHPLQ)LJ
RQHFDQWDNH/ G
In reality, WKH FDOFXODWHG UHVXOWV GHSHQG
VLJQLILFDQWO\ RQ WKH VHOHFWHG SDUDPHWHUV :LWKRXW
ORVVRIJHQHUDOLW\, it is assumed that NG VDQG
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FIGURE 2
Distribution of the concentration of particles
with time and space
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EHWZHHQ' FPVDQGFPVLQ)LJ GXH
WRWKHGRPLQDQWFRQWULEXWLRQRIWKHDGYHFWLRQHIIHFW
LQGXFHGE\VHHSDJHIORZ

FIGURE 3
The effect of hydrodynamic dispersion on the
migration process
Exponentially GHFD\HG VRXUFH )LJ  VKRZV
WKH HYROXWLRQRI WKH FRQFHQWUDWLRQ RI SDUWLFOHV ZLWK
WLPH W DORQJ WKH GLUHFWLRQ ] LQ SRURXV PHGLXP
VXEMHFWHGWRDFRQVWDQWVRXUFH E VHH(T  RU
exponentially GHFD\HG VRXUFH E  V  ZLWK
N    UHVSHFWLYHO\ +HUH WKH LQLWLDO UHOHDVH
UDWH LV DVVXPHG WR EH J  PJ FPV  )LJ  D 
VKRZVWKDWIRUWKHFRQVWDQWVRXUFHWKHFRQFHQWUDWLRQ
RI SDUWLFOHV LQFUHDVHV ZLWK WLPH XQWLO D SODWHDX LV
UHDFKHG +RZHYHU IRU WKH FDVH RI exponentially
GHFD\HG VRXUFH )LJ  EG  WKH FRQFHQWUDWLRQ RI
SDUWLFOHVDWDJLYHQGHSWKIURPWKHVXUIDFHRISRURXV
PHGLXPVKRZVDQLQLWLDOVKDUSLQFUHDVHIROORZHGE\
DPRUHJUDGXDOGHFUHDVHWR,WLVQRWHGWKDWWKHSHDN
FRQFHQWUDWLRQ GHFUHDVHV DV WKH GHSWK IURP WKH
VXUIDFHRISRURXVPHGLXPLQFUHDVHVZKLOHWKHWLPH
UHTXLUHGWRUHDFKWKHSHDNLQFUHDVHV,WLVDOVRQRWHG
WKDW WKH FRQFHQWUDWLRQ RI SDUWLFOHV LV ORZHU LQ WKH
HxponentiallyGHFD\HGVRXUFH E VN VHH
)LJ F WKDQLQWKHFRQVWDQWVRXUFH E N VHH
)LJ D DQGPRUHWLPHLVQHHGHGWRUHDFKWKHSHDN
,QDGGLWLRQWKHFRQFHQWUDWLRQRISDUWLFOHV LQFUHDVHV
DV WKH VWUHQJWK RI WKH SDUWLFOH VRXUFH LQFUHDVHV
N oo 
)LJ  FOHDUO\ VKRZV WKDW WKH LPSDFW RI WKH
GLVSHUVLRQHIIHFWRQSDUWLFOHPLJUDWLRQLQFUHDVHVZLWK
LQFUHDVLQJGLVSHUVLRQFRHIILFLHQW LHWKHLQFUHDVHRI
GLVSHUVLYLW\ O ZKHQ X  FPV  +RZHYHU WKH
FRQFHQWUDWLRQ RI SDUWLFOHV LQFUHDVHV VPRRWKO\ IRU
ODUJH GLVSHUVLRQ FRHIILFLHQW HJ '  FPV  EXW
VKDUSO\ IRU VPDOO GLVSHUVLRQ FRHIILFLHQW HJ
' FPV 0RUHRYHUWKHSHDNFRQFHQWUDWLRQDW
DJLYHQGHSWKGHFUHDVHDQGWKHWLPHUHTXLUHGWRUHDFK
WKH SHDN LQFUHDVH DV WKH GLVSHUVLRQ FRHIILFLHQW
LQFUHDVHV )RU H[DPSOH ZKHQ ]  FP WKH SHDN
FRQFHQWUDWLRQ LV &     PJFP
DQGWKHWLPHUHTXLUHGWRUHDFKWKHSHDNLVW 
VIRUWKHGLVSHUVLRQFRHIILFLHQWVRI' 
FPVUHVSHFWLYHO\,WVKRXOGEHSRLQWHG
RXWWKDWWKHLPSDFWRIGLVSHUVLRQHIIHFWLVUHGXFHGDV
WKH GHSWK LQFUHDVHV IURP ]  FP WR ]  FP ,Q
DGGLWLRQ WKH GLVSHUVLRQ HIIHFW LV QHJOLJLEOH ZKHQ
' FPV LH O HJ WKH FRPSDULVRQ

FIGURE 4
The effect of hydrodynamic dispersion on the
concentration of particles

FIGURE 5
The FRQFHQWUDWLRQRIVXVSHQGSDUWLFOHV
DGVRUEHGRQWKHVROLGPDWUL[
)LJ  D  VKRZV WKDW WKH PD[LPXP
FRQFHQWUDWLRQRISDUWLFOHVDORQJWKHGHSWKGHFUHDVHV
ZLWK WKH LQFUHDVH RI GLVSHUVLRQ FRHIILFLHQW IRU ERWK
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SDUWLFOHV RQ WKH VROLG PDWUL[ GHFUHDVHV 7KH
LQFUHDVLQJ WUHQG LV PRUH REYLRXV IRU ODUJHU
GLVSHUVLRQFRHIILFLHQW ' FPVDQG' FPV
LQ )LJ  D  DQG WKH SHDN FRQFHQWUDWLRQ DORQJ WKH
GHSWK GHFUHDVHV VOLJKWO\ DQG WKH SHQHWUDWLRQ GHSWK
LQFUHDVHV D OLWWOH )LJ  E  )LJ  VKRZV WKDW WKH
FRQFHQWUDWLRQRISDUWLFOHVLQFUHDVHVZLWKWKHLQFUHDVH
RI WKH VWUHQJWK RI WKH VRXUFH
LH
N oooo DOVR VHH )LJ   EXW WKH
WLPHUHTXLUHGWRUHDFKWKHSHDNLVDOPRVWXQDIIHFWHG

FRQVWDQW VRXUFH DQG H[SRQHQWLDOO\ GHFD\HG VRXUFH
EXW WKH SHQHWUDWLRQ GHSWK DQG GLVWULEXWLRQ UDQJH
LQFUHDVH HVSHFLDOO\ IRU WKH FRQVWDQW VRXUFH ,Q
DGGLWLRQ WKH SHQHWUDWLRQ SKHQRPHQRQ GXH WR WKH
DGYHFWLRQHIIHFWRIVHHSDJHZDWHUIORZLVSDUWLFXODUO\
REYLRXV IRU VPDOO GLVSHUVLRQ FRHIILFLHQWV HJ
'   FPV  DQG WKHUH LV D FOHDU
GHPDUFDWLRQ SRLQW LQ WKH FXUYH EH\RQG ZKLFK WKH
FRQFHQWUDWLRQ RI SDUWLFOHV GURSV PRUH VKDUSO\ )RU
LQVWDQFH ZKHQ '  FPV DQG W  V WKH
GHPDUFDWLRQ GHSWK LV DW DERXW  FP VHH )LJ
 D ZKLFKLVVOLJKWO\ JUHDWHUWKDQWKH SHQHWUDWLRQ
GLVWDQFH LQGXFHG E\ WKH FRQYHFWLRQ / / XW 
FPVu V  FP  2Q WKH RWKHU KDQG IRU WKH
FRQVWDQWVRXUFHWKHGLVWULEXWLRQRIWKHFRQFHQWUDWLRQ
RISDUWLFOHV DORQJ WKH GHSWKWHQGVWREH VWDEOHRYHU
WLPH LHW f WKHmaximum pollution depth LV OHVV
WKDQFP (&PJFPsee Fig. 4(b) $WWKLV
PRPHQW WKH YHUWLFDO GLVWULEXWLRQV RI SDUWLFOH
FRQFHQWUDWLRQ DUH DOPRVW LGHQWLFDO IRU GLVSHUVLRQ
FRHIILFLHQWV VPDOOHU WKDQ ' FPV ZKLFK LV
GRPLQDWHGE\WKHFRQYHFWLRQHIIHFWRIVHHSDJHZDWHU
IORZLQWKLVFDVH

FIGURE 7
The evolution of the concentration
of particles for different VRXUFHV

&21&/86,216
%DVHGRQWKHVROXWLRQRIDQLQVWDQWDQHRXVSODQH
VRXUFH WKH VHPLDQDO\WLFDO VROXWLRQ RI WKH SDUWLFOH
WUDQVSRUW HTXDWLRQ LV GHULYHG LQ SRURXV PHGLD
FRQWDLQLQJ D SDUWLFOH VRXUFH ZKRVH FRQFHQWUDWLRQ
YDULHVZLWKWLPHDQGVSDFH
7KH LPSDFW RI WKH GLVSHUVLRQ HIIHFW RQ WKH
WUDQVSRUWRISDUWLFOHVLQSRURXVPHGLDLQFUHDVHVZLWK
LQFUHDVLQJ GLVSHUVLRQ FRHIILFLHQW DQG WKH
FRQFHQWUDWLRQRISDUWLFOHVLQFUHDVHVUDWKHUVKDUSO\IRU
VPDOOGLVSHUVLRQFRHIILFLHQWEXWPRUHVPRRWKO\IRU
ODUJHGLVSHUVLRQFRHIILFLHQW7KHSHDNFRQFHQWUDWLRQ
DW D JLYHQ GHSWK GHFUHDVHV DV WKH GLVSHUVLRQ
FRHIILFLHQWLQFUHDVHVGXH WRWKH LQFUHDVHG LQIOXHQFH
RIWKH GLIIXVLYH HIIHFWLQ WKH GHSRVLWLRQNLQHWLFVRQ
WKHPLJUDWLRQRISDUWLFOHV
7KHPD[LPXPFRQFHQWUDWLRQRISDUWLFOHVDORQJ
WKH GHSWK GHFUHDVHV ZLWK LQFUHDVLQJ GLVSHUVLRQ
FRHIILFLHQW IRU ERWK FRQVWDQW VRXUFH DQG

FIGURE 6
Dispersion effect in the process of
hydrodynamic deposition
)LJ  VKRZV WKDW WKH FRQFHQWUDWLRQ RI
VXVSHQGHG SDUWLFOHV DGVRUEHG RQ WKH VROLG PDWUL[
LQFUHDVHVZLWKWLPHXQWLODVWHDG\VWDWHLVUHDFKHGEXW
GHFUHDVHVVKDUSO\DORQJWKHGHSWK)LJVKRZVWKDW
LQWKHDEVHQFHRIWKHGLVSHUVLRQHIIHFWLQFOXGHGLQWKH
GHSRVLWLRQ NLQHWLFV '   WKH FRQFHQWUDWLRQ RI
SDUWLFOHV DOVRFDQEHUHIOHFWHGE\WKHIOX[RISDUWLFOHV
LQ OLTXLG SKDVH  LQFUHDVHV DV WKH GHSRVLWLRQ RI WKH
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H[SRQHQWLDOO\ GHFD\HG VRXUFH EXW WKH SHQHWUDWLRQ
GHSWKDQGGLVWULEXWLRQUDQJHLQFUHDVHHVSHFLDOO\IRU
WKH FRQVWDQW VRXUFH 7KHUH LV D FOHDU GHPDUFDWLRQ
SRLQWLQWKHFXUYHEH\RQGZKLFKWKHFRQFHQWUDWLRQRI
SDUWLFOHVGURSVPRUHVKDUSO\
,Q WKH DEVHQFH RI WKH GLIIXVLYH HIIHFW LQ WKH
GHSRVLWLRQ NLQHWLFV WKH FRQFHQWUDWLRQ RI SDUWLFOHV
DQGWKHUDWHRISDUWLFOHVGHSRVLWHGRQWKHVROLGPDWUL[
LQFUHDVH WKDQ WKH H[LVWHQFH RI WKH GLIIXVLYH HIIHFW
ZKLFK EHFRPHV LQFUHDVLQJO\ REYLRXV ZLWK WKH
LQFUHDVHRIGLVSHUVLRQFRHIILFLHQW
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Yumrutas, O.
Yilmaz, M.

6212
6121
6191
5987
5775
6225
5873
5745
6007
6246
6212

Zhao, L.
Zheng, W.
Zhou, X.
Zhou, Y.-X.
Zhu, J.
Zhu, P.
Zhu, Y.
Zipeng, Z.
Zubair, M.

6175
5929
5911
6225
6049
5700
5954
6004
5693
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SUBJECT INDEX
A
accumulation
Acid Turquoise Blue A
Activated Carbon
additive
Adipose tissues
Adjustment of FLWL
Adsorption
Adsorption Kinetics
Aerobic stability
African countries
Air pollution
Air quality
Al
alginate

5814
5700
5723
5987
6035
5745
5789, 5900, 6205, 6253
5723
5754
5971
5693, 5833
5965
6159
5769

B
Balikesir
Barley
barley grass
Basalt fiber
bean
Bee density
Berry
Best Management Practices
Bifidobacterium
C
Carbon dioxide (CO2)
carbon mineralization
Carbon stock
CAT
catalytic oxidation
Cell Death
central composite design (CCD)
Charge neutralization
chemical analyses
chemical content
Chemical oxygen demand (COD)
Chickpea
Chickpea Stored insects
Chlorophyll
cigarette
Citrus
cluster analysis
Coal ash
coastal sedimentology
D
DCA
DCCA
Decision-making model
Deep Sea Tailings Placement (DSTP)
Degradation pathway
DE-K model
desorption
detailed soil survey
dichlorophenol

5865
6085
6135
5991
5761
6199
6261
6112
6191

5965
6078
6007
5936
6004, 6028
5849
5942
6049
6104
5761
6004
6071
6071
6043
6127
5717
6058
6121
6093
5954
5954
5745
6149
6272
6184
6253
6266
6017

6299

ALT
ammonia
Ammonium
anaerobic digestion
antibiotic
Antibiotic wastewater
antioxidant
aquatic environment
Arbutus andrachne
ARGs
AST
Astaxanthine
Autogenous shrinkage

6212
5911
5806
5929
5732
6004
6246
5971
6078
5732
6212
6159
5991

biochemical properties
biodegradability
Biodegradation
Biodiversity and Conservation
Biofilm reactor
biosorption
Bohai Bay
BP-K model
bread wheat

5775
5783
5789, 6017
6217
5707
5769
5737
6184
5891

COD removal
Coke wastewater
co-metabolism
Comprehensive benefit
comprehensive benefit evaluation
comprehensive index
Compressive strength
Contribution
Copper
Corn
correction
correlation
Corrosion inhibitors
Corrosion resistance
creosote
Cupressus sempervirens
Cyprinus carpio
cytotoxic effect

5999
6028
6017
5745
6175
6175
5797
5917
5769
5754
5737
5783
5783
5797
6058
6078
6141, 6212
6246

differential evolution algorithm
digital mapping
discharge coefficient
DNA damage
DPPH
durum wheat
dyes
dynamics

6184
6266
5980
6135
6246
5891
5900
5700
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E
Eastern Anatolia Region
Ecological requests
ecological resistance
Ecological restoration
efficiency
elevation

5858
6064
6064
5917
5891
6078

emission measurements
energy inputs
Environmental effects
excess sludge
exploitation costs

5833
5824
5693
5929
5824

F
FAME
fenbutatin oxide
Fenton
Fenton process
ferry
Fish
Floc growth
Floc recycling flocculation
Flood Control

5865
6141
6225
5942
5833
5849
6049
6049
6112

Floodwater resource utilization
flow 3D
flower density
flowering period
Forested Areas
Fresh property
Freundlich isotherm
FTIR
Fulvic acid

5745
5980
6199
6199
6217
5991
6205
5723
5841

G
GC-ECD
Genetic progress
gentamicin
Geochemistry
Germination
GIS
glucose

6035
5761
6135
6093
6071
6266
6017

Grain yield
Grape
grey correlation
groundwater
growth
GSH-Px

6085
6261
6175
6104
5814
5936

H
H2O2
Hardness
HDL
Health effects
heavy metal
Heavy metals
hematology

6004
5797
6212
5693
6121
6205
6166

Heterobasidion Insulare: decolorization
horizontal gene transfer
human health
Humic acids
Hydrolytic Enzymes
Hydrophilic polyurethane

5775
5732
5971
5841
5865
5797

I
immobilization
importance
In Vitro Gas production
In vivo antioxidant scavenging capacity
Indoor air
Inheritance law

5769
6184
5754
5841
5965
5882

intermittent aeration
interval partial least squares
Intestine
Iraq
Isoelectric point
Isotherms

5873
5873
5849
6035
6049
5723

J
Jatropha Husk

5723

K
Karkamis Dam Lake
kenaf bast fiber
kidney

6234
5900
6135

kidney function
Kutahya

5841
5865

L
laccase-producing
lagoons
land consolidation
Land use change
landfill leachate
Langmuir isotherm

5775
6093
5882
6007
6225
6205

lipid peroxidation
liver
liver function
Low Impact Development
Lubricating oil

6141
6159
5841
6112
5987

6300
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M
Mann±Kendall test
Marine development type
marine diesel engine
Marine Pollution
Maturity
Maturity stage
Mechanical properties
Membrane bioreactor
Mercury
metal ion
Methylene Blue
Metronidazole

5858
6175
5833
6149
6261
6166
5991
5789
5814
5732
5723
5849

Microbial community
milk production
Mine Waste Management
Mineralization
mineralized refuse
minimization
monitoring
Monteri Pine
Morphology
multi-criterial assessment
Munzur Stream.
Mushroom

N
N:S ratio
NaClO
NaClO2-UV/O3
narbon bean
Natura 2000 Sites
Natural clinoptilolite-zeolite
natural transformation

5891
6225
5700
6043
6217
6253
5732

near-infrared spectroscopy
Nitrate
nutrient
nutrient requirements
Nutritional properties
Nutritive Value

O
Oak-Beech
Oilfield wastewater
okra
Okuzgozu
Olive mill wastewater
one-way ANOVA test
optimization

5806
5999
5814
6261
5942
5882
5942

Orchidaceae
6191
Organochlorine pesticides
6035
Oriental beech
6007
overlying water
5873
ownership
5882
oxidant
6246
oxidative stress
5849, 6127, 6141, 6246, 6159

P
Paraoxonase
particle size
Particulate matter
personal care products
pH
phacelia
Pharmaceuticals
phenolic compounds
phosphorus
Photo-catalyst
Physical and Ripening Properties
physical model

6212
6253, 6286
5693, 5965
5971
5911
6199
5971
5942, 6246
6253
6272
6261
5980

Q
quality

5717, 5761

R
rat
release source
remote sensing
Removal efficiency

6159
6286
6043
5707, 5999

S
Safranbolu Bulak Mencilis Cave
Salep
Salmo sp
Sand-fixing body

5965
6191
5936
5797

6301

physicochemical properties
phytoplankton
pigmentation
plant height
Pollutant removal rate
pollution indices
Potential nitrification rates
Prebiotic
principal component analysis
Probiotic
Prokopos Greece
Purity

5707
5824
6149
5806
6225
5929
6104
5806
6049
5824
5936
6246

5873
5806
5737, 6234
5775
6085
5754

5783
5737, 6234
5814
6043
6028
6093
5911
6191
6058
6191
6093
6071

resistance index
Response surface method
Response surface methodology
Risk evaluation index system

6058
5999
6225
5745

SOD
soil conditioner
soil enzymes
Soil loss

5936
6121
6058
6007
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Sanliurfa
Saturated porous media
sedentary lifestyle
sediment
Seeds cultivars
seepage transport
SEM
SEM/EDS
6HQ¶VVORSHPHWKRG
sex steroids.
Shilianghe reservoir
ship emissions
Sialkot
Silage
SiO2
Siphon spillway
slope
Sludge components

6234
6286
6127
5911
6071
6286
5723
6225
5858
6166
5745
5833
5693
5754
6272
5980
6266
5789

soil pollution
soil properties
soil urea hydrolysis rate
solar energy
sowing date
Soybean
spad value
6SHDUPDQ¶VUKRWHVW
Start-up
Stichococcus subtilis
strenuous exercise
sturgeon
Sulfadimidine
Sulphur
Super-absorbent polymers
Supercritical water
sustainability
synergistic effect

6121
6205
6184
5929
6199
5754
5891
5858
5707
5769
6127
6166
6272
5891
5991
6028
5824, 5965
5700

T
Tailings
6149
Tarim River
5954
TAS
5936, 6135
Tebuconazole
6212
5911
temperature
The change of streamflow and sediment load
5917
The Loess hill-gully area
5917
5865
Thermophilic
thermophilic digestion
5929
tidal
5737

TiO2
Topographic map
TOS
toxicity
Trend analysis
Tribochemistry
Tribofilm
Turkey
TWINSPAN

U
ultra-low sulfur diesel
ultrasonography
upstream slope

5833
6166
5980

urban landscape
Urea

6064
6085

V
variance
vegetation community

5761
5954

Viability
volatile organic compounds (VOCs)

6071
6058

W
wastewater treatment
water content

5900
6043

Watershed Modeling

6112

X
XRD

5723

Y
yield

5717, 5761

Z
Zinc

6085

«
Į-Ethinylestradiol
2,4-DP

5789
5717

3,5,6-TPA
8-OHdG

5717
6127

6302

6272
6266
5936, 6135
5814
5858
5987
5987
6217, 5882, 6234
5954
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FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution.
In: Title of the book or proceeding. Volume
(Edition
of klitor-s, ed-s) Publisher, City, first and last page

Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORALTHESIS:
3. Author, N.N. (Year) Title of the thesis,
University and
Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
FDVHV UHIHUHQFH PXVW EH PDGH WR ³Xnpublished
work" or "personal communication".

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
word length of the introduction should be 150 to
300 words.

Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Corresponding author: The name of the
corresponding author with complete postal address

Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.

Precondition for publishing:
A minimum number of 25 reprints must be
ordered and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in our
journal layout (not on the page numbers of the
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT
registration number exists) we may be obliged to
charge 7% VAT on sales to other EU member
countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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