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IDENTIFICATION OF CUCUMBER MOSAIC VIRUS (CMV)
ON SQUASH (CUCURBITA PEPO L.) CULTIVARS
IN LAKES REGION OF TURKEY
Nejla Yardımcı1,*, Handan Çulal Kılıç1 and Aynur Kör1
1

Süleyman Demirel University Faculty of Agriculture Department of Plant Protection, Isparta 32260, Turkey

ABSTRACT
Lakes Region is an important area in cucurbit production of Turkey. During surveys conducted in the 20112012 growing season, field-grown squash plants with
symptoms of mosaic, chlorotic mottling, vein banding,
blistering and leaf malformation were observed. A total of
268 squash samples were collected from various locations
in this region. Cucumber mosaic virus (CMV), was detected in squash, using enzyme-linked immunosorbent assay (ELISA), double–stranded RNA (dsRNA) analysis and
Reverse transcription polymerase chain reaction (RT-PCR)
methods. ELISA tests showed that among 268 field samples tested, 54 were infected with CMV. ELISA-negative
samples were tested by RT-PCR for CMV. All samples
were positive for CMV. As a result of dsRNA analysis,
specific 3 CMV RNA profiles were obtained.
KEYWORDS:
Cucurbits, Cucumber mosaic virus, ELISA, RT- PCR, dsRNA.

1. INTRODUCTION
Lakes region of Turkey is an important area for vegetable production due to its suitable climate and soil conditions. In this region, various vegetables are produced in
small family gardens or large commercial areas. Squash is
an important crop in this region. It is affected by many biotic and abiotic factors. Among these, virus diseases are
also important and cause economic losses.
Large number of virus diseases were reported on cucurbit crops in the world. Among these, Cucumber mosaic
virus (CMV) is the most destructive and widespread virus
disease of cucurbits [1].
CMV is a plant virus with the broadest host range in nature, infecting more than 1000 species in about 80 monocotyledonous and dicotyledonous plant families and causes epidemics with important yield losses in many crops, par* Corresponding author

ticularly vegetable crops in temperate regions [2, 3]. CMV
causes a systemic infection in most host plants, but may
remain symptomless in some crops [4].
Symptoms of cucumber mosaic can vary greatly depending on the host, virus strains, presence or absence of
virus satellite RNAs. Symptoms ranged from yellowing,
mosaic, malformation on the leaves to ring-spots or line
patterns.
Due to early infections of CMV, severe foliar mosaic
symptoms and fruit deformations is observed on squash,
and especially the latter symptom has negative effects on
marketability [5, 6, 7].
Aphids transmit CMV to many weeds, flowers and
other plants. More than 80 aphid species, including Myzus
persicae (Sulz.) and Aphis gossypii (Glover.), are capable
of transmitting the virus in a nonpersistent, stylet-borne
manner. The virus can also be transmitted through seeds
or bulbs, dodder and grafting in some plant species [4, 8].
In addition, virus can be transmitted by mechanically on
workers' hands or on tools [4].
Some cucurbit viruses has previously been detected in
different regions of Turkey [9, 10, 11 12], but there is not
a study on CMV in squash production areas in the Lakes
region. This is the first report of CMV infecting squash
plants in Lakes region in Turkey. Even though the region
is an important vegetable production area, information
about viral diseases in this region is scarce. We have initiated a virus-screening program to determine the common
viral diseases in squash fields in the Lakes region of Turkey.
2. MATERIALS AND METHODS
2.1 Field survey

Survey was conducted in 2011-2012, in squash fields
of Lakes region. A total of 268 squash plants exhibiting virus-like symptoms were collected from 11 locations during
surveys in this region. Symptoms of plants were recorded
and then were stored in a freezer at -200 C until detection
tests were done.
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2.2 DAS-ELISA

All samples were tested by ELISA for the presence of
CMV using specific ELISA detection kit (Agdia, USA).
Absorbance values of alkaline phosphatase were measured
at 405 nm with microplate reader (EL X 800 universal Microplate Reader Bio-Tek Instruments, Inc.B-2610, Wilrijk,
Belgium). Samples with absorbance values greater than
twice the mean absorbance value obtained from healthy
controls were considered positive for virus.

from squash plants. During the field surveys, virus-like
symptoms including yellowing, mosaic pattern of light and
dark green, yellow spotting, malformation symptoms on
the leaves, ring-spots or line patterns on leaves or fruits
were observed (Figs. 1-4) .

2.3 RT-PCR

In the ELISA study, 35 negative samples close to the
positive value were tested by RT-PCR for presence of
CMV. Total RNA was extracted from fresh leaves of
squash samples. RT-PCR was performed using a One Step
RT-PCR Kit (Bio Basic, Canada Inc). RT-PCR was performed in a 50 μl reaction mixture containing, 21μl H2O,
25 μl 2x1 PrimeScript One Step RT-PCR buffer (containing dNTP mixture, One step Enhancer solution), 2 μl Prime
Script 1 step enzyme mix, 1 μl 20 Μm primers. RT-PCR
of CMV coat protein gene portion of approximately 678 bp
were amplified [13].

FIGURE 1 - Mosaic symptoms observed on CMV-infected squash
leaves.

Primer I:
F- 5-TTGAGTCGAGTCATGGACAAATC-3;
Primer II:
R-5-AACACGGAATCAGACTGGGAG-3.
Thermocycling program was carried out as follows:
50ºC for 30 min, 94ºC for 2 min, then 30 cycles of 94ºC for
30 second, 55ºC for 30 second and 72ºC for 1 min, followed
by 72 ºC for 3 min. PCR products were separated in 1% agarose gel by electrophoresis, stained with 0.5 μg/ml ethidium
bromide solution. DNA markers (1 Kb DNA ladder,
TAKARA) were used in each electrophoretic run.
2.4 DsRNA analysis

A previously reported dsRNA extraction method was
modified [14]. Briefly, about 5 g leaf tissue were first
grounded in a mortar and homogenized in 10 ml of STE
buffer (0.1 MNaCl, 0.05 M Tris -HCl, 0.1 mM EDTA, pH
6.8), then were mixed with 10 ml phenol, chloroform-pentanol (25:1 v:v),with 2% bentonit and 10% SDS. The mixture was centrifuged at 10,000 rpm for 20 min, 95% ethanol
was added into the supernatant and after overnight incubation at 4ºC it was fractionated on Whatman CF-11 cellulose
columns in the presence of ethanol to select dsRNA. Then,
dsRNAs bound cellulose columns were eluted from the cellulose in ethanol free STE buffer, concentrated by ethanol precipitation, resuspended in 50 μl sterile water and were
stored at − 80ºC.

FIGURE 2 - Yellow spotting symptoms observed in squash leaves.

3. RESULTS
3.1 Field survey

Survey was conducted in 11 different districts of
Lakes-Region. A total of 268 leaf samples were collected

FIGURE 3 - Ring-spots and deformation observed in squash fruit.
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were negative in DAS-ELISA. In RT-PCR positive samples
produced expected amplification size of band with 678 bp as
observed on agarose gel electrophoresis (Fig. 5, 6)

FIGURE 4 - Blister, roughness and deformation observed in squash
fruits.

For the control of virus diseases, primarily their diagnosis is required. Various methods are used for this purpose. PCR technique is much more sensitive than other
methods [15, 16]. In this study, ELISA, dsRNA analysis
and RT-PCR methods are used for CMV diagnosis.

FIGURE 5 - Agarose gel electrophoretic stained by ethedium bromide analysis of RT-PCR amplification of CMV cp gene from infected squash. M: Marker 1 kb DNA ladder (TAKARA). P: Positive
control, N: Negative control, Lane1-11 infected field samples.

3.2 Detection of CMV by DAS-ELISA

All squash leaf samples were tested for CMV using
commercially available DAS-ELISA kit. The results
showed that 54 out of 268 samples (20.15 %) were infected
with CMV. ELISA test showed the presence of CMV infection in the Lakes region in Turkey. ELISA is widely
used for the detection of plant viruses [17]. Even though
ELISA is a reliable test for routine diagnostic screening, it
has low sensitivity comparing to RT-PCR [15, 18, 19].
3.3 Detection of CMV by RT-PCR assay

Total RNAs were extracted from fresh leaves of
35 squash samples and then tested by RT-PCR. All tested
samples (35) were determined as positive. These 35 samples

FIGURE 6 - Agarose gel electrophoretic stained by ethedium bromide analysis of RT-PCR amplification of CMV cp gene from infected squash. M: Marker 1 kb DNA ladder (TAKARA). P: Positive
control, N: Negative control, Lane1-12, infected samples.

RNA 1
RNA 2
RNA 3

FIGURE 7 - CMV dsRNA analysis on agarose gel by electophoresis Lane 1, Nicotiana tabacum Xanthii, Lane 2. Squash sample, Lane 3. Healthy
plant, M. Marker (Lambda DNA Hind III ladder).
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3.4 DsRNA analysis
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ELISA and RT-PCR results revealed that CMV was
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[10, 20, 21].
In order to confirm the presence of CMV, RT-PCR
was carried out on 35 ELISA negative samples. Samples
were tested by RT-PCR, and all were found positive for
CMV. Expected size of band with 678 bp was observed
markedly on agarose gel electrophoresis (Fig. 5, 6, 7). This
results indicate that RT-PCR is more sensitive and specific
than DAS-ELISA test. The results obtained in this study
show the successful use of RT-PCR as a rapid assay for
direct detection of CMV in infected tissues of squash samples. Sensitivity of RT-PCR lead many researchers to relay
on it in viruses diagnosis [15, 18, 19].
In this study, serological and molecular assays revealed that CMV was present in squash plants produced in
this region. Biological, serological and molecular assays
have generally been used for identification of vegetable viruses. Although ELISA is the preferred assay for routine
virus detection, RT-PCR has increasingly been used for detection and identification of viruses due to higher level of
sensitivity [18, 19, 22]. According to our knowledge, CMV
was not previously detected in any cucurbit crops in the
Lakes region. Therefore, this study presents the first report
of CMV in Cucurbita pepo L. fields in the Lakes region of
Turkey.

420

[10] Köklü G .And Yilmaz Ö. (2006) Occurrence of cucurbit viruses on field-grown melon and watermelon in the Thrace region of Turkey. Phytoprotection 87, 123-130.
[11] Kaya A. And Erkan S. (2011) Detection and Incidence of Cucurbit Viruses in İzmir, Aydın, Manisa and Balıkesir provinces
and determination of variety reaction. Plant Protection Bulletin 51 (4): 387-405.
[12] Özaslan M., Aytekin T., Bas B., Kiliç I.H., Afacan I.D. And
Dağ S. (2006) Virus diseases of cucurbits in Gaziantep- Turkey. Plant Pathology Journal, 5(1), 24-27.
[13] Han-Xin L., Rubi L., Smythe A.B. And Bryce W.F. (2004).
Molecular population genetics of Cucumber Mosaic Virus in
California: Evidence for founder effects and reassortment.
Journal of Virology 78 (12), 6666-6675.
[14] Morris T.R. And Dodds J.A. (1979). Isolation and analysis of
double-Stranded RNA from virus infected plant and fungal tissue. Phytopathology 69, 854-858.
[15] Hassan M., Myrta A. And Polak J. (2006) Simultaneous detection and identification of four pome fruit viruses by one-tube
pentaplex RT-PCR. Journal of Virological Methods 133, 124129.
[16] Sanchez-Navarro J.A., Herranz M.C. And Pallás V. (2006)
Cell-to-cell movement of alfalfa-mosaic virus can be mediated
by the movement proteins of ilar-, bromo-, cucumo-, tobamoand comoviruses and does not require virion formation. Virology 346, 66-73.
[17] Clark M.F. And Adams A.N. (1977). Characteristic of microplate method of enzyme-linked immunosorbent assay for the
detection of plant viruses. Journal of General Virology 34,
475-483.
[18] Herranz M.C., Sanchez-Navarro J.A., Sauri A., Mingarro I.
And Pallas V. (2005) Mutational analysis of the RNA-binding
domain of the Prunus necrotic ringspot virus (PNRSV) movement protein revealsits requirement for cell-to-cell movement.
Virology 339, 31–41.

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

[19] Sanchez-Navarro J.A., Aparicio F., Rowhani A. And Pallas V.
(1998) Comparative analysis of ELISA, nonradioactive molecular hybridization and PCR for the detection of Prunus necrotic ringspot virus in herbaceous and prunus hosts. Plant Pathology 47, 780-786.
[20] Şevik M.A. And Arli-Sökmen M. (2003) Viruses infecting cucurbites in Samsun, Turkey. Plant Disease 87, 341-344.
[21] Gümüş M., Erkan S. And Tok S. (2004) Bazı kabakgil türlerinin tohumlarındaki viral etmenlerin saptanması üzerinde
araştırmalar. Ege Üniversitesi Ziraat Fak. Dergisi 41 (1), 4956.
[22] Saade M., Aparicio F., Sanchez-Navarro J.A., Herranz M.C.,
Myrta A., Terlizzi B.D. And Pallas V. (2000) Simultaneous
detection of the three ilarviruses affecting stone fruit trees by
nonisotopic molecular hybridization and multiplex reversetranscription polymerase chain reaction. Phytopathology
90(12), 1330-1336.

Received: January 30, 2014
Revised: May 06, 2014; June 09, 2014
Accepted: August 04, 2014

CORRESPONDING AUTHOR
Dr. Nejla Yardimci
Süleyman Demirel University
Faculty of Agriculture
Department of Plant Protection
Isparta 32260
TURKEY
Phone: +902462114875
Fax: +902462114885
E-mail: nejlayardimci@sdu.edu.tr
FEB/ Vol 24/ No 2/ 2015 – pages 417 - 421

421

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

CARBON SEQUESTRATION AND NUTRIENT
ACCUMULATION (N AND P) IN TWO TYPICAL
WETLANDS IN SANJIANG PLAIN, NORTHEAST CHINA
Lina Shang, Zhongsheng Zhang, Xiaolin Song, Xianguo Lu* and ZhenshanXue
Key Laboratory of Wetland Ecology and Environment, Institute of Northeast Geography
and Agroecology, Chinese Academy of Sciences, 130012, Changchun, Jilin Province, P. R. China

ABSTRACT
Estimating carbon sequestration and nutrient accumulation rates are important to understanding wetland’s roles
on regional or global carbon cycles. The objectives of this
study were to estimate accretion rates of carbon and nutrients (nitrogen and phosphorus) by 137Cs dating technology
in typical meadows (Deyeuxia angustifolia wetland) and
marshes (Carex lasiocarpa wetland) in Sanjiang Plain, and
to reveal the potential factors influencing carbon sequestrations in wetland. Results indicated that soil accretion
rates were 4.26 mm yr-1 in C. lasiocarpa wetland and 2.55
mm yr-1 in D. angustifolia wetland, respectively. Consequently, carbon sequestration, N and P accumulation rates
were 95.95±22.76 g C yr-1m-2, 8.23±2.30 g N yr-1 m-2, and
2.04±0.90 g P yr-1 m-2 inD. angustifolia wetland while
these rates were 149.47±39.54 g C yr-1 m-2, 13.17±3.45 g
N yr-1 m-2 and 1.96±0.20 g P yr-1 m-2 inC. lasiocarpa wetland, respectively. Carbon sequestration and N accumulation rates were higher in marsh than in meadow while P
appeared in contradiction. High carbon and nutrient accumulation rates might due to large plant biomass variations
and persistent surface water in marsh. Correlation analysis
showed a high significant positive correlation between carbon sequestration rates and ratios of N to P in soil, implying
that its comparative low P contents in marsh soils might contribute to high carbon sequestration rates. It is estimated that
carbon sequestration potential abilities had decreased by
2.46×106~3.84×106 t C per year in 2005 because of the large
wetland areas loss.

KEYWORDS: Carbon sequestration • Nutrient • 137Cs • D. angustifolia wetland • C. lasiocarpa wetland

1. INTRODUCTION
Marsh soils are hotspots of biogeochemical activity on
local, regional and global scales. Circulation of carbon, ni* Corresponding author

trogen and phosphorus, which are the main three elements
for organic composition, are strong and interactive here. Revealing the interaction mechanisms between is always the
concern and the basis for understanding wetland functions.
Globally, wetlands provide the largest terrestrial carbon stores and a potentially important mechanism for climate change mitigation. It is estimated that the amount of
carbon stored in wetland soils in ~498 Pg, which accounts
to more than one third of the total world pool of soil C [1].
This huge carbon storage mainly is due to high carbon sequestration rates in wetlands [2, 3]. Previous researches
showed that carbon sequestration rates are high, especially
in peatland [4]. Bao et al reported that the highest carbon
sequestration rates in fens or bogs of Sanjiang Plain were
756.68 g C m-2 yr-1 [5]. Carbon sequestration rates in the
Everglades were in the range of 1884-223 g C m-2 yr-1 [6].
However, these researches have just highlighted on estimating the carbon sequestration rates while ignored the potential influencing factors such as water, plant types and
other nutrients like N and P.
There is now growing interests of simultaneously evaluating carbon sinks functions of wetlands and nutrient accumulation rates aiming to the further understanding on
how nutrients limiting productivities and carbon balance in
wetland ecosystems [7]. More and more researches implied
that nitrogen is a primary moor limiting factor in terrestrial
ecosystems [8]. In natural wetlands, exogenous nitrogen
input is mostly from atmospheric dry and wet deposition,
but this source only account for a little in the total nitrogen
pool in wetlands [9]. Most nitrogen in wetlands generally
comes from organic matter decomposition, and that is why
correlation coefficient between soil organic matter and total nitrogen is generally big in most situations [10]. Since
nitrogen can regulate the sequestration and net balance of C
on cell, plant, community and ultimately ecosystem scales,
it is important to estimate the annual nitrogen accretion and
its percentage to the total nitrogen pool. Nitrogen could simulate the photosynthesis and result in more litters back to
the soil, and Nitrogen would also improve microbe activities
and accelerate decomposition processes, which lead to more
organic matters formation back to soil [11]. However, roles
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of nitrogen accumulation on carbon balances in wetlands are
still not comprehensively understood up to now.
Besides of nitrogen, phosphorus is another important
factor controlling carbon sequestration in wetlands [12].
Due to high moisture in wetland soils, decomposition processes generally occur on anaerobic conditions by bacteria,
and a largest amount of adenosine triphosphate would be
consumed by bacteria to get enough energy to support their
metabolisms. Phosphorus is a central component of the energy-carrying molecule in all cells and fundamentally controls the decomposition processes by bacteria. Though
phosphorus in wetland soils mostly comes from parent materials weathering, phosphorus released from and litters are
the most important source because it is with the most bioavailability in surface soil [13]. Nitrogen and phosphorus,
co-controlling carbon balance in wetlands, are predominant factors affecting carbon sequestration processes.
Sanjiang Plain is one of the most concentrated areas
with marshes in China [14, 15]. Widespread wetlands absorb huge carbon every year, which will play key roles on
regulating local and regional carbon circulation in Northeast China and even the Northern Hemisphere. Though
there are many researches on C, N, and P biogeochemistry
processes, especially on greenhouse emissions, in Sanjiang
Plain [16~18], little work on estimating carbon sequestration and nutrient accumulation had appeared in present literature in this area. Based on this, our objectives are to: (1)
estimate carbon sequestration and nutrient accumulation
rates in typical meadow (D. angustifolia wetland) and
marsh (C. lasiocarpa wetland); (2) discuss the potential
factors influencing carbon sequestrations in wetland.
Based on these two objectives, it is aimed to provide scientific basis for assessing potential capabilities of carbon sink
by wetlands.

2. MATERIALS AND METHODS
2.1 Study area

The Sanjiang Plain is 55 m above sea level on average
and is the one the most typical distribution areas of fresh
water wetland in China, belonging to sub-humid warm
temperate continental monsoon climate zone, and the mean
annual precipitation is approximately 558mm with substantial inter-annual and seasonal variations [19]. The Sanjiang Plain inhabits the largest freshwater wetland areas in
China, including three dominant wetland types: permanently inundated wetland, seasonal inundated wetland and
shrub swamp, which account 56.9%, 22.6% and 20.5%, respectively for total wetland areas in Sanjiang Plain. The D.
angustifolia wetlandis the typical seasonal inundated
swamp meadow andthe C. lasiocarpa wetland is the typical
permanently inundated marsh [20]. D. angustifolia is perennial, cold-temperate sex, humidogene or mesophyte. It
usually grows in high floodplain, the first terrace or edges
of depression wetlands. D. angustifolia has a broad ecological adaptation to water. In the D. angustifolia wetland, D.
angustifolia is the dominant plant species with cover degrees of 90%-95%, the accompanying species are Stachys
baicalensis, Lythrum salicaria and Phragmites. The C. lasiocarpa is one of the Cyperaceae plants, perennial, herbivorous and the typical clonal plant of grass family with
rhizome. It usually grows in center of depression areas with
persistent surface water within 0-50 cm depth.
In August, 2011, we collected soil samples from Sanjiang Experiment Station of Wetland Ecology, the Chinese
Academy of Sciences (47°35′17.8″ N, 133°37′48.4″E)
(Fig. 1). In D. angustifolia and the C. lasiocarpa wetland,
three soil cores were collected in every site. In 30 cm depth,
it is already the Baijiang soil layer in D. angustifolia wet-

FIGURE 1 - Location of the study area.
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land while it is close to the Baijiang layer in C. lasiocarpawetland. Soil cores were sectioned in the field into 2 cm
increments, sealed in polythene bags and brought back to
lab. Increments were air dried at 70 °C, weighted for bulk
density, ground, and sieved through a 2 mm nylon mesh,
then analyzed for organic C (SOC), total N (TN) and total
P (TP). Bulk density was calculated from the dry weight
per unit volume for each depth increment [21].
2.2 Chemical analysis

SOC was measured by the K2Cr2O7-H2SO4 oxidation
method [22]; TN was measured using the Kjeldahl digestion procedure [23]. TP was measured by the Mo-Sb Antispetrophotography Method [16]. During the analysis, all
samples were analyzed in parallel and blank tests were performed to assure accuracy and precision. Only when determination differences of replicates were within 0.5%, 0.1%,
and 0.005% for soil organic carbon, total nitrogen and total
phosphorus, respectively, results were acceptable. All glass
bottles used were soak in 3mol L-1 HNO3 solution, washed
by plenty of deionized water and then oven dried before
used. Chemical reagents used were all in excellent grade.
When calculating atomic ratios of N vs. P (RNP) for each
increment, a weighted average evaluated by the soil bulk

density and atomic weight was used. Correlation be-tween
carbon sequestration rates and RNP in soil was calculated
for each wetland types using Person’s correlation test at
95% confidence intervals.
Ground and sieved soil was analyzed for137Cs to determine vertical accretion. The 137Cs was measured by γ analysis
of the 661.62 KeV photopeak using the high purity Ge coaxial detectors (ORTEC, USA). Every sample was detected for
80000s. 137Cs maxima had well-defined peaks, appearing in
soil layers of 1964, when deposition of atmospheric 137Cs
from aboveground weapons testing of thermonuclear weapons. Accumulation of C, N, and P was calculated using the
137
Cs vertical accretion rate and bulk density [21]. 137Cs specific activity was detected in the Department of Urban and
Environmental Science, Northeast Normal University.
3. RESULTS
Soil bulk density (0-30 cm depth) of D. angustifolia
wetland, 1.010 g cm-3, was higher than that of C. lasiocarpa wetland (Figure 2), which was 0.712 g cm-3. Soil
bulk densities were both increasing from surface to bottom
in D. angustifolia and C. lasiocarpa profiles.
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Soil of C. lasiocarpa wetland was rich in SOC and TN
and soil in D. angustifolia wetland has more TP. On vertical directions, SOC, TN and TP were all in decreasing in
these two wetland profiles, of which greater variations of
SOC, TN and TP appeared in C. lasiocarpa wetland profile.

the form of CO2 or CH4 [25]. Correlation analysis suggested that there were significant positive correlations between C, N and P in D. angustifolia and C. lasiocarpa wetland soils (Table 1).
TABLE 1 - Correlation coefficients of C, N and P in wetland soil

From the surface to the bottom, RNP in these two wetland profiles suggested a progressive decline, from 10.4 to
1.6 in D. angustifolia profile while from 37.14 to 7.78 in
C. lasiocarpa profile. RNPin every interval of C. lasiocarpa
wetland profile was all higher than that of D. angustifolia
wetland while (Figure 3).

Wetlands
D. angustifolia

C. lasiocarpa

RNP
0

4

8
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16
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24

28

32

36

40

Profile depth (cm)

0.971**
0.537**
0.547**
0.934**
0.631**
0.793**

p<0.01

Distribution patterns of 137Cs specific activities in wetland profiles were showed in Figure 4. The peak appeared
in 10-12 cm layers in D. angustifolia wetland profiles while
it came in sight in 18-20 cm layers in C. lasiocarpa wetland
profiles, respectively. These two peaks implied the sedimentary formation in 1964 according to the radioactive decay model of 137Cs, and then soil accretion rates in C. lasiocarpa and D. angustifolia wetland, which were 4.26 mm yr-1
and2.55 mm yr-1 respectively, were estimated by bulk density.
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FIGURE 3 - RNPdistribution patterns in these two wetland profiles

C is generally closely related to N in soil [24]. Plants
absorb nitrogen from soil and CO2 from atmosphere to sequester solar energy via photosynthesis. When plants die,
microorganisms decompose litter to obtain energy and nutrients, resulting in returning C back to the atmosphere in

Similar to accretion, SOC and N accumulation in C.
lasiocarpa wetland (149.47±39.54 g C yr-1 m-2, 13.17±3.45
g N yr-1 m-2) was higher than those in D. angustifolia wetland (95.95±22.76 g C yr-1 m-2, 8.23±2.30 g N yr-1 m-2). P
accumulation rate in C. lasiocarpa wetland (1.96±0.20 g P
yr-1 m-2) was lower than that in D. angustifolia wetland
(2.04±0.90 g P yr-1 m-2) (Figure 5).

FIGURE 4 - Representative 137Cs profiles with depth in two wetlands
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precipitations and human activities coupling global climate
change resulted in hydrological regimes change greatly in
marshes in recent several decades [30], leading to unsuitable conditions for peat formation. Synchronous reaction of
hydrological regimes and climate change was against peat
accumulation, causing low carbon sequestration rats in
meadows and marsh than that in peatland. Bao et al. [5]
reported that carbon accumulation in peatland of the
Greater Hinggan Mountains was in the range of 166.64259.3 g C m-2 yr-1 (mean, 203 g C m-2 yr-1), and these rates
were higher than those reported in the present work.

SOC
TN
TP

15
10
5
0

D.angustifolia weltand

C. lasiocarpa wetland

FIGURE 5 - Carbon sequestration, N and P accumulation in D. angustifolia and C. lasiocarpa wetland

It is obvious that soil accretion rates, carbon sequestration and nitrogen accumulation rates in C. lasiocarpa wetland were much higher than those in D. angustifolia, which
might due to hydrological conditions. Generally, biomass
of Carex communities in Sanjiang Plain is higher than that
in D. angustifolia [14, 26], resulting in more litters returned
to soil in C. lasiocarpa wetlands. In addition, as typical
marsh, there is perennial stagnant water within 30 cm depth
in C. lasiocarpa wetlands. D. angustifolia wetland is the
typical marsh meadow without surface water. Hydrological
condition changes lead to decomposition processes variations in between these two wetlands. Anaerobic decomposition is in predominant in marsh while aerobiotic decomposition occupies the main position in meadow through
much of the year [27]. Litter degradation in marshes is
lower, which leads to high soil accretion rates, carbon sequestration and nitrogen accumulation rates [28]. But phosphorus biogeochemical circulation, characterizing by its
low migration ability, is much different from nitrogen. In
D. angustifolia wetland, P would be released back to soil
during the decomposition. But it is not the same case in C.
lasiocarpa wetlands due to the existence of surface water.
A lot of phosphorus originated from litter degradation
would firstly enter into surface water in dissolved form,
with consequence of lower phosphorus accumulation rates
in C. lasocarpa wetland.
4. DISCUSSION
Wetlands are recognized as the most effective ecological systems to sequester carbon [28, 29]. In previous researches on Sanjiang Plain, peat was often found in soil
layers, which was due to high carbon sequestration rates.
In our study, peat was found neither in D. angustifolia nor
in C. was lasiocarpa wetland, showing that peat was not
the chief reason. Though persistent and stable surface water, which will restrict litter decomposition, is necessary for
peat accumulation in marshes, great variations of annual

Carbon sequestration is the synthetic dynamics of carbon input and output processes, affected by soil storage,
plant biomass, decomposition rates of litters, CO2/CH4
emissions, soil fertility, land use and so on [31, 32]. Biomass affect carbon input/output process in soil and exert
influences on carbon sequestrations at last. In the two wetlands, annual litter’s production of C. lasiocarpa wetland
was 646.06 g m-2, much higher than 325.1 g m-2 of D. angustifolia wetland [33]. Litter decompositions in C. lasiocarpa wetland are weak because of the persistent surface
water. Liu et al reported that weight-loss ratio of D. angustifolia is 32.2% yr-1 while this rate was 27.7% yr-1 for
C. lasiocarpa in Sanjiang Plain [34]. Overlapping high biomass and low degradation, large amounts of organic matter remained in soils and lead to high carbon sequestration
in C. lasiocarpa wetland.
Carbon accumulation in wetlands also was restricted
by other nutrients supply, especially N and P. Adams recognized it was crucial to reveal that whether nitrogen input
to natural systems could change net primary productivity
and then consequently affect carbon cycles [35]. Zhang et
al.[17]concluded that nitrogen input just weakened functions of wetland as carbon sink but not changed it based on
some in situ simulated experiments. The similar conclusions were also found in forest ecosystem, suggesting that
nitrogen increasing have little influences on carbon sequestration in forest. But, it is multiple but not one element restricting carbon accumulation or storage in soil. Groenigen
et al.[36]reported that soil carbon sequestration was constrained both directly by N availability and indirectly by
nutrients needed to support N2 fixation. Hessen et al.[37]reported that nutrient stoichiometry played important roles in
carbon sequestration in ecosystems. In the present work, a
significantly correlation was found between carbon sequestration and ratios of N vs. P (RNP) (Figure 6).
Our previous study implied that wetland soil in Sanjiang Plain was rich in C and N but poor in P, and nutrient
biogeochemistry was mostly restricted by P supply [18]. In
0-30 cm depth soil of C. lasiocarpa wetland, ratios of C vs.
N (RCN), C vs. P (RCP) and N vs. P (RNP) were 12.80, 161.96
and 12.75 while these ratios were 12.97, 34.78 and 5.04 in
D. angustifolia wetland, respectively. No significant differences were tested for RCNin these two wetlands, indicating
carbon and nitrogen supply was not different from each
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wetland distribution area, more than 82% wetlands had
been disappeared from 1954 to 2005, and most are replaced
by farmland [30]. This landscape change inevitably affects
carbon sequestration potential in Sanjiang Plain. Based on
the area change and carbon sequestration rate, it is estimated, roughly, that potential carbon sequestration ability
in 2005 had been reduced by 2.46×106~3.84×106 t C per
year compared that in 1954.
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FIGURE 6 - Relationships between carbon sequestration rates and
RNP

other, but RCP and RNP in soils of C. lasiocarpa wetland
were much higher, showing the shorter supply of P in C.
lasiocarpa wetlands. P deficiency constricted the activities
and communities of microorganisms in C. lasiocarpawetland [38]. Under the anoxic conditions due to surface water,
microorganism obtained energy for metabolisms mostly by
anaerobic respiration through consuming mass of adenosine
triphosphate (ATP), which P was as the essential and core
components. It seemed that P shortage in C. lasiocarpa
wetland lead to less microorganisms than that in D. angustifolia wetland. Pei reported that bacterial numbers in
soil of C. lasiocarpa wetland were all lower than that in D.
angustifolia wetland in spring, summer and autumn [38].
Considering the high litter production and weaker decomposition in C. lasiocarpa wetland, comparative high carbon sequestrations rates were reasonable. It was also conjectured
that restricting P availability in wetland would strengthen its
function as carbon sink and more work should be carried out
in the future to confirm this inferences. It is reported that increasing of atmospheric nitrogen deposition, which would
amplify RNP in remote wetlands in Northeast China, has
been continuing for many years and will without significant change in the coming decades. It is still unclear that
whether increasing RNP in soil contributes to more carbon
sequestration by wetlands, and more work is needed.

Estimating carbon sequestration rates is essential to
evaluating the carbon sink function of wetlands. This study
demonstrates that soil accretion rates in C. lasiocarpa wetland was greater than that in D. angustifolia wetland, and
in consequence, carbon sequestration and N accumulation
rates in C. lasiocarpa wetland were greater while P accumulation rates were less than those in D. angustifolia wetland. Nutrients stoichiometry (N:P ratio) determined by
hydrological conditions of wetlands played important roles
in carbon sequestration.
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Sanjiang Plain is one of the regions where freshwater
marshes are concentrated in China, and both D. angustifolia wetland and C. lasiocarpa wetland are the dominant
types here. In 1950s, large-scale reclamation activities occurred and continued to 1990s, when the government decided to protect marshland effectively by controlling farmland areas and establishing wetland natural reserve. But human activities have resulted in sharp decreasing of wetlands from 3525887 hm2 in 1954 to 958716 hm2 in 2005.
Sanjiang Plain had lost 72.8% wetland areas, which were
mainly meadows and marshes represented by the D. angustifolia and the C. lasiocarpa wetlands, respectively [14,
26]. In the Naoli River watershed, where located in the center of Sanjiang Plain and which is the most representative

427

The authors have declared no conflict of interest.

REFERENCES
[1]

Kayranli B, Scholz M, Mustafa A, Hedmark Å (2010) Carbon storage and fluxes within freshwater wetlands: a critical review. Wetlands 30, 111-124.

[2]

Chmura GL, Anisfeld SC, Cahoon DR, Lynch JC (2003) Global
carbon sequestration in tidal, saline wetland soils. Global Biogeochemical Cycles 17(4), 1111.

[3]

Adhikari S, Bajracharaya RM, Sitaula BK (2009) A review of carbon dynamics and sequestration in wetlands. Journal of Wetlands
Ecology (2), 42-46.

[4]

Belyea LR, Malmer N (2004) Carbon sequestration in peatland:
patterns and mechanism of response to climate change. Global
Change Biology 10(7), 1043-1052.

[5]

Bao KS, Zhao HM, Xing W, Lu XG, McLaughlin NB, Wang GP
(2011) Carbon accumulation in temperate wetlands of Sanjiang
Plain, Northeast China. SSSAJ 75(6), 2386-2397.

[6]

Craft CB, Richardson CJ (1998) Recent and long-term organic soil
accretion and nutrient accumulation in the Everglades. Soil Science Society of America Journal 62(3), 834-843.

[7]

Wang XW, Song CC, Sun XX, Wang JY, Zhang XH, Mao R
(2013) Soil carbon and nitrogen across wetland types in discontinuous permafrost zone of the Xiao Xing’an Mountains, northeast
China. Catena 101, 31-37.

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

[8]

LeBauer DS, Treseder KK (2008) Nitrogen limitation of net primary productivity in terrestrial ecosystems is globally distributed.
Ecology 89(2): 371-379.

[29] Post WM, Kwon KC (2000) Soil carbon sequestration and landuse change: processes and potential. Global Change Biology 6,
317-328.

[9]

Matson P, Lohse KA, Hall SJ (2002) The globalization of nitrogen
deposition: consequences for terrestrial ecosystems. AMBIO 31,
113-119.

[30] Song XL, Lu XG, Zhang ZS, Chen ZK (2012) Land use change in
Naoli River basin and its eco-environment effects during 19542005. Fresenius Environmental Bulletin, 21, 3626-3635.

[10] Bowden WB (1987) The biogeochemistry of nitrogen in freshwater wetlands. Biogeochemistry 4, 313-348.

[31] Blodau C (2002) Carbon cycling in peatlands-a review of processes and controls. Environmental Reviews 10(2), 111-134.

[11] Saunders DL, Kalff J (2001) Nitrogen retention in wetlands, lakes
and rivers. Hydrobiologia 443, 205-212.

[32] Oren R, Ellsworth DS, Johnsen KH, Phillips N, Ewers BE, Maier
C, Schäfer KVR, McCarthy H, Hendrey G, McNulty SG, Katul
GC (2001) Soil fertility limits carbon sequestration by forest ecosystems in a CO2-enriched atmosphere. Nature 411, 469-472.

[12] Qualls RG, Richardson C (2000) Phosphorus enrichment affects
litter decomposition, immobilization, and soil microbial phosphorus in wetland mesocosms. SSSAJ 64, 799-808.
[13] Gusewell S, Koerselman W (2002) Variation in nitrogen and phosphorus concentrations of wetland plants. Perspectives in Plant
Ecology, Evolution and Systematics 5, 37-61.
[14] Song KS, Liu DW, Wang ZM, Zhang B, Jin C, Li F, Liu HJ (2006)
Land use change in Sanjiang Plain and its driving forces analysis
since 1954. Acta Geographica Sinica 63(1), 93-104.
[15] Song XL, Lu XG, Liu ZM, Fun YH (2012) Runoff change of Naoli
River in Northeast China in 1955-2009 and its influencing factors.
Chinese Geographical Science 22 (2), 144-153.
[16] Wang GP, Liu JS, Wang JD, Yu JB (2006) Soil phosphorus forms
and their variations in depressional and riparian freshwater wetlands (Sanjiang Plain, Northeast China). Geoderma 132, 59-74.
[17] Zhang LH, Song CC, Wang DX (2006) Effects of nitrogen fertilization on carbon balance in the freshwater marshes. Environmental
Science 27(7), 1257-1263 (in Chinese with English abstract).
[18] Zhang ZS, Lu XG, Song XL, Guo Y, Xue ZS (2012) Soil C, N and
P stoichiometry of Deyeuxia angustifolia and Carex lasiocarpa
wetland in Sanjiang Plain, Northeast China. Journal of Soils and
Sediments 12, 1309-1315.

[33] Lou YJ, Zhao KY, Hu JM (2006) Species diversity of typical wetland communities in Sanjiang Plain. Chinese Journal of Ecology,
25: 364-368 (in Chinese with English abstract).
[34] Liu JS, Sun XL, Yu JB (2000) Nitrogen contents variation in litters
of Deyeuxia angustifolia and Carex lasiocarpa in Sanjiang Plain.
Chinese Journal of Applied Ecology 11(6), 898-902 (in Chinese
with English abstract).
[35] Adams MB (2003) Ecological issues related to N deposition to natural ecosystems: research needs. Environmental International 29,
189-199.
[36] Groenigen Kees-Jan, Six J, Hungate BA, Graaff MA, Breemen N,
Kessel C (2006) Elements interactions limit soils carbon storage.
PNAS 103 (17), 6571-6574.
[37] Hessen DO, Ågren GI, Anderson TR, Elser JJ, Rutter PC (2004)
Carbon sequestration in ecosystems: the role of stoichiometry.
Ecology 85 (5), 1179-1192.
[38] Pei XC (2009) The research of microbial diversity in the wetland
of Sanjiang Plain. Northeast Forestry University, Harbin. pp, 5658.

[19] Guo Y, Jiang M, Lu XG (2010) Simulation study on purification
efficiency for nitrogen in different types of wetlands in Sanjiang
Plain, China. Chinese Geographical Science 20(3), 252-257.
[20] Yu JB, Liu JS, Wang JD, Sun WD, Patrick WH, Meixner FX
(2007) Nitrous oxide emission from Deyeuxia angustifolia freshwater marsh in northeast China. Environmental Management
40(5), 613-622.
[21] Loomis MJ, Craft CB (2010) Carbon sequestration and nutrient
(nitrogen, phosphorus) accumulation in river-dominated tidal
marshes, Georgia, USA. Soil Science Society of America Journal
74, 1028-1036.
[22] Zhang TJ, Wang YW, Wang XG, Wang QZ, Han JG (2009) Organic carbon and nitrogen stocks in reed meadow soils converted
to alfalfa fields. Soil Tillage Research 105, 143-148.
[23] Gallaher RN, Weldon CO, Boswell FC (1976) A semiautomated
procedure for total nitrogen in plant and soil samples. SSSAJ l 40,
887-889.
[24] Batjes NH (1996) Total carbon and nitrogen in the soils of the
world. European Journal of Soil Science 47, 151-163.
[25] Melillo JM, Aber JD, Linkings AE, Ricca A, Fry B, Nadelhoffer
KJ (1989) Carbon and nitrogen dynamics along the decay continuum: plant litter to soil organic matter. Plant and Soil 115, 189198.
[26] Wang ZM, Zhang B, Zhang SQ, Li XY, Liu DW, Song KS, Li JP,
Li F, Duan HT (2006) Changes of land use and of ecosystem service values in Sanjiang Plain, Northeast China. Environmental
Monitoring and Assessment 112, 69-91.
[27] Neiff AP, Neiff JJ, Casco SL (2006) Leaf litter decomposition in
three wetland types of the Parana River floodplain. Wetlands 26,
558-566.
[28] Bridgham SD, Megonigal JP, Keller JK, Bliss NB, Trettin C
(2006) The carbon balance of North American wetlands. Wetlands
26(4), 889-916.

428

Received: February 17, 2014
Revised: June 02, 2014
Accepted: July 29, 2014

CORRESPONDING AUTHOR
Xianguo Lu
Key Laboratory of Wetland Ecology and Environment
Institute of Northeast Geography and Agroecology
Chinese Academy of Sciences
130012, Changchun, Jilin Province
P. R. CHINA
E-mail: luxg@neigae.ac.cn
FEB/ Vol 24/ No 2/ 2015 – pages 422 - 428

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

THE POTENTIAL CONTRIBUTION OF LAND
CONSOLIDATION TO PREVENT WIND EROSION IN TURKEY
Muhittin Çelebi1, Coşkun Sağlam1,* and Ahmet Duran2
2

1
Cumra Vocational School, Selcuk University, Konya, Turkey
Manager, Directorate of Environment and Forests, Karaman, Turkey

1. INTRODUCTION

ABSTRACT
Windbreaks are commonly used to prevent wind erosion; however, the windbreaks cannot be created under
fragmented field conditions. Turkey has accelerated land
consolidation in recent years. Land consolidation offers
other opportunities apart from improvement of the agricultural structure, such as block boundary arrangements that
are serially perpendicular to the wind direction and parallel
to each other. For years, this aspect of the consolidation
project was not considered to be important.

KEYWORDS: Afforestation, erodibility, land consolidation, windbreaks, wind erosion

Land degradation is a major environmental problem
around the world [1]. In Turkey, high-risk regions with a
semi-arid climate spread from the Konya Plain to the Eastern Mediterranean [2].
The areas with low-slope surfaces and very little vegetative cover have the risk of wind erosion. Moreover, their
general index of erodibility is very high due to high textural
and analytical erodibility [3]. Textural erodibility has a relationship with the granulometric composition of soil, and
the analytical erodibility is determined as a function of the
carbonate content and organic matter [4]. Soils that are
high in silt and very fine sand or expanding clay minerals
tend to have high erodibility [5]. On the other hand, the
erosion rate decreases the increasing of soil moisture content by a negative exponential function under all wind velocities [6].
Wind erosion occurs when wind speeds exceed the resistance of the soil [7]. In preventing wind erosion, the
methods employed include leaving behind the remnants of
post-harvest products [8], growing plants covering the surface and planting windbreaks [7, 9], enhancing the grain
size, aggregation and surface crusting characteristics of the
land [10, 11]. These methods help to reduce the wind speed
on the soil surface, or to increase the resistance of the soil
[12]. Forestation is one of the most common ways to fight
against these environmental threats [13, 14]. On the other
hand, the efficiency of forestation depends on the survival
and growth of the planted trees [15], the choice of species,
the planting technique [14], and grassland restoration [16].
But, the large-scale afforestation could be exacerbating environmental degradation in arid and semi-arid regions,
damaging soil ecosystems, reducing vegetation diversity
and cover, and increasing water shortages [15, 17]. Using
windbreaks or shelterbelt network to reduce the wind speed
on the soil surface is an important alternative method for
wind erosion prevention [7]. Windbreaks reduce evaporation from the soil, and water-use efficiency increases over
the whole growing season [18]. Many researchers [19-22]
have documented that evaporation can be reduced by up to
35% on the leeward side of the windbreak barriers.

* Corresponding author

An ideal windbreak is arranged perpendicular to the
prevailing wind direction, covering the area throughout se-

In Turkey, land consolidation, forestation for windbreaks, and farmer training projects were firstly performed
in Karaman Yollarbaşı. To create windbreaks, block boundaries were planted with the species of Acer pseudoplatanus
L., Fraxinus excelsior L., Cedrus libani A. Rich., Robinia
pseudoacacia L., and Elaeagnus angustifolia L. However,
40% of the trees died due to drought within four years, and
the deaths of most of the trees left problematic gaps in the
windbreaks. The highest survival rates were observed in E.
angustifolia and R. Pseudoacacia, whereas C. libani was
the most sensitive plant. The height of E. angustifolia and
the drought resistance of C. libani are not appropriate without irrigation. It was observed that the enrichment of the
consolidation project’s scope, such as maintenance of the
plants and land allocation for windbreaks, was needed to
improve the effectiveness of the project. On the other hand,
general index of erodibility is high in Central Anatolia, due
to its high textural and analytical erodibility, semi-arid climate conditions, fallow practice, low vegetation cover, and
severe wind events. The most critical months in the study
area are April, May, June, July and August. The number of
wind events that exceed threshold wind velocity occur
more in April than in the other months. Consequently,
basic precautions should be taken before the realization of
desertification, such as grassland restoration, restricting
grazing, increasing vegetation cover, and farming or promoting more sustainable forms of these activities, afforestation, and land consolidation.
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rially and in parallel with each other, and has a permeability of about 20-50% [23]. At least, two rows of trees are
necessary to protect the widest area [8]. To provide an appropriate density in single-row forestation, regular thinning
is very important in conjunction with good maintenance of
trees [24]. If the prevailing wind directions are 90° and 45°
to windbreaks, the distances of the most protective effect
are at 12 and 8 times of trees’ height, respectively [25]. But,
windbreaks cannot be established on fragmented and distorted lands. The solution of fragmentation is land consolidation [26].
This paper explores the necessity of land consolidation
and afforestation in combating wind erosion and targets to
determine the key strategy of how to successfully combat
wind erosion. In addition, the successes of consolidation
and afforestation projects were tested.

sloping (2-4%), and sloping (4% plus). Soil depth has
ranges from 30 cm to 1.75 m. Lime percentages of the soil
are 12-54% (strongly calcareous and extremely calcareous)
and increase from the surface to the bottom of the soil, and
sand percentages are 25-48% but decrease from the surface
to the bottom. The soils are generally clay-loamy, clay and
sandy clay-loamy in texture, 7.4-7.7 in pH, and the total
salt content is 0.06–0.10% (Table 1). Because of rich calcareous and poor organic matter, the cohesive strength of
the soil is low. The soil index scores were determined in
the range of 14 to 87 in the consolidation project (Table 2).
Some of the soil properties, the soil index scores, and longterm meteorological data (1961–2012) by months are presented in Tables 1, 2 and 3, respectively.
Most regions of Turkey receive insufficient rainfall, so
drought occurs periodically and is catastrophic in some
years. The Konya Plain has 2.659.890 hectares (ha) of arable land, of which 1.008.306 ha (38%) are left fallow.

2. MATERIALS AND METHODS
2.1. Brief description of the study area

While the reddish brown soils composed of deposits
are located in sloping lands, alluvial soils occur in flat or
nearly flat lands. In general, the parent material is limestone in the shallow lands, and sometimes marl in deep and
medium soils. The medium deep and deep soils have originated from alluvial material, and are sandy loam (SL),
loamy (L), sandy clayey loam (SCL), clayey loam (CL)
and clay (C) textured. The lands of the project area are categorized as flat (0-0.2%), nearly level (0.2-0.5%), gently

The average annual temperature is 11.9 °C, and the average annual precipitation is 335.8 mm. Most of the precipitation falls between October and May, and it is very poor
during the growing period. Evaporation is high (Table 3).
The burning of stubble is common throughout the region.
Wind erosion affected 2.278.926 ha of agricultural land in
the Aksaray, Ankara, Niğde, Konya, and Karaman provinces in Central Anatolia (C.A.). On 1.806.174 ha of the
land, all the topsoil and a large portion of the sub-soil have
been affected by wind erosion.

TABLE 1 - The soil properties of the research area.
Sample
A

B

C

Depth (cm)
0-30
30-60
60-90
0-30
30-60
60-90
0-30
30-60
60-90

Saturation
(%)
50
55
55
55
55
55
55
55
55

pH
7.4
7.7
7.6
7.4
7.6
7.7
7.5
7.5
7.6

Total Salt
(%)
0.08
0.08
0.09
0.09
0.10
0.06
0.06
0.09
0.06

CaCo3
(%)
13.2
11.9
9.2
11.9
29.1
51.6
14.5
14.5
22.5

Sand
(%)
40.4
48.4
36.4
44.4
36.4
24.4
40.4
38.4
32.4

Clay
(%)
29.2
33.2
39.2
33.2
33.2
31.2
29.2
35.2
35.2

TABLE 2 - The soil index scores in the land consolidation project.
Story Index scores
80-100
60-80
40-60
20-40
20-10
10-0
Non-agriculture
Total

Size (ha)
865.08
1690.3
839.9
1983.32
247.2
1.61
53.25
5680.75
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(%)
15.23
29.75
14.79
34.91
4.35
0.03
0.94
100.0

Silt
(%)
30.4
18.4
24.4
22.4
30.4
44.4
30.4
26.4
32.4

Texture
L
CL
CL
CL
CL
CL
CL
CL
CL
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TABLE 3 - The long-term meteorological data (1961-2012) by months of the study area.
Months
Jan
Feb
Mar
Apr
May
June
July
Aug
Sept
Oct
Now
Dec
Average
Total

Average
temperature
(°C )
0.4
1.6
6.0
11.3
16.1
20.4
23.5
22.9
18.5
12.8
6.7
2.6
11.9

Average precipitation (mm)
41.6
35.6
36.2
37.1
36.7
21.0
4.6
4.2
6.9
27.5
33.0
45.5

Average
moisture
%
76.1
73.3
65.4
59.3
56.9
49.6
44.2
45.3
50.7
61.2
70.1
75.4

Average number
of rainy days
10.2
10.0
9.5
8.4
8.7
4.9
1.5
1.1
1.8
6.1
7.0
10.2

335.8

Monthly
average
evaporation (mm)

Monthly
average Wind speed
(m s-1)
2.4
2.7
2.8
2.8
2.4
2.4
2.6
2.4
2.2
2.1
2.3
2.6
2.5

113.5
173.1
216.1
290.7
248.7
184.1
119.4

79.4

Wind erosion is initiated when the friction velocity exceeds the threshold friction velocity. Erosive winds with a
speed of more than 9.61 m s-1 (at 15 m height) blew on 61
days from March to October in the study area. The frequencies of the winds with speeds of more than 35.0 km h-1(at
15 m height) are shown in Table 4. The number of wind
events that exceed the threshold wind velocity according to
months, and wind direction and velocity are presented in
Figs. 1 and 2.

Pyrus elaeagnifolia Pall., Quercus sp., and Prunus orientalis (Mill.) Koehne grow naturally, but they bear no significance on wind erosion, because they grow sparsely and
are scattered throughout the region. The new blocks were
planned perpendicular to the problematic prevailing wind
that causes erosion (Fig. 3) on approximately 3.500 ha of
5.650 ha consolidation area.

TABLE 4 - Blowing frequency of wind events according to direction and speed at 15 m height from 1960 to 2012.
Month/
Direction
S(∑225)

Wind speed

March

Apr

May

jun

July

Aug

Sep

Oct

V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1

55
8
3
23
28
8
126
5
0
16
7
0
67
2
0
55
2
1
1
0
0

63
8
2
194
29
6
157
1
1
21
1
0
55
1
0
49
3
0
1
0
0

43
3
0
117
11
0
86
0
1
6
1
0
50
4
0
62
2
0
8
0
0

9
0
0
78
7
0
33
0
0
42
5
1
106
3
0
125
6
0
3
0
0

4
0
0
54
2
0
8
0
0
41
4
0
136
6
0
156
5
0
1
0
0

0
0
0
45
2
0
12
1
0
33
3
0
85
5
0
162
1
0
0
0
0

7
1
0
63
6
1
25
0
0
13
1
0
32
2
0
62
2
0
0
0
0

17
2
0
65
13
1
69
0
0
7
0
0
39
0
0
32
2
0
1
0
0

V= 35-58 k m h-1
V= 58-85 k m h-1
V> 85 k m h-1
Total wind events ( ∑3196)
Wind events within the months(∑61)

6
0
0
483
9.3

8
0
0
600
11.5

17
0
0
411
7.9

19
2
0
439
8.4

8
2
0
427
8.2

2
1
0
352
6.8

6
4
0
225
4.3

10
1
0
259
5

SW(∑753)

SE(∑525)

N(∑202)

NW(∑593)

NE(∑695)

E (∑17)
(15)
W(∑86)
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FIGURE 1 - The number of wind events that exceed the threshold wind velocity according to months.
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FIGURE 2 - The number of wind events that exceed the threshold wind velocity according to wind direction and velocity from March to
October within a year.
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FIGURE 3 - Position of Karaman Yollarbası and Konya Closed Basin, adapted by Ustün et al. [29].

FIGURE 4 - Block (and windbreaks) network plan in Yollarbası (after consolidation).
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2.2. The content of land consolidation and afforestation projects and methods

In Turkey, land consolidation, forestation, and farmer
training projects were performed simultaneously in Karaman province for the first time. The afforestation project was
conducted by the Karaman Environment and Forestry Directorate, and the consolidation project was carried out by the
Regional Directorate of Agricultural Reform in Yollarbaşı.
The map of the project (1/5 000 scale) and other contents
of the project were obtained from the official project records of the institutions mentioned above. The distances between the windbreaks and trees were measured with a steel
tape. The samples taken from the 285 soil profiles were analyzed. The soil map and soil index scores (Table 2) were
prepared based on the Story Index Rating System.
The meteorological data was obtained from the Turkish State Meteorological Service. The probable performance of the windbreaks was evaluated according to compliance with the standards in international publications in
terms of the windbreaks interval and the protection area,
depending on the height of the trees in maturity. The advantages of the consolidation project were evaluated on
creating the windbreaks, such as assigning some land to
plant windbreaks. The preliminary data and post-application data of the forestation project were compared also.
This article presents an extensive review based on the
experiences of the afforestation and land consolidation project in Karaman. This information is essential to provide a
firm basis for future policy decisions on how best to combat desertification by wind.
2.3. Calculation parameters

Wind speeds at 10 m height have been translated into
15 m height according to equation 1 [30]. The distances of
full protection of windbreaks in accordance with Chepil’s
criteria [31] were calculated using the equation given by
Woodruff and Zingg [32]. Wind speed measured at 10 m
height by the Turkish State Meteorological Service was
transferred to another height using equation (1) given by
Hapel [30].
Vr

Vref

(1)

where, Vr is the annual average wind speed of the desired height at the measured location (m/s-1), Vref is the
annual average wind speed of the measured location (m/s-1),
H is the desired height at measured location (m), Href is
the height above ground level at the measured location (m),
and µ is the Hellmann coefficient (dimensionless), which
was determined to be 0.18.
The distance of full protection from the wind by windbreaks was estimated using equation (2) given by Woodruff and Zingg [32].
17 h

Cosθ

(2)

where, d is the distance of full protection by the barrier
in the lee (m), h is the height of the barrier (m), Vm is the
minimum wind velocity at 15 m height needed to move the
most erodible soil fraction, V is the actual wind velocity (m
s-1), and θ is the angle of prevailing wind direction. The
minimum velocity required to initiate soil movement on a
bare, smooth, and uniform field is 9.61 m s-1 at 15 m height
prior to soil wetting and crusting [31]. The distance of full
protection by the barrier for wind speed (V) 9.0 m s-1 at
10 m height (35 km h-1 at 15 m height), and V= 15.0 m s-1
(58.0 km h-1 at 15 m height), and V = 22.0 m s-1 at 10 m
height (85.0 km h-1 at 15 m height) are shown in Table 3.
The average number of days per month of wind blowing
greater than 35 km h-1 or 9.61 m s-1 at 15 m height (n) was
calculated using equation (3) given below.
(3)

3. RESULTS AND DISCUSSION
The risk of wind erosion in the area is high as a result
of high analytical and textural erodibility, semi-arid climate conditions (Table 3), unsuitable soil tillage methods,
low-slope surfaces, common fallow practices, and low vegetation cover as given by Martínez et al.[3]. Sierra et al. [4]
and Ógeen et al. [5] showed that the presence of carbonate
decreases the formation of aggregates in soil particles; therefore, the higher the percentage of carbonates, the higher the
erodibility. When considering organic matter that is involved
in the formation of aggregates that provide stability to the
soil, the higher the organic matter content, the lower the
erodibility. Herein, the analytical and textural erodibility
are high because of high carbonate, low organic matter (Table 1), and expanding clay mineral content in the soil.
The first tillage is usually done in March or April in
the area. When weeds grow up in June or July, the second
tillage is done. On the cultivated soils, winds cause erosion
in summer because of high temperatures, low relative humidity, little precipitation, and lack of vegetation in the
semi-arid climate conditions. So, the most critical months
for erosion are April, May, June, July and August in the
project area. The wind events occur more in April than in
the other months (Fig. 1). Temperature and evaporation are
at maximum in June, July, and August (Table 2). So, evapotranspiration can increase, leading to the development of
severe water stress. These processes on tree survival have
provided largely negative results, and reduce the resistance
of the soil to winds as maintained by Weinan et al. [6].
Kantarci et al. [27] have documented that in Karapınar 2548 % of the trees died because of drought in spite of irrigation. While the highest survival rate was observed on E.
angustifolia, the lowest survival rate was C. libani. Thirtythree different tree mortality cases were examined by Semerci et al. [28] in non-irrigated plantation areas in C. A.
region. The percentages of mortalities were 60% due to
drought, 10% due to frost, 10% due to soil conditions, 5%
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due to planting mistakes, 10% due to pests, and 5% due to
diseases. Despite that the rainfall was higher in Karaman
than Karapınar (about 60 mm per year), much of the trees
have died in Karaman because of drought. The highest survival rate was observed in E. angustifolia and R. pseudoacacia. Herein, the most sensitive plant was C. libani.
These findings are consistent with the results reported by
Kantarci et al. [27] and Semerci et al. [28].
Choice of the right plant species and a new planting
method prescribed by Cao et al. [14, 15], and irrigation may
increase the survival rate of plants. The trees were planted
with the conventional planting technique as described by
Cao et al. [15]. After the saplings were planted, there was no
regular maintenance (irrigation) or repair by any institution.
Nearly 40% of the trees died because of drought.
The deaths of many trees in the row caused problematic gaps, as given by Presley and Tatarko [8] and Anonymous [36]. To solve these problems and to create an appropriate density in the single-row windbreaks, regular maintenance of the trees must be done for many years within the
scope of consolidation project, as indicated by Bullard
[26]. In addition, if the public domain was allocated for
planting within the scope of the land consolidation project,
the windbreaks could be planted in two rows as maintained
by Presley and Tatarko [8].
According to General Directorate of State Hydraulic
Works’ data and Yılmaz [33], the groundwater levels were
lowered by about 22-25 m in the last 40 years, especially
accelerating after 2.000 years due to agricultural consumption in C. A. Similar results were reported by Cao et al.
[15] and Sun et al. [17] in China. So, windbreaks network
may be preferred to large-scale afforestation in areas with
limited water resources or groundwater.
It was planned that 30.000 trees would be planted in a
crosswise pattern, 1 m apart in 2 rows on the edges of the

blocks in the afforestation project; however, only 12.328 trees
could be planted in a single row because of land constraints.
Parcel boundaries were not suitable for regular windbreak
networks due to the fragmented and scattered parcels as
maintained by Abel et al. [25]. Moreover, no lands were allocated in the consolidation project and the farmers located
in the project area did not donate their lands for planting.
Nevertheless, the block boundary was arranged perpendicular to the problematic wind by land consolidation. Thus, the
windbreaks covered the area serially and were parallel to
each other as given in many studies [23, 34, 35], which enhanced the erosion prevention ability of afforestation.
In the windbreaks, which consist of single-row deciduous trees, optical density is 25-30 % (low density), the
wind speed reaches 65% in 10 H distance, 80% in 15 H
distance, and 85% in 20 H distance. In the windbreaks,
which consist of single-row conifers, the optical density is
40-60% (medium density), and wind speed reaches 50% in
10 H distance, 60% in 15 H distance, and 75% in 20 H distance [34]. In terms of density, a single-row windbreak that
consists of conifers with 40-60% density (medium density)
will be more successful than deciduous in reducing the
wind speed in the same distance. As the trees are planted
intricately in Yollarbaşı (86% of the total planted trees are
deciduous), density will be in the low-medium range. This
situation can create a problem in severe windy conditions
according to Brandle et al. [34].
In the current situation, the windbreaks provide maximal protection against SW, SSW, NE, and NNE direction
winds, with regard to the position to wind. However, while
the windbreaks are perpendicular to the NNE and SSW direction winds, their positions are parallel to the winds
blowing from the NNW, NW, SSE, and SE. Therefore, the
windbreaks are not protective toward the winds in the
NNW, NW, SSE, and SE directions.

TABLE 5 - The height and number of planted trees and the protection distance of windbreaks in the research area.
Species

a

F. excelsior

4000-32.5

Up to height of the
trees at Maturity
(H, m)
30.0a

C. libani

1728-14.0

20.0a

R. pseudoacacia

1000-8.1

17.5a

E. angustifolia

1000-8.1

7.0b

A. pseudoplatanus

4600-37.3

30.0b

Total number-%
[37], b[38].

Planted- number/
Percentage

12328-100

435

Wind speed for
15 m height
Km h-1
35
58
85
35
58
85
35
58
85
35
58
85

Distance protected by Windbreaks (m)
θ = 00
510 -17H
308-10 H
210- 7 H
340-17H
205-10H
140- 7H
298
180
123
119
72
50

θ = 22.50
471-16H
284- 9 H
194- 6 H
314-16H
190-9 H
129-6 H
275
166
113
110
66
45
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The expected height of the trees in maturity, the number
and species of the planted trees, and the prospective protection distance of windbreaks calculated with equation 2 are
presented in Table 5.
The width of eight blocks is 140 m, and the width of
the rest is 250 m. The protected area changes according to
the tree height and wind speed (Table 5). The minimum
height of trees in maturity must be 15 m, 24 m, and 36 m
for the 35 km h-1, 58 km h-1, and 85 km h-1 wind speeds,
respectively, for full protection in conditions of the 250 m
block width and upright position to wind (with equation 2).
In terms of height, E. angustifolia, and in terms of drought
resistance, C. libani species are not appropriate for the area.
Similar results were observed by Kantarcı et al. [27] and
Semerci et al. [28]. Under these circumstances, 91.9% of the
trees provide protection, except for E. angustifolia. Therefore, the width of the blocks must be determined considering the height of the trees compatible to the region.

evaporation and transpiration decrease; furthermore, water
use efficiency, yield and its quality increase. The death of
some trees in a single row planting causes problematic gaps
in the windbreaks, as in Karaman. To avoid this, the land
consolidation projects should include the allocation of land
for planting and the maintenance of the trees. It was observed that land consolidation is an important argument for
an effective afforestation combating degradation.

Protection distances of windbreaks are shown in Table
5 depending on the wind velocity and the angle of the wind
(equation 2) as given by Woodruff and Zingg [32]. The
protection area of windbreaks making an angle of 22.5º to
the winds decreases 8–10% in comparison to the upright
position (Table 5).
The books and brochures were prepared for public education regarding the project’s scope and educated 50 people about the topics of agricultural crop patterns, land cultivation, modern agricultural and irrigation techniques,
damages caused from burning stubble, planting, the use of
lands that are problematic for non-agricultural purposes,
and combating land degradation.

The authors have declared no conflict of interest.
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ABSTRACT
Treatment and disposal of sewage sludge in the sewage
treatment plants has been a difficult and hot spot. The present study investigated the dewatering of sewage sludge by
using dimethyl ether (DME). Influences of extraction time
and Liquefied DME/sludge ratio as well as the water mass
change of sludge was studied. The result shows that it is
applicable in the sewage sludge dewatering. The final water content of the dewatered sewage sludge could reach
60% and the dehydration rate was 62.5% when the extraction time was controlled at 80 minutes and liquefied
DME/sludge ratio was 90mL/g. The DME dewatering reaction of the sewage sludge belongs to first-order reaction.
DME was proved to be quite effective in the extraction of
the free water; the weight loss rate of the sewage sludge
reached 98.36% and its combustion effect was also ideal.
Therefore the DME dewatering method is believed to have
a great prospect in practical fuel use.

KEYWORDS: Sewage sludge; Dimethyl ether (DME); Dewatering;
free water; liquefied DME/sludge ratio, extraction time

1. INTRODUCTION
Treatment and disposal of sewage sludge in the sewage
treatment plants has been one of the most difficult and hot
spots in the municipal works for a long time because of its
high moisture content. Therefore, how to find an efficient
way to reduce the moisture content of the sewage sludge in
order to achieve water extraction is the very key point.
Dewatering of sewage sludge by using liquefied dimethyl ether (DME) is a new technology, in which liquefied
DME plays an active part in dewatering at a moderate temperature and pressure. The molecular structure of DME is
.
* Corresponding author

Using DME to dewater sludge is based on the following two points [1]: (1) DME, the simplest existing ether, is
in gaseous form at normal temperature and pressure, boiling point -24.5 °C, saturated vapor pressure 0.532Mpa. (2)
One DME molecular has two lone pairs of electrons, so it
is easy to form hydrogen bond with water molecular. At
20 , approximately 100g of liquid DME can dissolve 6.7g
of water [2]. After the high-moisture-content sewage
sludge is mixed with liquefied DME, the partial water in
sludge is extracted and dissolved, forming low-moisturecontent sewage sludge and high-moisture-content liquefied
DME after dewatering. Then the DME is depressurized and
subsequently vaporizes, leaving the separated water. Dewatering of coal, sewage sludge, superabsorbent polymer
and biosolids by using liquefied DME was successful [37], and Kanda found that the amount of energy consumed
by the coal-DME dewatering system is half the amount of
energy consumed by a conventional coal drying [3].
With an abundant DME resource, China is the earliest
to launch DME industrialized production on a large-scale,
which expects to produce 14.84 million ton by 2010 [8].
Therefore, studying dewatering by using DME is gaining
more and more significance in both sewage sludge treatment and efficient utilization of DME resource.
In this research, dewatering of sewage sludge by using
DME was explored. The influence factors of the extraction
time, liquid DME/sludge ratio were studied. The moisture
distribution in the sludge samples before and after DME
dewatering was analyzed, and the differential thermal analysis was carried out to study the thermal character in order
to make sure the prospects of practical fuel.
2. MATERIALS AND METHODS
2.1 Materials

Sewage sludge was taken from the Jiangxinzhou sewage treatment plant in Nanjing, China. The treatment process is as follows, sewage sludge—thickening—digestion—mechanical dewatering. Moisture content of sludge
is about 80%. 2g sludge was taken and made into spherical
particles for the subsequent experiments, the diameter of
sample sludge was 1.28cm.
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2.2 Experimental process and apparatus

2.3 Analytical methods

The experiment process is shown in Fig 1(a). The liquefied DME was stored in vessel 0-1. DME occurred extraction reaction in the reactor 2-3. Then the separator 4-5
depressurized to separate liquefied DME changed into gas
phase, the dewatered sludge was achieved. The dewatering
column was made of organic glass, whose size was
Φ2cm×20cm, as shown in Fig 1(b). Nitrogen was used to
pressure vessel 0-1 through the valve 6, and liquefied DME
flow rate can be changed by the rotameter at pipeline 1-2,
but for a particular sample, the rate is constant.

Parameters, such as moisture content, free water and
bound water were determined. Differential scanning calorimetry and differential thermal analysis tests were also
carried out. The moisture content was determined by using
the electronic balance (FA2204B, Precision & Scientific
Instrument Co. Ltd, Shanghai) and drying oven (DGG9053A, Sumsung Laboratory Instrument Co. Ltd, Shanghai). Free water and bound water were determined by using
differential scanning calorimeter (DSC 204F1, NETZSCH,
Germany). A differential thermal analysis (DTA6300,
Seiko CO.LTD, Japan) was used for DTA tests.
Through differential scanning calorimeter, the temperature of the specimen dropped to - 60°C by a rate of
10°C min-1 and then rose to ambient temperature by the
same rate. During freezing, the specimen released heat,
forming an obvious exothermic peak; an obvious endothermic peak was found when the temperature rose, which was
used for calculation of the quantity of bound water and free
water.
80mg sludge was prepared for thermogravimetric
analysis test. The sludge was heated by a heating rate of
15°C min-1 until it is totally burnt, while 70mL·min-1 air
was sent for combustion. The test was used to analyze the
thermal properties of sludge before and after DME dewatering.

(a)

2.4 Calculation methods

Moisture content was calculated by
P= (M1-M2)/(M1-M0)×100%

(2)

Where M0 is the weight of the crucible. M1 the total
weight of specimen sludge and the crucible. M2 is the
weight of specimen sludge and the crucible after 8h of drying at 105 .
The bound water quantity was calculated by

(b)
FIGURE 1 - Process chart of experiment (a) Experimental process
flow; (b) Reactor

Liquefied DME under the pressure of nitrogen does
not exist the phenomenon of mixing in the direction of flow
in vessel 0-1. Therefore, the vessel can be seen as a plug
flow reactor. The dewatering process mainly follows the
formula (1) during dewatering experiment. In order to adjust the liquefied DME/sludge ratio and extraction time, the
liquefied DME velocity was calculated by

V M

At

(1)

where  is the velocity of liquefied DME (cm/min),
V is the liquefied DME/sludge ratio(30-140cm3/g), M is
sludge sample mass (2g), A is the cross-sectional area of
the dewatering column (3cm2), and t is extraction time (20100 min).

WB = WT-ΔH/ΔH0

(3)

In the formula, WB stands for mass of bound water,
g·g-1; WT stands for total water mass, g·g-1; ΔH is the
heat-absorbing value of DSC specimen; ΔH0 is of Standard
melting heat of ice, whose value is 334.7kJ·kg-1.
3. RESULTS AND DISCUSSION
3.1 Influence of extraction time

Liquefied DME/sludge ratio was controlled at 40 mL·g-1
and the moisture content of the sewage sludge after 5, 10,
20, 40, 60, 80 and100 min were tested to compare the dewatering efficient.
As shown in Fig. 2, at the beginning of dewatering, as
the time passed, the moisture content of sludge gradually decreased and the solid substance increased. The dewatering
efficient was obvious. As the time progressed, the water
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FIGURE 3 - Curve of lnCWater-s,t-t

content did not change too much and remained stable at
around 61%. Therefore, it is suggested that the best dewatering time should be 80min. Extraction occurred between the liquid and solid phases. The dewatering process
was actually the transferring of the mass of water. The water content curve (Fig. 2) was supposed to be a first-order
reaction formula; so we studied the reaction rate by the following formula:

dCWater  S，t
  ka water (CWater  s ,t C Water  DME ,t )
dt

(4)

where CWater-S,t is the concentrations of water in sludge
at extraction time t. CWater-DME,t is the concentrations of the
water in liquefied DME. kaWater is the first-order extraction
rate constants of water.

The data at 20, 40, 60, 80 min by the formula (4) was
processed as shown in Fig. 3. It seems that the DME dewatering of sewage sludge was first-order reaction and the
,
dewatering rate formula was ln C
Water  s ,t  -0.0008t-0.4324
with the linear correlation R of 0.996.
During DME dewatering, corresponding dewatering efficiency follows formula (7). We calculated the theoretical
dewatering efficiency Dt and made Dt  t curve through
formula ln C Water  s ,t  - 0 .0008 t- 0 .4324 and dewatering
efficiency formula (7), where CWater-S,t is the concentrations
of water in sludge at extraction time t. Dt is the theoretical
dewatering ratio of the sludge at extraction time t.

CWater  DME ,t stands for moisture content at different time

and it is difficult to measure it constantly. Therefore, we
used formula (5) and (6) to replace (4), in which kwater is a
pseudo-first-order extraction rate constant

dCWater  S，t
  k water CWater  s ,t
dt

(5)

ln CWater s ,t  kWater t  d

(6)

440

m
Dt  1  t 
m0

1-

1-C0
1 - CWater  s ,t
C0

1


0.2
1 - CWater  s ,t

(7)

0.8

Where:

m0 : the water mass of the original sludge, g
mt : the water mass of the sludge at t time, g
CWater  s ,t : the water concentration of the sludge at t time, %

C0 : the water concentration of the original sludge, 80%
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developed, the water content did not change much with
time. From the aspect of economic consideration, the best
ratio is suggested to be 90mL·g-1. Besides, liquefied DME
could dissolve 6.7% water at 20°C. DME dewatering was
under a confined condition, which was also the main reason why the curve in Fig 5 tends to be the same as that in
Fig 4.
3.3 Water mass change of sludge

FIGURE 4 - Relationship between dewatering ratio and time

DME extraction reacts between the liquefied DME and
sludge phases. The dewatering is actually a process transferring of water from the solid phase to the liquid phase. When
the dewatering time is shorter, the dewatering rate can be
considered constant because most water in the sludge is easy
to be dewatered [5]. As shown in Fig. 4, the dewatering can
be divided into two stages. During 0-5 min, the dewatering
progressed at a constant speed, a value of 10.4 %/min was
obtained as the slope of the dash line in Fig. 4 (formula (8)).
After 20 min, the dewatering speed slowed down, fitting formula (5). We calculated the theoretical dewatering efficiency by formula ln CWaters ,t  -0.0008t-0.4324 and for-

The water contented in sludge can be divided into two
categories, free water and bound water [9]. The free water
is not influenced by the solid particles but bound water is.
In order to study how DME dewatering influenced the water distribution in sludge, we measured the water in sludge
using differential scanning calorimeter. The DSC thermogram of sludge before and after dewatering is shown in
Fig.6.

mula (7). It was almost the same as the result from the experiment, with the liner correlation R2 of 0.9978.

a

Dt 52%

 10.4% / min
t
5min

(8)

3.2 Influence of Liquefied DME/sludge ratio

(a) Before dewatering

At the best reaction time 80min, the moisture content
of the sludge was measured at Liquefied DME/sludge ratio
30, 60, 90, 120, 140 mL·g-1, shown in Fig 5.
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According to Fig. 5, as ratio increased, water content
gradually decreased and solid content increased. The dewatering effect was outstanding. However, as the reaction

(b)After dewatering
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FIGURE 6 - DSC thermogram of sludge
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FIGURE 5 - Sludge dewatering effect with different liquefied DME/
sludge ratio

Measuring the water in sludge was mainly based on the
principle supposing that at the limiting temperature -60°C
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bound water does not freeze [10] and the heat released during measurement corresponds to the free water content.
The total water quantity measured by drying at 105 °C minus free water quantity is the quantity of bound water. According to the formula (3), the mass of bound water and
free water before and after dewatering is shown in Fig.7.

FIGURE 7 - Water mass change of sludge before and after dewatering

From Fig 7, the water content in sludge before and after
dewatering was 4 and 1.5 respectively, the total water extraction rate reaches to 62.5%; the bound water content
dropped from 3.4 to 1.32, with a removal rate of 61.2%; the
free water dropped to 0.18 from 0.6, with an extraction rate
of 70%. It is suggested that DME dewatering is more efficient in extraction of free water compared with bound water
which is much influenced by the bonding of sludge particles.

3.4 TG analysis

In order to study the potential of DME dewatering of
sewage sludge, the thermogravimetric analysis of the
sludge was performed before and after dewatering. Thermogravimetric analysis is a traditional way to study material pyrolysis and combustion property [11]. TG curves of
sludge before and after dewatering is shown in Fig 8.
According to Fig. 8, in the beginning the TG value
dropped drastically and the loss of water was obvious and
fast. With increased temperature, the specimen went
through combustion of volatile matter and fixed carbon,
and quickly lost its qualities, but the quality of the final
specimen remained unchanged.
The weight loss rate of sludge before and after dewatering is shown in Fig. 9.
The two figures indicate that the combustion of sludge
before and after dewatering could be divided into three
stages: drying, devolatilization, char burnt. The original
sludge at drying stage lost much weight, indicating high
moisture content in it, therefore it consumed more fuels.
On the contrast, the final weight loss of the dewatered
sludge was 98.36%, which indicated that most of the dewatered sludge was ready for good combustion. Pyrolysis
and combustion parameters of the experiment specimen are
shown in Table 1. The temperature range of moisture evaporation narrowed after dewatering, while organic content
proportion increased which led to the increase of peak temperature of maximum weight loss rate and burnout temperature.
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TABLE 1 - Pyrolysis and combustion parameters of experiment specimen

Specimen
Original sludge
Dewatered sludge

Water Evaporation temperature（ ）
20~250
20~200

Pyrolysis and Combustion property
Peak temperature of maximum
weight loss rate（ ）
400
500

443

Burnout temperature（ ）
550
650

Maximum weight
loss rate（ %）
98.07
98.36
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4. CONCLUSIONS
(1) Dewatering sewage sludge by using DME is practical. At 80 min and the solid - liquid ratio controlled at
90mL·g-1, the water content of the sewage sludge was
around 60%.The dewatering effect was outstanding.
(2) With time passing and solid - liquid ratio increasing, the dewatering effect became more obvious and eventually remained stable. That liquefied DME at 20 dissolved 6.7% water and was one confined condition of DME
dewatering.
(3) DME sludge dewatering could be divided into two
stages, Zero-order reaction and first -order reaction, whose
D
a  t  10.4
t
formula
are
%/min
and

[7]

Hideki, K. (2008) Super-energy-saving Dewatering Method
for High-specific-surface-area Fuels by Using Dimethyl Ether.
Adsorption Science & Technology 26 (5), 345-349

[8]

DME production capacity in China will reach 14.84 million
tons
in
2010
[EB/OL].http://www.chinaenvironment.com/view/ViewNews.aspx?k=20080523152304995

[9]

Vaxelaire, J. and Clezac, P. (2003) Moisture distribution in activated sludges:a review. Water Research 38, 2215–2230

[10] Xun, R., Wang, W. and Qiao, W. (2009) Water Distribution
and Dewatering Performance of the Hydrothermal Conditioned Sludge. Environmeetal Science 30 (3), 851-856
[11] Magdziarz, A. and Wilk, M. (2013) Thermogravimetric study
of biomass, sewage sludge and coal combustion. Energy Conversion and Management 75, 425-430

ln CWater  s ,t  -0.0008t-0.4324 correspondingly
(4) DSC experiment showed DME could extract
62.5% of the water in sewage sludge. The extraction of free
water was easier than that of bound water which was confined to sludge particles. The dewatered sludge lost 98.36%
of the total weight with an ideal combustion. Therefore
DME dewatering is believed to have a great potential in
future utilization.
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ABSTRACT
The aim of this study was to evaluate some heavy metals concentration (Zn, Pb, Cd, Cu, Fe and Mn) in the water
and also in gill, liver, muscle, kidney tissues of European
Chub species sampled from Atikhisar Reservoir and
Sarıçay Creek. As a result of study, it was revealed that the
heavy metal levels of the water samples, taken from Sarıçay
Creek, are statistically higher than the samples, extracted
from the Atikhisar Reservoir (p<0.05). All metals, examined
within the tissues of the fish from Sarıçay Creek were also
found out to be statistically higher than the ones from
Atikhisar Reservoir (p<0.05). Consequently, this research
suggest that the levels of Pb, Cd and Zn, accumulated in the
fish samples, which were caught from Sarıçay Creek, exceed
the limits that are suitable for human consumption. In conclusion, it is estimated that the fish that may be consumed
from Sarıçay Creek may impair to human health.

KEYWORDS: Leuciscus cephalus, metal accumulation, water pollution, Sarıçay Creek, Atikhisar Reservoir

1. INTRODUCTION
The contaminants can be transferred to the aquatic environment by various means such as natural processes
(weather factors, erosion) and anthropogenic inputs (discharging of industrial and urbanized wastes). While the different concentrations of those contaminants result in adverse impacts on aquatic ecosystems such as decline of oxygen, increasing mortality and in parallel with this, decreasing bio-diversity, they also cause several problems
that may pose a threat to human health as well [1]. Metals,
one of the above indicated contaminants, are highly important for the overall health of the ecosystems due to
* Corresponding author

their long lasting presence in the environment that they are
discharged into, their characteristic to cause toxic effects
on aquatic animals and their ever increasing accumulation
in the food chain [2].
Metals such as zinc, copper, iron and manganese are
essential for metabolic activities, but cadmium and lead are
non-essential elements [3]. The uptake of these metals by
the fish from the environment primarily occurs via the gills
and through the nutrition as well as in the freshwater fish,
by the water, ingested with the food. The metals, taken into
the body, linked with the carrier proteins and transferred to
the tissues and organs through the blood stream therefore
they may reach to higher levels depending on the carrier
proteins [4]. It was indicated that the negative effects are
recorded in the physiological functions of the fish, which
are subjected to the metal pollution, as well as their immune system weakens therefore the risk of being infected
with an infectious disease or dying due to it increases [5].
In order to analyze the metal contamination within aquatic
systems, the tissue and organs of the fish and other aquatic
animals like muscle, liver, kidney, and gills are used as bioindicators [6, 7].
The European Chub (Leuciscus cephalus L., 1758),
which has an omnivore feeding, is an economic species and
abundant in freshwaters of Turkey. This fish, which constitutes the diet of many predators as well as the humans,
has a significant role in food chain [8].
There are studies available up to this day for Sarıçay
Creek and the Atikhisar Reservoir regarding the microbiological quality of the water [9], its pesticide and residual pollution status [10], its mollusk fauna [11], the quality of their
surface waters [12] and the hematologic and bio-chemical
parameters of the European Chub that is living around [13].
However, there is no current study available regarding
the metal accumulation in the tissue of Leuciscus cephalus
that live within the environment. Therefore, in the study, it
was aimed to determine the heavy metal concentrations of
the water in the Atikhisar Reservoir and Sarıçay Creek and
to compare some of the metal levels (Zn, Pb, Cd, Cu, Fe
and Mn) within the gill, liver, muscle and kidney tissues of
the European Chub, caught from those indicated sites.
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2. MATERIAL AND METHODS
2.1 Sampling

Sarıçay Creek is a creek which varies flow rate and
water carrying capacity depending on the seasons, arises
from the Ida Mountain that is located within the boundaries
of Çanakkale and flows into the Dardanelles in the center
of Çanakkale city. However, Atikhisar Reservoir was built
on Sarıçay Creek to supply drinking and irrigation water
necessity and to prevent flood risks [12]. Consequently,
there are many factors such as the domestic, industrial and
agricultural waste water that threaten the water quality of
Sarıçay Creek, starting from the outskirts of the Atikhisar
Reservoir. The sampling sites of this study, conducted in
June 2012, are presented in Figure 1.
In this study, water samples were collected from these
sites to determine of the metal concentrations in water.
Samples were collected, preserved and stored for analysis
as outlined in the Standard Methods for the examinations
of Water and Wastewater [14]. On the other hand, gill nets
were used at a depth of 1.5 meter during the collection of
European chub samples to determine of the metal accumulation in their tissues.
2.2 Metal Analysis (water and tissues)

In order to realize metal analysis, water samples collected from the sampling areas were filtered through PTFE
filter (0.45 mm) and their metal analysis were determined
according to ICP-OES Varian Liberty Sequential. However, a total of 50 European chub fish were caught as 25 fish
from Atikhisar Reservoir and 25 fish from Sarıçay Creek.

Weight and the total length of each fish measured which
brought to the laboratory and their tissues removed by dissection (Table 1). After measuring wet weights of tissues,
they were put into an incubator which is set to 100 ºC for
24 hours, for obtaining the dry weights. Subsequently, dry
weights were measured with a sensitive weight. Afterwards, samples were burned over a hot-plate set to 70 ºC
for two hours, following the addition of 5 ml HNO3. After
making sure that, the all samples were burned homogenously and cooled for a while, they were filtered with a
0.45 µm syringe and diluted to 25 mL with the addition of
distilled water [15]. The metal analyses in tissues of chub
fish were determined according to ICP-OES Varian Liberty Sequential.
TABLE 1 - Mean length and weight data (±SE) of L. cephalus collected from sites
n
25
25

Sampling Site
Atikhisar Reservoir
Sarıçay Creek

Weight (g)
238.36±21.73
218.43±11.66

Length (cm)
28.02±1.04
26.17±0.37

2.3 Statistical Assessment

In this study, each measured parameter is indicated as
mean ± standard deviation. Statistical analysis of the data
was conducted by utilizing Minitab 13 and Mstat software
packages. T-test was used to compare the data sets, obtained from the stations. In addition, in order to compare
the tissues of the fish caught in the stations; analysis of variance (one-way ANOVA) was conducted. The variance between the groups was determined to be p<0.05 [16].

FIGURE 1 - Sarıçay Creek and Atikhisar Reservoir
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3. RESULTS AND DISCUSSION
In this study, replicated water samples collected from
the Atikhisar Reservoir and Sarıçay Creek were analyzed
for zinc, lead, copper, cadmium, iron, manganese. The results
for total metal burdens in water are expressed in µg L-1. The
mean concentrations and their standard errors analyzed
metals in water are given in Table 2. However their statistical
comparisons were carried out along with these data. According to the results of the analysis, conducted in the water, the Zn, Pb, Cu, Fe and Mn metal concentrations that
were identified in Sarıçay Creek are statistically higher than
the Atikhisar Reservoir samples (p<0.05) but the cadmium
metal was found out to be statistically similar in both stations
(p>0.05).
The average metal concentrations, measured within
the tissues of the European Chub fish, which were caught

in Atikhisar Reservoir and Sarıçay Creek, are presented in
Figure 2. The concentrations of all metals, measured within
the muscle, liver, gill and kidney tissues of the fish, caught
from Sarıçay Creek, were determined to be statistically higher
than the fish, caught in Atikhisar Reservoir (p<0.05).
TABLE 2 - The comparison of the metal concentration (µg L-1) in water, collected from Sarıçay Creek and the Atikhisar Reservoir by ttest
Atikhisar Reservoir
Sarıçay Creek
Zn
181.41±16.31
539.01±3.61*
Pb
21.13±1.04
38.67±2.73*
Cu
21.02±1.59
67.02±1.15*
Cd
2.41±0.30
3.667±0.33
Fe
285.40±37.31
881.07±30.51*
Mn
43.91±4.45
126.97±5.88*
Value along a column shown with (*) was significantly different from
other value in column; * p<0.05. n=25

FIGURE 2 - The comparison of the metal concentration (µg g-1) in the tissues of the European Chub species, caught from Sarıçay Creek and
the Atikhisar Reservoir by t-test (Value along a column shown with (*) was significantly different from other value in column; * p<0.05)
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Within the scope of this study; the metal accumulations
of the tissues (muscle, liver, gill, kidney) of European Chub
fish, caught from the stations are comparatively presented in
Table 3 (Atikhisar Reservoir) and Table 4 (Sarıçay Creek),
respectively. The zinc was measured in the highest levels
in gill tissue both in Atikhisar Reservoir and Sarıçay Creek
and the difference between other tissues is also statistically
significant (p<0.05). While the lead accumulation is identified
in the kidney tissue in Atikhisar Reservoir in its highest levels,
the highest levels of lead accumulation in Sarıçay Creek was
recorded in gill tissue and the difference between the tissues
was revealed to be statistically significant as well (p<0.05). In
addition, Fe and Cd metals in the tissue of the fish, caught
from both stations were recorded most in the kidney tissue
and Cu and Mn metals were identified most in the liver tissue as the difference between the other tissues is also statistically significant (p<0.05).
According to the results of this hereby study; both the
metal contamination and the metal accumulation within the
fish tissues are revealed to be increased dramatically from
the course of Atikhisar Reservoir to the direction of Sarıçay
Creek. The facts such as the part of Sarıçay Creek that runs
through the city is under the threat of urbanized and industrial grade pollution, its middle sections are especially subjected to the agricultural applications and the fact that the
flow rate is low; impact the contamination status of the
river water significantly. And in parallel with this, the
heavy metal levels in the tissues of the European Chub,
which is fed from the water and sediment around, show an
increase. Rainbow [17] reported that in addition to the fact
that the metal accumulation within the tissues of the
aquatic organisms depends on the physiologic endogen
factors (sex, age, tissue), it is also closely related to the environmentally external factors (salinity, temperature, oxygen and metal concentration) as well [18]. The previous
studies suggest that the heavy metal concentrations in the

tissues of freshwater fish change dramatically due to the
differences in the metal concentrations of the water itself,
thus; the fish, which live in the water, where the pollution
is identified, would have more metal accumulation in their
tissue [19, 20].
When the excretion, storage and the detoxification
mechanisms in fish cannot outweigh the ingestion of toxic
substances such as metal, the accumulation of those substances occurs in tissues and organs [21]. Metal concentrations analyzed tissues of chub fish samples showed different levels in both Sarıçay Creek (Table 3) and Atikhisar
Reservoir (Table 4).
In fish, due to the fact that the gills are in direct contact
with water, they play a major role for the decomposed metals to enter into body stream [22, 23]. The reason that the
zinc is found more in Sarıçay Creek, compared to Atikhisar
Reservoir, can be explained by the fact that a significant
amount of mucus is secreted by the metal interaction and
the active groups in the mucus, in which, the glycoprotein
content is higher, bind the metal therefore blocks their passage [24].
In this study, the lead metal accumulation was identified
in higher levels in the kidney tissue of the fish, caught from
Atikhisar Reservoir and the gill tissue of the fish, caught
from Sarıçay Creek. The aquatic organisms accumulate the
trace elements, which they do not need or which are in excess, in their kidneys in order to store or excrete. In relation
to this, such metals can reach up to very high levels of concentrations in kidneys [25]. On the other hand; it was also
reported that due to the structural disruptions in the gill filaments resulting from the increasing concentrations of the
lead metal, leads to an increase in mucus excretion and thus
the lead concentrations within the gill tissue raises [26].
Karataş and Kalay [27] indicated that the highest level of
metal accumulation in Tilapia zilli species regarding the

TABLE 3 - The comparison of the metal concentration (µg g-1) in the tissues of the European Chub species, caught from Atikhisar Reservoir
by one-way ANOVA
Muscle
Liver
Gill
Zn
29.86±0.85d
46.52±0.63c
77.81±1.13a
Pb
0.23±0.03d
8.83±0.36c
10.44±0.40b
18.91±0.89a
7.80±0.47b
Cu
3.67±0.47c
175.93±3.21b
92.50±4.55c
Fe
8.54±0.77d
1.32±0.99b
0.86±0.64bc
Cd
0.07±0.01d
5.92±0.28a
4.14±0.42b
Mn
2.08±0.21d
The differences among the tissues shown with the lower letters for each metal are significant p<0.05. (Mean±SE, dry wt.)

Kidney
63.79±0.91b
13.43±0.56a
9.15±0.52b
214.29±19.39a
2.30±0.84a
3.87±0.33bc

TABLE 4 - The comparison of the metal concentration (µg g-1) in the tissues of the European Chub species, caught from Sarıçay Creek by oneway ANOVA
Muscle
Liver
Gill
Zn
54.59±0.75d
80.51±1.59c
115.56±1.11a
Pb
3.22±0.70d
24.81±1.26c
36.77±0.88a
Cu
7.57±0.36d
38.87±0.80a
11.64±0.53c
228.73±5.62b
139.53±9.42c
Fe
94.51±6.77d
4.85±1.37b
2.63±0.81c
Cd
1.27±0.34c
8.33±0.69a
7.22±0.56b
Mn
4.72±0.20c
The differences among the tissues shown with the lower letters for each metal are significant p<0.05. (Mean±SE, dry wt.)
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Kidney
91.48±1.63b
29.52±1.37b
16.12±0.62b
252.16±12.09a
5.95±1.35a
5.86±0.39c
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concentrations of lead metal from different environments, recorded in gills. However, the reason of why the
cadmium is accumulated in a higher rate in the kidney tissues of the fish, caught from both areas, compared to the
other tissues of the fish, is that cadmium metal modifies the
cellular permeability of the kidney tubules thus leading to
a higher rate of accumulation within those tissues [28, 29].
In many studies, conducted before, it was also underlined
that the cadmium accumulation occurs in the kidney tissue
most [30-32].

and electricity production, within the parameters, which
are considered acceptable, is important in terms of the
overall health of the ecosystems.

The metals, absorbed from the gills, are linked to the
carrier proteins and in parallel with this, are conducted to
other tissues, especially to the liver tissue [33]. The results
of the study suggest that the reason that the liver tissue contains a higher level of copper and manganese is because
this organ is the location for metal detoxification. [34]. As
the result of the prior studies, conducted in this line, reveals
that the copper initially interacts with the gill tissue but depending on the duration of the effect, accumulates in the
liver tissue most [35, 36]. The researchers reported that the
liver and kidney tissues are the main organs for synthesis
of metal binding proteins such as metallothionein and
therefore, the metals are accumulated in those indicated tissues in higher levels of concentration [36, 37]. In addition,
when the metals enter into the organism or when their concentrations within the increase in the organism, the synthesis of the metal binding proteins raise as well, which ultimately leads to higher metal accumulation in tissues and
organs [38, 39].
In this study, concentrations of metals in fish tissue
samples were lower in muscle than in other tissues. The
muscle tissue in aquatic organisms is less active in metal
accumulation due to their lower metabolic activity rate [4,
30, 40]. In various studies, the metal accumulation in gill,
kidney and liver tissues were found out to be higher, compared to the metal accumulation in muscle tissue [20, 41-45].
TABLE 5 - Acceptable limits of metals (µg g-1) in the edible tissues of
fish

Turkish
Food Codex

Zn

Fe

Cu

Mn

Pb

Cd

50

-

20

-

0.30

0.10
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ABSTRACT

1. INTRODUCTION

To better understand the microbial diversity and activity under crude oil contamination, denaturing gradient gel
electrophoresis fingerprinting, real-time PCR and microcalorimetric analysis were applied in this study. Principal
component analysis (PCA) was performed to detect the
greatest contributors to variation among oil-contaminated
soil samples. Furthermore, Pearson’s correlation was
adopted to determine correlations among microbial diversity, microbial activity and geochemical factors. It found
that microbial diversity index (H) showed a decrease along
the oil contamination gradient, while the abundance of bacteria and actinobacteria also presented a decreasing trend
in the range from 4.1×107 to 1.4×105 copies g-1 and from
1.1×106 to 1.6×103 copies g-1, respectively. And Proteobacteria, Actinobacteria, Chloroflexi, and Acidobacteria
were the dominant bacteria in the most contaminated soil.
Crude oil, organic matter, soil available nitrogen and phosphorus were found to be the vital factors influencing the
microbial community structure. PCA analysis indicated
that crude oil contamination could lead to the imbalance of
soil ecosystem. Our work offers an insight into microbial
diversity and activity in oil-contaminated soils, providing
potential applicable information for environmental assessment.

KEYWORDS: Oil contamination; Microbial diversity; Microbial activity; Microcalorimetry; PCA
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Crude oil as a multicomponent and complicated mixture contains hydrocarbons and related compounds grouped
into four major categories based on their different solubility in organic solvents: saturated hydrocarbons, aromatic
hydrocarbons, resins and asphaltenes [1]. Most compounds
of the crude oil show toxicity and even some could lead to
the gene mutation and cancers [2, 3], and it is hard to remove them from contaminated soils. Soil contamination
with crude oil has become an serous environmental issue in
thorough out the world with the increasing societal and industrial demands for oil [4]. Soil microbial communities as
the main participants of material cycles and energy flow
play an important role in the soil ecosystem [5, 6]. Furthermore, they are able to reflect the change of soil due to contamination [7]. On the basis of the microarray analysis, it
is reported that the abundance of microbial functional
genes encoding cellulose, urease and chitinase, and their
possessors bacteria, archaea and fungi decreased significantly along an oil contamination gradient [8]. And the soil
enzyme activities, such as dehydrogenase and extracellular
urease, were significantly reduced in soils that were highly
contaminated with polycyclic aromatic hydrocarbons (PAHs)
[9]. Furthermore, soil microbial community structure also
varied to be rare that the Shannon index could decrease from
2.87 to 0.85 due to PAHs contamination [10]. Soil microbes
are sensitive to many kinds of environmental stress, then the
environmental condition could be assessed unambiguously
dependent on the microbial diversity, community structure
and their ecological functions [8, 11]. Thus, a great attention has been paid to study on soil microbial community
for better understanding the response of the ecosystem to
contaminants.
Recently tremendous amounts of work have been performed to evaluate the metabolically active bacterial community in different environments using denaturing gradient
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gel electrophoresis (DGGE) [12], 16S rRNA gene clone library [13], restriction fragment length polymorphism
(RFLP) [14], microarray analysis of microbial functional
diversity [8] and microbial metagenomics analysis [15].
Meanwhile, in the last ten years microbial activity based on
the microcalorimetric method has also attracted considerable attention [16-19]. Microcalorimetry is adopted to assess the interruption from human chemical products quantitatively and qualitatively to environments since it can
continuously monitor the soil microbial activity[17]. The
data derived from the thermal power-time curves have been
devoted as indicators of microorganisms in response to environmental disturbance such as pesticides and heavy metals. It found that pesticide 2,4-dichlorophenoxiacetic acid
enables to act directly on the soil microorganisms and
cause a decrease on microbial activity along the increase of
its amount, probably in virtue of forming toxic metabolites
from the pesticide metabolism [20]. Meanwhile, heavy
metals show a serious influence on soil microbial activity
and a general order of their toxicity to soil microorganism
is found to be Cr>Pb>As>Co>Zn>Cd>Cu based on the
thermodynamic parameters [21]. Microcalorimetry as a
sensitive monitor possesses an ability to measure the metabolic heat at a low value directly, providing a good potential to assess the overall biomass and their activity of soils.
In previous researches, microbial diversity and activity
were analyzed strongly by many kinds of techniques with
simple or combined methods. However, the integration of
microbial diversity and activity is not well achieved yet and
these researches are still limited by their methodology. For
instance, DGGE fingerprinting is just used to analyze microbial community structure, while microcalorimetric technique enables to continuously monitor metabolic energy of
overall biomass. Based on molecular methods and microcalorimetriy, well integration of microbial community and
its activity may accelerate a better understanding of microbial responses to the environmental stress. It found that the
combination of functional gene and microcalorimetric
analysis could strongly demonstrate functional bacterial
metabolic process for organic pollutants degradation[4].
Furthermore, rRNA-SIP experiments conducted in a microcalorimeter were able to provide an possibility to monitor successive metabolic processes in real time to obtain
optimal time points for identifying fermenting bacteria[22]. Thus, it is capable of conducting the effective combination of microbial diversity and activity that may clearly
reveal the microbial responses to different environmental
stresses, especially in the complicated soil media.
To better understand the environmental contamination
with crude oil, this research was performed on microbial
diversity and activity by applying both molecular methods
and microcalorimetric technique. Herein, we adopted
DGGE fingerprinting, real-time quantitative PCR, 16S
rRNA gene clone library and microcalorimetric technique
to evaluate microbial responses to crude oil contamination
in Dagang oilfield, China.

2. MATERIALS AND METHODS
2.1. Soil samples

For evaluating the microbial diversity and activity under oil contamination stress, soil samples were selected
along a striking oil contamination gradient at the Dagang
oilfield near Bohai Bay, China. This oilfield began to produce oil since 2000. Soil contamination was serious during
oil exploration, production and maintenance. All soil samples were obtained in one block which was using water
flooding for oil recovery, while soils were sampled from
the surface (10-cm depth) and stored in polyethylene bags
at 4 oC for further analysis. Uncontaminated sample S1 was
chosen as control far from production wells, and sample S2
was gotten nearby one water injection well. Samples S3
and S4 contaminated moderately were collected near two
production wells, and samples S5 and S6 contaminated
heavily were obtained from another two production wells
through spillages over years. Soil samples were divided
into duplicate for chemical and biological analyses. The
crude oil content was analyzed using the gravimetric
method[23]. Soil pH was determined in the ratio of 1:5
soil-to-deionized water and the moisture content of soil
samples was determined by weight loss. The total nitrogen
(TN), available nitrogen and phosphorus were determined
with the standard soil testing procedures[24]. Soil organic
matter (OM) was measured by hot K2Cr2O7 oxidation. Total DNA of each soil sample was extracted using PowerSoil™ DNA Isolation Kit (MoBio, USA) and determined
by running a 1% agarose gel electrophoresis.
2.2. Denaturing gradient gel electrophoresis (DGGE)

PCR amplification was carried out to amplify the bacterial variable V3 region of the 16S rRNA sequence using GCclamp primers 338F (5’-CGCCCGCCGCGCGCGGCGGGC
GGGGCGGGGGCACGGGGGGCCTACGGGAGGCAGCAG-3’) and 518R (5’-ATTACCGCGGCTGCTGG-3’)
[25]. The amplification was performed in a total volume of
25.0 μl containing 17.5 μl sterile deionized water, 2.0 μl
Mg2+ (20 mM), 0.5 μl dNTP (10 mM), 0.5 μl DNA template,
0.5 μl of each primer (20 μM), 0.5 μl TaqDNA polymerase
(3 U/μl), and 2.5 μl 10×buffer solution (20 mM). Amplification for 35 cycles was performed in GeneAmp® PCR
System 9700, while the temperature profile for PCR was
95 oC for 5 min predenaturation (1 cycle), 94 oC for 1 min
denaturation, 55 oC for 40 s annealing, 72 oC for 1 min extension (35 cycles), and 72 oC for 10 min extension after
the final cycle. Amplification products were checked by
running 1% agarose gel electrophoresis. The size of the
amplicons of partial 16S rRNA sequence was approximately 180 bp, and the gel was subjected to DGGE analysis. The final image was obtained on a gel photo system
(Cell Bioscience, USA) and analyzed with Bio-Rad Quantity One software package. The Shannon-Weaver index
(H) is counted from Equation 1,
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where Ni is the peak height of each band and N is the
sum of all the peak heights of all bands. The similarity index (also called Dice coefficient, Cs) is calculated from
Equation 2,

Cs  2 j

ab

(2)

where a and b represent the total sum of bands in two
different DGGE lanes, respectively, and j is the amount of
bands in common between two lanes.
2.3. Real-time PCR analysis for bacteria and actinobacteria

Copy numbers of 16S rRNA sequence were quantified
with the real-time PCR analysis using 338F and 518R primers for bacteria, and 243F primer (5’-GGATGAGCCCG
CGGCCTA-3’) and 513R primer (5’-CGGCCGCGGCT
GCTGGCACGTA-3’) for actinobacteria [26]. All SYBR
real-time PCR assays were carried out with a Fast 7500 instrument (ABI, USA). PCR mixture of 20 μl contained 10 μl
of SYBR mixture, 2 μl of template DNA, 0.1 μl of each
primer and 7.8 μl of sterile deionized water. The amplification protocol was as follows: initial denaturation for 20 s
at 95 oC followed by 60 cycles (30 s at 95 oC, annealing for
30 s at 53 oC (and 60 oC for actinobacteria), and extension
for 1 min at 72 oC). Each reaction for real-time PCR was
performed in triplicate. Standard curves for calculating the
abundance of bacteria and actinobacteria were established
as the previous method[27]. The target sequence was amplified by conventional PCR and then purified, while the
copy concentrations are calculated by Equation 3.
DNA(copy) 

6.02 1023 (copy/mole)  DNA concentration (ng/μl)
DNA length (bp)  660 (g/mole/bp)

(3)
The PCR products were performed directly used as template for real-time PCR analysis with the related primers.
2.4. Construction of the 16S rRNA gene clone library

Total DNA was extracted from the most contaminated
soil (sample S6) and 16S rRNA fragments were amplified
using the primers of 63F (5’-GCCTAACACATGCAAG
TC-3’) and 518R (5’-ATTACCGCGGCTGCTGG-3’)[28].
Amplification was carried out with initial denaturation for
5 min at 95 oC, 35 cycles of 30 s at 94 oC, 1 min at 53 oC,
and 2 min at 72 oC, and final extension for 10 min at 72 oC.
The reaction was conducted in a total volume of 25 μl like
the above DGGE system. The amplified fragments were
purified using the AxyPrep PCR purification kit (Axygen,
USA), and cloned to the pMD®18-T vector using the PCR
cloning kit (TaKaRa, Japan). Clones harboring recombinant plasmids grew overnight on the solid LB medium (LB
contains 10 g of NaCl, 10 g of tryptone, 5 g of yeast extract,
1.8 g of agar, and pH 7.0) with ampicillin (100 μg/ml) at
37 oC. One hundred clones were chosen and verified using
PCR with upper primer pairs. Thus cultured effective
clones in liquid LB medium with ampicillin and sent to
sequencing, resulting in the 16S rRNA gene clone library.

2.5. Microcalorimetric analysis of soil samples

The soil microbial metabolic process was monitored
by the microcalorimetry using a TAM III (TA instruments,
USA). All 4 ml-sized ampoules were cleaned and sterilized
at 115 oC by employing dry sterilization. All soil samples
were previously kept at 28 oC for one day prior to measurements in the thermostatic box. The determinations of soil
microbial thermal effect were conducted in ampoules containing 2 g of soil and 0.4 ml of nutrient solution containing
1.5 mg of glucose and 1.5 mg of ammonium sulfate. The
temperature of calorimetric system was maintained at 28 oC
[29]. The soil microbial activity stimulated by adding the nutrient solution was continuously measured as power-time
curves on the computer. The total heat of the microbial metabolic process (Qtotal, J) was calculated by integrating the thermal power-time curves. The microbial growth
rate constant (k, min-1) is taken from Equation 4,

ln Pt  ln P0  kt

(4)

where t is the microbial growth time, Pt is the power
output at time t, and P0 is the initial output at the log phase.
The maximum heat evolution (Pmax, μW) and the time to
reach the Pmax (tmax, h) were obtained directly from the
curves.
2.6. Statistical analysis

All results are the means of three replicates (n=3). The
principal components analysis (PCA) was used to isolate
the principal components (PCs) and the contained variables, which are responsible for most of the global data variance. The PCs were extracted by applying the principal or
main axis method. Only component loadings>0.7 were
considered for interpretation of the principal components.
All numerical parameters before the statistical analysis were
normalized. In addition, Pearson’s correlation was performed to determine correlations among microbial diversity, microbial activity and geochemical factors using the
software Xlstat 2010 (Addinsoft, New York, NY) [13].
2.7. Nucleotide sequence accession numbers

The nucleotide sequences referred in this research
were submitted at the NCBI database under accession numbers JQ674700-JQ674746. The 16S rRNA sequences were
indentified according to be compared with biological information in GenBank nucleotide sequence database.
3. RESULTS
3.1. Soil geochemical information

Geochemical data of oil-contaminated soil samples
was presented in Table 1. Oil content in contaminated soil
samples ranged from 0.80 to 50.6 mg g-1, while soil organic
matter showed a similar tendency in the range 16.8 to 107.2
mg g-1. Other geochemical values such as total and available
contents of nitrogen, phosphorus and potassium had a considerable variation among the oil-contaminated soil samples as well as moisture content and pH.
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3.2. Microbial diversity and community patterns

3.2.2. Real-time PCR analysis for bacteria and actinobacteria

3.2.1. Effect of oil contaminant on the microbial community
structure

The real-time PCR was carried out to quantify the 16S
rRNA gene copy number of bacteria and actinobacteria in
oil-contaminated samples. The amount of bacteria and actinobacteria in each sample is shown in Table 1. Copy
number of bacteria presented a decreasing trend within the
range from 4.1×107 to 1.4×105 copies g-1 with the increasing oil-contaminated extent, while actinobacteria had taken
on the similar tendency ranging from 1.1×106 to 1.6×103
copies g-1. These results indicated that bacteria (r = -0.69,
p = 0.126) and actinobacteria (r = -0.99, p = 0.000) reacted
sensitively to oil contamination, and the trend of their variations was more obvious, especially to the higher oil-contaminated soil samples.

Hierarchical cluster analysis of 16S rRNA sequences
with Quantity One software (Bio-Rad, USA) using Ward’s
method based on Dice coefficient was carried out to generate a dendrogram to represent the relationship of microbial
community structures in the contaminated soil samples.
DGGE fingerprinting demonstrates the composition of the
most dominant microbial community, including the noncultivable members. Closely clustered soil samples reflect
more chance of sharing the same bacterial composition. This
study revealed that there were striking differences among the
microbial community structures of the soil samples and the
abundance of each microorganism changed obviously. The
six soil samples were separated into two different clusters.
Samples S1 and S2 belonged to a particular cluster and another four samples grouped into a common cluster as depicted in Fig. 1. All those results suggest that the bacterial
communities emerged a substantive change under oil contamination stress.

3.2.3. 16S rRNA gene clone library analysis

Total DNA of the most contaminated soil (sample S6)
was extracted and then amplified based on the 16S rRNA sequence for constructing the transformants. One hundred
clones were chosen for sequence analysis and constructed the
bacterial 16S rRNA gene clone library. Fig. 2a shows that

TABLE 1 - Biogeochemical and calorimetric parameters of soil samples from Dagang oil field in China
NO.
S1
S2
S3
S4
S5
S6

Oil
(mg g-1)
0.0±0.0
0.8±0.0
15.3±0.6
23.0±1.7
46.8±2.0
50.6±1.3

pH
7.3±0.0
7.5±0.1
7.4±0.0
7.3±0.2
7.5±0.0
7.8±0.2

Water
TN
N
P
(%)
(mg kg-1)
(mg kg-1) (mg kg-1)
20.2±0.1 1090.0±9.1 125.8±4.7 28.0±3.1
13.3±0.0 1970.6±48.2 158.7±9.9 41.9±3.5
21.6±0.1 660.7±16.7 114.2±6.0 14.4±0.4
16.9±0.1 550.4±17.8 87.9±1.5 19.0±1.4
11.1±0.0 830.2±15.6 60.4±1.8
6.1±0.1
10.3±0.1 440.6±24.6 78.5±2.9
4.4±0.3

K
OM
(mg kg-1)
(mg g-1)
584.4±23.3 0.5±0.0
166.1±6.7 16.8±0.4
432.0±18.3 31.0±3.0
160.8±2.1 50.1±0.7
88.05±4.5 98.1±1.4
66.06±1.7 107.2±3.0

Bact
(copies/g)
(4.1±0.3)×107
(3.8±0.9)×107
(5.1±0.1)×106
(4.7±0.3)×106
(3.9±0.1)×105
(1.4±0.3)×105

Actino
(copies/g)
(1.1±0.2)×106
(1.0±0.1)×106
(6.4±0.3)×105
(5.0±0.3)×105
(4.7±0.2)×103
(1.6±0.2)×103

k×10-3
(min-1)
4.4±0.0
4.5±0.0
3.2±0.1
3.0±0.1
3.4±0.0
3.8±0.0

tmax
Qtotal
Pmax
(Jg-1)
(μW)
(h)
16.1±1.2 1250.8±15.3 14.9±0.2
27.6±0.8 2105.7±21.4 15.3±0.1
11.5±1.3 354.8±9.2 22.3±0.3
14.2±0.6 379.9±10.3 24.2±0.2
11.8±1.2 389.8±8.4 28.3±0.2
9.6±0.5
270.6±2.7 36.6±0.4

TN–total nitrogen; N–nitrogen; P–phosphorus; K–potassium; OM–organic matter; Bact–abundance of bacteria; Actino–abundance of actinobacteria; k–the microbial growth
rate constant; Pmax–the maximum heat evolution; tmax–the time to reach the Pmax; Qmax–the total heat of the microbial metabolic process.

(a)

(b)

FIGURE 1 - Hierarchical cluster analysis of 16S rRNA sequences using Ward’s method based on Dice coefficient. All samples were obtained
in one block using water flooding for oil recovery. Uncontaminated sample S1 was chosen as control far from production wells, and sample S2
was gotten nearby a water injection well. Samples S3 and S4 contaminated moderately were collected near two production wells and Samples
S5 and S6 contaminated heavily were gotten from two production wells through spillages over years.
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(a)

(b)

FIGURE 2 - Bacterial 16S rRNA gene clone library of the most contaminated soil: (a) Proportion of bacterial taxa and (b) Proportion of
Proteobacteria.

the clones are distributed into nine phyla. They are Proteobacteria (42.55%), Actinobacteria (19.15%), Chloroflexi
(12.77%), Acidobacteria (6.38%), Gemmatimonadetes
(4.26%), Bacteroidetes (4.26%), Verrucoomicrobia (2.13%)
and Firmicutes (2.13%). The remaining is grouped into the
cluster of unidentified bacteria (6.38%). Here Proteobacteria is the most dominant group of bacteria in the most
contaminated soil sample, and it falls into four parts: αProteobacteria (55%), γ-Proteobacteria (20%), β-Proteobacteria (15%) and δ-Proteobacteria (10%) (Fig. 2b).
Among these, α-Proteobacteria is the dominant component, representing 23% approximately in this clone library.

2200
2000

S2

1800

Power (µW)

1600
1400

S1

1200
1000
800

S4 S3

600

S5
S6

400
200

3.3. Microbial activity

Microbial activity of the total soil microbial communities was determined by microcalorimetry and Fig. 3 depicts
their power-time curves. The microbial growth rate constant (k) was obtained by plotting a linear curve of lnPt
against t. The curves clearly show that the microbial metabolic processes are quite different. There are some variations between samples of low and high contaminant content. Double peaks in the growth curves are found in the
highest oil-contaminated group (S5 and S6) while only one
peak in the low and medium oil-contaminated groups is observed. Table 1 summarizes the microbial metabolic heat
parameters of the soil samples. It is found that there are not
many changes in k, Pmax and Qtotal with the gradient of
higher oil contamination. However, Pmax (r = –0.74, p =
0.090) and Qtotal (r = –0.71, p = 0.116) declined with the
increase in oil-contamination. The time to the highest peak
(tmax) is obviously delayed, showing a positive correlation
with the extent of oil contamination (r = 0.96, p = 0.002).
Sample S1 takes 14.9 hours to reach the peak in the powertime curve whereas S6 requires 36.6 hours. As such, thermodynamic parameters from the metabolic power-time
curves emerge a striking difference indicating the correlation between soil microbial activity and oil contamination
level. These results highlighted microcalorimetry as a sensitive method which can be applied in environmental assessment successfully.

0
0

10

20

Time (hour)

30

40

FIGURE 3 - Thermal power-time curves of soil samples with different oil contaminated levels.
3.4. Relationship of geochemistry to microbial diversity and
activity

To better understand the relationship of geochemistry
and the microbial diversity and activity, a matrix was established on account of Pearson’s correlation coefficients
(r) calculated from each site as shown in Table 2. Partial
geochemical factors are related to each other. Oil content
shows a close correlation with the factors organic matter (r
= 0.99, p = 0.000), nitrogen (r = –0.90, p = 0.014), phosphorus (r = –0.89, p = 0.017) and Shannon-Weaver index
H (r = –0.95, p = 0.004), and moderately correlates with
potassium (r = –0.70, p = 0.12), water (r = –0.68, p = 0.137)
and pH (r = 0.67, p = 0.149), respectively. Oil content also
has a significant correlation with the parameters of microbial community activity such as tmax and Qmax, and moderately correlates with Pmax and k. From Pearson’s correlation
analysis, there is an apparent correlation between microbial
diversity and activity. Shannon-Weaver index H possesses
a positive correlation with thermodynamic parameters Pmax
(r = 0.80, p = 0.055), Qtotal (r = 0.70, p = 0.125) and k (r =
0.67, p = 0.150), and a negative correlation with tmax (r =
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TABLE 2 - Correlation matrix showing r values for Pearson’s correlation
Variables
Oil
pH
Water
TN
N
P
K
OM
Bact
Actino
k
Oil
1.00
0.67
pH
1.00
-0.68
-0.76
Water
1.00
-0.66
-0.15
-0.05
TN
1.00
0.41
0.80
N
-0.90 -0.29
1.00
0.29
P
-0.89 -0.43
0.88
0.92
1.00
-0.70
-0.63
0.10
0.47
0.34
K
0.89
1.00
0.72
-0.76
-0.57
-0.78
OM
0.99
-0.85
-0.83
1.00
-0.69
-0.52
0.55
0.32
0.50
0.52
-0.73
Bact
0.82
1.00
0.65
0.66
0.72
0.75
Actino
-0.99 -0.63
0.90
0.89
-0.99
1.00
-0.50
0.15
-0.10
0.74
0.68
0.65
0.27
-0.44
0.61
0.57
k
1.00
-0.71
-0.22
-0.01
0.04
-0.62
0.28
0.70
0.65
Qtotal
0.96
0.83
0.94
-0.74
-0.18
0.03
0.21
-0.67
0.48
0.76
Pmax
0.97
0.87
0.94
0.83
0.74
-0.61
-0.72
-0.66
-0.69
-0.48
0.96
-0.82
-0.88
0.95
-0.95
tmax
-0.55
0.59
0.73
0.74
0.77
0.67
H
-0.95
0.89
0.85
-0.94
0.96
Values in bold are different from 0 with a significance level alpha=0.05, Shannon-Weaver index (H) is shown here.

–0.95, p = 0.004) under the specific environment. These
results suggested microbial activity is bound up with microbial diversity, providing similar abilities to indicate environmental disturbance.
The PCA multivariate statistical analysis gave a clearer
picture of the relationship among the geochemical parameters under the oil contamination stress. PCA isolated two
principal components (PC) (total variance explained:
85.9%) covering variables related to chemical and biological parameters (Table 3). The 1st PC (53.8% of the total
variance) included the oil contaminant, TN, N, P, OM, bacteria, k, Qtotal, Pmax and H. The 2nd PC loading (32.1% of
the total variance) included the pH, water, K, actinobacteria and tmax. The parameters associated to biological soil
characteristics were negatively correlated with the organic
matter and oil contaminant (parameters significant on the

Qtotal

Pmax

tmax

H

1.00
0.96
-0.73
0.70

1.00
-0.76
0.80

1.00
-0.95

1.00

same PC, PC1, with a different sign) indicating a negative
effect of contamination on microbial growth. Similarly, actinobacteria were negatively affected by the pH and positively by water content. Actinobacteria seem less affected
by the oil contamination with respect to bacteria, being not
correlated on the PC1.
Fig. 4 provides the biplot of the PCA analysis obtained
using the first two principal components. This plot gives a
graphical representation of clusters of soil with similar
chemical and biological properties. In the biplot, the samples S5 and S6, which were characterized by the highest
content of oil contamination and the lowest nutrients, were
located in the bottom left corner of the plot, while the samples S1 and S2, which had the lowest pollution and a high
nutrient content, were located at the opposite edge of the
PC1 axis. The samples S3 and S4 were located near to S5

FIGURE 4 - Biplot of factor scores and loadings in each site (S1, S2, S3, S4, S5 and S6) carried out considering the different biological and
geochemical factors.
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and S6 on the PC1. The discrimination between these two
groups of samples on the PC1 seems to indicate that a low
concentration of oil contamination does not determine an
appreciable alteration of the composition and metabolism
of the microbial community. On the contrary, when oil
contamination reach the concentration of 15.3 mg g-1 (sample S3) a modification of soil biological properties similar
to that observed at 50.6 mg g-1 (sample S5) was showed.
Samples using PCA analysis of the microbial community
activity reflect grouping patterns which are consistent with
the microbial diversity analysis (vide supra).
4. DISCUSSION
To better understand the microbial responses to crude
oil contamination, correlation analysis was carried out
among all soil geochemical variables. It found that crude
oil contaminations could lead to an obvious imbalance in
soil carbon, nitrogen and phosphorus from studying their
distribution. And the content of available nitrogen and
phosphorus will reduce due to crude oil contamination,
which may become the limiting factor of crude oil biodegradation[8, 24]. Adjustment of the C/N/P ratio in oil contaminated soils by adding nitrogen and phosphorus may be
a good strategy for their in-situ bioremediation, especially
in those fields with low nutrient levels.
Thus, particular attention should be paid in microbial
properties in oil contaminated soils, and the variations of
microbial diversity and microbial activity along an oil contamination gradient were monitored using the DGGE fingerprinting, real-time PCR and microcalorimetry. While
the microbial diversity decreases under the more serious
contamination stress, soil microbial activity also shows a
striking change under it. The microbial diversity and community patterns of the oil-contaminated soil samples are
analyzed here. The total DNA extracted from each oil-contaminated soil sample has a lower concentration (0.36–5.78
μg g-1) compared with that of tropical soil samples (2.5–
26.6 μg g-1)[30]. Low concentration of extracted total DNA
suggests that the oil-contaminated soils contain a small
number of microorganisms. However, it might overestimate DNA concentration erroneously by using only simple
spectrophotometric determination alone due to the possible
contaminations of humic compounds and these compounds
can interfere with the subsequent analysis of polymerase
chain reaction[31]. In order to reduce the inhibition effect,
PCR amplifications are performed with a 50-fold diluted
DNA. DGGE fingerprinting provides a rapid and direct
overview of the main differences and similarities between
the detectable bacterial communities in the oil-contaminated soil samples. Soil samples S5 and S6 with higher oil
contamination showed lower Shannon diversity indices of
2.89 and 2.78 with a smaller composition of phyla judged
from the fingerprinting. By contrast, samples S1 and S2
display higher Shannon diversity indices of 3.49 and 3.42
with a higher number of phyla. The obtained trend infers
that microbial diversity is related to the oil contamination

and it drops due to oil contamination [32, 33]. In this study,
the abundance of bacteria and actinobacteria showed a dramatic decrease under higher oil contaminant concentration
based on the real-time PCR analysis, corresponding to
4.1×107–1.4×105 copies g-1 and 1.1×106–1.6×103 copies g1
, respectively. The same trend along the gradient of increasing oil contamination is also resulted with microarraybased analysis[8], highlighting that oil content is a significant factor which negatively effects the microbial community structure. Furthermore, it was found that Proteobacteria, Actinobacteria, Chloroflexi, Acidobacteria, Gemmatimonadetes, Bacteroidetes, Verrucoomicrobia and Firmicutes are the most phyla in the most contaminated soil according to the bacterial 16S rRNA clone library. Some potential hydrocarbon-degrading bacteria, for instance, Acinetobacter, Pseudomonas, Bacillus and Alcanivorax were
found to inhabit oil contaminated soils [4, 34]. Furthermore, hydrocarbon-degrading actinomycetes including
Streptomyces, Mycobacterium, Nocardioides, and Microbacterium were identified in oil contaminated soils based
on the 16S rRNA clone library of actinomycetes (data not
shown here). This information provides an insight into soil
microbial community under oil contamination and this
might be useful for bioremediation of contamination dependent on the potential of utilizing hydrocarbons as the
sole carbon source and energy[35, 36].
Microbial activities of all oil-contaminated soil samples were measured in this research for assessing the response of soil microorganism to oil contamination. Different biochemical reactions of soil microbes are involved in
matter cycle and energy flow, and thereby they play an important role in the formation and renovation of soils. Due
to the utilization of energy sources, metabolic reactions of
microbial communities in soil generate a flow of heat, and
microcalorimetry is capable of monitoring the power quantitatively[37]. There are large amounts of reports related to
the toxicity of organic compounds and heavy metals on soil
microbial activity such as pesticide 2,4-dichlorophenoxiacetic acid[20], diphenol [18], and heavy metal Zn2+ [29],
As3+, Pb2+, Cr2+ and Cd2+ [21], but rarely reports about applications in the prolonged and intricate oil contaminated
environment. Herein, it was observed that thermodynamic
parameters such as k, Pmax and Qtotal did not show an obvious increase or decrease along with the increase of oil contamination. Nevertheless, Pmax and Qtotal displayed a relative drop while tmax showed a positive correlation with the
incremental oil contamination gradient. These results indicate that microbial diversity is related to oil contamination,
and thermodynamic parameters represent the interference
of oil to soil microbial community quantitatively to a certain extent. From the power-time curves, double peaks are
determined in the higher contaminated soil samples but a
single peak is observed in the lower contaminated soil samples. This phenomenon might be related to the dramatic
change of microbial diversity under oil contamination
stress. In fact, more work should be conducted to explore
the type of bacteria responsible to the difference of metabolic activity.
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The calculated Pearson’s correlation coefficients (r)
reflect that microbial diversity is negatively correlated with
oil content but positively correlated with soil available nitrogen and phosphorus. These results suggest that oil content, soil available nitrogen and phosphorus are critical factors influencing soil microecology[8, 24]. Oil contamination can diminish the microbial diversity and inference the
microbial community structure, while soil available nitrogen and phosphorus can enhance microbial metabolism.
PCA analysis was carried out to demonstrate the possible
relationship between geochemical parameters, microbial
diversity and thermodynamic parameters. The selected soil
samples in the loadings of PCA possess a similar clustering
with the results from fingerprinting analysis. Statistical
analyses indicate the microbial diversity and activity is related with oil contamination. Furthermore, microbial activity and diversity are coupled in a manner, and they present
the similar potential to indicate the disturbance from environmental contaminants. The combination of molecular
methods and microcalorimetric technique provides an original and available ways to better understand the interference of oil contamination to the soil microecology.
5. CONCLUSION
In this study, the environmental assessment of an oil
contaminated field was presented, showing that oil contamination strongly impacts the soil ecosystem. The statistical analysis highlights that oil contamination led to significant changes of microbial diversity and activity, and
there is a close correlation between microbial diversity and
activity, providing a similar potential for environmental assessment. Together with oil content, soil available nitrogen
and phosphorus are found to be important factors influencing the microbial diversity and activity, especially in highly
contaminated environments. An efficient and more accurate environmental assessment can be realized with the potent combination of molecular detection and microcalorimetric technique. The results obtained from this study
strongly support the hypothesis that in order to completely
evaluate the soil environment and ecological functionality,
a combination of biological, biochemical and analytical
chemical parameters is necessary.
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POPULATION DYNAMICS FORECASTING
USING ARTIFICIAL NEURAL NETWORKS
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ABSTRACT
This study is about using artificial neural networks for
population growth forecasting. The results obtained by artificial neural networks and regression technique are compared to those obtained by growth rate of the fishes caught
from the natural ecology and von Bertalanffy growth
model. It is shown that artificial neural network is a good
tool for forecasting of growth model.
KEYWORDS: Artificial neural networks (ANNs), feedforward algorithm, von Bertalanffy, growth

1. INTRODUCTION
Population growth is the change in a population over
time, and can be quantified as the change in the number of
individuals of any species in a population using "per unit
time" for measurement.
Fish are renowned for their extreme plasticity in individual growth [1]. One aspect of this plasticity is the dependence of growth on population density, which is welldocumented in wild populations [2] and in extensive aquaculture [3]. Growth, one of the most essential traits for animals, is defined as an increase in tissues and organs of the
animals per unit time, and effected by genetic and environmental factors [4].
The growth that has sigmoid form is explained reliably
by non-linear growth models, such as Gompertz, logistic,
Richards, Weibull, Monomolecular, Brody and von Bertalanffy models. Information about parameters of these nonlinear models enables researchers to obtain beneficial clues
for selection studies [5]. Bertalanffy model was developed
by von Bertalanffy [6] as a model for body weight growth.
A lot of work was done in predicting the future, and
ANNs showed even better results with regard to the traditional methods [7-10].
Previous findings indicated that the neural network
models are significantly better than traditional statistical
* Corresponding author

and human judgement methods when forecasting monthly
and quarterly data [11], especially when based on the absolute percentage error (APE) [12].
In recent years, ANNs have become a popular and useful tool for modelling environmental systems. For example, they have already been successfully used to simulate
the export of nutrients from a river basin [13], to forecast
salinity [14] or ozone levels [15], and the functional characteristics of ecosystems [16].
ANNs have been widely used for both prediction and
classification tasks in many fields of knowledge. However,
only few studies are available on animal science. Very little
research has been conducted to model animal growth using
ANNs. Yee et al. [17] compared the modelling of a data set
of rats with traditional regression and neural networks.
They found that both methods produced models that adequately predicted the body weight [18].
In this study, an ecological zone of fish was examined.
Fish were taken each month; their growth potential in the
long-term growth forecast of fish has been studied. Von
Bertalanffy, regression and artificial neural network techniques were used to predict which method gives better results.
2. MATERIALS AND METHODS
Artificial neural networks: ANNs are computational
systems that simulate biological neural networks, which
can also be defined as a specific type of parallel processing
system, based on distributional or connectionist methods
[19]. ANNs are used to predict the future, one of the key
areas. ANN data can reveal the power relations between
the unknown and unnoticed. ANNs are not linear. Linear
models can understand the important details, and can be
beneficial if they could explain. The structure of a network
of this type is characterized by a number of interconnected
elements (neurons) that learn by modifying themselves. As
in nature, the function of the network is determined by the
connections between the elements [20].
Hann and Steurer [21] found that ANNs outperform
the linear models when weekly data are used; if monthly
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data are used, ANNs and linear methods yield similar results. ANNs, between input and output variables without
the need for any prior knowledge and any assumptions, can
provide non-linear modelling [22].
Data pre-processing refers to analyzing and transforming the input and output variables to minimize noise, highlight important relationships, detect trends, and flatten the
distribution of the variable to assist the neural network in
learning the relevant patterns. Since neural networks are
pattern matchers, the representation of the data is critical in
designing a successful network. The input and output data
variables for which the data was collected are rarely fed
into the network in a raw form [22].
Network, input data and the input-output relationship
between the learning of the network is provided, and so,
the network's training is taking place. This method is generally called supervised learning, and a preferred method
[23]. Supervised learning method, trained with network
structure (backpropagation networks), will be used in the
solution of existing problems.
Backpropagation neural networks and feedforward neural networks: Backpropagation neural networks
(BNNs) consist of a collection of inputs and processing
units known as either neurons, neurodes or nodes. The neurons in each layer are fully interconnected by connection
strengths called weights which, along with the network architecture, store the knowledge of a train network. In addition to the processing neurons, there is a bias neuron connected to each processing unit in the hidden and output layers. The bias neuron has a value of +1, and serves for a
similar purpose as the intercept in regression models. The
neurons and bias terms are arranged into layers; an input
layer, one or more hidden layers, and an output layer. The

number of hidden layers and neurons within each layer can
vary depending on the size and nature of the data set [22].
Backpropagation algorithm has been proposed, at first
time by Werbos [24], and then by Rumelhart et al. [25]. In
1986, Rumelhart et al. [25] explored the backpropagation
algorithm again, and its widespread use has led to the
recognition algorithm. Backpropagation algorithm is the
mostly used supervised learning algorithm. Feedforward
neural networks are used in a variety of problems, especially in forecasting, because of their inherent capability of
arbitrary input–output mapping.
A single hidden layer feedforward neural network is
shown in Fig. 1. The weight of each layer to the arrangement of connections between neurons of the network will
be trained.
Weight arranging process, the minimization of the error function, is provided. The training of an ANN corresponds to minimizing the associated measure of error represented by the predefined error function [26]. Equation 1
shows the total error-squared error function.

(1)
Error in function, yk, produces the output of the network, and tk shows the desired output value. 1/2 is a constant factor and added to facilitate the derivative function.
As back propagation algorithm`s name implies, the errors
propagate backwards from the output, to minimize errors
in the output layer backward to the process of regulation of
weight.

FIGURE 1 - Feedforward Neural Networks
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Regression technique methods: Regression technique (RT) comprises one or more variables that can be
measured and are thought to have an influence on the modelling of the relation between a variable to another. In regression techniques, influencing variables are incorporated
as explanatory variables (independent variables), and the
affected variable is called the dependent variable. Regression models can be classified as linear or non-linear models. However, nonlinear models can be converted into linear models with a variety of methods. In equations 2 and 3,
respectively, the only independent linear variables and the
quadratic regression model are shown [10].
(2)
(3)
where, ɛi ~ N (0, σ ), ɛ is the error term, with mean 0
and variance σ2, normally distributed random variables. X
is the independent variable vector, Y is the dependent variable vector, ß0 is a constant value, and ß1 and ß2 are coefficients for related variables.
2

Von Bertalanffy models: Von Bertalanffy model originally was developed by von Bertalanffy [27]. Then, Beverto
and Holt [28] performed this function as a model for body
weight growth. The “von Bertalanffy growth curve” is used
extensively in fisheries and other areas to model the growth
of an animal as a function of age from some origin to. Von
Bertalanffy function (equation 4) is as follows:
(4)
where, t is the time, Lt is the length (or some other
measure of size), and k is the growth rate.
An application of the methods: In this study,
MINITAB and MATLAB neural network toolbox software
were used. An application was carried out as listed below.
Data: Data were taken from Gazi University Hydrobiology Laboratory’s database. This study was carried out on
226 tench (Tinca tinca) fishes (97 females, 113 males, and
16 undetermined sex individuals) caught between June
2012 and June 2013 in Mogan Lake [29]. Data were divided into three equal parts, respectively, as training, validation and test sets.
Performance criteria: In this study, the sum squared
error (SSE) and mean absolute percentage error (MAPE) is
used in two performance criteria. SSE was used as a criterion for determine training during the training of the network. In addition, we can make comparisons involving
more than one method since the MAPE of each tells us
about the average relative size of its errors.
SSE and MAPE in the following equations (5) and (6)
show the formulation of criteria.

n
SSE   e 2
i
i 1

(5)

MAPE 

1 n ei
*100

n i  1 Yi

(6)

where, Yi is the actual observation value, ei is the difference between the actual value and prediction value, and
n is the number of total observations.
3. RESULTS AND DISCUSSION
Optimistic results of ANNs: ANNs are designed for
forecasting problems, according to the organizational
structure, non-linear or non-linear autoregressive model,
the regression model trainable, and can produce results.
ANNs are established for existing problems, a non-linear
regression model acts, and model results were found.
Back propagation networks (BPNs) design is conducted as follows: One of the input and output layer neurons is used. Single hidden layer is used, and this hidden
layer has four neurons. Hidden layer activation function is
the hyperbolic tangent function. Output layer activation
function is the identifying function. Learning rate and momentum coefficient value of 0.5 were used. Learning methods are used as the Powell-Beale algorithm. In MATLAB
neural network toolbox, available different learning methods solved the problem, but the Powell-Beale algorithm
prefers to give better results [10].
While training the network, two parts of the data as
training set and validation set were used. The network was
run for 10 times, verifying the best results for network
structure according to the validation data set. The best network structure was generalized by using the test data set.
For the training set, each execution of the algorithm
finds the mean squared error (SSE - sum squared error) values, 0.0031-0.0035, respectively. Termination of the algorithm at each execution varies between the cycle of 50 -75
(epoch). According to the model, the values are shown in
Table 1.
Results of regression technique: The resulting fish
belonging to height, weight, age and sex data have been
obtained using the regression model. Growth models describe the changing size of something over time. In our
case, we will use some type of regression to fit the relationship between the size of a population and the time since its
inception. The parameter that we need to estimate/to describe growth is a measure of the change in size per unit of
time. The slope to regression is "the change in Y per unit
of X".
The following is a non-linear regression model. According to the regression model (eqs. 2 and 3, Fig. 2), the
predicted values are provided in Table 2.
Results of Von Bertalanffy model: The resulting fish
belonging to height, weight, age and sex data have been also
obtained using von Bertalanffy model. Von Bertalanffy
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TABLE 1 - Predicted values for ANNs.
Gender

Age

Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
All Female
All Male
All Genders
Average MAPE

2
3
4
5
6
7

ACTUAL DATA
L
W
18.48
112.44
19.85
144.58
19.12
131.19
23.65
218.03
23.89
242.50
23.80
233.42
26.06
338.02
24.65
259.30
25.42
302.47
28.13
406.18
26.87
353.95
27.54
381.81
29.15
468.66
28.07
358.17
28.32
424.47
33.80
706.66
31.70
650.00
32.96
484.00
24.45
284.45
23.48
240.62
23.21
246.81

FORECAST
L
W
17.94
119.38
18.84
126.31
18.40
122.85
23.30
209.54
23.55
228.30
23.48
222.59
25.70
278.45
25.51
282.72
25.63
279.88
27.13
297.46
26.55
365.12
26.90
324.53
29.05
464.41
27.78
372.25
28.20
402.97
33.31
714.71
30.36
381.95
31.83
548.33
23.83
246.81
23.48
236.08
23.65
241.30

MAPE (%)
L
W
2.9221
6.1722
5.0882
12.6366
3.7657
6.3572
1.4799
3.8940
1.4232
5.8557
1.3445
4.6397
1.3814
17.6232
3.4888
9.0320
0.8261
7.4685
3.5549
26.7665
1.1909
3.1558
2.3239
15.0022
0.3431
0.9068
1.0331
3.9311
0.4237
5.0651
1.4497
1.1392
4.2271
41.2385
3.4284
13.2913
2.5358
13.2326
0.0000
1.8868
1.8957
2.2325
2.1012
9.5965

L: Lenght; W: Weight; MAPE: Mean Absolute Percentage Error

FIGURE 2 - Length–weight relationships in female (a) and male (b) Tinca tinca.

TABLE 2 - Calculated values for regression technique.
Gender
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
All Female
All Male
All Genders

Age
2
3
4
5
6
7

ACTUAL DATA
L
W
18.48
112.44
19.85
144.58
19.12
131.19
23.65
218.03
23.89
242.50
23.80
233.42
26.06
338.02
24.65
259.30
25.42
302.47
28.13
406.18
26.87
353.95
27.54
381.81
29.15
468.66
28.07
358.17
28.32
424.47
33.80
706.66
31.70
650.00
32.96
484.00
24.45
284.45
23.48
240.62
23.21
246.81
Average MAPE

CALCULATED
L
W
19.07
101.93
20.54
125.03
20.02
113.64
23.57
220.35
24.37
228.25
24.08
225.01
27.13
298.37
24.91
251.16
26.16
276.56
28.77
378.92
27.61
325.90
28.19
355.01
30.12
423.16
27.71
372.17
29.16
404.38
34.35
671.83
33.74
537.65
33.98
621.55
24.40
246.65
24.12
216.57
24.03
207.97
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MAPE (%)
L
W
3.1926
9.3472
3.4761
13.5219
4.7071
13.3775
0.3383
1.0641
2.0092
5.8763
1.1765
3.6029
4.1059
11.7301
1.0548
3.1392
2.9111
8.5661
2.2752
6.7113
2.7540
7.9248
2.3602
7.0192
3.3276
9.7085
1.2825
3.9088
2.9661
4.7330
1.6272
4.9288
6.4353
17.2846
3.0947
28.4194
0.2045
13.2888
2.7257
9.9950
3.5330
15.7368
2.6456
9.5183
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FIGURE 3 - Age–length relationships in female (a) and male (b)
Tinca. tinca.

FIGURE 4 - Age–weight relationships in female (a) and male (b)
Tinca tinca.

TABLE 3 - Calculated values for von Bertalanffy model.
Gender
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Female
Male
All Genders
Average MAPE

Age
2
3
4
5
6
7

ACTUAL DATA
L
W
18.48
112.44
19.85
144.58
19.12
131.19
23.65
218.03
23.89
242.50
23.80
233.42
26.06
338.02
24.65
259.30
25.42
302.47
28.13
406.18
26.87
353.95
27.54
381.81
29.15
468.66
28.07
358.17
28.32
424.47
33.80
706.66
31.70
650.00
32.96
484.00

CALCULATED
L
W
19.18
126.49
22.78
223.70
18.88
148.95
26.31
306.95
25.49
314.51
22.97
274.59
29.14
422.58
27.77
407.63
26.20
414.11
31.44
535.51
29.68
498.87
28.76
553.66
33.30
640.77
31.29
385.36
30.78
484.32
34.80
735.68
32.64
665.37
32.37
521.36

“growth in length” of the parameters in the equation (L∞, t0
and k) was used in the estimation.
The following is a linear regression model. According
to the regression model equation 4 (Figs. 3 and 4), the predicted values are provided in Table 3.

MAPE (%)
L
W
3.7879
12.4956
14.7397
54.7240
1.2364
13.5376
11.2395
40.7834
6.6845
29.6948
3.4835
17.6377
11.8329
25.0163
12.6372
57.2040
3.0773
36.9094
11.7659
31.8406
10.4554
40.9436
4.4184
45.0093
14.2336
36.7239
11.4640
7.5914
8.6738
14.099
2.9726
4.1066
2.9641
2.3646
1.7808
7.7190
7.6359
26.5778

4. CONCLUSION
The estimated growth parameters are greatly modeldependent, and model selection uncertainty may be quite
high in certain data sets. Ignoring model selection uncertainty may cause substantial overestimation of precision,
and estimation of confidence intervals of the parameters
below the nominal level. This has serious implications, e.g.
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when comparing the growth parameters of different fish
populations. The set of candidate models should include at
least von Bertalanffy, one or more sigmoid growth curves
and one or more non- asymptotic models [30]. An older
population, not caught in the von Bertalanffy model, was
used for detection. Von Bertalanffy gives better results with
advancing age [31].
In conclusion, this is a study presenting ANNs technique as a forecasting tool showing its availability and
fairly good results. Regression techniques give good results, and are tightly associated with the number of observations.
ANN techniques are permissible if there are less data
to work. However, ANNs techniques work like a black
box, and they can sometimes produce negative results [32].
Therefore, when used as a mean of forecasting, the results
with conventional methods were used to aid in supporting
ANNs methods. A network built according to the structure
of the problem, will give good results. Therefore, the appropriate network structure should be investigated by examining problems.
The author has declared no conflict of interest.
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SOURCE CHARACTERIZATION AND HUMAN
HEALTH RISK ASSESSMENT OF ALIPHATIC AND
POLYCYCLIC AROMATIC HYDROCARBONS FROM
URBAN ROAD DUSTS IN A CHINESE HEAVILY POLLUTED CITY
Lin Li and Qixing Zhou*
Key Laboratory of Pollution Processes and Environmental Criteria (Ministry of Education),
College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China

ABSTRACT
The investigation was carried out on source characterization and human health risks associated with n-alkanes
and polycyclic aromatic hydrocarbons (PAHs) in road
dusts from different functional areas in Taiyuan as the Chinese coal capital. The average concentrations of n-alkanes
and PAHs ranged from 128.53 to 190.78 g/g and from
10.99 to 28.10 g/g, respectively. N-alkane indexes and diagnostic ratios of PAHs were calculated to identify sources
of hydrocarbons. The results showed that n-alkanes mainly
derived from petroleum residues with a moderate input of
territorial higher plant waxes. PAHs of pyrogenic mainly
came from coal and diesel combustion. Risk analyses indicated that 95% Upper Control Limit of Incremental Lifetime Cancer Risk (ILCR) for children and adults exposed
to dust-borne PAHs was up to 4.37×10-6 and 5.51×10-6, respectively, which displayed potential cancer risks.
KEYWORDS: N-alkanes; PAHs; pollution source; health risk assessment; road dust

1. INTRODUCTION
Organic pollution of atmospheric environment is increasingly concerned in most large cities of China with
rapid development of industrial and agricultural production
[1-4]. In addition, dense traffic and over-crowding population lead to various air pollutants directly or indirectly influencing human health [5]. Many organic compounds such
as long-chain, mono and polycyclic aromatic hydrocarbons
(PAHs) in urban atmospheric environment are related to
incomplete combustion processes of fossil fuels including
petroleum, coals, natural gases, industrial plants, vehicular
emissions [6,7] and natural emissions such as forest fires
and volcanic eruptions [8].
* Corresponding author

Road dusts are a hazardous carrier of organic compounds from both anthropogenic and natural sources [5]. Organic compounds such as n-alkanes and PAHs are emitted
to the atmosphere as combustion products and spread road
dusts through atmospheric and direct depositions, and then
dusts may be transported into water bodies by runoff, polluted sediments and aquatic organisms [9]. In return, deposited dusty particles may be re-suspended by either natural processes such as wind, or forced processes such as
passing traffic [10,11]. Dust particles remain suspended in
the atmosphere for a considerable time, and may become
deeply imbedded in human lung tissues so as to cause respiratory problems and other cardiovascular diseases. Moreover, a part of hydrocarbons in urban atmosphere or fallout
deposits has a mutagenic and carcinogenic potentials which
not only affect the atmospheric quality but also may damage
human health [9, 12-14], including body temperature changes,
abnormal skin colors [13, 14], impaired immune systems, or
even death [15]. Several projects have been carried out to
study health risk of urban environment such as atmosphere,
soil, surface dusts [1, 6, 7, 13, 14, 16-18]; on the other hand,
health risk of road dusts containing organic compounds is
less understood, especially road dusts in densely populated
urbanized zones.
N-alkanes are an important type of hydrocarbons without branched chain carbons in the carbon linear structure.
Higher molecular weight n-alkanes from biosynthetic processes have a strong odd carbon number predominance
ranging from C12 to C40 [19]; whereas, they include fewer
molecular weight n-alkanes without odd number predominance from combustion sources such as coals, gasoline and
diesel, ranging from C8 to C27 [9]. Medical data have shown
that alkanes are more narcotic with an increasing molecular
mass. When the number of carbons is more than 16, the
corresponding n-alkanes may not only damage skins, but
also cause skin cancer risks [20].
On the other hand, PAHs are a group of persistent organic pollutants (POPs) with two or more fused benzene
rings, hydrophobic, lipophilic, carcinogenic and ubiquitous
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environmental pollutants but resistant to degradation in the
environment. In this case, there are 16 PAH congeners defined as priority-controlled pollutants by the United States
Environmental Protection Agency (US EPA) in 1979. The
existence of PAHs in the atmospheric environment has a
direct impact on human health because of their biological
properties. For example, lung cancer mortality is being increased significantly in most countries of the world [8].
Therefore, the survey of PAHs levels in the atmospheric
environment is important and urgent as a component part
of health risk assessment.
PAH concentration diagnostic ratios may be used to
quantitatively identify the sources of PAHs because the
distributions of organic compound homologues are associated with formation mechanisms [21]: (i) PAHs from combustion sources to the total of PAHs (the total of COMB to
the total of PAH) [22,23], the total of COMB represents the
sum of Fl, Pyr, BaA, Chr, BkF, BaP, BghiP, and IcdP concentrations and it may be considered to represent the typical PAHs with the combustion origin, when the ratio of
ÓCOMB/ÓPAH is higher, it is indicated that there are
more combustion activities [11]; (ii) fluoranthene to (fluoranthene + pyrene) [Fl/(Fl + Pyr)]; (iii) benzo[a]anthracene to (benzo[a]anthracene + chrysene/triphenylene)
[BaA/(BaA + Chr)]; and (iv) indeno [1,2,3-cd] pyrene to (indeno [1,2,3-cd]-pyrene + benzo [ghi]perylene) [IcdP/(IcdP
+ BghiP)] are commonly used to distinguish between pyrogenic and petrogenic sources [24].
Taiyuan is the provincial capital in Shanxi Province in
the east of the loess plateau of northern China (Figure 1A),
which has approximately land area of 6,956 km2, including
180 km2 categorized as the urban area and where the temperate monsoon climate indicates the mean annual temperature of 9.6 °C and the northwest wind as the prevailing
wind direction in the year [25], as well as the urban population of 3.3 million [26]. Mountains surround the west,
north and east of Taiyuan; while at the centre and the south
it is the plain. Taiyuan is an old and heavily industrial city
with thermal power plants, iron and steel industry, and
some coking and chemical plants as its dominant industries. In recent years, rapid economic growth and urbanization have caused several pollution problems. The average
number of motor vehicles in Taiyuan has increased by 20%
per year since 2001, climbing up to 820,000 in 2012 [27]
(Taiyuan Municipal Statistical Bureau, 2001-2012), which
aggravated its atmospheric pollution associated with vehicular emissions. Due to the high intensity of pollutant emissions of industry and vehicles, special geographical location and weather conditions, Taiyuan becomes one of the
most polluted cities in China and PAHs may have been a
threat to the health of local residents [25]. Thus, obtaining
the cancer risk level of individuals in Taiyuan for an extended period of time from childhood through adulthood
associated with exposure to PAHs is essntial for effective
environmental management [28]. However, no such information is currently available in Taiyuan, leaving an information gap.

The major purposes of the present study were to (i)
characterize both aliphatic hydrocarbons and 16 PAHs in
road dusts from different areas in Taiyuan; (ii) use molecular concentration ratios such as the carbon preference index (CPI) and PAH concentration diagnostic ratios to characterize different pollution sources; and (iii) evaluate health–
related risks based on the exposure of children (1-6 years)
and adults (7-31years) to dust PAHs.
2. MATERIALS AND METHODS
2.1. Site description

The central urban area of Taiyuan (E111031´-113009´and
N37 27´-38025´) are comprised of six districts: Jiancao-ping,
Wanbolin, Xinghualing, Jinyuan, Yingze and Xiaodian. The
population density varied from people 1154 km-2 for
Jiancaoping, 1639 km-2 for Wanbolin, 3117 km-2 for
Xinhualing, 627 km-2 for Jinyuan, 4188 km-2 for Yingze
and 1593 km-2 for Xiaodian in 2003 (Taiyuan Municipal
Statistical Bureau, 2001-2012) [27].
0

2.2. Chemicals

Dichloromethane (DCM) and normal hexane solvents
were of chromatographic grade and purchased from the
Concord Technology (Tianjin) Co., Ltd.; silica gel (200–
300 mesh) was from the Shanghai Sanpont Co., Ltd; and
aluminum oxide was from the Tianjin Guangfu Fine Chemical Industry Institute. They were activated at 300 °C for
6 h and 4 h, respectively; and then they were kept in the
desiccators for purification. The standard alkanes and
PAHs were obtained from J&K Scientific Co., USA.
2.3. Collection and pre-treatment of dust samples

Road dusty samples were collected in the main street
intersections as well as T-junctions from different areas including industrial areas (IN), heavy traffic areas (TR),
mixed residential and commercial areas (MRC), residential
areas (RE) and higher educational areas (ED) of Taiyuan
in October 2011 using a brush and a pan, taking care of
collecting the smaller particles that might be lost by suspension into the atmosphere. The locations and descriptions of the samples are shown in Table 1 and Figure 1B.
The sampling sites located close to Taiyuan iron and steel
corporation and stainless steel industry zone located in the
north of Taiyuan represented industrial area (IN); the sites
representing heavy traffic area (TR) were selected as representative of dense traffic sites including highway intersections; the sites representing mixed residential and commercial area consisted of residential communities and commercial activities; the rest of sampling sites were set in residential area (RE) with high density population and in
higher education area (ED) such as Shanxi University, respectively. No specific permissions were required for all
the sampling locations and the field studies did not involve
endangered or protected species.
The dust samples were dried for 48 h at ambient temperature in the dark and sieved through a 100 mesh after
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FIGURE 1 (A) - The map showing the geographical locality of Taiyuan, northern China; (B) Sampling locations of urban road dust in the
central Taiyuan.
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TABLE 1 - Locations and characteristic features of road dust samples collected in October 2011 from Taiyuan, northern China.
Functional area

No. of
Samples
4
3
4

Sampling location

Industrial Area (IN)

Mean and SDb
of EOMa (g /g)

Iron and steel corporation
160.38±40.32
Stailess steel industry zone
Heavy Traffic Area (TR)
Xinghua highway intersection
Yingze road highway
227.21±40.25
4
intersection
Yingze railway station
2
Mixed Residential and
Xiayuan commercial and
5
Commercial Area (MRC)
trade zone
149.92±39.53
Changfeng commercial area
4
Residential Area (RE)
Binghe senior residential area
3
Kuangxinyuan residential area
3
146.30±39.81
Xiaowang urban village
4
Higher Educational Area (ED)
Shanxi finance and ecomonics unversity
3
148.46±31.78
Shanxi university
4
a
denotes solvent-extractable organic matter, including n-alkanes (C8-C37), pristane, phytane and 16 PAHs; b denotes standard deviation.

removal of stones and residual leafs, and then 30 g dust
samples from each treatment cell were homogenized, differently labeled and stored at -20 °C prior to analysis. The
period for storage of all dust samples was no longer than
10 days and had no effect on the determination of aliphatic
fractions and PAHs.
2.4. Extraction and analysis of hydrocarbons

All samples were analyzed for aliphatic hydrocarbons
and PAHs by using the similar methodology described in
US EPA 3540C method [29]. First of all, 0.5 g dust samples taken from 30 g dust samples were placed in appropriate Soxhlet extractors and extracted with 150 mL of
DCM for 24 h. 5á-cholestane for alkanes and five deuterated PAHs [naphthalene-d8 (d8-Nap), acenaphthene-d10
(d10-Ace), phenanthrene-d10 (d10-Phe), chrysene-d12 (d12Chr) and perylene (d12-Per)] for PAHs were added as internal standards before extraction. The extracts were then
concentrated to about 2 mL in a rotary evaporator, cleaned
by the chromatography columns consisting of 6 cm activated silica gel, 3 cm activated aluminum oxide and 1 cm
dry sodium sulfates. Aliphatic and aromatic hydrocarbons
were eluted by using 20 mL normal hexane and 70 mL
dichloromethane/ hexane mixture (volume ratio: 1:1), respectively, and re-concentrated to about 2 mL in the rotary
evaporator and then added about 6 mL n-hexane and
blown to exactly 1 mL with ultra-pure nitrogen.
The final concentrated extracts from the dust samples
were analyzed by using a gas chromatograph/mass selective detector (GC-MS) (Agilent GC 7890A with Saturn
MS5975C) equipped with DB-5 capillary column (30 m ×
0.25 mm (I. D) × 0.25 ìm film thickness). Prior to the
instrumental analysis, known quantities of n-C24D50 for alkanes and hexamethylbenzene for PAHs were added to
samples. The automatic sampler system was computercontrolled. The temperature program for alkane hydrocarbons was listed as follows: initial oven temperature 40 °C
for 2 min, ramp to 300 °C at 3 °C/min and hold for
55 min, and the total time: 143.67 min. The temperature
program for PAHs was: initial oven temperature 70 °C for

1 min, ramp to 260 °C at 10 °C/min and hold for 4 min,
ramp to 300 °C at 5 °C/min and hold 4 min; and the total
time 36 min. Helium was the carrier gas. All injections
were not split and the volume was 1 ìL. The transfer line
temperature was 300 °C. The MSD was operated with the
electron impact (EI) mode at 70 eV using the selected-ion
monitoring (SIM). The target compounds were determined
as follows: (a) a series of normal alkanes ranging from n-C8
to n-C40; (b) regular isoprenoids as pristane and phytane;
and (c) 16 US EPA priority-controlled PAHs, including
naphthalene (Nap), acenaphthylene (Acy), acenaphthene
(Ace), fluorene (Fl), phenanthrene (Phe), anthracene (Ant),
fluoranthene (Flu), pyrene (Pyr), benzo[a]anthracene
(BaA), chrysene (Chr), benzo[b]fluoranthene (BbF),
benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), indeno [1,2,3-cd]pyrene (IcdP), dibenz [a, h] anthracene
(DBA), and benzo[ghi]perylene (BghiP).
2.5. Identification and quality control

The quality was controlled by performing laboratory
blanks, standard spiked blanks and GC/MS detection limits. Identification of the aliphatic and PAH compounds was
carried out by comparing the GC retention time and the
mass spectra with the corresponding ones in authentic
standards. The mean recovery value for the samples was
60.3 ± 9.8% for d8-Nap, 66.1 ± 10.4% for d10-Ace, 88.6 ±
9.9% for d10-Phe, 90.5 ± 11.6% for d12-Chr and 89.2 ±
9.9% for d12-Per, respectively. The mean recovery of 5ácholestane was 80.2 ± 8.3%. The mean recovery of alkanes
and PAHs was 68.3-110.2% and 62.4-96.3%, respectively.
2.6. Diagnostic ratios

The carbon preference index (CPI) as a criterion to assess the relative contributions of n-alkanes from biological
to anthropological sources is a measure of the ratios of oddto-even carbon numbered n-alkanes. The equation [12] is
expressed as follows:

470

(1)

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

A method to calculate CPI is to split the carbon number
range into low (C13 ~ C19) and high (C21 ~ C37). CPI1 and
CPI2 indicate the low weight range (C13~ C19) and the high
weight range (C21~ C37), respectively. The calculation
equations [12] are listed as follows:

in diesel fuel, lubricating oil, and in both auto and diesel
engine exhaust [31,32]. The distribution of pristane and
phytane points to a common petrochemical source and their
ratio (Pr/Ph) which is lower than 1 suggests oil contamination [33].
2.7. Incremental lifetime cancer risk (ILCR) model

(2)
and

(3)
N-alkanes are divided into two source categories: terrestrial higher plant waxes and petroleum residues. Terrestrial higher plant waxes from alkanes may be calculated by
subtraction of the average of the next higher and lower
even carbon numbered homologs. The formula [30] is expressed as follows:

The Incremental Lifetime Cancer Risk (ILCR) associated with exposure to PAHs in urban road dusts from Taiyuan quantitatively estimated the exposure risk for children
and adults by using US EPA standard models [7,13,28,34].
The following assumptions were made to the risk model:
(1) people are exposed to dust-borne PAHs through direct ingesting, dermal contact and inhalation;
(2) the dust ingestion rate and particle emission may
be approximated by those developed for soil particles;
(3) some parameters are similar to those of reference
populations; and

(4)

(4) the carcinogenic risk is evaluated based on exposure under a type of land use pattern over the entire time.

negative values of Cn are taken as zero [30]. Based on
Equation (4), the contribution of biogenic sources is estimated and petroleum residues may be gotten by subtracting
wax Cn from the total of alkanes.

There are different potential exposure pathways and
exposure parameters under different land use; thus, uniform exposure parameters may be used under a type of land
use in order to compare comparison [28].

The isoprenoid hydrocarbons pristane and phytane are
one group of molecular biomarkers [12] which are present

The ILCR (unitless) models for human ingestion, dermal contact and inhalation are defined as

(5)

(6)

(7)
and

(8)
where CS is expressed by the toxic equivalent concentration of BaP and the Toxic Equivalency Factor (TEF),
listed in Table 4 (g/g) [35], are suggested to be a better
set [36]; CSF is the carcinogenic slope factor ((kg·day)/mg)
that is normalized to account for extrapolation to a different

body weight from standard of 70 kg [13]; BW is the body
weight (kg) [37] ;AT is the average life span (days); EF is
the exposure frequency (day/year); ED is the exposure duration (year); IRinhalation is the inhalation rate (m3/day);
IRingestion is the dust ingestion rate (mg/day); SA is the der-
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166.45 g/g and the maximum is 227.21 g/g for the
heavy traffic area (Table 1). The average content of total
hydrocarbons was made up of 88.8% aliphatic hydrocarbons and 11.2% PAHs, respectively. All GC chromatograms were characterized by the presence of normal and
isoprenoid alkanes and cyclic hydrocarbons and ranged in
the carbon chain length from C8 to C37; whereas, C38 to C40
were below the detection limits. The average weight concentrations for n-alkanes were about 130.34, 190.78, 128.53,
133.39, and 136.63 g/g for industrial area, traffic area,
mixed area, residential area and educational area, respectively (Table 3). The mean level of ∑n-alkanes in this work
was less than those in Alexandria, Egypt (﹥325 g/g, except
for zone A) [12] and Kuala Lumpur, Malaysia (7.36 mg/g)
[40], but much higher than those in Riyadh, Saudi Arabia
(the maximum value was 15.3 g/g) [11].

mal surface exposure (cm2); AF is the dermal adherence
factor (mg/cm2); ABS is the dermal adsorption fraction
(unitless); and PEF is the particle emission factor (m3/kg).
CSFingestion, CSFdermal and CSFinhalation in the model were
7.3, 25, and 3.85 ((kg·day)/mg), respectively, based on the
cancer-causing ability of BaP [7,38,39]. IRingestion for children and adults was 20 and 50 mg/day [16], respectively.
Other exposure parameters for children (1-6 years old) and
adults (7-31 years old) in the ILCR assessment were based
on the Risk Assessment Guidance of US EPA and related
documents [28], which are listed in Table 2. The risk for
children and adults was calculated separately. The total
carcinogenic risk was computed by summing the individual risks associated with each exposure route.
3. RESULTS AND DISCUSSION

The GC traces show the distribution trend of normal
and isoprenoid alkanes in dusty samples (Figure 2). The
composition distributions of n-alkanes in urban road dusts
from the 5 functional areas are shown in Figure 3. All areas
displayed a predominance of the odd carbon n-alkanes in
the range of C27-C31, indicating the occurence of terristrial
higher plant waxes (Figure 3). This could be not only from
plant waxes due to roadside greening, but also released
through volatilization from biomass burning [41]. The GC
industrial and traffic plots were mainly distinguished by
predominance with the peaks of C18 and C19, without apparent odd carbon number predominance in this section between C11 and C23 (Figure 2A and 2B), indicating a major

3.1. Characterization of aliphatic hydrocarbons in urban road
dusts

The sampling locations in Taiyuan with their specific
characteristics, and the number of samples are listed in Table 2. The solvent-extractable organic matter (EOM) of
road dusty samples from different functional areas mainly
consisted as a mixture of n-alkanes, isoprenoid alkanes
(pristane and phytane), UCM (unresolved complex mixture
of branched and cyclic hydrocarbons) and 16 PAHs, and
varied in contents depending on locations and types of urban activities. The mean concentration sum of n-alkanes
(from C8 to C37), pristane, phytane and 16 PAHs was

TABLE 2 Parameters used in the incremental lifetime cancer risk assessment.
Exposure variable
Population parameter
Body weight (BW)
Risk model parameter
Exposure frequency (EF)
Averaging life span (AT)
Exposure duration (ED)
Inhalation risk parameter
Inhalation rate (IRinhalation)
Carcinogenic slope factor
For inhalation (CSF)
Particle emission factor (PEF)
Ingestion risk parameter
Dust ingestion rate
(IRingestion)
Carcinogenic slope factor
For ingestion (CSF)
Dermal risk parameter
Dermal exposure area (SA)
Dermal adherence factor (AF)
Dermal adsorption
Fraction (ABS)
Carcinogenic slope factor
For dermal contact (CSF)

Unit

Child

Adult

Reference

kg

15

61.5

[37]

Day year-1
Day
Year

350
25,550
6

350
25,550
24

[7]
[7]
[7]

m3 day-1
(mg kg-1 day-1)-1

5
3.85

20
3.85

[7]
[28]

m3 kg-1

1.32×109

1.32×109

[7]

mg day-1

50

20

[16]

(mg kg-1 day-1)-1

7.3

7.3

28]

cm2
mg cm-2
Unitless

1800
0.2
0.13

5000
0.07
0.13

[7]
[28]
[28]

(mg kg-1 day-1)-1

25

25

[38]
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TABLE 3 - Composition, concentration and various parameters of solvent-extractable organic matter in road dust.
Compound

Mean concentration (g/g)
IN
TR

MRC
Alkanes
N-alkanes (C8-C37)
130.34
190.78
128.53
17.86
20.86
21.36
WaxCn (C21-C37)
1.38
1.29
1.41
CPIa
1.30
1.35
1.24
CPI1b
1.40
1.27
1.42
CPI2c
Isoprenoids
Pristane (Pr)
3.24
3.36
1.50
Phytane (Ph)
4.46
4.97
2.46
Pr/Ph
0.72
0.67
0.60
PAHs
22.34
28.10
17.43
∑PAHd
∑COMBe
13.70
16.30
10.10
0.61
0.58
0.58
∑COMB/∑PAH
Flu/(Flu + Pyr)
0.61
0.58
0.62
BaA/(BaA + Chr)
0.40
0.46
0.37
IcdP/(IcdP + BghiP)
0.52
0.28
0.52
10.61
11.87
7.62
Carcinogenic PAHsf
a
CPI=∑(C11-C37)/∑(C12-C38).b CPI1=∑(C13-C19)/∑(C12-C18).c CPI2=∑(C21-C37)/∑(C20-C36).
d
Total concentration of 16 PAH congeners from different functional areas.
e
The sum of Fl, Pyr, BaA, Chr, BkF, BaP, BghiP, and IcdP concentrations.
f
The sum of BaA, Chr, BbF,BkF, BaP, IcdP, and BghiP concentrations.

input from microbial or petroliferous sources [12]. The
GC educational plot was distinguished by a unimodal predominance of C27, C29 or C31 (Figure 2E) that was indicative of a prominent terrestrial higher plant waxes input
[33]. This could be attributed to more trees in campus to
generate a lot of organic compounds with higher carbon
numbers. The residential mixed areas were characterized
by the presence of a bimodal distribution with the main peak
at C27 and C29 and the time peak at C17, C18 and C19, with the
dominant odd carbon number preference from C23 to C31
(Figure 2C and 2D). This pattern is characteristic of both
higher plant waxes and fossil fuel inputs as important sources
of n-alkanes [33] to these sampling sites. Figures 2 and 3 indicate that alkane hydrocarbon distributions have different
contributions from both petroleum and biogenic origins.
The above-observed characterizations were further
supported by determining of the carbon preference index
(CPI, CPI1, and CPI2), wax alkanes (waxCn) and the ratio
of pristane to phytane (pr/ph) based on n-alkane distributions. CPI was a source indicator of organic pollutants in
the atmospheric particulate matter and its value was a
measure of the ratios of odd-to-even carbon numbered nalkanes, which could be split into CPI1 (C13 to C19) and
CPI2 (C21 to C37), respectively. The CPI value was greater
than 1.0 (biological source in the corresponding normal alkanes was generally > 5, or even more than 10) as an indication of biological sources; whereas, CPI~1.0 indicated a
source from the fossil fuel combustion [42]. The high value
of CPI occurred in the educational area; on contrast, a low
value occurred in the traffic area (Table 3), which indicated
that there was very high input of terrestrial biogenic origins
in alkanes of the educational area and fossil fuel combustion was the main source in other areas. These results were
similar to CPI values of n-alkanes from total suspended

RE

ED

133.39
39.79
1.85
1.35
1.86

136.63
71.37
3.22
1.40
3.28

0.41
0.86
0.47

0.28
0.56
0.50

11.64
8.40
0.72
0.66
0.51
0.53
7.42

10.99
6.70
0.61
0.64
0.35
0.53
5.35

particulates in Taiyuan [43]. In the same way, percentages
of petroleum residue average contributions in road dusts
were 86.3% for the industrial area, 85.0% for the traffic
area, 83% for the mixed area, 70.0% for the residential
area, and 47.6% for the educational area, respectively, indicating that petroleum residues were the dominant contribution to aliphatic hydrocarbons in road dusts for most of
the areas except the educational one.
Isoprenoid alkanes are one group of molecular biomarkers [12] utilized as confirmation indicators for petroleum residues [33]. The concentrations of phytane in dusty
samples ranged between 0.56 g/g and 4.97 g/g, with an
average of 2.66 g/g. On the other hand, pristane had less
concentration with a maximum of 3.24 g/g and a minimum of 0.28 g/g. Isoprenoid biomarkers presented in all
samples confirm significant common petro-chemical sources
mainly from vehicular exhausts. The ratios of pristane and
phytane from different zones ranged from 0.47 to 0.72 (mean
0.59), which also reflected contamination by petroleum products.
3.2. Characterization of PAHs in urban road dusts

Concentrations and standard deviations of total and individual PAHs in the road dusty samples from Taiyuan are
presented in Table 4. The total concentrations of PAHs represent the sum of the individual concentrations for 16 PAHs.
The maximum concentration was over 8 times higher than
the minimum concentration, varying from 4.78 g/g to
42.66 g/g with an average of 18.28 g/g. It is noted
that the low molecular weight PAHs with two and three aromatic rings (LMW PAHs) were generally below 0.50 g/g
except Phe. Based on comparison with LMW PAHs, the
high molecular weight within four and six ring structures

473

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

FIGURE 2 - GC-MS chromatograms of aliphatic fractions in the extracts of representative road dusts
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FIGURE 3 - Concentration distributions of n-alkanes (C8-C37) in urban road dusts from the 5 functional areas

TABLE 4 - Descriptive statistics of PAHs in the dust samples.
Abbreviation

TEFa

Aromatic ring

Concentration (g g-1)
Mean
Min
Max
Median
SDb
Naphthanene
0.001
0.32
0.05
1.17
0.27
0.23
Nap
2
Acenaphthylene
0.001
0.07
0.02
0.15
0.06
0.03
Acy
3
Acenaphthene
0.001
0.13
0.03
0.39
0.12
0.08
Ace
3
Fluorene
0.001
0.45
0.14
1.24
0.39
0.25
Fl
3
Phenanthrene
0.001
2.77
0.90
6.32
2.66
1.43
Phe
3
Anthracene
0.01
0.35
0.10
1.11
0.27
0.22
Ant
3
Fluoranthene
0.001
3.27
0.89
6.78
2.89
1.60
Flu
4
Pyrene
0.001
2.01
0.57
4.81
1.68
1.11
Pyr
4
Benz[a]anthracene
0.1
1.09
0.27
2.33
0.88
0.57
BaA
4
Chrysene
0.01
1.69
0.46
3.20
1.60
0.74
Chr
4
Benzo[b]fluoranthene
0.1
2.08
0.47
4.48
1.91
0.99
BbF
5
Benzo[k]fluoranthene
0.1
0.66
0.12
3.37
0.49
0.65
BkF
5
Benzo(a)pyrene
1
1.01
0.22
2.03
0.87
0.52
BaP
5
Indeno[1,2,3-cd]pyrene
0.1
1.10
0.25
2.55
0.96
0.55
IcdP
5
Dibenz[a,h]anthracene
1
0.23
0.06
0.53
0.20
0.11
DBA
6
Benzo[g,h,i]perylene
0.01
1.02
0.23
2.20
0.87
0.50
BghiP
6
LMW PAHsc
4.09
1.24
10.38
3.77
2.18
HMW PAHsd
14.16
3.84
32.28
12.35
6.81
∑PAHe
18.25
4.78
42.66
16.12
9.58
a
Toxic equivalent factor with respect to BaP (Nisbet and LaGoy, 1992); b standard deviation; c the sum of the content of PAHs with 2-3 rings; d the sum
of the content of PAHs with 4-6 rings; e total PAH concentration sum of individual mass concentration of 16 PAH congeners.

(HMW PAHs) had higher individual PAH concentrations
with values up to 1.00 g/g except BkF and DBA. The mean
concentration of LMW PAHs was 4.09 g/g, accounting for
22.4% of the total PAHs mass, and the mean concentration
of HMW PAHs was 14.16 g/g, accounting for 77.6% of the
total PAHs mass. HMW PAHs dominated in 16 PAHs because HMW PAHs have less volatility than LMW PAHs [44].

The total PAH levels in dust samples from different
functional areas are listed in Table 4. The mean concentrations of PAHs increased in the following order of functional areas: educational areas < residential areas < mixed
commercial and residential areas <industrial area < traffic
areas, ranging from 10.99 g/g to 28.10 g/g. PAH concentrations in different functional areas were significantly dif-
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FIGURE 4 - Composition profile plots of PAHs in urban road dusts from the 5 functional areas

ferent. This finding was similar to the result of PAHs distribution in the road dusts of Ulsan Korea [45]. The total
PAHs concentrations were dependent on the characteristics
of sampling sites. For example, PAHs concentrations from
traffic sampling sites are associated with vehicle speed and
types [45]. Our mean level of PAHs was slightly less than
that in Shanghai, ranging from 9.18 to 32.57 g/g in winter
and from 6.88 to 27.77 g/g in summer [46], but much
higher than that in Guangzhou, in which there were higher
values of 6.23 g/g of industrial areas and 5.24 g/g of traffic areas [6]. The maximum concentration was found in
heavy traffic sampling sites, which was two or three times
less than that in Taichung (Taiwan) (53.76-154.64 g/g, at
traffic sites) [47].
Figure 4 is the composition profile plot of PAHs in urban road dusts from the 5 functional areas. Phe, Flu, Pyr,
B(b+k)F, Chr, and BghiP were the major compounds in the
road dusts and also indicators of combustion. These PAH
fingerprints among different functional areas were similar
with a relatively higher contribution (67% to 78%) of 46 ring PAHs, revealing a strong pyrogenic origin. For better analysis on any difference in the distribution patterns of
PAHs, the ratios of ÓCOMB/ÓPAH, BaA/(BaA + Chr),
Flu/(Flu + Pyr) and IcdP/(IcdP + BghiP) were used to distinguish pyrogenic and petrogenic sources.
ÓPAH is the sum of the concentrations of all identified
PAHs, and ÓCOMB represents the sum of Fl, Pyr, BaA,
Chr, BkF, BaP, BghiP, and IcdP concentrations. As the ratio of ÓCOMB/ÓPAH is higher, it is represented higher
fractions of combustion origin-PAHs [11]. As for Taiyuan,
the ratios of ÓCOMB/ÓPAH were almost identical among
different functional areas (Table 3). It was indicated that
Taiyuan had been pervasively polluted by PAHs from fossil fuels combustion. The ratio of BaA/(BaA + Chr) < 0.20

is taken as the indication of petroleum pollution sources
[24]. When the ratio of BaA/(BaA + Chr) > 0.35; and PAHs
usually come from pyrogenic sources [6,24]. Our BaA/
(BaA + Chr) ratios in different areas were above 0.35 or
close to 0.35 (Table 3), which suggests that PAHs in urban
road dusts are mainly from pyrogenic sources. Meanwhile,
Flu/(Flu + Pyr) < 0.40 indicates petrogenic sources, the ratio
between 0.40 and 0.50 implies liquid fossil fuel combustion
(automotive and crude oil), and the ratio >0.50 is the characteristic of coal and biomass combustion [24]. Our Flu/(Flu +
Pyr) ratios in different areas were generally much larger than
0.50 (Table 3), which suggests that coal, grass or wood combustion was mainly from PAHs in urban road dusts.
IcdP/(IcdP + BghiP) may also characterize the nature
of potential PAH emission sources. IcdP/(IcdP + BghiP)
(<0.20) is taken as indications of petroleum sources. When
IcdP/(IcdP + BghiP) falls between 0.2 and 0.5, PAHs usually come from petroleum combustion (liquid fossil fuel,
vehicle and crude oil combustion). When IcdP/(IcdP +
BghiP) is more than 0.50, it is indicated the contribution of
coal, grass and wood [6,24]. The values of IcdP/(IcdP +
BghiP) were between 0.28 and 0.53 with an average of
0.41, revealing that coal, grass or wood combustion is the
major source of urban road dusts in Taiyuan; on the other
hand, the liquid fossil fuel combustion from diesel-powered vehicles should be a second contributor, especially in
those traffic areas. Since there was no grass and wood combustion for energy in Taiyuan urban areas, coal combustion
is most likely major source. This is a good agreement with
a previous report on roadside PM2.5 in Qingdao (China) [48],
in which coal is still the most important energy source. Vehicular traffic emissions are the dominant sources of particulate PAHs in urban dust in some cities, China [6,46,49].
However, our results show that coal burning was the major
contributor of dust-borne PAHs in Taiyuan. This could be

476

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

attributed to a combination of the following causes: i) coals
have been and are still the major source of energy in Taiyuan, in which there are many coal-based chemistry industries including coal mines, steel and coking plants in the
surrounding; ii) the spatial pattern of industry distributions
exerts a great impact, some of plants such as coking or steel
ones locate in the north of the city, in which the north wind
or northwest wind is the prevailing wind direction in the
year, lead to pollutants from the production processes to
the places in the dominant wind direction; iii) the geographical location characteristic of the city has some important impacts, with being located in the loess plateau
with the mountains around the west, north and east of Taiyuan, the pollutants may not be diffused from the nearby
place to the distant place and lingered the sky above the
city as a lid; iv) the contribution to PAHs from diesel-powered vehicles was relatively high. Diesel-powered buses
are extensively used in Taiyuan due to their fuel economy
and reliability; thus, the exhaust is one of the important pol-

lutant sources in air and dust deposition. Moreover, many
heavy-duty trucks powered by diesel engines may pass the
city in the night, especially the main roads near the highways. It was reported that types of fuel may affect production of combustion-derived PAHs and concentrations of
PAHs in the heavy-duty track tunnel were higher than
those in the light-duty vehicle tunnel [44].
3.3. Ingestion, dermal contact, inhalation and total incremental
lifetime cancer risk

A probabilistic risk model integrates the Toxic Equivalence Factors (TEFs) and Carcinogenic Slope Factor
(CSF) as well as the ILCR approach to quantitatively estimate potential carcinogenic risks of children and adults exposing to dust-borne PAHs from different functional areas
through three pathways of direct ingestion, dermal contact,
and inhalation collectively (Table 5). In most regular programs, the chance of a one in a million for additional human cancer over a 70 year lifetime (ILCR = 10-6) or less

TABLE 5 - Risk of cancer due to children and adults exposure to PAHs via urban road dust.
CSa
(g/kg)
Industrial area
Mean
2.18E+03
Median
2.19E+03
Min
1.02E+03
Max
2.95E+03
UCL
2.77E+03
LCL
1.60E+03
Heavy traffic area
Mean
2.81E+03
Median
2.87E+03
Min
2.05E+03
Max
3.68E+03
UCL
3.19E+03
LCL
2.43E+03
Mixed area
Mean
1.35E+03
Median
1.28E+03
Min
9.07E+02
Max
2.11E+03
UCL
1.80E+03
LCL
8.96E+02
Residential area
Mean
8.90E+02
Median
8.88E+02
Min
6.37E+02
Max
1.17E+03
UCL
1.14E+03
LCL
6.36E+02
Educational area
Mean
1.10E+03
Median
8.81E+02
Min
4.11E+02
Max
2.53E+03
UCL
1.61E+03
LCL
5.95E+02
Total sites
Mean
1.79E+03
Median
1.59E+03
Min
4.11E+02
Max
3.68E+03
UCL
2.05E+03
LCL
1.52E+03
a

Child

Adult

Ingestion

Dermal
contact

Inhalation

Cancer
risk

Ingestion

Dermal
contact

Inhalation

Cancer
risk

1.34E-06
1.35E-06
6.28E-07
1.82E-06
1.70E-06
9.85E-07

3.31E-06
3.32E-06
1.55E-06
4.48E-06
4.2E-06
2.43E-06

5.36E-10
5.39E-10
2.51E-10
7.25E-10
6.81E-10
3.93E-10

4.65E-06
4.67E-06
2.18E-06
6.29E-06
5.91E-06
3.41E-06

8.38E-07
8.42E-07
3.92E-07
1.14E-06
1.06E-06
6.16E-07

5.02E-06
5.05E-06
2.35E-06
6.79E-06
6.38E-06
3.69E-06

3.35E-10
3.36E-10
1.57E-10
4.53E-10
4.25E-10
2.46E-10

5.86E-06
5.88E-06
2.74E-06
7.93E-06
7.45E-06
4.30E-06

1.73E-06
1.77E-06
1.26E-06
2.27E-06
1.96E-06
1.5E-06

4.26E-06
4.36E-06
3.11E-06
5.59E-06
4.84E-06
3.69E-06

6.91E-10
7.06E-10
5.04E-10
9.05E-10
7.84E-10
5.98E-10

5.99E-06
6.12E-06
4.37E-06
7.85E-06
6.81E-06
5.18E-06

1.08E-06
1.11E-06
7.88E-07
1.42E-06
1.23E-06
9.35E-07

6.47E-06
6.62E-06
4.72E-06
8.48E-06
7.35E-06
5.60E-06

4.32E-10
4.41E-10
3.15E-10
5.65E-10
4.90E-10
3.73E-10

7.55E-06
7.71E-06
5.51E-06
9.85E-06
8.58E-06
6.53E-06

8.31E-07
7.88E-07
5.58E-07
1.30E-06
1.11E-06
5.51E-07

2.05E-06
1.94E-06
1.38E-06
3.2E-06
2.73E-06
1.36E-06

3.32E-10
3.15E-10
2.23E-10
5.19E-10
4.43E-10
2.20E-10

2.88E-06
2.73E-06
1.94E-06
4.50E-06
3.84E-06
1.91E-06

5.19E-07
4.92E-07
3.49E-07
8.11E-07
6.92E-07
3.44E-07

3.11E-06
2.95E-06
2.09E-06
4.86E-06
4.15E-06
2.06E-06

2.07E-10
1.97E-10
1.39E-10
3.24E-10
2.77E-10
1.38E-10

3.63E-06
3.44E-06
2.44E-06
5.68E-06
4.84E-06
2.41E-06

5.48E-07
5.47E-07
3.92E-07
7.20E-07
7.02E-07
3.91E-07

1.35E-06
1.35E-06
9.67E-07
1.78E-06
1.73E-06
9.65E-07

2.19E-10
2.18E-10
1.57E-10
2.88E-10
2.80E-10
1.56E-10

1.90E-06
1.89E-06
1.36E-06
2.50E-06
2.43E-06
1.36E-06

3.42E-07
3.42E-07
2.45E-07
4.49E-07
4.38E-07
2.45E-07

2.05E-06
2.05E-06
1.46E-06
2.69E-06
2.63E-06
1.46E-06

1.37E-10
1.36E-10
9.76E-11
1.80E-10
1.75E-10
9.76E-11

2.39E-06
2.38E-06
1.72E-06
3.14E-06
3.07E-06
1.71E-06

6.77E-07
5.42E-07
2.53E-07
1.56E-06
9.91E-07
3.66E-07

1.67E-06
1.34E-06
6.24E-07
3.84E-06
2.44E-06
9.03E-07

2.71E-10
2.17E-10
1.01E-10
6.22E-10
3.96E-10
1.46E-10

2.35E-06
1.88E-06
8.77E-06
5.40E-06
3.43E-06
1.27E-06

4.23E-07
3.39E-07
1.58E-07
9.76E-07
6.19E-07
2.29E-07

2.53E-06
2.03E-06
9.48E-07
5.83E-06
3.71E-06
1.37E-06

1.69E-10
1.35E-10
6.31E-11
3.88E-10
2.48E-10
9.14E-11

2.96E-06
2.36E-06
1.11E-06
6.80E-06
4.33E-06
1.60E-06

1.10E-06
9.79E-07
2.53E-07
2.27E-06
1.26E-06
9.36E-07

2.72E-06
2.41E-06
6.24E-07
5.59E-06
3.11E-06
2.31E-06

4.40E-10
3.91E-10
1.01E-10
9.05E-10
5.04E-10
3.74E-10

3.82E-06
3.39E-06
8.77E-06
7.85E-06
4.37E-06
3.24E-06

6.88E-07
6.11E-07
1.58E-07
1.42E-06
7.88E-07
5.85E-07

4.13E-06
3.66E-06
9.48E-07
8.48E-06
4.72E-06
3.50E-06

2.75E-10
2.44E-10
6.31E-11
5.65E-10
3.15E-10
2.34E-10

4.81E-06
4.28E-06
1.11E-06
9.85E-06
5.51E-06
4.09E-06

denotes the sum of converted values of PAHs based on toxic equivalents of BaP using the toxic equivalency factor (TEF) [35] .
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denotes virtual safety; the additional cancer risk of a one in
ten thousand or more (ILCR = 10-4) denotes potentially
high risk; and the value between the two ones denotes potential risks [13,50].
The risk values of ILCR for children and adults via
dermal contact were estimated to up to 10-6; whereas the
risk values of ILCR for the above groups via ingestion were
within 10-7 to 10-6. However, as for two population groups,
carcinogenic risks of children via ingestion were higher
than those of adults; such case means that children faced
greater harmful health risks due to dusts than other populations and it is likely that contaminated dusty particles
were ingested by children via hand to mouth activity. The
values of ILCR for children and adults via inhalation were
4 orders of magnitude less than the acceptable risk level
(10-6). Therefore, inhalation of re-suspended particles
through nose and mouth was almost overlooked in comparison with ingestion and dermal contact routes. That is to say,
both dermal contact and direct ingestion have greatly contributed to the carcinogenic risk for both children and adults.

tribution from liquid fossil fuel combustion from dieselpowered vehicles. CPI revealed that vehicular emissions
were the main source of aliphatic hydrocarbons with a
moderate contribution to different areas. Pr/Ph supported
this conclusion. Furthermore, this study revealed that there
existed potential cancer risks for children and adults exposed to dust-borne PAHs from different functional areas
in Taiyuan.
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In case of the total cancer risk, the calculated 95% upper control limit (UCL) values of ILCR for children and
adults exposed to the average PAH concentration of dusts
in Taiyuan were 4.37×10-6 and 5.51×10-6, respectively. The
risk values for the above groups were larger than the baseline value of acceptable risk (10-6) and less than the priority
risk (10-4); and such case indicates a potential carcinogenic
risk. However, no ILCR of the exposures to the maximum
concentrations exceeded 10-4 under the worst-case scenario.
Such case shows that potential risk due to urban road dusts
was pervasive for residents in Taiyuan, especially those residents along roadsides or pedestrians, and traffic polices.
The maximum ILCR was found in the traffic areas, followed by the industrial areas; while the lowest in the educational areas is higher than the acceptable level (10-6) and
less than the priority risk (10-4). The distribution ILCRs
among the different functional areas displayed that further
research should be carried out to reveal the potential influence due to PAHs in urban environment, especially traffic exposures although exposure to PAHs in road dusts solely would
not cause serious health impacts in the study area. Some researchers have carried out a cohort study of 5,000 adults for
8 years and revealed that residents near major roads took a
greater risk of cardiopulmonary mortality than those exposed
to ambient background air pollutant levels [51].
4. CONCLUSIONS
The analysis of aliphatic hydrocarbons and PAHs in urban road dusts from Taiyuan has shown that the total concentration of these compounds and their relative distributions are different among various functional areas. The relative abundance of high molecular weight PAHs (4-6 rings)
demonstrated strong pyrogenic inputs. Diagnostic ratios of
PAHs revealed that coal combustion is the main source of
PAHs in urban road dusts from Taiyuan with a second con-
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SYNTHESIS OF ZnO MODIFICATION CNT/TiO2
NANOCOMPOSITES WITH EXIMIOUS VISIBLE-LIGHTDRIVEN PHOTOCATALYTIC DEGRADATION OF TBA
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ABSTRACT
CNT and ZnO modified TiO2 composite materials
(ZnO-CNT/TiO2) were prepared by sol - gel method. The
composites were characterized by X-ray diffraction (XRD),
energy dispersive X-ray (EDX) analysis and scanning electron microscope (SEM) analysis. A Texbrite BA-L (TBA)
solution under visible light irradiation was used to determine the photocatalytic activity. The degradation of the
TBA was determined using UV spectrophotometry. An increase in photocatalytic activity was observed and attributed
to an increase of the photo-absorption effect by the ZnO
and the cooperative effect of the CNT.
KEYWORDS:
CNT, ZnO, TiO2, TBA, visible light, photocatalytic

1. INTRODUCTION
The application of photocatalytic technology using
semiconductors to solving environmental problems has
been received much attention. Many studies have shown
that heterogeneous photocatalysis through light illumination on a semiconductor surface is an attractive advanced
oxidation processes [1,2]. When under irradiation, the semiconductor is excited to generate hole and electron pairs.
The holes subsequently react with adsorbed hydroxyl ions
to generate hydroxyl radicals, while the electrons react
with adsorbed oxygen to generate superoxide ions. These
oxidizing substances, which have a higher reaction activity
than common oxygen molecules, can completely destroy
various organic pollutants in wastewaters [3-5]. However,
for sewage with a high concentration of pollutants and lowor non-transparency, photocatalytic technology generally
has no effect. Fortunately, the application of photocatalytic
technology has been proposed in recent years [6]. Titanium
dioxide (TiO2) and zinc oxide (ZnO), which act as photo* Corresponding author

catalytic when irradiated by ultrasound, have been successfully used in the degradation of toxic organic compounds
and dye pollutants. In order to enhance the photocatalytic
degradation efficiency and search for new highly active
photocatalytic, it is necessary to study the new catalysts to
enhance their catalytic activity [7-9].
TiO2 coupled with other semiconductors has been reported to perform both of the above-mentioned functions.
In particular, zinc oxide, a wide band-gap II-VI semiconductor (gap=3.37eV, 298K), shows a significant quantum
confinement effect when its size reaches the Bohr radius,
1.8 nm. Moreover, ZnO is an interesting material due to its
many applications such as in varistors, gas sensors, electrical and optical devices [10]. In practical applications, the
photoelectrical properties and photocatalytic efficiency of
ZnO require improvement [11].
Carbon nanotube (CNT)-based composites has received great attention due to the fact that their conductivity
can be increased significantly with a relatively low concentration of carbon in the host material [12]. Moreover, multi
wall carbon nanotubes (MWCNTs) have a variety of interesting electronic properties. In one of their possible electronic structures, they may exhibit metallic conductivity.
MWCNTs have a large electron-storage capacity (one electron per 32 carbon atoms), and the properties of MWCNTs
can promote the electron-transfer reactions in carbonnanotube-modified materials [13].There are reports that the
separation of photo-generated charge carriers is more efficient in the hetero-junctions of TiO2and CNTs. In photoelectrochemical cells it was observed that the photosensitivity increased with the use of TiO2/CNT composites [14].
The principal effect of CNT was to increase the absorption
of UV light and enhance electron transport at the CNT/
TiO2 photo-anode [15].
In this present work, ZnO-CNT/TiO2 compounds were
synthesized with different mole ratios and their behaviors
as photocatalysts were investigated. The structure variations, surface states and elemental compositions of ZnOCNT/TiO2 composites were examined. X-ray diffraction
(XRD), scanning electron microscopy (SEM), energy dis-
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persive X-ray (EDX), transmission electron microscopy
(TEM) and UV-vis spectroscopy were used to characterize
these new catalysts. The powder was irradiated by ultrasound or visible light to investigate the photocatalytic degradation of some organic dyes.
2. MATERIALS AND METHODS
2.1 Materials

TNB (99.9%) as the titanium source was purchased from
Acros organics Co., Ltd, USA. Zinc nitrate (Zn[NO3]2) as a
zinc source was purchased from Duksan Pure Chemical
Co., Ltd, Korea. Crystalline CNT powder (diameter:20 nm,
length: 5 μm) of 95.9 wt.% purity from Carbon Nano-material Technology Co. , Ltd., Korea, was used as one of the
carbon nanomaterials. Texbrite BA-L (TBA) was purchased from Texchem Co. Ltd, Korea. All chemicals were
used without further purification, and all experiments were
carried out using distilled water.
2.2 Oxidation of CNT surface

MCPBA (m-chloroperbenzoic acid, ~1 g) was suspended in 50 ml of benzene, followed by the addition of
CNT (~0.5 g). The mixture was then refluxed in an air atmosphere and stirred for 6 h. The solvent was subsequently
dried at the boiling point of benzene (353.13 K). After
completion, the dark brown precipitates were washed with
ethyl alcohol and dried at 323 K, after which the oxidized
CNT was formed.
2.3 Preparation of CNT/TiO2 composites

The dried CNT powders were mixed in a mixing solution of TNB and benzene with a regular ratio of 2:50, stirring at 343k for 5 h in an airtight container. After the stirring the solution were transformed to the CNT and TiO2
mixed gels, and these gels were heat treated at 973K for 1 h.
2.4 Preparation of ZnO-CNT/TiO2 composites

CNT/TiO2 was prepared using pristine concentrations
for the preparation of ZnO-CNT/TiO2 composites. The typical procedure as follows: 0.25g of CNT/TiO2 powders
were mixed with 0.67g, 1.73g, 2.06g Zn (NO3)2·6H2O
which was added to 50ml distilled water, respectively. The
mixture was stirred for 5 h. ZnO and then support particles
are first dried in the 323K for 6 h, and calcined at 773K for
each 2h. ZnO-CNT/Ti1, ZnO-CNT/Ti2 and ZnO-CNT/Ti3
photocatalyst composites were obtained. The designations
for different prepared materials are summarized in Table 1.
TABLE 1 - Nomenclature of samples prepared.
Preparation method

Nomenclatures

0.25gCNT/TiO2+ 0.67gZn (NO3)2 · 6H2O+50ml H2O

ZnOCNTTi1

0.25gCNT/TiO2+ 1.73gZn (NO3)2 · 6H2O+50ml H2O

ZnOCNTTi2

0.25gCNT/TiO2+ 2.06gZn (NO3)2 · 6H2O+50ml H2O

ZnOCNTTi3

2.5 Characterization of compounds

For the measurement of structural variations, XRD
patterns were taken using an X-ray generator (Shimadzu
XD-D1, Japan) with Cu Ká radiation. SEM was used to observe the surface state and structure of ZnO-CNT/TiO2
composites using a scanning electron microscope (JSM5200 JOEL, Japan). Energy dispersive X-ray (EDX) spectroscopy was also used for the elemental analysis of the
samples. The Brunauer–Emmett–Teller (BET) surface area
was determined by N2 adsorption measurements at 77 K
(Monosorb, USA). Transmission electron microscopy (TEM,
JEOL, JEM-2010, Japan) was used to observe the surface
state and structure of the ZnO-CNT/TiO2 composites. At
the acceleration voltage of 200 kV, TEM was used to investigate the size and distribution of the titanium particles
deposited on the CNT surfaces of various samples. TEM
specimens were prepared by placing a few drops of the sample solution on a carbon grid.
2.6 Catalytic degradation of TBA

Photocatalytic activity was evaluated by dye degradation in aqueous media under visible-light irradiation. For
visible-light irradiation, the reaction beaker was located
axially and held in a visible lamp box (8 W, halogen lamp,
KLD-08L/P/N, Korea). The luminous efficacy of the lamp
was 80 lm/W, and the wavelength was 400 nm–790 nm.
The lamp was located at a distance of 100 mm from the
aqueous solution in a dark box. The amount of photocatalytic composite used was 0.05 g/(50 ml solution). On the
other hand, 0.001 v/v aqueous solution of TBA was also
prepared with deionized water in 1 L measuring flasks, respectively. The concentrations of the stocks solutions of
the three dye solutions depended on various factors such as
color intensity of the dyes, molecular structure complexity
of the dyes, intensity of visible light falling on the solutions
and activity of the photocatalysts.
The reactor was placed for two hours in the dark box to
make the photocatalytic composite particles adsorb as many
dye molecules as possible. After the adsorption phase, the
visible-light irradiation was restarted to make the degradation reaction proceed. To perform dye degradation, a glass
reactor (diameter=4 cm, height=6 cm) was used, and the reactor was placed on the magnetic churn dasher. The suspension was then irradiated with visible light for a set irradiation
time. Visible-light irradiation of the reactor was performed
for 90 min. Samples were withdrawn regularly from the reactor, and dispersed powders were removed in a centrifuge.
The clean transparent solution was analyzed by a UV-vis
spectrophotometer (Optizen POP, Mecasys Co., Ltd., Korea). The dye concentration in the solution was determined
as a function of the irradiation time.
2.7 Recycling decomposition with composites

The used ZnO-CNT/TiO2 composites were immersion
in ethanol for 6 hours and rinsed with deionized water, and
then dried at 353 K. After this, the cleaned ZnO-CNT/TiO2
composites were reused for remove dyes, and the recycling
experiment was tried with the composite as several times.
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for the composites are performed by EDX. From the EDX
data, the main elements such as C, O, Ti and Zn existed.
The numerical results of EDX quantitative microanalysis
of the samples revealed the ratio are listed in Table 1. In
Fig. 1 (c), the spectrum shows the presence of C, O, and Ti,
as major elements, with strong Zn peaks. There are some
small impurities, which are considered to introduce into the
composites using the Zn(NO3)2 without purification. In the
case of most of the samples, carbon and titanium were present as major elements with small quantities of oxygen in
the composite.

3. RESULTS AND DISCUSSION
3.1. Characterization of the products

Fig. 1 shows the EDX investigations for the ZnOCNT/TiO2 compounds. The elemental composition of these
samples has been analyzed and the characteristic elements
were identified using an EDX detection spectrometer. Fig. 1
shows that strong Kα and Kβ peaks from Ti element appear
at 4.51 and 4.92 keV, while a moderate Kα peak of the element O appears at 0.52 keV [16]. Besides all the above
peaks, elements Zn can also be found. In Fig. 1, the quantitative microanalyses of C, O, Ti and Zn as major elements

(a)

(b)

(c)
FIGURE 1 - EDX images of composites (a) ZnOCNTTi1, (b) ZnOCNTTi2 and (c) ZnOCNTTi3.
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FIGURE 2 - SEM images of composites: (a) ZnO-CNT, (b) ZnOCNTTi1, (c) ZnOCNTTi2 and (d) ZnOCNTTi3.

The surface characteristics characterization is shown
in Fig. 2. SEM micrographs revealed CNT/TiO2 and three
different ZnO-CNT/TiO2 compounds derivatives with surface characteristics shown in Fig.2. Fig. 2 shows that ZnO
and CNT are uniformly coated on the surface of TiO2 and
lead to an enlargement of the nanoparticle size. In the report
of Zhang et al. [17], a good dispersion of small particles
could provide more reactive sites for the reactants than aggregated particles. The surface roughness seems to be more
with little aggregation of grains. Fig. 2 (a) is CNT/TiO2, (b)
is ZnOCNTTi1 (c) is ZnOCNTTi2 and (d) is ZnOCNTTi3,
the aggregation phenomenon becomes seriously granular
state with an increase of the amounts of ZnO addition, and
the increase of the amounts of ZnO addition can make an
increase of doping effect.
The Brunauer–Emmett–Teller (BET) surface areas of the
raw CNT/TiO2 and three different ZnO-CNT/TiO2 compounds photocatalyst are listed in Table 2. The BET value is
transformed from 169.28 (m2/g) of pure CNT to 32.20 (m2/g)
of ZnOCNTT3. It can be considered that the TiO2 and ZnO
particles are introduced into the pore of the CNT, and the
value of ZnO-CNT/TiO2 decreased with increased ZnO.
Sample ZnOCNTT1 has the largest BET surface area
which can enhance its adsorption ability. The BET surface
area of CNT/TiO2 photocatalyst decreases when ZnO particles are loaded on the CNT support. The pore size and

volume of ZnO-CNT/TiO2 particles significantly increase
when the particles are attached to CNT due to CNT particles having large amounts of porosity [18].
TABLE 2 - EDX elemental microanalysis and BET surface area
Sample name
CNT
CNT/TiO2
ZnOCNTTi3
ZnOCNTTi2
ZnOCNTTi1

C
(%)
99.9
40.37
27.12
30.58
36.38

O
(%)
26.88
38.58
32.14
27.72

Zn(%)
7.97
5.64
1.24

Ti
(%)
32.75
26.33
31.64
33.66

BET
(m2/g)
169.28
57.37
32.20
47.26
51.24

The TEM image of ZnO-CNT/TiO2 is shown in Fig. 3.
A representative TEM images shown in Fig. 3 reveals that
the prepared powders are uniform and some aggregations
among the particles are also observed. In Fig. 3, it shows
that ZnO and TiO2 particles well dispersed and is attached
onto the CNT surface. From Fig. 3, the image of ZnOCNT/TiO2 compounds shows that all of particles are agglomerate. Fig. 3 shows large clusters with an irregular agglomerated dispersion of TiO2. TiO2 are distributed uniformly outside the surface of the CNT with a size of approximately 40 nm, and ZnO are distributed uniformly
over the surface of the CNT with a size of approximately
20 nm, even though this caused partial agglomeration to
form block particles.
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FIGURE 3 - TEM images of ZnO-CNT/TiO2.

FIGURE 4 - XRD patterns of composites, A is stand for acanthite phase, ZnO is zinc oxide.
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XRD was used to determine the crystallographic structure of the inorganic component of the composite. Fig. 4
shows the XRD patterns of the CNT/TiO2 and three different ZnO-CNT/TiO2 compounds. In Fig. 4, A is anatase phase
of titanium, ZnO is zinc oxide. The XRD pattern also reveals
a crystalline phase of TiO2. The major peaks at 25.3, 37.5,
48.0, 53.8, 54.9, 62.5, 68.7, 70.3, 75.1 and 82.6 were diffractions of (101), (004), (200), (105), (211), (204), (116),
(220), (215) and (224) planes of anatase, which indicate
that the prepared TiO2 is an anatase phase [19, 20]. In the
XRD pattern of ZnO-CNT/TiO2 (curve b and c), the peaks
of CNT cannot be found. This is because the small content
of CNT. The XRD pattern shows the characteristic peaks
of ZnO. Additional ZnO diffraction peaks for the (002),
(020), (200), (120), (112), (022), (−202), (202), (122),
(222), (320), (123), (312), (004), (040), (140), (−114) and
(114) planes were observed at 23.14o, 23.47o, 24.29o,
26.53o, 28.67o,33.3o, 34.5o, 35.45o, 41.48o, 44.27o, 44.66o,
45.70o, 47.24o, 48.25o,49.93o, 50.34o and 50.74o (2θ ), respectively [21]. From the XRD patterns (Fig. 4), it is also
possible to compute the % crystallinity and crystallite size.
The amorphous phase fraction of the sample may be determined by taking the ratio of the amorphous area (area not
under the peaks) of the X-ray diffractogram to the total
area. Also the peaks at different crystal planes of ZnOCNT/TiO2 nanocomposite matches exactly with that of
CNT/TiO2 indicating essentially no difference with respect
to the type of crystalline phase in the two products. In comparison of the XRD patterns between CNT/TiO2 and ZnO-

CNT/TiO2, the intensity of TiO2 peak is decrease. In addition the peak intensity of TiO2 is decrease from ZnOCNTT1 to ZnOCNTT3. We can conclude that introduce of
ZnO can prevented the growth of crystal of anatase.
3.2 Photocatalytic activity of samples

Fig. 5 shows the time series of TBA degradation using
CNT/TiO2 and ZnO-CNT/TiO2 composites under visible
light irradiation. The spectra for the TBA solution after visible light irradiation show the relative degradation yields at
different irradiation times. The decrease in dye concentration continued with an oppositely gentle slope, which was
due to visible light irradiation. Two steps are involved in
the photocatalytic decomposition of dyes; the adsorption of
dye molecules and degradation. After adsorption in the
dark for 30 mins, the samples reached adsorption-desorption equilibrium. In the adsorptive step, CNT/TiO2 and
ZnO-CNT/TiO2 composites showed different adsorptive
effects with CNT/TiO2 having the best adsorptive effect.
The adsorptive effect of ZnOCNTT3 was the lowest. The
adsorptive effect of CNT/TiO2 was better than that of ZnOCNT/TiO2 because the added ZnO particles can decreased
the BET surface area which can decreased the adsorption
effect. CNT/TiO2 has the largest BET surface area, which
can enhance the adsorptive effect. A comparison of the decolorization effect of the catalysts showed that the degradation effect can be increased by an increase in the adsorption capacity. Fig 6 represent the degradation of TBA with
CNT/TiO2 and ZnO-CNT/TiO2 in visible light from which
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FIGURE 5 - Degradation of TBA under visible light.

FIGURE 6 - Cycling runs about the photocatalytic degradation of TBA with sample under visible light irradiation
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it is clear that the concentration of TBA gradually diminishing with increasing time for all of samples. The decreasing concentration of TBA in the photocatalytic reaction
was used to evaluate the activity of CNT/TiO2 and ZnOCNT/TiO2 composites. The spectra of the dye solution
show the relative degradation yields at different time intervals. Moreover, the dye solution increasingly lost its color
intensity as the dye concentration continued to decrease.
The decrease in concentration was evaluated at the λmax
values of the dyes which were determined from the absorption spectra of the dyes. However, due to confidential issues of the manufacturing company, information about the
textile dyes TBA the detailed reference was not found. But

the UV/Vis spectroscopic analysis and the rate determination of the drastic diminish in the dye concentration clearly
indicated photocatalysis.
In comparison of the decolorization effect among
ZnO-CNT/TiO2 compounds, ZnOCNTT1 has the best adsorption effect, because the relatively high surface area.
However, the degradation effect is not the best one. From
Fig. 5 (b, c, d), we can find that the degradation effect of
CdSCT3 is the best. From Fig. 5 we can find after ultrasonic irradiation 120 min, the degradation ratio of ZnOCNTT1 for TBA solution is 70.83 %, ZnOCNTT2 and
ZnOCNTT3 decompose 41.66% and 37.51%, respectively.

(a)

(b)
FIGURE 7 - Schematic drawing of separation of generated electrons and holes on the interface of CNT/TiO2 (a) and ZnO-CNT/TiO2 (b)
compounds under visible light.
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The degradation ratio of ZnOCNTT3 for TBA is better and
faster than other samples.
In order to further demonstrate the photostability and
cycle performance of the ZnOCNTT3 composite photocatalyst, the circulating runs in the photocatalytic degradation of TBA in the presence of ZnOCNTT3 under visible
light were conducted. As shown in Fig. 6, the photocatalyst
do not exhibit any significant loss of photocatalytic activity
after four runs of TBA degradation, which indicates that
the ZnOCNTT3 photocatalyst has high stability and cannot
be photocorroded during the photocatalytic oxidation of
the TBA molecules. Thus, the ZnOCNTT3 composite photocatalyst is promising for practical application in environmental purification. CNT modification can not only improve the photocatalytic performance but also long-term
stability of nanocrystals. This result is significant from the
viewpoint of practical application, as the enhanced photocatalytic activity and prevention of catalyst deactivation
will lead to more cost-effective operation [22].
At CNT modified TiO2 system, CNTs acting as electron sensitizers and donators in the composite. They may
accept the electron (e) photo-induced by light irradiation.
It is considered that photo-induced charge transfer occurs
in the electronic interaction between the carbon layers or
walls of the CNTs and TiO2. The electrons on the surface
of CNTs migrate to the surface of the TiO2 and thus lead to
a higher rate of reduction in the e/h+ pair recombination.
Thus CNT modified TiO2 can increase of the photon efficiency, which reduces the quantum yield of the TiO2 catalyst. These TiO2 also can enhance the adsorption effect during the discoloration processes [23, 24]. Fig. 7 (a) shows a
schematic diagram of the catalyst growth machanism, separation of photogenerated electrons and holes on the
CNT/TiO2 interface.

4. CONCLUSION
In this study, the photo-catalytic properties of ZnOCNT/TiO2 composites were investigated. The XRD results
indicated that the phase type was acanthite ZnO and Tio2
phase. The adsorption and surface properties, as structural
and chemical composition of the ZnO-CNT/TiO2 composites, were investigated. ZnO and CNT play an important
role in enhance surface area, improve the reaction state,
produce more charge and decreased the recombination rate
of electron-hole pairs. The photo-chemical effect of the
CNT photosensitized composites increased significantly
due to the synergistic effect between the CNT, ZnO and
CNT nanoparticles.
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When added ZnO in this system, semiconductor coupled with two components has a beneficial role in improving charge separation and enhance TiO2 in response to ultrasonic. In case of addition of ZnO as a new matter, the
excited electron from the ZnO particles are quickly transferred to TiO2 particle due to the conduction band of ZnO
is more negative than that of TiO2 [35]. While the electrons
formation excited from ZnO are injected into the conduction band of TiO2 and then scavenged by molecular oxygen
O2 to produce the superoxide radical anion ˙O2-. This transfer of change should enhance the oxidation of the adsorbed
organic substrate.
CNT play the surface area enhancer and photosensitizer for TiO2, due to its relatively large specific surface
area and special structure. So it is additional reason is that
removal effect of organic materials in solution is also governed by physisorption by porous CNT, and also can improve the photocatalytic activity under visible light. In
ZnO-CNT/TiO2 system, ZnO and CNT play an important
role in enhance surface area, improve the reaction state,
produce more charge and decreased the recombination rate
of electron-hole pairs.
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GENETIC ASSOCIATIONS, VARIABILITY AND DIVERSITY IN
BIOCHEMICAL AND MORPHOLOGICAL SEED CHARACTERS
IN INDIAN GRASS PEA (Lathyrussativus L.) ACCESSIONS
Surendra Barpete
Department of Field Crops, Faculty of Agriculture, Ankara University, Ankara, Turkey

ABSTRACT
Availability of genetic diversity is key factor for hybridization program in breeding self pollinated crops. The
morphological traits and biochemical nutrient contents
(protein) are important factors to identify variability among
accessions. This study reports genetic variation evaluated
through seed morphological characteristics (shape, coat color,
coat texture, size and 100-seeds weight) and biochemical
characteristics (total seed protein content) in 53 Indian accession of grass pea. A comparison of results showed 100seeds weight and protein content range from 4.03 to 8.82 g
and 21.9 to 33.7% with the mean value 5.95 g and 25.6%
respectively. None of the morphological descriptors were
monomorphic and encompassingat least three relatively
frequent phenotypic classes. The dendrogram pertaining to
seed characteristics demonstrated two major clusters with
as many sub-clusters. Some accessions in sub-cluster exhibited 100% similarities that are likely duplicates. The highest
inter genotypic distance was observed between accession P24 and IC-120445 that were included in separate clusters.
The multivariate linear regression analysis showed positive
significant relationship (r = 0.155, p ≤ 0.267) between 100seeds weight and total seed protein contents suggesting that
high protein content is positively correlated with high 100seeds weight and it will be favorable to develop new cultivars based on these characteristics in grass pea.

KEYWORDS: Grass pea, morphology, protein, diversity, seed
weight, variation,

1. INTRODUCTION
Availability of genetic diversity in self pollinated crops
is very essential element for development of hybridization
system to genetically improve grain yield. Data about
germplasm assorted for qualities and hereditary make-up
among selected breeding material is of key importance in
plant breeding [1].

Grass pea (Lathyrussativus L., 2n = 2x =14) is an important food and forage legume crop [2], that is highly tolerant to adverse climatic conditions (drought, flood, salinity, insect pests) and is grown in areas with an average annual precipitation of 240–650 mm [3]. Globally, the area
under grass pea cultivation is estimated to be 1.50 million
ha with annual production of 1.20 million tons [1]. The genus Lathyrus includes 187 annual or perennial species and
taxonomic classification dividing these species into 13 sections [4], but the phylogenetic relationships among sections and species require further detailed investigation involving morphological, biochemical, cytogenetic and molecular techniques [1, 5].
Grass pea is commonly grown in India, Pakistan,
Bangladesh and Ethiopia, and has substantial potential as a
crop in Mediterranean type environments [6, 7]. It is good
source of protein (35%) and supplement to the cereal based
diet of people in areas of its major production [8, 9]. Due
to the negligible research on genetic and genomic resources
improvement, there is limited information available about
grass pea stored in the gene banks of world especially pertaining to conservation and sustainable use of genetic resources. These studies are of paramount importance for
grass pea improvement [1, 10]. However, excessive consumption of grass pea seed (usually more than 30% of the
daily diet for about 3 - 4 months) leads to a neurological
disorder in humans and animals that has discouraged
adaptive research on this crop.
It is agreed and emphasized by grass pea breeders and
researchers all over the world that identification of accessions with high protein content and low ODAP could help
in achieving long lasting and dependable solution in efforts
to face the threat of lathyrism. This could help in exploiting
the immense potentials of this neglected legume [6]. Grass
pea has also been recognized an imperative source of novel
genes of both abiotic and biotic stress resistance [11] that
could be incorporated in legume breeding programs to create tolerance against stresses. As such assessing variability
among grass pea landrace populations for morphological
and biochemical characters is highly important. This study
was undertaken to find genetic diversity among morphological characters and detect correlation between seed weight
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and protein contents as simple selection criteria for developing new cultivars with desirable traits.

for 10 min at 10,000 rpm before determining protein concentration by Bradford [15] method.
2.4 Statistical analysis

2. MATERIALS AND METHODS
2.1 Seed material

The seeds of 53 Indian accessions of Lathyrussativus
(L.) as listed in Table 1 were obtained from National Bureau of Plant Genetic Resources (NBPGR), Regional station, Akola, India and The International Plant Genetic Resource Institute (IPGRI), Indira Gandhi Agricultural University, Raipur, India.

Data were subjected to cluster and linear regression
analysis using paleontological statistics software package
for education and data analysis (PAST) for Windows v.
3.01 following Hammer and Harper [16]. The genetic diversity among the accessions was evaluated by Jaccard binary similarity matrix using data on seed morphology, seed
weight and protein contents. Dendrogram was constructed
using Jaccard method by hierarchical clustering to know
the complete linkage forming value.

2.2 Morphological characterization of seeds

Seed quality traits according to the IPGRI descriptor
list [12] and described by Polignano et al. [13] were chosen
to characterize seeds and determine intraspecific genetic
relationships among the accessions. Four qualitative descriptors (seed shape, seed coat color, seed coat texture,
seed size and two quantitative descriptors (100 seed weight
and protein content) were used in the study. These values
were expressed in means ± standard errors and coefficient
of variation.
2.3 Protein estimation

Total seed protein was extracted from the healthy
seeds of 53 accessions following the procedure outlined by
Sammour et al. [14]. Protein was quantitatively determined
by dissolving 0.02 g dried flour in 1000 µl extraction buffer
(0.0625 M Tris-HCl, pH 6.8, 2% SDS, 10% sucrose and
0.002% bromophenol blue with 5% β-merceptoethnol) for
24 h at 40 °C. Thereafter, the extracts were centrifuged

3. RESULTS AND DISCUSSION
The description of agronomically important and useful
characteristics is an important prerequisite for successful
and resourceful utilization of grass pea germplasm collections in breeding programs [1].
The present study exhibited significant seed morphological variation among phenotypic characteristics of seeds
for 53 accessions of L. sativus for seed shape, seed coat
color, seed coat texture, seed size, 100 seed weight and total seed protein contents (Table 2). Frequency distribution
of discrete qualitative descriptors of seed morphology and
biochemical in grass pea testified presence of three, four,
five and ninephenotypic classes on the basis of size, texture, shape and coat colorrespectively. Number of observations was recorded by taking 100 seeds of each accession
for individual phenotypic class. The result showed meannumber of 15.38 ±1.23 rhomboid seeds with 58% coeffi-

TABLE 1- List of 53 Indian accessions of Lathyrussativus L. used in the present study.
S. No

Accession name

S. No

Accession name

S. No

Accession name

S. No

Accession name

1

P-24

15

IC-120454

29

IC-120511

43

IC-120499

2

Ratan

16

IC-345429

30

IC-120463

44

IC-345404

3

Pratik

17

IC-120496

31

IC-120516

45

IC-345421

4

IC-45403

18

IC-345419

32

IC-120457

46

IC-248973

5

IC-20455

19

IC-120446

33

IC-248970

47

IC-120449

6

IC-20505

20

IC-120506

34

IC-120460

48

IC-248971

7

IC-45392

21

IC-120494

35

IC-120445

49

IC-120487

8

IC-45401

22

IC-120435

36

IC-120451

50

IC-345402

9

IC-20519

23

IC-120448

37

IC-248972

51

IC-345431

10

IC-120507

24

IC-120450

38

IC-120447

52

IC-120452

11

IC-120500

25

IC-345407

39

IC-343513

53

IC-120536

12

IC-120459

26

IC-120497

40

IC-120443

13

IC-120441

27

IC-120520

41

IC-120513

14

IC-120442

28

IC-120498

42

IC-120461
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TABLE 2 - Seed characteristics variability in 53 Indian accessions of grass pea.
Seed coat

µ ± SE (CV %)*

Seed shape µ ± SE (CV %)*
11.25±1.46 (94%)

Seed coat
texture
Smooth

µ ± SE
(CV %)*
8.21±0.80 (71%)

Seed size/
weight/ protein
Small

µ ± SE
(CV %)*
17.91±1.50 (61%)

Grayed white
Yellow white
Gray
Brown
Yellow brown
Pink
Red purple
Black
Gray mottled

9.92±1.03 (75%)
7.51±0.93 (90%)
6.64±0.78 (86%)
4.81±0.53 (81%)
3.32±0.54 (86%)
1.57±0.27 (80%)
1.85±0.39 (65%)
7.23±0.81 (82%)
7.15±0.80 (81%)

Oblate
Triangular

8.30±1.12 (99%)

Marbled

16.09±1.17 (53%)

Medium

17.83±1.22 (50%)

Rhomboid

15.38±1.23 (58%)

Dotted

11.85±0.84 (51%)

Large

14.26±1.08 (55%)

Square

6.21±0.60 (70%)

Mixture

13.85±1.05 (55%)

Weight

5.95±0.13 (16%)

Protein

25.6±0.31 (9%)

Oblong
triangular
*Mean±Standard errors (Coefficient of variation)

8.87±0.83 (68%)

cient of variation (CV). It was closely followed by
11.25±1.46 oblate seeds having 94% CV. Rest of the seeds
showed mean number of 6.21±0.60 square seeds with 70%
CVand mean number of 8.87±0.83 oblong triangular seeds
with 68% CV. Phenotypic classes demonstrated highly
predominating rhomboid seed shape in agreement with
Singh and Roy [17]. They also noted rhomboid type seed
shapes in eighteen exotic accessions of grass pea. Contrarily, Abou-El-Enain et al. [18] observed globose, subprolate type seeds with glossy, reticulate–foveate surface
shape in grass pea.
Black, gray, gray mottled, grayed white and yellow
white colored seeds were most frequent with mean number
range of 6.64±0.78 with CV of 86% to 9.92±1.03 with CV
of 75%. Yellowish brown and brown colors were less frequent with mean number range of 3.32±0.54 with CV of
86% and 4.81±0.53 with CV of 81% respectively. Pink
and red purple colored seeds were rare with mean number
of 1.57±0.27 CV of 80% and 1.85±0.39 with CV of 65%
respectively. Contrarily, Singh and Roy [17] noted speckled gray seed colour as less frequently noted color. Dahiya
[19] reported that seed morphology can be used as selection criterion for breeding low neurotoxin cultivars of L.
sativus. Moreover, the cultivar with early maturity, small
seeds of light cream color contains low concentration of
ODAP. The content of ODAP in the seeds is affected significantly by environmental factors [20]. Positive significant correlation between a seed coat color and flower color
was reported by Desphande and Campbell [21].
The present investigation showed that none of the morphological descriptors was monomorphic and most of these
showed at least three relatively frequent phenotypic classes. The results of the study are in agreement with the findings of Hanbury et al. [22]; Polignano et al. [23]; Grela et
al. [9, 24] and Gunes [25], who demonstrated that primary,
secondary and tertiary gene pools may play a major role in
the development of phenotypic classes. Polignano et al.
[13] reported that there is no significant correlation between ODAP level, protein content and other morphological characters. However, they suggested need to study
more basic information regarding both genetic diversity
and the genetic control of ODAP content will to improve
knowledge about grass pea germplasm.

In 53 accessions, smooth seed coat texture with number of 8.21±0.80 and CV of 71% was least incidental
whereas, other classes, marbled, dotted and mixtures were
in the range of 11.85± 0.84 with CV of 51% to 16.09±1.17
with CV of 53%.
Observation on seed size showed small sized seeds
were frequent with mean number of 17.91± 1.50 with CV
of 61% followed by medium sized seeds had mean number
of 17.83±1.22 with 50% CV and large sized seeds had
mean number of 14.26±1.08 with 55% CV. The small
seed size was predominant in the present study. These are
agreement with Grela et al. [9] and Jackson and Yunus[26],
who noted some trends in diversity in the smaller-seeded
forms in south and south-west Asia, whereas, around the
Mediterranean, almost all forms were characterized as
large, white seed and flowers. Grela et al. [24] observed that
the grass pea seeds from Italian or Spanish origin are taller
and are two fold larger than the seeds of Mediterranean accessions. Polignano et al. [27] reported that seed size is a
stable trait in the grass pea lines and with faster growth in
favorable environmental conditions.
Cumulative data on 100 seed weight revealed mean
weight of 5.95g ± 0.13 with range of 4.03g ± 0.07 to 8.82g
± 0.09. As far as total seed protein was concerned, it ranged
21.9 to 33.7% with the mean value of 25.6% and 9% CV
in the present study. Previous studies reported that estimation of genetic variation using morphological traits are of
interest to the breeders to speed up a breeding program [13,
28] that are inexpensive, simple and rapid to score. However, morphological markers have also weaknesses such as
many of the traits are controlled by more than one gene, influenced by environment. The phenotype of most morphological markers can only be determined at the whole plant
level as allele frequencies at morphological marker are much
lower. Alleles at morphological loci interact in a dominant
recessive manner that limits the identification of heterozygous genotypes, and require growing of plants to a suitable
stage before certain characters can be scored [13, 28].
Dendrogram (Figure 1) shows the inter-relationship
based on seed morphology and biochemical characters
among 53 accessions of grass pea using Jaccard similarity
indices; two major clusters of accessions were exhibited.
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One constitutes three-popular accessions namely Pratik
and Ratan that are closely related to P-24. The fact that they
are grouped in the same cluster implies their close relationship in morphological characters especially in flower, seed
color and size. Whereas, their difference in sub-cluster implies that they originated from different sources or areas in
agreement with Barpete et al. [5]. The second cluster
demonstrated that there were two sub-clusters containing
accession IC-120463 and IC-120511. Second sub-cluster
formed many sub-sub-clusters which indicated the closeness (similarity) of the accessions. However, inter-cluster
similarity was generally more than the intra-cluster similarity. As reported in previous studies [29, 14] information
about grouping of germplasm entities into morphologically
similar and presumably genetically similar groups is useful
when the population structurecrop history is unknown. It is
evident that entries clustered together are more alike than
entries from other clusters and number of characters involved and affected the analysis in agreement with Polignano et al. [13] and Tadesse and Bakele [30].
Hierarchically clustered data by Jaccard method (Figure 1) revealed that cent percent inter-cluster similarity was

seen between accessions IC-120449, IC-248970, IC345403 and 120452 followed by neighboring cluster containing seven accession which were 100% similar. Most
clusters at-least contained two accessions as members under maximum similarity between them. Polignano et al.
[13]; Tadesse and Bakele [30] and Sammour et al. [14] suggested that grouping pattern as reflected by dendrograms
indicates a narrow genetic base nevertheless and the results
of analysis indicates possibility of genetic improvement
through crossing and selection in agreement with Grela
and Ryhinski [31].
The Multivariate linear regression analysis were positive but showed weaker relationship (r = 0.155, p ≤ 0.267)
for 100 seeds weight and total seed protein content. It was
quite interesting to note that maximum protein content
(33.6%) was noted on accession IC- 345429 with 5.2 g100seeds weight. Whereas, maximum seeds weight (8.4 g) was
noted on IC-120487 that contains 27.6% protein in present
study (Figure 2). Minimum protein content and seed
weight was recorded in accession IC-120451.

Similarity
0.96

0.92

0.88

0.84

0.8

0.76

0.72

0.68

IC-120442
IC-345429
IC-120455
IC-345431
IC-120494
IC-120448
IC-345419
IC-120459
IC-120497
IC-343513
IC-120443
IC-120499
IC-345401
IC-120441
IC-120435
IC-345404
IC-248973
IC-120487
IC-120505
IC-345402
IC-345392
IC-120461
IC-120519
IC-120507
IC-120536
IC-120457
IC-120445
IC-248972
IC-248971
IC-120452
IC-345403
IC-248970
IC-120449
IC-120498
IC-120513
IC-120460
IC-120520
IC-120516
IC-120447
IC-120451
IC-120496
IC-345421
IC-120446
IC-120506
IC-120450
IC-120500
IC-120454
IC-345407
IC-120511
IC-120463
Pratik
Ratan
P-24

FIGURE 1- Dendrogram constructed by Jaccard method of cluster analysis by hierarchical clustering of 53 of grass pea accessions based on
morphological and biochemical characters.
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FIGURE 2- Multivariate linear regression analysis (r = 0.155) between 100 seeds weight (g) and total seed protein content (%).

The results of the study are in agreement with the results of Grela et al. [24], who reported positive correlation
(r = 0.495, P ≤ 0.01) between crude protein level and seed
size. Crude protein level varied among particular accessions but generally, the differences were not significant.

4. CONCLUSION
Due to large differences in the morphological characteristics of grass pea variations among different traits; genetic advance is not directly related to heritability values or
is weakly related. In the present study, high level of genetic diversity values for seed characters indicate that improvement could be made in these characters. Genetic advancement was considerably larger for the protein content
compared to seed weight. This could be due to significant
variation in the investigated material. Regression analysis
revealed relationship between seed weight and its protein
content. Results also revealed existence of statistically significant correlation of seed weight with protein content;

therefore, seed weight can be considered as an important
trait for early selection of seed sources.
Degree of correlation coefficient at genotypic level
was positive and weak for corresponding phenotypic values showing genetic association among the characters. In
general, it is concluded that morphological markers can be
used along with molecular markers to estimate genetic variability of the different populations of Lathyrus giving a
better result. The present study on Indian grass pea collections is very important and has establised significant morphological diversity for most of the traits studied, which
may be useful for future breeding programme.
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ABSTRACT
In 2011, research on the impact of road traffic on copper content in leaves, stems and inflorescences of grasses
was conducted. Tested plants in the study were three grass
species Dactylis glomerata, Arrhenatherum elatius and Alopecurus pratensis.
The plant material used in the study were collected at
distances of 1, 5, 10 and 15 m from the edge of the road,
on a road section with a length of 9 km. In collected plant
parts copper content was estimated by AAS method.
The average copper content in above parts of tested
grass species was 7.62 mg . kg -1. The highest concentration
of Cu (8.28 mg . kg-1) was recorded in the above parts of
Arrhenatherum elatius, and the lowest in Alopecurus
pratensis (6.93 mg . kg-1). The copper content in the analyzed morphological parts of each tested grass species was
significantly different depending on the distance of sampling from the highway.
The copper content in the morphological parts of the
grass species tested depend on the place of occurrence, and
their morphology.
KEYWORDS:
copper, grass, accumulation, highway, pollution, Poland

1. INTRODUCTION
Communication infrastructures, like roads, bridges, viaducts, petrol stations, garages and parking places, take
greater and greater area and may cause significant landscape degradation [1,2]. Soil pollution connected with
communication routes includes heavy metals from fuels,
breaks and tires of cars in addition to pollutant gases,
grease and oil.
* Corresponding author

Heavy metals are among the traffic pollutants that
harm the road surrounding environment. Their accumulation in soil is mainly related to the distance from the road,
traffic density, terrain formation and the way it is used [1].
Copper is a heavy metal that is required by all living organisms in small quantities. However, if present in excess
amounts in the environment it becomes highly toxic to plants
and soil organisms. Copper toxicity includes growth and development inhibition, in both animals and plant [3,4].
Grasses are plants that are most often found growing
on the roadsides. It is used for preserving artificial roadbeds and as a sowing of meadows and pastures directly adhering to communication routes.
The aim of the presented study was to evaluate the influence of distance from the road on accumulation of copper in morphological parts of three grass species settling
the pastures adhering to the E30 highway in Poland.
2. MATERIAL AND METHODS
2.1. Study area

Plant material for research constituted morphological
parts of three grass species in the phase of blooming: Dactylis glomerata, Arrenatherum elatius, Alopecurus pratensis. Samples of plants have been collected along E30 road
(ring-road for Siedlce, Poland) (Fig. 1) in May 2011. 9 km
road section has been examined. Samples of plant material
have been collected on both roadsides, on 70 m length section in the following distances from the edge of the road:
1, 5, 10, 15 m. The total number of samples was 96. Highway E30 is a part of international communication route
from Cork (Ireland) to Omsk (Russia).
It passes through five voivodships. The range of research covers the Masovian Province which is located in
central-eastern part of Poland, approx. 80 km to the east
from Warsaw. In 2010 the General Directorate for National
Roads and Motorways (GDNR&M) performed three meas-
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FIGURE 1 - Schematic representation of the studied sites of E30 road

TABLE 1 -The average daily traffic of motor vehicles (SDR) in 2010, in the bypass of Siedlce [5]
Measuring
point

Length
(km)

11517

5.65

11518

5.00

11504

2.60
Average

The name of
measuring
point
Siedlce/
Ring-Road 1
Siedlce/
Ring-Road 2
Siedlce/
Ring-Road 3

Total

Motorcycle

Automobiles

Light
trucks

8938

32

5827

970

395

1665

45

8202

25

5314

874

352

1597

39

7267

29

4490

696

413

1594

41

8136

28.6

5210

846

386

1618

41

urements of average daily movement of motor vehicles
(SDR) (Table 1) on tested section of the road. The average
daily movement of motor vehicles (SDR) in 2010 on national roads net amounted to 9888 vehicles/day, on international roads SDR was 16667 vehicles/day, whereas on
the remaining national roads 7097 vehicles/day [5]. On the
analyzed section of road (ring-road for Siedlce), the average daily movement of motor vehicles was higher than the
average on national roads of Poland and it was 8136 vehicles/day [5].
Samples of the abovementioned grass species have been
divided into three morphological parts: leaves, stems and inflorescence. Then, from collective samples, five samples for
each plant species and each distance from the edge of the
road were selected. Plant material were dried in an oven
(SUSLAB –PLE-406, SLW 1000 STD) at 105 oC for
48 hours. The plant material was ground to 0.25 mm particle
size, 1-g samples were weighed out and poured into the
stoneware crucibles, and then organic matter was ashed at
450 oC in muffle furnace (L3/11) for 18 hours and diluted in
10% HNO3 and transferred to 100 ml volumetric flask.
Content of copper has been marked in accordance with
AAS method with the use of Varian Spectra AA20 spectrophotometer (VARIAN, Australia), towards references

Trucks
Without
with
a trailer
trailer

Buses

of Merck (Poland) company’s patterns. Internal patterns
of quality control have been used for verification of analytic system accuracy. It was assumed that the average recovery of examined reference patterns should be in the
range (85-115%) of the real value. For the needs of research, two patterns of quality control have been prepared.
To one of the two parts of the sample was added a known
amount of analyte. After the analysis of the sample with the
addition of the analyte and without it was a recovery calculated. The average recovery depends on the analyte content in the sample. Their analysis has been performed in
each series of samples. The obtained recovery was included in the assumed range. The parameters of the spectrophotometer (VARIAN, Australia): range of 190 nm to 900
nm, equipped with a graphite cuvette type GTA-96.
The obtained results have been elaborated statistically
with the use of Statistic software, Version 10.0 StatSoft.
Arithmetical averages, coefficients of variation (V) and
geo accumulation index (I geo) have been calculated. According to Müller [6] I geo = logCn/1.5Bn, where Cu indicates concentration of elementary substance in a given element of environment and Bn – geochemical background
of a given elementary substance. Influence of tested factors
on copper bioaccumulation (distance from the road, grass
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species, part of the plant) has been examined through three
factorial analysis of variance. For the purpose of detailed
comparison of average values the Tukey test has been carried out at p≤0.05.

TABLE 3 - The concentration of Cu in morphological parts of three
grass species [mg . kg-1D.M.]
Grass species

Dactylis
glomerata

3. RESULTS AND DISCUSSION
The mean Cu concentration in morphological parts of
tested grass species (Table 2) was 7.62 mg . kg-1D.M.. The
highest average content of copper (8.28 mg . kg-1D.M.) has
been observed in Arrhenatherum elatius samples, whereas
the smallest (6.93 mg . kg-1D.M.) in Alopecurus pratensis,
however those contents were not considerably varied. Alopecurus pratensis plants characterize with the most significant differentiation of this substance content (37.2%) in
comparison to the other tested grasses.
TABLE 2 - The mean concentration of cooper in analyzed species of
grass [mg . kg-1D.M.]
Grass species
Dactylis glomerata
Arrhenatherum elatius
Alopecurus pratensis
Average
LSD0.05 for grass species

Coefficient
Mean Cu
of variation
concentration
[%]
7.67
15.4
8.28
29.8
6.93
37.2
7.62
27.5
n.s. (non significant difference)

According to many authors [7], Cu is difficult to liberate from the soil, it accumulates mainly in roots, although
in polluted environment its content increases in epigeal
parts, as well as in grain. The average concentration of this
metal in grasses on polluted areas is 5.5 mg·kg-1D.M.,
while in areas under copper industry influence, the concentration of Cu in grasses was 12.25 mg·kg-1D.M. [8,9].
According to the Guidelines for Agriculture [10], admissible content of this metal is: 25 mg·kg-1D.M. in wheat
grain, potatoes and grass.
Baran and co-authors [11] assume that the content of
copper in fodder from grasslands should range from 7.1 to
10 mg·kg-1D.M..
As far as the research by Czubaszek and Bartoszuk
[12] is concerned, the degree of copper retaining by plants
is the most visible of all heavy metals. Such a situation was
probably the result of the increase of copper phyto availability in strongly acid reaction.
In Deska’s et al. [13] opinion, the content of copper as
well as other heavy metals in the plants depends on the intensity of dusts emission, concentration in the soil and
physicochemical properties of the soil, which leads to the
increase of its bioavailability.
The content of copper in morphological parts of tested
grass species (Table 3) was substantially differentiated depending on the grass species.

Arrhenatherum
elatius
Alopecurus
pratensis
Average

Morphological
parts
Leaves
Inflorescence
Stem
Leaves
Inflorescence
Stem
Leaves
Inflorescence
Stem
Leaves
Inflorescence
Stem

LSD0.05 for:
A – morphological parts
B – grass species
B/A; A/B - interaction

A = 1.17
B = 1.17
B/A = 2.02

Mean concentration of
Cu
8.17
8.11
6.82
7.72
8.40
8.73
10.9
9.27
7.31
8.93
8.59
7.62

Coefficient
of variation
[%]
9.66
13.9
17.3
16.2
7.98
47.1
16.8
9.17
40.0
14.2
10.3
34.8

A/B = 2.02

The highest concentration of copper (average from
tested species) has been accumulated in the leaves (8.93
mg . kg-1D.M.), while the least (7.26 mg . kg-1D.M.) in
stems. Content of tested elementary substance in stems
characterized with the greatest value of coefficient of variation (34.8%). The highest accumulation of copper in
leaves (10.9 mg . kg-1D.M.) has been found in Alopecurus
pratensis, while the least (7.72 mg . kg-1D.M.) at leaves of
Arrhenatherum elatius. Indicated contents of copper in
leaves of both grass species have been characterized by low
and similar value of coefficient of variation (correspondingly: 16.8 and 16.2%).
Chemical analysis of inflorescence showed the greatest
concentration of copper at Alopecurus pratensis (9.27 mg .
kg-1 D.M.), while the least (8.11 mg . kg-1D.M.) at Dactylis
glomerata, at value of coefficient of variation up to 13.9%.
The highest copper content in stems (8.73 mg .kg-1D.M.)
has been indicated for Arrhenatherum elatius, at high value
of coefficient of variation (47.1%), while the least in stems
of Dactylis glomerata (6.82 mg . kg-1D.M.).
The accumulation of copper in plants of particular
grass species showed significant differentiation depending
on the distance from which the samples for the analysis
have been collected (Table 4).
The concentration of copper (average from tested species) has been decreasing along with the increasing distance from the road.
The average content of copper indicated in plants
growing within 1 m from the road was 8.47 mg . kg-1D.M.
and it has been decreasing to 8.26 mg . kg-1D.M. in plants
collected further, this is within 10 m from the road. Quantity of copper noted in Dactylis glomerata plants collected
within 1m from the road was 6.91 mg . kg-1D.M. and it has
been increasing to 8.64 mg . kg-1D.M. in plants of this species collected within 15 m from the edge of the road.
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TABLE 4 - The copper content [mg . kg-1D.M.] in the studied species of grasses depending on the distance from the roadway
Distance (m)

Grass species

1

Dactylis glomerata
Arrhenatherum elatius
Alopecurus pratensis

Average for 1 m
Dactylis glomerata
Arrhenatherum elatius
Alopecurus pratensis

5
Average for 5 m

Dactylis glomerata
Arrhenatherum elatius
Alopecurus pratensis

10
Average for 10 m
15

Dactylis glomerata
Arrhenatherum elatius
Alopecurus pratensis

Average for 15 m
Average
for distances
LSD0.05 for: A– distance
B – grass species
B/A, A/B – interaction
n.s. -non significant difference

A = n.s.
B = 0.90
B/A=1.80

Mean concentration
of Cu

Coefficient
of variation [%]

6.91
10.1
8.52
8.47
7.28
9.06
8.46
8.27
7.85
6.74
10.2
8.26
8.64
7.20
9.03
8.29

21.4
27.1
65.8
17.1
19.7
26.2
4.84
8.58
10.9
14.4
14.0
3.87
19.4
43.7
15.2
20.4

8.42

6.29

A/B = 1.99

FIGURE 2 - Values of geo accumulation index [I geo] for the average of Cu content in the tested species of grasses

The content of copper formed reversely in case of Arrhenatherum elatius plants - it has been decreasing from
10.1 mg . kg-1D.M. in plants from places within 1 m from
the road to 6.74 mg . kg-1D.M. in plants growing within 10 m
from the edge of the road; in turn, within 15 m from the
road the content of copper has been increasing to 7.20 mg
.
kg-1D.M., at a very high (43.7%) value of the coefficient

of variation. Content of copper in Alopecurus pratensis did
not show clear tendency depending on the distance from
the edge of the road.
Value of geo accumulation index (I geo) (Fig. 2) for average contents of copper in the chosen species of grasses
from particular distances from the road was between 0.08
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and 0.10. As a reference value, the average natural content
of copper in Polish soils has been taken into consideration,
which is 6.50 mg-1D.M. [14].
According to Müller [6], the received values indicate
that tested grasses belong to the 1st class of geo accumulation index (0< I geo<1), i.e. they are slightly polluted. Królak [15] has found similar values I geo for copper on dandelion leaves on South Podlasie Lowland.
The concentration of copper in stems leaves and inflorescence of each tested grass species (Fig. 3) showed significant differentiation depending on the distance from the
road. Concentration of copper in Dactylis glomerata stems
revealed increasing tendency to 10 m from the road (Fig.
3a), while within 15 m from the road the content of this
metal persisted on near level. The least content of copper
has been noted in Dactylis glomerata leaves collected
within 10 m from the road, whereas in inflorescence of this
species the least amount of copper has been observed
within 5 m from the road.
Concentration of copper in Arrhenatherum elatius
stems (Fig.3b) showed typical tendency along with the increasing distance from the road - in the stems of tested species concentration of copper was lower. Indicated quantity
of copper in Arrhenatherum elatius leaves has been decreasing along with the distance of 10 m from the edge of
a)

the road, while in leaves collected within 15 m from the
road the content of tested elementary substance increased.
The content of copper in inflorescence of this species was
on near level, irrespective of the distance from the place of
plants samples collection.
The content of copper in Alopecurus pratensis stems
(Fig. 3c) has been decreasing along with the increasing distance of samples from the road. Concentration of tested elementary substance in Alopecurus pratensis leaves has
been decreasing along with the distance, whereas the least
copper level has been noted in Alopecurus pratensis stems
collected 10 m from the road. In measuring points within
15 m from the road, the noted content of copper in leaves
of this species was higher than in leaves collected closer to
the road. The indicated quantity of copper in Alopecurus
pratensis inflorescence remained on similar level regardless of the place of samples collection.
The average (for species) contents of copper in morphological parts of tested species did not show significant
differentiation (Fig. 3d) depending on the distance from the
road.
Exploitation of vehicles, especially on fast highways,
has great influence on chemical composition of plants
growing on the roadsides and lanes directly adhering to
them.
b)
Arrehenatherum elatius
14
Content of Cu [mg.kg-1]

Content of Cu [mg. kg-1]

Dactylis glomerata
10
9
8
7
6
5
4
3
2
1
0

12
10
8
6
4
2
0

1m

5m

10m

1m

15m

5m

10m

stem

LSD0.05 for:
A = 0.30
B/A = 0.47

leave

15m

Distance [m]

Distance [m]
stem

inflorescence

LSD0.05 for:
A = 0.40
B/A = 0.57

B = 0.23
A/B = 0.52

c)

leave

inflorescence

B = 0.29
A/B = 0.62

d)
The average for studied species

14

12

12

10
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8

Content
of Cu [mg
. kg-1]

Content of Cu [mg. kg-1]

Alopecurus pratensis

8

6

6

4

4

2

2

0

0
1m

5m

10m

1m

15m

5m

stem

LSD0.05 for:
A = 0.33
B/A = 0.45

B = 0.22
A/B = 0.49

leave

10m

15m

Distance [m]

Distance [m]

stem

inflorescence
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LSD0.05 for:
A = n.s.
B = n.s.
n.s. - non significant difference

FIGURE 3 - The concentration of Cu [mg . kg-1] in morphological parts of investigated grass species depending on the distance from the road
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These are places directly exposed on harmful influence
of heavy metals being the inseparable ingredient of fumes
and dusts.
According to Viards at al. [16] and Mazur at al. [17],
these are heavy metals which have the biggest impact on
the environment among many chemical substances deposited nearby the roads. In Mazur’s et al. [18] opinion, both
accumulation of heavy metals in the soil and their fresh
emission affect the increase of their content in plants growing along the road.
Szatnik – Kloc [19] and Shu et al. [20] state that the
content of heavy metals in different plant species is directly
connected with the content of their adoptive forms in soil
solution and with specific bioaccumulation ability of a
given species.
In many scientists’ opinion [21-25] who analyze the
problem of pollution of apogeal parts of the plants by heavy
metals, settlement of fine dust particles on their surface
plays a great role.
Varied accumulation of heavy metals by epigeal parts
of the plants is caused by the differences in their morphological structure. Important role in this process is played by
the structures appearing on the surface of laminas (floss,
bristles, grooves) which increase retention of dusts on their
surface [26]. Grasses with ciliate surface of laminas or covered with bristles have a possibility of retaining considerably greater quantities of dusts that species not possessing
such structures.
The above statements are confirmed by the described
researches, where the highest average content of copper
has been observed in Arrhenatherum elatius, what proves
the role of structures appearing on laminas in retaining
dusts.
Research carried out by Naszardi et al. [27] as well as
Jankowska et al. [28] also proved the differentiation in
grasses’ accumulation of heavy metals depending on species and morphological part.
Furthermore, the size of laminas and the amount of
leaves, which is species feature, have great influence on increasing pollution with heavy metals originating from dusts.
The fact that heavy metals are absorbed by grass species of which the epigeal parts are deprived of specific
structures is chiefly conditioned by available forms of
those elementary substances present in the soil [29].
Grasses belong to species most often met on the road margins and roadsides as they show good adaptation to physicochemical conditions of soils characteristic for those
places. The soils are usually saline and acidified which fosters collection of heavy metals by the grained.

2.

3.

4.

5.

D.M.) has been noted at apogeal parts of Arrhenatherum elatius, while the least in Alopecurus pratensis
(8.28 mg . kg-1D.M.).
The biggest amount of copper regardless of the distance
from the road has been observed in the leaves and stems
of Alopecurus pratensis, and in the inflorescence of
Dactylis glomerata.
For each tested species, indicated content of copper in
analyzed morphological parts showed significant differentiation depending on the distance of collecting
samples from the road.
Differentiation in copper content in morphological
parts of tested grass species depending on the place of
appearing was unquestionably connected with different
morphological structure of analyzed organs of those
plants.
The obtained results suggest the possibility of proper
selection of species composition of grasslands on the
areas exposed to heavy metals pollution present in the
dusts of communication origin.
The authors have declared no conflict of interest.
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ABSTRACT
The freshwater crayfish (Astacus leptodactylus Eschscholtz, 1823) is a valuable and protected invertebrate species and the only native and dominant species in the big
lakes of Turkey, such as Iznik Lake (Bursa, Turkey). In this
study, bioaccumulation of some heavy metals (Zn, Cu, Cd,
Pb) in abdominal muscle tissue of Astacus leptodactylus
samples collected between November 2008 and December
2009 was examined. Heavy metal contents in muscle tissues were measured by AAS analysis. According to the obtained data, the levels of Zn, Cu, Cd and Pb for the studied
samples were within normal ranges, and lower than all the
recommended legal limits. The descending order of heavy
metal concentrations found in crayfish is Zn>Cu>Cd>Pb.
Heavy metal concentrations in freshwater crayfish samples
were compared with the maximum permitted levels of
heavy metals in seafood regulated by the EU, FAO and
Turkish Food Codex limits. The results showed that there
was no serious hazard in the samples in terms of the Zn,
Cu, Cd and Pb values analyzed from Iznik Lake, Bursa,
Turkey.
KEYWORDS:
Astacus leptodactylus, Iznik Lake, pollution, trace metals

1. INTRODUCTION
Pollution of heavy metals in aquatic ecosystems is
growing at an alarming rate and has become an important
worldwide problem. Trace metals like lead (Pb), cadmium
(Cd), iron (Fe), copper (Cu), zinc (Zn) and manganese (Mn)
are commonly found in mining, industrial, agricultural and
waste effluents in marine and freshwater systems. Trace
metals are harmful to organisms when their total bioavailability approaches a limit [1]. In high concentrations, these
metals are potential pollutants that can have unfavourable
* Corresponding author

effects on aquatic systems, and in addition to aquatic organisms, such as fish, shrimps, mollusks and crayfish [2,
3]. Crustaceans are accepted as bioindicators of environmental pollution and generally observed to evaluate the
aquatic environment quality [4-6]. Crayfish live in junction
with the alluvium where metals amass, and are recognized
to collect trace metals in their body tissues [7-9]. Crayfish
easily accumulate heavy metals in tissues and also meet
other criteria, which make them suitable as bioindicators of
heavy metals in the environment. It is crucial to determine
the effect of trace metals on the aquatic organisms at an
early stage, before the fish, shrimps, crayfish and crustaceans show any sign of being exposed to the pollutants, and
before any bodily functions are affected. Trace metals deposited in the aquatic environment may stockpile in the
food-chain and result in ecological damage, and even form a
threat to human health. Astacus leptodactylus as a crayfish
species is naturally and widely distributed in lakes, ponds
and rivers throughout Turkey, one of which is Iznik Lake.
Iznik Lake (40°25′45″N 29°43′16″E) is a lake in the
province of Bursa, Turkey, and the biggest freshwater reservoir in the Southern Marmara region. The lake has an acclaimed status in the economy of the region in relation to its
influence on agricultural productivity. The lake holds approximately 12.2 billion m3 water. It is 10 km in width and
32 km in length with an utmost depth of 80 m, and its surface
area is 298 km2. At its eastern edge lies the town of Iznik.
Usually, the pH of the lake water is 7.32-8.62. Cl and SO4
concentrations in the lake are in normal boundaries [10].
The aim of this study is to investigate the accumulation
levels of trace metals (Cd, Pb, Cu, Zn) in the abdominal
muscle tissue of freshwater crayfish Astacus leptodactylus
collected from Iznik Lake.
2. MATERIALS AND METHODS
Crayfish samples: Freshwater crayfish, Astacus leptodactylus, is the largest and most valuable invertebrate of
Iznik Lake, Turkey, and feed on detritus, zoobenthic ani-
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mals and aquatic plants [11, 12]. Freshwater crayfish species are considered to be biological indicators of clean water because of their relatively lower locomotion activity in
comparison with fish. We chose abdominal muscle tissue
of crayfish in our study, because muscle is an important
subject for human consumption. During the study, a total
of 55 crayfish were collected seasonally from different
parts of Iznik Lake between November 2008 and December 2009, and then investigated.
TABLE 1 - Arithmetic means for length and weight measurements of
A. leptodactylus from sampling sites of Iznik Lake.
Freshwater crayfish (Astacus leptodactylus)
Male
Female
Body length
Body weight
Body length
Body weight
(mm)
(g)
(mm)
(g)
102.02±1.250
30.75±1.300
103.30±1.500
27.80±1.250

The samples were immediately transferred to the laboratory, washed with distilled water, and then dried on filter paper. All crayfish were dissected into their abdominal
muscles for evaluation of trace metal accumulations. Before dissection, body weight and length of all animals were
measured. The arithmetic means for length and weight
measurements of A. leptodactylus from the three stations
are given in Table 1. The heavy metal analysis of samples
was carried out using an atomic absorption spectrophotometer (AAS).
Trace metal analysis: Levels of Cd, Pb, Zn and Cu contents in abdominal muscle tissues were measured by flame
atomic absorption spectrophotometry (F-AAS, SHIMADZU
6701 F). Abdominal muscle samples (1 g) were digested with
6 ml of HNO3 (65% Merck) and 2 ml of H2O2 (30%) in a
high-pressure microwave digestion system (Teflon-closed
vessels, pressure and temperature) (Milestone) for 35 min
and diluted to 10 ml with deionized water (Milli-Q). All
samples were stored in polyethylene bottles until analysis. In
addition, all plastics and glassware were cleaned by soaking
them overnight in a 10% (w/v) nitric acid solution, and then,
by rinsing with deionized water [13]. Deionized water was
used to prepare all aqueous solutions, and all mineral acids
used were of the highest quality grade (Merck, Germany).
Statistical procedures: All results are expressed as
means ± SE. The data were analyzed with an independent
sample t test (SPSS 12.0 for Windows). The level of significance was set at p<0.05.
3. RESULTS

FIGURE 1 - Iznik Lake and crayfish sampling sites.

Environmental pollution by heavy metals is an escalating problem worldwide. Because of the accumulation effect
of some heavy metals, especially through the food-chain,
their bioavailability needs to be monitored. This study was
designed to investigate the current Zn, Cu, Cd and Pb levels
in abdominal muscle tissues of freshwater crayfish Astacus
leptodactylus. The levels of Cd, Pb, Zn and Cu measured in
abdominal muscle tissue of crayfish from the three stations
are given in Table 2. The data obtained showed that Astacus
leptodactylus accumulated trace metals generally in the following sequence: Zn>Cu>Cd>Pb. The metal levels in abdominal muscle tissue of crayfish were lower with regard to
EU, FAO and TFC standards [14-16].

TABLE 2 - The mean levels (ppm) of Zn, Cu, Cd and Pb in abdominal muscle tissue of freshwater crayfish (Astacus leptodactylus) from Iznik
Lake, Bursa, Turkey.
Trace metals*
Zn (50 ppm)
Cu (20 ppm)
Cd (0.05 ppm)
Pb (0.3 ppm)
5.290±1.550
0.200±0.040
0.030±0.017
0.058±0.005
(2.270-10.250)
(0.040-0.250)
(0.005-0.029)
(0.0027-0.100)
Orhangazi
5.277±1.521
0.220±0.045
0.033±0.014
0.052±0.005
(2.180-9.350)
(0.041-0.260)
(0.005-0.032)
(0.0022-0.101)
Iznik merkez
4.250±1.510
0.210±0.040
0.030±0.011
0.055±0.004
(1.170-9.150)
(0.038-0.210)
(0.005-0.019)
(0.0024-0.090)
* Results are expressed as ppm mean values ± standard deviation. Values in parentheses indicate the minimum and maximum.
Sample stations
Boyalica
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4. DISCUSSION AND CONCLUSIONS
Humans may be exposed to harmful non-essential
trace metals mainly through drinking water, consumption
of freshwater and seafood, such as lobsters, mussels and
crayfish. The large and often dominant biomass that benthic macroinvertebrates represent in aquatic systems, plus
their essential role as prey for higher consumers, suggests
they will be critical to a complete understanding of trace
metals transfer in freshwater. Heavy metals pose a serious
water pollution problem due to their toxicity persistence
and bioaccumulation. Benthic invertebrates, crayfish among
them, are in direct contact with trace metals both of natural
and anthropogenic origin. Metals that are deposited into the
aquatic environment may cause ecological damage by being accumulated in the food-chain. Many decapods can effectively accumulate trace metals in their tissues. Usually,
crustaceans procure trace metals according to the amount
and bioavailability from water and trophic chains [17]. If
crayfish from a contaminated area are consumed in large
quantities, they could cause adverse health consequences
for humans. The Zn, Cu, Cd and Pb levels obtained in this
study were within the normal range for Cu and Zn and below the critical trace metal limits for Cd and Pb.
Zinc and copper: Zn and Cu constitute essential trace
metals in freshwater invertebrates, having many biological
effects, but are also known as toxicants. Too much consumption of Zn can result in various pathological effects,
even though it is an essential trace element for all organisms and a component of more than 200 metalloenzymes
and other metabolic compounds assuring stability of biological molecules, such as DNA, but also cell structures,
such as membranes and ribosomes [18, 19]. According to
Turkish Food Codex, the maximum zinc level permitted
for seafood is 50 ppm [16]. In this research, the average Zn
level in the crayfish was 4.439±1.527 ppm, which is extremely lower than the limit.
Cu is a vital element for aquatic organisms like crayfish. However, it is usually toxic to them when it exists in
excess in water [1, 20, 21]. Crayfish can be beneficial for
evaluating bioavailability of Cu in aquatic ecosystems but
not for a long period monitoring plan because of their capability for fast purification [18, 22]. In this study, the average copper content for crayfish was 0.210±0.040 mg/kg,
and the obtained copper levels in the crayfish samples were
found to be within normal ranges. According to Turkish
Food Codex, the maximum copper level permitted for seafood is 20 ppm [16]. These findings are consistent with
other studies on freshwater and marine decapods, and other
crustaceans [4, 21-24].
Cadmium and lead: Because of the anthropogenic pollutants, the natural concentration levels of heavy metals in
freshwater and seawater have arisen [13]. Cd and Pb are
mainly considered to be biologically non-essential trace
metals, which enter the aquatic organism by following the
same biochemical pathways as essential metals [25].

Alcorlo et al. (2006) [26] suggests that crayfish may
be used as bioindicator for cadmium contamination based
on their dose- and time-dependent agglomeration of Cd.
Cadmium has been shown to be absorbed and accumulated
by crayfish, both from the surrounding water and via food
[26]. The absence of Cd accumulation in the muscle tissue
is not surprising since many studies have shown that abdominal muscle accumulates low concentrations of most
metals [27-29].
The present study shows that the concentrations of Cd
and Pb in the crayfish muscles were lower than in other
studies. For example, the mean level of Cd in our samples
was lower than the values (0.66 ±0.19 ppm) reported by
Tunca et al. (2012) [6]. Herein, the maximum value of Cd
(0.030±0.017 ppm) in the abdominal muscle tissue of the
crayfish is lower than the recommended limit for Cd in seafood (0.05 ppm) according to the EU, FAO and Turkish
Food Codex [14-16].
Lead is one of the most significant trace metal contaminants encountered in the environment, and a harmful
chemical that can be consumed directly through aquatic animals, such as fish and shellfish [23]. Lead is not essential
or favourable to organisms and held accountable for many
negative effects on biota [18, 24]. Morales et al. (2004)
[30] determined the concentrations of chosen heavy metals
in spiny lobster (Panulirus gracilis) tissues collected from
a region affected by sewage excretion in Mazatlan Bay.
According to these authors, the metals found in the comestible muscle tissue in P. gracilis were within the suggested
boundaries for human consumption. However, Pb was
found to be higher than the adequate level for shellfish,
therefore carrying a health risk [30]. Consequently it can
be deduced that the analyses of Cd and Pb in abdominal
muscle tissue of Astacus leptodactylus might be useful as a
bioindicator of trace metals pollution in the lakes due to
their ability to rapidly accumulate and retain them in their
tissues for long periods of time.
We also observed, from the public health point of
view, that the levels of Cd and Pb found in this study were
within the acceptable levels. According to Turkish Food
Codex, the maximum lead level permitted for seafood is
0.30 ppm, and in our study, Pb levels in the analyzed crayfish samples were found to be lower than the legal limits
[16]. In conclusion, our results are in correspondence with
the earlier studies [9, 18, 26, 29], which found that crayfish
have a great potential for rapid accumulation and depuration of trace metals in freshwater. In our study, we have
found that Zn and Cu were within the normal ranges
whereas Cd and Pb values in the freshwater crayfish were
lower when compared with other studies [7, 9, 29].
According to the obtained data, the levels of Cu, Zn,
Cd and Pb for the studied samples were lower than the recommended limits within the law. With regard to human
consumption of crayfish from Iznik Lake, none of the elements analyzed should cause concern for consumers. Our
findings can be useful to investigators who study public
health in this region. The periodical control of trace metals
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in freshwater crayfish is needed both for the assessment of
toxic metal intake from these seafood by humans and for
generating data for further studies. The results have shown
that there was no serious hazard in terms of the Cu, Zn, Cd
and Pb levels for the samples collected from Iznik Lake,
Bursa, Turkey.

[11] Berber, S., Yıldız, H., Özen, Ö., Mendeş, M., Palaz, M. (2011)
Temporary timing of reproductivite traits with respect to environmental variables in Turkish crayfish in Yenice reservoir.
Kafkas Univ Vet Fak Derg, 17(3), 477-486.
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ABSTRACT
Anaerobic digestion of high-solid waste activated
sludge (HS-WAS) with low organic content at different
organic loading rates (OLR) by various pretreatments
(thermal, alkaline and thermal-alkaline) was investigated
in this study. Experimental results showed that no matter
whether pretreatment methods were employed or not, the
daily biogas production from HS-WAS with low organic
content increased in the OLR range of 1.5-3.0 kg/m3·day.
The biogas production and volatile solids (VS) reduction at
different OLRs by different pretreatments had the same
conclusion as follows: thermal-alkaline > thermal > alkaline > control. Further exploration revealed that the solubilization of organic matters in sludge was improved by various
pretreatments, resulting in the enhancement of anaerobic digestion. Also, the accumulation of volatile fatty acids
(VFAs) and ammonia nitrogen did not gave negative influences on the stability or the overall performance of HS-WAS
anaerobic digestion.
KEYWORDS: High-solid waste activated sludge; anaerobic digestion; pretreatment; organic load rate; methane

1. INTRODUCTION
The main by-product of biological wastewater treatment process is waste-activated sludge (WAS), and its
amount has also been increasing rapidly with the growth of
wastewater over the last few decades. In order to minimize
the amount of WAS, anaerobic digestion has been applied
in wateswater treatment plants (WWTPs) and cannot only
lead to the reduction of organic solids in sludge, but also results in the energy recovery in the form of methane gas production, which was very interesting, especially in the presence of energy deficiency.
* Corresponding author

Nowadays, however, the volatile solids (VS) content,
which is a summary parameter for sludge digestion and often used to quantify the biomass of digested sludge, is becoming lower and lower (ratio of VS to TS even <50%)
because of the wide application of biological nutrient removal process. The low organic content in sludge often
results in inefficiency or the failure of anaerobic digestion due to less organic substrates provided for anaerobic
microorganisms, low solubilization and hydrolysis of particulate matters. Thus, in order to supply more organic matters
for anaerobic digestion, it is necessary to utilize high-solid
waste activated sludge (HS-WAS), normally obtained from
the dewatering units of WWTPs. Also, the pretreatment is
highly needed to accelerate solubilization and hydrolysis
of particulate matters in sludge with low organic content.
Thus, various pretreatments, such as thermal [1, 2], alkaline
[3-5], ultrasonic [6, 7], microwave [8] or the combination of
both [9, 10], have been applied to enhance the solubilization
of organic matters in sludge, especially for HS-WAS [11,
12], and provided much more biodegradable substrates for
anaerobic microorganisms.
As is well-known, the organic loading rate (OLR) is a
key parameter for sludge anaerobic digestion [13], which is
related to the extent of sludge biodegradation, fermentation
time, and some operation problems, such as foaming caused
by surface active substances. Accordingly, the main purpose
of this study was to investigate the effect of OLR and pretreatments (thermal, alkaline and thermal-alkaline) on anaerobic digestion of high-solid WAS (HS-WAS) with low organic content in terms of biogas production and organic removal. Also, the stability and inhibition of anaerobic digestion systems were discussed in detail.
2. MATERIALS AND METHODS
2.1 Substrate

The dewatered sludge was obtained from a municipal
WWTP in Yancheng, Jiangsu Province, China, which was
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operated with an anaerobic-aerobic process for biological
nutrients removal. The moisture content of HS-WAS, which
was stored at 4 °C in the refrigerator, was increased to
90% by the addition of distilled water, and its main characteristics were as follows: pH 7.2 ± 0.2, TS concentration
99.8 ± 4.9 g/L, VS concentration 48.5 ± 2.3 g/L, total
chemical oxygen demand (TCOD) 75030.2 ± 1751.5 mg/L,
soluble COD (SCOD) 1643.7 ± 82.2 mg/L, alkalinity 845.1
± 42.3 mg CaCO3/L, volatile fatty acid (VFA) concentration 73.5 ± 26.3 mg/L, ammonia nitrogen (NH4+-N) 267.3
± 13.4 mg/L, proteins (as COD) 26220±475 mg/L, and carbohydrates (as COD) 3508± 145 mg/L. It was observed that
the ratio of VS to TS was 48.6%, which meant that the current sludge used for anaerobic digestion was the one with
low organic content.

gas meters (LMF2, Sinvk Electronics Co., Ltd., Qingdao,
China) and recorded once a day. Feeding and discharging
of each reactor was performed once every 24 h, and after
the biogas was produced from pretreated sludge steadily,
the operation time was recorded. Then, the anaerobic digestion systems were continuously recorded for 120 days,
classified as Period 1 (P1), Period 2 (P2), Period 3 (P3)
and Period 4 (P4) according to the different OLRs. The conditions of different periods were shown as follows:
Period 1: OLR = 1.5 kg/m3·day, feed quantity =
617 ml, sludge retention time (SRT) = 32.4 days, operated
from 1 to 36 days
Period 2: OLR = 2.0 kg/m3·day, feed quantity =
823 ml, SRT =24.3 days, operated from 37 to 61 days
Period 3: OLR = 2.5 kg/m3·day, feed quantity =
1029 ml, SRT =19.4 days, operated from 62 to 100 days

2.2 Pretreatment of HS-WAS

Though the reported optimal conditions of thermal, alkaline and thermal-alkaline pretreatments were 170 °C
[14], pH 10 and 130 °C with pH 10 [5, 14], the conditions
of thermal, alkaline and thermal-alkaline pretreatments in
the present study were set as 120 °C, pH 10 and 120 °C
with pH 10, considering the economic efficiency and the
comparison of the different pretreatments.
During alkaline pretreatment of HS-WAS, the pH of
raw sludge was adjusted to 10.0 by adding 5 M sodium hydroxide (NaOH) and kept at pH 10 for 2 min, and then, the
solubilization was carried out in a flask by a shaking incubator at ambient temperature (about 25 °C) for 6 h. Prior to
anaerobic digestion, the pH of sludge was adjusted to 7.0,
which is the optimal pH for ananerobic digestion, by 5 M
hydrochloric acid (HCl).
The thermal pretreatment of HS-WAS was performed
in a pressure steam sterilizer with a working volume of
5.0 L and pretreated at 120 °C for 0.5 h. After the thermal
pretreatment with the drop of temperature to 35 °C, the
sludge substrate was fed to anaerobic digestion systems.
During the thermal-alkaline pretreatment of HS-WAS,
the raw sludge was adjusted to pH 10.0, followed by heating
at 120 °C, and then, it was controlled at the neutral pH for
anaerobic digestion.
2.3 Start-up and operation of anaerobic digestion

The continuous-flow anaerobic digestion experiments
were conducted in four identical stainless reactors with
working volume of 20 L each, named R1, R2, R3 and R4
which were, respectively, fed with raw, thermal pretreatment, thermal-alkaline pretreatment and alkaline pretreatment sludge. The digested sludge withdrawn from the mesophilic anaerobic digester in the WWTP at Bailonggang,
Shanghai, China was used as the inoculum for biogas production. The inoculum was maintained in an incubation
chamber for 7 days to decrease the amount of residual
COD. The temperatures of R1, R2, R3 and R4 were held
constantly at 35 ± 1 °C and the content of fermentation substrate was mixed at the speed of 300 ± 10 rpm. The amount
of biogas production was measured using anti-corrosion

Period 4: OLR = 3.0 kg/m3·day, feed quantity =
1235 ml, SRT =16.2 days, operated from 101 to 120 days
2.4 Analytical methods

The determinations of TS, VS, TCOD, SCOD, pH, alkalinity and NH4+-N were conducted in accordance with
Standard Methods [15]. The samples from reactors were
centrifuged at 10000 rpm for 10 min, and then, immediately filtered through a 0.45-μm acetate cellulose membrane; the filtrate was immediately analyzed for SCOD, alkalinity, NH4+-N and VFAs. To analyze VFAs, the filtrate
was further collected in 1.5 ml GC vial. A Shimadzu GC
2014A with flame ionization detector and DBWAXTRE
column (30 m × 1.0 μm × 0.53 mm) was used to analyze the
concentration and composition of VFAs. Nitrogen was the
carrier gas and the flux was 25 ml/min. The temperatures of
injector and detector were maintained at 200 and 225 °C, respectively. The initial oven temperature was programmed at
70 °C and remained for 3 min, then increased at a rate of
10 °C /min to 225 °C and held at 225 °C for 2 min. The sample injection volume was 1.0 μl.
Methane content was GC-measured once a day (GC2014A, Shimadzu, Japan, equipped with a thermal conductivity detector (TCD) and a 3 m stainless steel column).
The temperatures of injection, column, and detector were
set at 180, 160 and 185 °C, respectively. Argon was used
as the carrier gas at a flow-rate of 90 ml/min.
3. RESULTS AND DISCUSSION
3.1 Biogas production from HS-WAS enhanced by pretreatment
3.1.1 The daily biogas and methane production

Biogas production is a key parameter to evaluate anaerobic digestibility of sludge. As shown in Fig. 1, the daily
biogas production from HS-WAS with low organic content
by anaerobic digestion varied between 4.9 and 19.3 L/days.
It was observed that the daily biogas production increased
with the OLR in the four phases, which was also obtained
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by Merrylin et al. [16] whose OLR ranged between 0.25
and 1 kg/m3·days. In the control group of this study, the average daily biogas production was, respectively, 7.6, 9.8,
12.3 and 12.9 L/days at the OLRs of 1.5, 2.0, 2.5 and 3.0 kg/
m3·day (as shown in Fig. 2). Similar conclusions could be
found in the pretreatment groups (thermal, alkaline and
thermal-alkaline). A further study revealed that the pretreatments of HS-WAS showed a positive influence on the
enhancement of biogas production compared with the control group. The biogas production from sludge pretreated
by different pretreatments at different OLRs showed the
following order, etc. thermal-alkaline > thermal > alkaline
> control (Fig. 2), indicating that herein the enhancement

of daily biogas production from sludge by thermal-alkaline
or thermal pretreatment showed better superiority to these
obtained by alkaline pretreatment. Also, it should be emphasized that a larger improvement of biogas production
by the thermal-alkaline pretreatment was obtained due to
the thermal rather than alkaline pretreatment. When the
OLR was controlled at 1.5 kg/m3·day in P1, the average
daily biogas production with thermal-alkaline, thermal and
alkaline pretreatments were, respectively, 9.0, 9.2 and 7.7 L/
day, increased by 21.1, 18.4 and 1.3 % over the control
group. Clearly, although the daily biogas production by
different pretreatments was improved by the increase of
OLR, the enhancement of biogas production from sludge
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four reactors with the following descending order: thermalalkaline > thermal > alkaline > control, showing well
agreement with the daily biogas production. For instance,
the SMP1s in the control, alkaline, thermal and thermalalkaline groups were 145.7, 166.4, 189.1 and 194.9 ml/g
VSadded in P1, and 140.7, 148.8, 177.4 and 186.9 ml/g
VSadded in P3, respectively, and the SMP1 of all the groups
in P1 was higher than the result obtained by Kim et al. [10]
who had the same OLR and operation conditions. In other
studies, the enhancement of SMP was also obtained by
thermal and thermal-alkaline pretreatments [14]. It was just
the difference of feeding sludge that led to the higher SMP
in the above-mentioned results compared to those herein.
Further observation showed that the SMP1 decreased with
the increased OLR which was opposite to the daily biogas
production. In the literature, a similar result was achieved
by others researchers [18]. The reason for the above results
might be attributed to the shortening of SRT which did not
allow the sufficient time for anaerobic bacteria to metabolize the organic matters in sludge. As to the SMP in terms
of per g of VS removed, the SMP2 varied between 446.5
and 529.2 ml/g VSreducted, and kept in the same order of
magnitude with that obtained by Uma et al. [19] whose
SRT was 12, 15 and 20 days, showing a different result
with SMP in terms of VS added due to the influence of VS
reduction (discussed as follows).

by different pretreatments over the control group were not
corresponding with the daily biogas production. For instance, the improvement of P3 was lower than that of P2.
It is well-known that the content of methane accounting for the biogas production is a key parameter during anaerobic digestion of WAS. In the present study, the methane content at different OLRs was also measured, and
showed the same trend with the biogas production, and varied from 57.3% to 63.8% (as shown in Fig. 2), which was
comparable with those obtained by Habiba et al. and Merrylin et al. [16,17]. Based on the content of methane in the
biogas produced during HS-WAS anaerobic digestion, the
average daily methane productions in the control group
were, respectively, 4.4, 5.6, 7.3 and 8.0 L/day in P1, P2, P3
and P4, and increased with the OLR, in correspondence
with the daily biogas production. Also, the effect of different pretreatments on methane production at different OLRs
showed the similar conclusion with that on biogas production, etc. thermal-alkaline > thermal > alkaline > control.
In P4, the production of methane from thermal-alkaline,
thermal, alkaline pretreated and raw sludge was, respectively, 11.4, 10.1, 9.0, and 8.0 L/day.
The specific methane production, including specific
methane production per g of VS added (SMP1) and specific methane production per g of VS removed (SMP2),
was determined at different OLRs in this study. As shown
in Fig. 3, SMP1 was enhanced by various pretreatments in

MPR (mL/L/d)

© by PSP Volume 24 – No 2. 2015

0

P4

FIGURE 3 - The specific methane productions (SMP) and methane production rate (MPR) during WAS anaerobic digestion at different OLRs
by different pretreatments.
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3.1.2 Methane production rate

Usually, methane production rate (MPR) is expressed
as the so-called space time yield: methane volume/reactor
volume/time in ml/L per day [20]. In this study, it was
worth-noticing that MPR increased steadily with OLR at
different phases of anaerobic digestion (Fig. 3). In the control and thermal-alkaline groups, the MPRs increased, respectively, from 217.9 to 285.6 ml/L/day in P1, 282.4 to
391.3 ml/L/day in P2, 363.8 to 463.7 ml/L/day in P3 and,
finally, from 401.1 and 571.7 mL/L/day in P4, which was
much higher than the ones obtained by Bolzonella et al.
[20], mainly owing to the sludge with high solid concentration used in this study.
3.2 Reduction and solubilization of organic matters during HSWAS anaerobic digestion
3.2.1 VS and TCOD reduction

It is well-known that the reduction of VS or TCOD
represents the removal extent of organic matters in sludge
during anaerobic digestion. As shown in Fig. 4, the VS reduction varied between 13.9 and 46.5 %, and decreased
gradually with the OLR during the different phases of anaerobic digestion. In the control group, the average VS reduction decreased from 31.3 % in P1, to 29.2 % in P2, to
23.2% in P3 and, finally, to 16.5 % in P4 (Fig. 5). The reason for mentioned results also might be due to the decrease
of SRT. In the literature, the VS reduction of sludge during
anaerobic digestion obtained by Rani et al. [21] and Dhar
et al. [22] were, respectively, 14.0-33.0% and 23.0-36.0%,
which were also in agreement with those in the current
study.
Further exploration found that the removal of organic
matters in sludge at different OLRs was enhanced by different
pretreatments. As illustrated in Fig. 5, the average VS reduction in the control, thermal, thermal-alkaline and alkaline
groups were, respectively, 23.2, 31.4, 34.6 and 24.5 % at
the OLR of 2.5 kg/m3·day, and the corresponding TCOD
reduction rates were 23.5, 31.2, 34.4 and 23.7 %. Although

being decreased with OLR, the average VS and TCOD reduction reached 27.2 % and 27.5 % for thermal-alkaline
pretreatment at the highest OLR of 3.0 kg/m3·day with the
SRT of about 16 days. Rani et al. [21] investigated the influence of low temperature thermo-chemical pretreatment
on sludge reduction in a semi-continuous an-aerobic reactor,
and reported that the VS reduction with SRT of 20, 15 and
12 days were 14.0, 17.0 and 14.9 % in the control group, and
27, 33 and 25 % for pretreatment group (60 °C with pH
12), respectively, which were similar to those obtained in
this study.
3.2.1 Solubilization of organic matters in HS-WAS

The solubilization of organics in sludge is a key step
during anaerobic digestion, and usually expressed in terms
of SCOD concentration. As shown in Fig. 5, the SCOD values in the effluent, fluctuating with OLR in a narrow
range, were enhanced by pretreatments in the following order: thermal-alkaline > thermal > alkaline > control. For
instance, in P1, the average SCOD concentrations in the
control, alkaline, thermal and thermal-alkaline group, were
4578.3, 4934.4, 5689.9 and 5925.7 mg/L, and the corresponding SCOD/TCOD ratios were 8.7, 9.9, 12.7 and 13.3 %,
which could be compared with the one with thermal pretreatment obtained by Eskicioglu et al. [23]. It was believed that an increase in the SCOD/TCOD ratio might
originate from the disruption of extracellular polymeric
substances (EPS) in WAS by pretreatments. When WAS
was pretreated by the alkaline method, the EPS which
mainly contains protein and carbohydrates was released
from sludge cells, and more soluble compounds were observed in the fermentation substrates [5, 24, 25]. The solubilization of organic matters in sludge were also enhanced by
thermal pretreatment because the cell walls of microorganisms in sludge, being exposed to a high temperature, cannot
withstand the extreme turgor pressure, leading to the release of intracellular organic matters, mainly by the saponification of lipid. Thermal-alkaline pretreatment on

FIGURE 4 - VS reduction at different OLRs by pretreatments.
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FIGURE 5 - The operated conditions and performance of anaerobic digestion at different OLRs by different pretreatments.

sludge, combining both effects, showed a better performance for organic solubilization.
In this study, the daily biogas production and VS reduction enhanced by pretreatments were in agreement with
the organic solubilization discussed above. As the solubilization and hydrolysis are the rate-limiting step during anaerobic digestion, more solubilization of organic matters
resulted in the better performance of biogas production and
VS reduction, especially for the sludge with low organic
content.
3.3 Stability and inhibition during HS-WAS anaerobic digestion
3.3.1 VFAs accumulation

The evolution of VFAs concentration plays an important role in maintaining the high performance of WAS
anaerobic digestion because it significantly affects the activity of methanogens [26, 27]. Usually, VFAs, which
mainly include acetic, propionic, and butyric acid, could be
produced by acetogens and consumed by methanogenic
bacteria at the same time, hence, keeping a dynamic balance in reactors [27]. However, the above balance could be
destroyed by the change of operation conditions, such as
pH, temperature, OLR etc., or the accumulation of toxic
compounds, such as the free ammonia, hydrogen, heavy
metals etc., resulting in the enormous accumulation of

VFAs and sharp decrease of pH, which were very harmful
to the anaerobic digestion process [28]. In this study, as
shown in Fig. 6, the VFAs concentration varied between
50.8 and 758.1 mg/L, which were in the same order of magnitude as the ones obtained by Rani et al. [21], and fell in the
recommended values for the healthy anaerobic digestion. It
can also be seen that the thermal-alkaline group with the
highest biogas production showed the lowest VFA concentration, which can be explained by the fact that when VFA
concentration decreased the biogas production increased,
similar with that found by Uma et al. [19]. Further observation revealed that the VFAs concentration by alkaline pretreatment was always higher than the others, except in P1.
For instance, the average VFAs concentrations were, respectively, 360.4, 275.2 and 101.2 mg/L in the control,
thermal and thermal-alkaline groups, but increased to
716.6 mg/L for alkaline pretreatment in P3. The possible
reason for this was that the additional alkalinity was harmful to the activities of methanogenic bacteria. However, the
VFAs concentration in these experiments did not show the
obvious inhibition for anaerobic digestibility as a whole.
3.3.2 Ammonia nitrogen release

Normally, NH4+-N is mostly released by the biological
degradation of protein in sludge during anaerobic digestion, being a prevalent inhibiting compound. It is generally
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believed that concentrations of NH4+-N below 200 mg/L
are beneficial for anaerobic process since nitrogen is an essential nutrient for anaerobic microorganisms [29]. Figure
6 shows that the average concentration of NH4+-N in the
present study varied in the range of 729.8 to 1120.2 mg/L,
increased by pretreatments in four phases. Even though it
was much higher than the recommended values, the inhibition for anaerobic digestibility did not appear, as the decrease of biogas production or accumulation of VFAs were
not found. The possible reason for this was the acclimation
of methanogens to ammonia, resulting from a shift in the
methanogenic population or because of internal changes in
the predominant species of methanogens; similar results
were also found by other researchers [30, 31].

tive measurement for stability during anaerobic process
when there is a high buffering capacity, because the higher
buffering capacity has a stronger resistance against pH
changes due to the formation of VFA or NH4+-N, and small
changes in pH can occur when there are large changes in
the process performance [33].
Therefore, in this study, the total alkalinity was used to
directly reveal a potential anaerobic stability. As shown in
Fig. 6, the average alkalinity values of current anaerobic
digestion varied between 4007.7 and 6373.9 mg CaCO3/L,
which were enhanced by pretreatments steadily. Ren and
Wang [32] reported that the typical alkalinity of a steady
system for anaerobic digestion was between 1000 and
5000 mg CaCO3/L. Except the values obtained in the control group in P1, P2 and P4 and thermal and alkaline groups
in P1, all values of alkalinity were higher than the reported
values. The reason for this might be attributed to the sludge
with high solid concentration used in this study.

3.3.3 pH and alkalinity

The stability of anaerobic digester was often influenced by pH and alkalinity, and confirmed by the presence
of stable pH and alkalinity of the reactors. It is well-known
that the fermentative microorganisms can function in a
wider pH range of 4.0 and 8.5 [31], but methanogenesis
proceeds at a high rate, when the pH is maintained in the
neutral range. Herein, all the pH values remained in the
range of 7.2 and 7.8, which fell well within the optimal
value of 6.5-8.2 reported by Speece [32], showing a good
stability in terms of pH. However, pH cannot be an effec-
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whether the pretreatment on HS-WAS was employed, the
daily biogas production increased with the OLR. Exploration of pretreatment effects on biogas production, VS reduction and SCOD of HS-WAS at different OLRs draw the
same conclusion as follows: thermal-alkaline > thermal >
alkaline > control. The optimal SMP and VS reduction of
194.9 mL/g VSadded and 41.1 %, respectively, occurred under the condition of thermal-alkaline pretreatment at OLR
of 1.5 kg/m3·day, indicating that the thermal-alkaline pretreatment was the best strategy to enhance the performance
of HS-WAS anaerobic digestion. The advantage of thermal-alkaline pretreatment over thermal and alkaline pretreatments was that the alkaline and high temperature can
remove EPS from sludge, disrupt the cells and release the
intracellular organic matters, and thermal-alkaline pretreatment combined both of them. In the following studies, it
would be necessary to evaluate the energy consumption of
different pretreatments, and investigate which kind of
sludge with different VS/TS is feasible to be pretreated for
anaerobic digestion.
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ABSTRACT

1. INTRODUCTION

Olive mill wastewater (OMW) generated by the olive
oil extracting industry is a major pollutant, because of its
high organic load and phytotoxic and antibacterial phenolic
compounds which resist biological degradation. The aim of
this study was to evaluate the feasibility of decolourization
and removal of phenol and lignin in OMW by O3/UV/NaBO3
and pre-treatment. In pre-treatment experiments, chemical
coagulation experiments with lime and alum have been carried out. In the photolytic degradation experiments, the effect of NaBO3 dosage, times, pH, O3, temperature and
OMW concentration were determined to find suitable operating conditions for the best removal. At the end of this
procedure, decreasing colour change intensity from 10.41
to 1.71 has been observed. The phenol concentration decreased from 300 mgL-1 to 111 mgL-1, the lignine concentration from 10.60 gL-1 to 1.61 gL-1 and the value of COD
from 61000gL-1 to 9.76gL-1. From the experimental results,
optimum values for the degradation of phenol and lignin
were favorable at pH 9.0, colour degradation was observed
in acidic conditions (pH<5.0 and pH>3.0). The optimum
time and temperature for removal of colour, phenol and lignin were found to be 10h and 308K, respectively. In addition, the pseudo-first order model was applied and r2 values
were noted from 0.90 to 0.99. From these results, it can be
said that this study proves the effectiveness of photolytic
removal for highly concentrated organic pollutants present
in OMW. Moreover, there is no study in the literature related to the use of O3/UV/NaBO3 in OMW treatment and
O3/UV/NaBO3 may constitute an important step for further
purification processes such as adsorption, membrane processes, etc.
KEYWORDS: Olive mill wastewater (OMW); colour; phenols; lignin, ultraviolet (UV), sodium perborate (NaBO3), O3
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Olive mill wastewater (OMW) generated by the olive
oil extracting industry is a major pollutant because of its
high organic load and the phytotoxic and antibacterial phenolic compounds which resist biological degradation.
Mediterranean countries are mostly affected by this serious
environmental problem, since they are responsible for 95%
of the worldwide olive-oil production [1-3]. There are
many methods used for OMW treatment, such as that proposed by Kestioğlu et al. [4] who studied the physicochemical treatment and advanced oxidation processes by
means of the ozone or Fenton’s reagent in the presence and
absence of UV radiation. They showed that the same COD
and total phenol removal efficiencies (99% removal for
both COD and total phenol) were found with both
H2O2/UV and O3/UV combinations. Another method was
recently applied for the treatment of OMW and consists of
the application of an integrated centrifugation-ultra filtration system [5] allowing an efficient reduction of pollution
and a selective separation of some useful product. Traditional physical and chemical techniques, such as flocculation, coagulation, filtration, lagoons of evaporation, the
electrochemical treatment of OMW and burning systems
also solve the problem, but only partially [1, 6, 7]. In addition, Oukılı et al. [8] have investigated activated clay as
adsorbent for the removal of organic compounds from
OMW, the removal of phenolic compounds have also been
investigated effectively by using lime. Curi et al. [9] have
tested the treatment of OMW with a mixture of aluminium
sulfate and ferric chloride, calcium hydroxide solution and
also acidifying of the waste with hydrochloric acid solution. They have determined the clarifying percent of the
wastewater. Calcium hydroxide and aluminium sulphate
have also been used besides magnesium sulphate by Tsonis
et al. [10]. They have reported that COD value dropped to
20–30% with calcium hydroxide, when it was added until
the pH of the waste reached 11. Several biological studies
have also been conducted to eliminate the pollution effect
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of OMW [11] and the organic content of OMW was oxidized using monopersulfuric acid [12]. Lallai et al. [13]
have investigated the biodegradation of phenolic compounds by using aerobic microbial cultures. As a result,
there is no such economical and easy solution for removal
organic compounds from OMW.
Commonly applied method for removal of COD, colour, phenol and organic compounds from industrial effluents is Advanced Oxidation Processes (AOPs). AOPs are
related to the formation of OH radicals, which will accelerate the oxidative degradation of numerous organic compounds dissolved in wastewater. It has been found that
AOPs include several processes such as ultraviolet/ozone
(UV/O3), ultraviolet/hydrogen peroxide (UV/H2O2), and
ozone/hydrogen peroxide (O3/H2O2) [4, 14].
Hydroxyl radicals produced in either way described
above may attack organic molecules by abstracting a hydrogen atom from the molecule [4, 15]. In addition, sodium perborate (NaBO3) can be used as oxidizing substance instead
of O3 or H2O2 to produce OH radical due to its low cost.
In the present study, it was aimed to investigate the decolourization and removal of some organic compounds
(phenol, lignin from OMW by using O3/UV/NaBO3). In
addition, there is no study reported in the literature related
to the use of O3, UV and NaBO3 together in the OMW
treatment.

significant amount of peroxide formation of NaBO4 between 60 oC and 70oC and provide important contribution
to further oxidation, it was heated for 30 minutes. In the
second pre-refining process significant amount of solid
particles were formed and it was set aside for 24 hours to
re-precipitation. Then this mixture was filtered and the
chemical analysis of some compounds in the mixture was
carried out according to wastewater removal standards (Table 1).
2.3 Photolytic experiments

In photolytic experiments, the effects of reaction temperature, NaBO3 amount, OMW concentration, solution
pH and O3 were investigated. In all the experiments, colour, phenol and lignin concentration changes taking place
in OMW were analyzed through spectroscopic methods.
OMW samples carried out the pre-treatment were directly
treated by taking them into UV reactor. For oxidation, specially designed UV reactor was used. This reactor consists
of a closed system having an UV lamp, properties of fixed
mixing and cooling and oxygen entry (Fig 1). In the experiments of pH, the pH solution was adjusted by using diluted
HCI and NaOH solutions.

2. MATERIALS AND Methods
2.1 Characterization of OMW

OMW samples were obtained from an olive-oil producing plant (Muğla area of Turkey) which uses a modern
production process. No chemical additives are used during
the olive oil production.
2.2 The pre-treatment experimentals

Pre-refining process was carried out to increase the
more removal ratio of OMW. In this process, the chemical
coagulaton technique and the mixture of lime and alum
(Aluminium sulfate) in certain proportions were used. In
this step, 1g of lime and 4g of alum were put in 1L of crude
OMW and stirred for 15 minutes at 100rpm/min then for
30 minutes at 30 rpm/min slowly. The mixture was set
aside for 24 hours to formation of flocks and precipitation.
After filtration, 10g of NaBO3.4H2O (sodium tetra borate)
was added to 1L of OMW. Considering the studies on the

FIGURE 1 - Appearance schematic of UV reactor used at the experimental study
2.4 Determination of colour changes

OMW was put into the Dr. Lange spectro-photometer
and maximum wave length in the visible area and absorbance intensity were determined to be 420 nm and 4.0, respectively. Then, colour changes were investigated at this

TABLE 1 - Changes of OMW composition after pre-refining.

Parameter

Colour (abs)

Phenol (mgL-1)

Lignin (gL-1)

COD (mgL-1)

OMW
Lime-Alum
NaBO3

10.41
4.59
1.71

300
160
111

10.60
3.46
1.61

61000
22480
9760
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When it has been researched the colour changes of OMW
due to the temperature and time, it was observed increasing at
298K and 308K then fixing due to the time (Fig 2a). When
the changes of phenol and lignine concentrations in the
same conditions were examined, it was observed rising in
the phenol removal with increasing temperature and maximum removal was 75% (Fig 2b). When the changes of lignine concentrations were analysed, it was observed that lignine removal increased with increasing temperature. It was
seen maximum lignine removal was estimated 80% at
303K (Fig 2c).
In the literature survey, peroxydiborate salts hydrolyzed rapidly and produced tetrahydroxy borate anions,
great amount of hydrogen peroxyde, it has been expressed
that there can be an interaction with H2O2 directly and OH.
radicals indirectly in the organic material removals [14]. In
another study, it has been reported during the photolytic
processes, O3 and UV are used together the radicalic products can increase at significant proportion and organic
compounds can oxidize obviously [13]. In our study, phenol and lignine removal being higher than room temperature confirms literature studies. Additionally, during both
temperature and the other experimental studies, as measuring the pH changes continuously, it was observed that the
value of pH moved away initial value (pH=12) and decreased 5 and 6 units. This has given an impression at the
end of photolytic reactions, organic compounds in OMW
can more oxidize to carboxylic acids and ketons and especially inorganic forms can be dominant and they can oxidize to CO2 and H2O which more stable compounds after a
while.

wavelength and the colour removal (%) was calculated using the following expression.
Colour removal (%):
A o ( crudeOMW )  A  ( treated )
x100
A o ( crudeOMW )
2.5 Lignin measurement

APHA Standard Methods were used for the measurements of lignin in OMW [26]. The concentration of lignin
and lignin degradation compounds were determined by
analysis of the developed colour resulting from the reaction
of phenol with 4-aminoantipyrine and from the reaction of
lignin with folin phenol reagent (tungstophosphoric and
molybdophosphoric acid) at λmax 700 nm, respectively.
2.6 Phenol measurement

A spectrophotometric method for the determination of
phenol in wastewater was used. The method is based on the
oxidative coupling of phenols with 4-aminoantipyrine
(4AAP) in alkaline solution in the presence of potassium
ferricyanide [26]. The optimum determination wavelength
is at 500 nm.
In addition, the rate expression of phenol and lignin was
simplified as a pseudo-first order kinetic model as follows.

In

C0
 k obs t
Ct

(1)

where kobs denotes a pseudo-first order kinetic constant, C0 is concentration before irradiation and Ct is concentration after irradiation for time t. All experiments were
run at least twice.

3.3. The effect of sodium perborate tetrahydrate
(NaBO3.H2O.3H2O)

The bleaching effect of sodium perborate tetrahydrate
has been studied for the colour, phenol and lignine
removals. The results are plotted in Figure 3 respectively.
It was observed that the colour removal rates generally
increased with rising perborate amounts after a while (Figure 3(a)). For all amounts, while a rapid increase occurred
until 120 minutes, after that point a slowdown in removals
occurred due to the time. The best colour removal occurred
at 5gL-1 (90%). When 10gL-1 was used, a 85% removal rate
was achieved. Considering that NaBO3.H2O.3H2O is an
important oxygen provider, aqueous peroxydiborate salts
hydrolysed rapidly, then produced tetrahydroxy borate anions were produced a great amount of H2O2,. The related
reaction scheme is shown below.

3. Results and Discussion
3.1. Photolytic experiments

The temperatures, the amount of NaBO3, the concentration of OMW, pH and the amount of O3 have been studied as parameters in the photolytic experiments.
3.2. The effect of temperature

As considered that the temperature affects the rate of
reaction in chemical reactions, the photolytic reactions
were carried out at 298K, 308K and 318K. It was shown
that the colour, phenol and lignine removals depending on
the temperature respectively in Figure 2.
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FIGURE 2 - The changes of color (a), phenol (b) and lignin (c) due to temperature and times (pH:12, NaBO3.H2O.3H2O:
10gL-1, O3:1,5Lmin-1 and UV:17 Watt)
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FIGURE 3 - Changes of colour (a), phenol (b), and lignine (c) removals in OMW depending on the amount of perborate and
time (pH:12, O3:1,5Lmin-1, 308K and UV intensity:17 Watt).
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As it can be seen from the reactions, H2O2 is a good
radical producer. Therefore, its concentration will increase
depending on increasing the perborate amount and this will
affect the degradation of organic compounds. In our study,
although the amount of perborate increased, adequate
decreasing did not occur in the colour removal, because of
borate compounds and turbidity. this has been appeared to
a negative effect in the colour removal. When the
experimental results about the phenol removal from OMW
depending on NaBO3.H2O.3H2O amount were analysed,
the same situation for phenol was observed (Figure 3b). As
Figure 3b was examined, a 80% removal rate occurred for
5gL-1 and 10gL-1 NaBO3.H2O.3H2O at the end of 5 hours.
Higher removal can be provided with 10 gL-1 at the end of
6 hours. However, when 20gL-1 was used, very low phenol
removal occurred. This situation has been appeared to
phenolic compounds dimerizated in the presence of O3,
UV, high perborate and O3 has a great contribution on
dimerization.
When the lignine removals from OMW depending on
the amount of NaBO3.H2O.3H2O was examined, it was
seen generally estimated 60 % removal occurred for 5 gL1
and 10 gL-1 at the end of 3 hours, after that point the more
removal occurred for 10gL-1 and maximum ratio was 80%.
However, for 20gL-1 lower removal occurring can be related to increasing turbidity and dimerization forming.
3.4. The effect of the concentration of OMW

The photolytic experiments have been carried out with
NaBO3.H2O.3H2O and O3 in OMW having different concentration. Three different concentrations: Non-diluted,
1/2-diluted and ¼-diluted of prerefining OMW samples
were used in our study. The colour, phenol and lignine
changes are plotted in Figure 4. When analysing Figure
4(a), it can be seen that the colour removals were 90% and
75% for 1/2 and ¼ - diluted samples at the end of 3 hours.
However, it was observed the colour removals were 90%
and 80% at the end of 6 hours. Conversely, as the colour
removals depending the time for non-diluted OMW samples showed a linear increase, at the end of 6 hours it has
reached 70%. This can be evaluated as extremly promising.
Because it was seen that the colour removal and refining in
OMW can be provided without any dilution.
In the literature studie, it has been reported that the
changes can take place in increasing the reaction temperature depending on molecular collision, the migration and
replacing of polar molecules and some other specialties as
a result of increasing the intensity of UV [12]. In the same
study it has been reported that warming up the polar molecules under UV leads to countless collisions and consequently there was a clear strain in molecules and especially
phenolic compounds were more decomposed in the
UV/oxidant medium [12].
As long as the concentration of waste water decreased
the colour removal increased, as mentioned in the above

literature [12]. More UV energy in the medium can be related to a higher rate of converting biopolimeric compounds initially like lignine and tannine to small compounds. When analyzing the kinetically obtained data, it
was observed that a linear decrease took place in the rate
constant, as long as the concentration of OMW increased
(Table 2).
3.5. The effect of pH

Photolytic rections depend on pH of the solution considerably and the startup pH can make an outstanding effect on reactants and products. To observe this situation
better, the OMW samples having different start up pHs’
were prepared by using diluted HCl and NaOH solutions.
Then the colour, phenol and lignine removals due to the
time are plotted in Figure 5 (a) (b) (c) respectively.
When examining Figure 5(a), it can be seen that the
colour removal generally depends on the pH of the solution. While the lowest colour removal occurred at pH:5
(70 %), significant colour removals were observed occurring due to the time at all ranges (80%) except this pH
value. Additionally, the significant colour removal occurred until 90% due to the time especially at pH:7 and
pH:9. First degree kinetic data is given in Table 2 for the
purpose of examining the relationship between colour removal and pH. Polyphenolic compounds in OMW are the
most important components and must not be in the waste
and drinking water. It has been investigated how much phenolic compounds can be refined by photolytic methods in
our study (Figure 5b). In Figure 5(b) it can be seen that the
phenol removal was very clear at pH:12 (85%). This situation can be explained with the presence of the OH- ions
which are plenty at high pH. In the literature about colour
removal, in the photolytic refining of textile wastewater, it
has been reported converting from OH- ions to OH.radicals
can occur more often and this can increase the radical reactions [15]. At the end of the photolytic reaction, when the
changes of lignine removal depending pH and time were
analysed, a rapid increase in lignine removal at the end of
the first 3 hours was observed then a slower refining (Figure 5c). Lignine removal was observed at all pH range generally, in addition, it was seen over 70% at all pHs’ except
pH:3 at the end of 6 hours. In literature studies, it was reported that the effect of O3 can depend on the pH changes
and it has been found in the media two type of reaction:
direct (at pH:2 and below) and indirect (at pH:7 and above)
reaction. The oxidation at indirect reactions can be more
rapid [16, 17]. This situation is related that the oxidation
potential of hydroxyl radicals is higher than molecular
ozone. In another study, it has been reported that at high
pHs, HO. is not the only radical type, even if HO. radical is
the strongest radical having 2.8 V of oxidation potential,
HO2., HO3. and HO4. radicals can considerably occur too
[18-21]. As long as pH rises, more removal can be obtained because of the strong radicals which is mentioned
above.
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FIGURE 4 - The changes of colour (a), phenol (b) and lignine (c) removal due to the concentration of OMW and time (pH:12,0, 298K,
O3:1.5 Ldk-1, NaBO3.H2O.3H2O: 10gL-1 and UV intensity:17 Watt)

525

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

80
Renk giderimoranı (%)

Colour removal (%)

90

70
60
50
40

(a)

pH:12
pH:9
pH:7
pH:5
pH:3

30
20
10
0
0

60

120

180

240

300

360

420

Zaman(dk)

Time (min)

80
Fenol giderim oranı (%)

Phenol removal (%)

90
70
60
50
40

(b)

30

pH=12
pH=9
pH=7
pH=5
pH=3

20
10
0
0

60

120

180

240

300

360

420

Zaman(dk)
Time (min)

Lignin
removal
(%)
Lignin
giderim
oranı (%)

100
90
80
70
60
50

(c)

40
30

pH=12
pH=9
PH=7
pH=5
pH=3

20
10
0
0

60

120

180

240

300

360

420

Zaman(dk)
Time (min)
FIGURE 5 The changes of colour (a), phenol (b) and lignine (c) removal depending on pH (298K, O3:1,5 Ldk-1, NaBO3.H2O.3H2O:10gL-1
and UV intensity:17 Watt)

526

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

Colour removal (%)

100
80
60
(a)

40
1.5 Lmin-1
3.0 Lmin-1
4.5 Lmin-1

20
0

0

60

120

180

240

300

360

420

Time (min.)

Phenol removal (%)

100
80
60
40

(b)

1,5 Lmin-1
3,0 Lmin-1
4,5 Lmin-1

20
0
0

60

120

180

240

300

360

420

Lignin removal (%)

Time (min.)

100
80
60
40

(c)

1,5 Lmin-1
3,0 Lmin-1
4,5 Lmin-1

20
0
0

100

200

300

400

Time (min)
FIGURE 6 - The changes of colour (a), phenol (b) and lignine (c) removals from OMW due to the time and O3 (UVintensity:17Watt, 298K,
pH:12.0 and NaBO33H2O:10gL-1)
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3.7. The effect of O3

It is an expected situation that the effectiveness of O3
will increase as long as the dosage of O3 or the duration of
O3 increase since oxidation reactions give the radical types
occurring with molecular O3 or O3 reactions. In a study
about the colour removal of textile waste water with ozonisation, it has been reported that the increase on the dosage of O3 rises the effectiveness and on the contrary the
temperature decrease the solubility of O3, the rate of reaction increase and the reaction yield do not change much
more[22]. Besides, as mentioned before, it has been stated
that at high pHs, HO. is not the only radical type, even if
HO.radical is the strongest radical, HO2., HO3. and HO4.
radicals can considerably occur too. As considering the results obtained from these studies [22, 25-28], it has been
investigated the colour, phenol and lignine removals using
different amounts of O3 and the obtained results are plotted
in Figure 6, respectively. As long as the amount of O3 increases, an increase on the colour removal due to the time
and fixing at the end of 3 hours can be observed (Figure 6a).
While the colour removal for 1,5 Ldk-1 and 3,0 Ldk-1 was
observed 80% percentage at the end of 5 hours, it was seen
the colour removal for 4,5Ldk-1 can reach estimated 95%.
When the phenol and lignine removals were considered, an
increase depending on duration and amount of O3 was observed (Figure 6b). When lignine removals are considered,
it was seen that lignine removal increased for each three O3
concentrations due to the time and the removal rate has been
estimated 80% at the end of 6 hours (Figure 6c).
3.8. The separately or together effects of O3, NaBO3.H2O.3H2O,
UV

The photolytic experiments were carried out by using
UV, O3 and NaBO3.H2O.3H2O separately and together to
find out their contribution to refining OMW. Then the colour, phenol and lignine removals are plotted in Figure 7
with kinetic values. A significant rise on the removals by
using O3 and UV or O3 and perborate comparing to using
O3 only was observed (Figure 7a). However, the maximum
colour removal occurred when UV/O3/ NaBO3.H2O.3H2O
were used together. In this process, 85 % colour removal
has been provided at the end of 6 hours. But, when O3 and
perborate were used the colour removal rate was 80%;
when O3 and UV were used the colour removal was 70%;
when only O3 was used the colour removal was 65%. Additionally, the changes of colour are given in Figure 8.
The changes of phenol removal are shown in Figure 7b
by using O3, O3/UV, O3/NaBO3.H2O.3H2O and O3/UV/
NaBO3.H2O.3H2O. Generally an increase on phenol removals due to the time was observed. It was seen that when only
O3 is used, 30%; with O3/UV, 45%; O3/NaBO3.H2O.3H2O,
75 %; O3/UV/NaBO3.H2O.3H2O, 85% phenol removals were
achieved. When the changes of lignine removals are examined, with only O3, 32%; O3/UV, 40%; O3/NaBO3.H2O.3H2O,
70%; O3/NaBO3.H2O.3H2O/UV, 80% lignine have been removed.
As mentioned on previous study, when
NaBO3.H2O.3H2O dissolves in H2O, significant amount of

H2O2 is produced, thus plenty of HO. radicals. In the literature studies, it has been reported that aqueous H2O2 reacts
with O3 molecules very slowly, but HO2− molecules react
very rapid [21]. Again in this study, it has been stated that
H2O2 has triggered the reaction starting with O3 and ending
occurrence of HO. radicals. H2O2 using in the reaction has a
reaction-altering effect with the high amount of H2O2 too.
Basic reactions of this process are given below [21].
H2O2 + H2O → HO2− + H3O+
(3)
.
(4)
HO2 + O3 → HO2 + O3
(5)
H2O2 + OH. → O2- + H2O + H+
.
.
(6)
HO2 + OH → OH + HO2
The summarized full reaction of this process is;
2O3 + H2O2 → 2OH. + 3O2

(7)

Besides, it has been reported even at a very low concentration, the HO2− ion will be very effective in initiating
ozone decomposition and facilitating the formation of hydroxyl radicals. Zhou et al. (2002) [16] reported that the
HO2− ions consumed by ozone are regenerated by shifting
the chemical equilibrium to the left according to eq. [6].
The higher the pH, the more H2O2 will be dissociated into
HO2− ions. As a result, the ozone decomposition rate will
rise with increasing pH. In our study, as achieving more
removal with O3/UV/NaBO3.H2O.3H2O summarized in eq.
[7], can be explain the effect of H2O2 and UV depending
on O3, NaBO3.H2O.3H2O and the effectiveness of HO. radicals[28]. In literature, it has been reported that under the
UV light at a wavelength of 200-280 nm, UV photolysis of
ozone can bring about yielding H2O2 and provide the occurrence of HO. radical as O3 reacts with UV radiation [23]. The
reactions taking place during this process are given below.
O3 + hv + H2O → H2O2 + O2
H2O2 + hv → 2OH

.

2O3 + H2O2 → 2OH. + 3O2

(8)
(9)
(10)

The reaction mechanism starts among O3 molecules
activated with UV, with the aim of composing of oxygen
radicals. After this reaction, oxygen radicals compose HO.
radicals as react with water [21].
O3 + hv → O2 + O(1D)
(11)
1
.
(12)
O( D) + H2O → 2OH
Peyton and Glaze (1988) [23] observed that the UV
photolysis of ozone would also yield H2O2:
O(1D) + H2O → H2O2
(13)
The formed H2O2 could be further photolyzed to form
two HO· radicals. Additionally, UV radiation can lead to
the direct excitation of some organic compounds [23,24].
The excited compounds then react with ozone molecules to
form various degradable products. Besides, it has been assumed that ozone in water can compose significant amount
of hydroxyl radicals and especially at elevated pH HO2.,
HO3. and HO4. radicals too and this situation provided important contributions to removal.
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FIGURE 7 - The changes of colour (a), phenol (b), and lignine (c) removal in OMW when UV,O3 and NaBO3.H2O.3H2O are
used separately and together (UV intensity:17 Watt, 298K, pH:12,0 )
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TABLE 2 - k and r2 values for Colour, phenol and lignin removal related to different parameters.

Colour

Temp. (K)

2

Phenol
-2

-1

r2

kx10-2(min-1)

0.95
0.99
0.96

0.28
0.46
0.46

0.95
0.99
0.98

0.41
0.43
0.61

0.94
0.97
0.64

0.44
0.40
0.13

0.86
0.89
0.97

0.37
0.45
0.24

0.94
0.97
0.94

0.92
0.97
0.98

0.73
0.51
0.11

0.94
0.99
0.99

0.29
0.46
0.41

0.97
0.99
0.98

0.57
0.43
0.31

0.97
0.99
0.95
0.96
0.99

0.51
0.59
0.58
0.37
0.57

0.99
0.98
0.99
0.98
0.82

0.41
0.31
0.31
0.16
0.15

0.99
0.97
0.99
0.98
0.98

0.43
0.41
0.66
0.39
0.22

0.97
0.99
0.98

0.51
0.51
0.70

0.99
0.92
0.75

0.46
0.44
1.02

0.99
0.96
0.91

0.43
0.62
0.61

0.9724
0.972
0.976
0.974

0.51
0.47
0.41
0.31

0.992
0.922
0.994
0.951

0.46
0.35
0.15
0.08

0.993
0.946
0.984
0.983

0.43
0.39
0.16
0.11

r

0.99
0.97
0.98

0.48
0.51
0.43

0.61
0.51
0.41

250
500
1000
pH
12.0
9.0
7.0
5.0
3.0

298 K
308 K
318 K

Lignin
kx10 (min )

kx10 (min )

r

2
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FIGURE 8 - The colour changes when UV, O3 and NaBO3.H2O.3H2O are used separately and together at the end of 6 hours.
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4. CONCLUSIONS
When the lime and alum are used together in coagulaton experiments, it was observed that the absorbance of
OMW colour decreased from 10,4 to 4.59, phenol concentration decreased from 300mgL-1’to 60gL-1 and lignine decreased from 10.60 gL-1 to 3.46gL-1. When sodium perborate is used after the chemical coagulation, it has been observed that the values for colour, phenol and lignine decreased 1.71, 111mgL-1’ and 1.61gL-1, respectively. It was
calculated from these results, that 72% of colour, 84% of
phenol and 90% of lignine were removed. It has been observed 80% colour removal at 298K and 308K in the photolytic reactions. It was seen that the temperature affects
the rate of reaction but, the effect of temperature is not always linear in the oxidation system composed with
O3/NaBO3.H2O.3H2O/UV. It was also seen that phenol,
lignine and colour removal showed the best results at 308
K. A high colour, phenol and lignine removal was observed
at pH 12. It was seen that pH provided an important contribution to the yield of oxidation experiments. It was seen
that the colour, phenol and lignine removals were 80%,
85%, 80% respectively in the experiments performed with
O3/UV/NaBO3.H2O.3H2O system. Additionally, it was observed that perborate has a high effect on colour, phenol
and lignine removal with or without UV.
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ABSTRACT
The substitution of conventional clay raw materials for
some wastes, in this case, ashes from the incineration of
municipal solid wastes (MSW), and other marble residues
(sludge, scraps…) enriched in CaCO3 in the production of
traditional ceramics, has long been recognized as leading
to possible savings in costs due to the recycling of wastes
as a secondary raw material. The most suitable compositions were selected regarding the production of ceramic
tiles as covering for construction, as well as considering its
technological and ceramic behavior. In order to evaluate
the ceramic properties of these tiles, linear contraction (LC),
water absorption capacity (WA) and bending strength (σf )
were determined. The relation between LC values and the
added residues content has been discussed. However, the
increase in water absorption with the increase in the residue
percentage is evident. The addition of this marble sludge
gives rise to a low decrease in bending strength, which is
usual when some residues are added in the production of
bricks or roofing tiles. In any case, by considering the physical and mechanical properties, the tile bodies depict property values which are close to marketable ceramics.
KEYWORDS:
ceramic tiles, marble residue, MSW fly ashes.

1. INTRODUCTION
A sustainable and acceptable environmental management of solid wastes by municipal councils (MSW) has become a great global challenge due to the limited resources
available, as well as population growth, rapid urban development and industrialization throughout the world [1]. In
Spain, the total production of municipal solid wastes
(MSW) has risen to over 21 million tons per year, of which
28.1% and 6.2% are treated in compost and incineration
plants, respectively [2]. Waste management has become a
priority for environmental protection and the conservation
of natural resources. To draw more attention to this serious
* Corresponding author

problem involves the environmental management of theses
wastes and implementation strategies for the production of
optimum materials, taking into consideration economic,
technical and legislative aspects, and stressing environmental issues [3].
The alternative in the treatment of MSW involves their
disposal in rubbish tips which meet environmental guarantees, or chemical treatment in plants to recover different
fractions as a raw material. Several types of treatment plants
and technologies can generally find adequate treatment systems for these types of wastes: separators, plants for the
production of refuse-derived fuel, incinerators with energy
recovery, plants for the treatment of organic material, and
sanitary landfills [3].
In the former decade (2004 year), 196,000 tons were
recovered in Spain, which represented 64% of the packaging steel consumed [2]. Of the total amount of packaging steel
scrap recovered, only 35,5 tons (18%) came from wastes collected through yellow urban recycling bins; the rest came from
compost plants (38%), incineration plants (14%) and from traditional scrap yards (30%). These data indicate that compost
plants are still the most important means of recovering packaging steel from MSW in Spain [2].
At present, this is a huge environmental problem in
large cities throughout the world due to the disproportionate growth of the MSW. Several studies have shown that
the process reduces the waste volume by approximately
90%, but leaves considerable amounts of incineration residues: ashes and slags. Filter ashes are produced at a rate of
25–30 kg per 1000 kg of incinerated waste. Fly ashes contain Al2O3, CaO and SiO2 as oxide components, in addition
to heavy metals and some traces of organic pollutants (e.g.
polychlordibenzeno-dioxins and-furanes). Due to the presence of these toxic components, in the majority of European countries ashes from incinerators have been classified
as toxic and dangerous wastes, to the extent that open-landfills are going to be forbidden under the European Union
regulations [4]. For this reason, they should be deposited in
special tips which have a high lixiviate and effluent control.
This solution is very expensive and, furthermore, it is not
completely satisfactory from an environmental point of
view. It is, therefore, necessary to find alternative technol-
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ogies which could include inertization and the subsequent
recycling of these wastes. The most beneficial procedure
would be to recycle and transform them into an inert and
useful industrial product. One of the most beneficial alternatives would be to make the most of their silicate content
for manufacturing ceramic and glass materials [4, 5].
Furthermore, 70% of wastes from natural stone production in Spain are disposed of locally, at best in tips for inert
waste. The marble processing industry normally dumps
waste in the riverbeds and this raises a major environmental
concern. In dry seasons, marble dust is suspended by the prevailing wind, depositing it in agricultural areas and seriously
affecting ecosystems and crops. The marble dust deposited
causes a reduction in the porosity and permeability of the
topsoil and results in water logging [5].
The scientific community is fully aware of the potential of recycling these residues from the natural stone industry [5]. Some of these applications could be, for example: road construction, concrete and asphalt aggregates, cement and the production of various building materials.
In recent years, several authors have been investigating
the addition of different types of residues for manufacturing traditional ceramic materials [6-8]. However, there has
been little research that has looked into the study of methods and techniques to improve the technological properties
of traditional ceramic products (bricks and tiles). It is well
known that knowledge of the mechanical behaviour of the
essential properties of ceramics is required for defining
their use and applications [9]. However, it is also known
that the secondary raw materials used in the manufacturing
processes of ceramic products influence the properties of
the products produced. It is for these reasons we have focused our research on the partial substitution of a ceramic
clay enriched in silica from two types of residues. This was
a laboratory based study. The ceramic pieces were moulded
by the axial pressing method and the mineralogical characterization was carried out after the firing process.
During the ceramic process a series of transformations
occur in the minerals which make up the raw material; they
fundamentally affect the clay minerals and accompanying
minerals (quartz, feldspar, calcite, dolomite and hematite),
which in turn affect the final properties of the ceramics
products [10]. There is a huge amount of literature on the
neo- mineralization of green ceramic bodies by firing. Raw
materials for porous ceramic bodies were the subject of a
study by Peters and Jenny [11] and Pollifrone and Ravaglioli [12]. Previous authors [13] have investigated the formation of calcium silicates in calcareous clays which were
originally composed of illite, kaolinite, quartz and calcite.
Jordan et al. [14] studied the Cretaceous clays from Castellon, Spain, and their ceramic behaviour in fast firing processes. The same authors [15] discuss the behaviour of
clays from the areas around Agost (Alicante) and Alfaro
(La Rioja) in Spain mixed with low quantities of water
treatment sewage sludge. Likewise, the study of some ceramic pathologies in ceramics obtained from these new raw
materials (clays + sewage sludge) were also carried out

[16]. In the latter case, research with residues of a different
nature has been carried out in order to improve the properties and defects in ceramic tile manufacturing.
The aim of this article is to study how the substitution
of clay for MSW and a marble residue in different proportions affects the technological properties of ceramic materials.
2. MATERIALS AND METHODS
2.1 Raw materials characterization

A traditional and frequently used clay raw material and
a representative sample of municipal solid waste (MSW)
from the incinerator plant were selected. Tables 1 and 3
show the original and final composition (wt. %) of the samples determined by X-ray fluorescence (XRF). The soluble
SO4-2 and Cl- respectively were analyzed by gravimetry
and the titration chemical method. The organic matter
(O.M.) was determined under calcination at 500ºC and the
loss of mass by calcination at 1000ºC. Calcium carbonate
content was determined by calcimetry. The mineralogical
analysis of the clay raw material was carried out by XRD
(Table 2) and by using Siemens D-500 equipment including a Bragg-Bretano geometry for an aggregate oriented
sample (without thermal treatment, heat treated at 550ºC
for 2 hours and another sample dispersed with ethylenglycol). Heavy metal content in the MSW fly ashes was determined under ICP-MS [17] (Table 3).
TABLE 1 - Chemical analysis of the clay used in the experiment.

Parameter
O.M. 500ºC
Deads (1000ºC)
CaCO3
SO4-2 (solubles)
Cl- (solubles)
SiO2
Al2O3
Fe2O3
CaO
MgO
Na2O
K2O
TiO2
MnO
P2O5
Total SO3

Units
%
%
%
ppm
ppm
%
%
%
%
%
%
%
%
%
%
%

Ceramic clay
2.00
13.20
18.00
4339
198.95
53.39
16.85
6.95
10.29
3.94
0,384
4.25
0.938
0.060
0.205
0.610

TABLE 2 - Mineralogical composition (%) of the clay used in the experiment. Legend: Q: Quartz; F: feldspars; Phy: Phyllosilicates; Cc:
Calcite; Do: Dolomite; Hem: Hematites; I: Illite; K: Kaolinite; C:
Chlorite; I/S: Illite/Smectite; C/S: Chlorite/Smectite; x: Present
(<5%).

Raw material
Clay fraction
Q F Phy Cc Do
Hm
I
K
C
I/S
C/S
36 x
46
4
x
9
46 24 10
15
5
Q: Quartz; F:feldspars; Phy: Phyllosilicates; Cc: Calcite; Do: Dolomite;
Hem: Hematites; I: Illite; K: Kaolinite; C: Chlorite; I/S: Illite/Smectite;
C/S: Chlorite/Smectite; x: Present (<5%).
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3. RESULTS AND DISCUSSION

TABLE 3 - Chemical analysis of a representative sample of MSW fly
ashes.

Parameter
CaCO3
SO4-2 (solubles)
Cl- (solubles)
SiO2
Al2O3
Fe
Ca
Mg
Na
K
Mn
P
Total SO3

Units
%
ppm
ppm
%
%
mg/kg d.m.
mg/kg d.m.
mg/kg d.m
mg/kg d.m
mg/kg d.m
mg/kg d.m
mg/kg d.m
%

3.1 Characterization of the employed clays and residues

MSW
7,86
9048
849.1
10.53
4.35
9800
60
45
1012
2113
177
28,36
5,95

2.2 Green body compositional design

Several compositions were formulated with a mixture
of ceramic clay, MSW fly ash and marble residue. The
original compositions were prepared with the following
percentages of MSW fly ash: 0 (control), 1, 2, 3, 4, 5 and
10 (wt. %) and 0 (control), 15, 20, 25, 30 and 35% of powdered marble waste, respectively.
The original ceramic bodies were axial pressed from
powdered raw materials (clay: fine fraction < 30 μm and
marble residue: fraction < 60 μm and by adding the original
ash with a < 10 μm average granulometry). A Mignon-S
Nanetti uniaxial press was used to press green bodies,
working at 40 MPa and moulding disk cakes with the following sizes: 20 mm diameter, 5 mm thick and an approximate weight of 3.5 g.
Firing was carried out under usual industrial fast firing
cycles (0-500ºC: 2h; 500-650ºC: 2 h; 650-Tmax: 2 h; Tmax:
4h with a maximum temperature tableau of: Tmax of 975,
1000, 1025 and 1050 °C. The mineralogical analysis of the
final fired samples was performed in a XRD diffractometer
and the usual conditions and methods were used.

The minerological composition of the clay used in the
experiment was kaolinite, illite, chlorite, I/S and C/S, with
quartz and small quantities of minor minerals such as feldspar (plagioclase and orthoclase), hematite, calcite and dolomite. The analysis of the glycolate samples revealed the
presence of interstratified clays (I/S and C/S).
The addition of MSW incineration fly ash to the ceramic paste produced an increase in Cl- and SO4-2 salt content. These salts could be responsible for the appearance of
flaws. Nevertheless, since the percentage of MSW introduced into the paste is low (1-10%), the total content in these
soluble salts will be similar to those in conventional ceramics. Total Cd, Cu, Hg, Pb and Zn concentration (Table 4) are
indicated in the spanish regulations and it is the parameter
which determines their possible agricultural use as compost
products. MSW fly ash shows low Cu, Zn, Pb and Hg content. However, Cd content in MSW is high (> 3 mg/ kg). For
this reason, it would be more convenient to use MSW fly
ash for manufacturing traditional ceramics rather than for
an agricultural application [17].
TABLE 4 - Heavy metal content in a representative sample of MSW
fly ash (mg/kg dry matter).

Heavy metals
Cu
Zn
Pb
Hg
Cd

TABLE 5 - Composition (wt % oxides) of the marble residue used for
the compositional design of the ceramic body.

%
CaO
MgO
Al2O3
SiO2
Fe2O3

2.3 Linear contraction (LC) and water absorption capacity (WA)

Linear contraction was calculated in both dried (DLC)
and heated (HLC) samples by following the conventional
method in ceramic production. Water absorption (WA) capacity (%) was determined following the standard rule
ISO-10545-3 [18].
2.4 Flexural strength or bending strength (σf)

To determine the extent to which the mechanical properties of the final tiles are affected by the introduction of
residue into the ceramic bodies, the bending or flexural
strength of both dried and heated samples was determined
in INSTRON 1011 equipment under 3-point loading. The
load speed was fixed at 0.02 mm/s for dried bodies and
0.05 mm/s for the heat treated samples and by testing ten
specimens of the same shape and size averaging all results
and in accordance with the previously used method applied
by Montero et al. [5].

MSW
90
186
61
0.15
3.32

Marble
76,70
0,25
0,38
1,00
-

%
SrO
SO3
P2O5
TiO2
MnO

Marble
0,01
0,07
0,01
-

3.2 Characterization of the fired test bodies

The addition of marble powder residue, which its analysis is shown in Table 5, primarily provides calcium carbonate. In the firing process, when the temperature increases, CaCO3 decomposes forming CaO (Table 6). The
illite also decomposes into spinel type phases [10, 13]. The
CaO reacts with the quartz forming new mineral phases
(wollastonite and gehlenite) [10, 19]. Thus, marble residue
considered here have great reactivity in the final ceramic
body, reacting easily with the clay minerals and quartz and
providing better sintering to the original powders facilitating the formation of calcium silicate and calcium aluminium silicate phases. When the temperature continues to increase (1025ºC), a decrease in gehlenite content is observed
and the augite phase is formed, as seen in the CaO- Al2O3SiO2 ternary diagram [20]. However, the CaO is in excess,
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and consequently, a part of the CaO does not react even
when the maximum temperature is reached [21]. This “free
CaO” is not formed at the maximum heating temperature
of 1050ºC, which is recommended for the production of
these types of tiles. From the XRD results it is possible to
confirm, from a mineralogical composition perspective,
that the products obtained with the incorporation of both
residues in both ceramic pastes do not differ from those obtained in the industry based on marble or carbonated clays.
Figure 1 shows the results of linear contraction tests in
both dried and heated samples. The results indicate that
there is no evidence that can confirm the relation between
this technological property and the percentage of residues
added to the ceramic paste. Figure 2 shows the results for
water absorption (WA). In this case, there is a clear tendency to increase WA when the waste added increases.
This is due to the transformation of CaCO3 during the thermal process, producing an increase in the open porosity of
the final ceramic bodies [15, 22].

closely related to the increase in porosity, which is produced from the release of volatile compounds such as carbon dioxide, chloride and sulphur dioxide from the fly ash
and marble residue (rich in CaCO3). Therefore, the addition of residue produces a decrease in strength in such a
way that the selection of the adequate percentage of sludge
to be added to the body must be optimized according to the
standards for specific building materials. However, the
flexural strength of the ceramic tile bodies meet the required specification in the 16% - 22% range of clay added
[23, 24].
TABLE 7 - Bending strength of the original green body and the sintered ceramic after thermal cycling at 1050 ºC.
Residue (%)
0
16
22
28
34
40

The results for flexural strength are shown in Table 7.
There is a clear decrease in this property when the addition
of waste increases. The decrease in flexural strength is

Bending strength (MPa)
Green

Sintered

2.50.1
1.80.2
1.60.1
1.00.1
1.20.3
1.10.2

14.53
11.32
10.01
9.32
8.81
5.92

TABLE 6 - Mineral phases present and formation of new mineral phases (in c.p.s.) according to the firing temperature of the green body

T (ºC)
950
1000
1025
1050
d (Å)

Q
3900
2061
1812
1292
3.34

CaO
173
198
177
2.49

Plg

Au

425
545
524
3.20

760
893
2.98

Mineral phase (c.p.s.)
Gh
Hm
Es
300
886
190
295
623
146
333
111
2.85
2.69
2.46

W

I
284

Cc
265
304

9.98

3.03

650

3.83

Or
423
442
388
415
3.24

Linear contraction (%)

Legend: Q = Quartz; Plg = Plagioclase; Au = Augite; Gh = Gehlenite; Hm = Hematite; Es=Spinel; W = Wollastonite; I = Illite; Cc = Calcite; Or =
Orthoclase.

9
8
7
6
5
4
3
2
1
0

H.L.C.
D.L.C.

0

10

20

30

40

50

Residue (%)

FIGURE 1 - Drying linear contraction (DLC) (%) and heating linear contraction (HLC) (%) after heating cycle at 1050 ºC
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Water absorption (%)

30
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15
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5
0
0

5

10

15
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30

35
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45

Residue (%)
FIGURE 2 - Water Absorption (%) of ceramic bodies after heating cycle at 1050 ºC

technological properties required by the European Technical Codes for construction materials.

4. CONCLUSIONS
The main advantages to using MSW fly ashes together
with marble residues for manufacturing traditional ceramics are: a) The recycling of waste, the production of which
is increasing every day; b) the immobilization of heavy elements, mainly Cd, contained in MSW fly ash and c) the
reduction of raw material costs.
The increase of water absorption (WA) with the increase of residue percentage is clear, giving rise to a linear
relation.
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The addition of these residues, mainly marble dust,
gives rise to a decrease in flexural strength. This conditions
the selection of the maximum quantity of residue which
can be added and which should meet the standards applied
to specific construction materials. These trials have revealed that the residues considered here have great reactivity in the ceramic body, reacting easily with the clay minerals and quartz, as well as providing better sintering to the
original powders.
The use of marble residue from natural stone production mixed with MSW for manufacturing bricks and roofing tiles modifies the technological properties of traditional
ceramics. However, if the physical and mechanical properties are considered, the modified tile bodies are in the
market range of conventional ceramics for construction.
Further research is continuing in order to evaluate other
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ABSTRACT
A Pd-loaded composite electrode was prepared by
electrodeposition method, modified by a sodium dodecyl
benzene sulfonate (SDBS) doping polypyrrole (PPy) film.
Pd particles were uniformly dispersed on a PPy-SDBS film
which was previously electrodeposited on the meshed Ti
supporting electrode. Preparation parameters of the Pd/PPySDBS/Ti electrode were optimized, i.e. SDBS concentration
of 1.00 g/L, Pd electrodepositing current of 20 mA, and
time of 30 min. The prepared Pd/PPy-SDBS/Ti electrode
was characterized by scanning electron microscopy (SEM),
cyclic voltammetry (CV) and inductively coupled plasmaatomic emission spectrometry (ICP-AES). Electrocatalytic
dechlorination of 2,4-DCP in aqueous solution was performed in a two-compartment cell separated by cation-exchange membrane. The conversion efficiency of 2,4-DCP
could be up to 96.7% within 90 min with current of 5 mA
when initial concentration was 100 mg/L. The Pd/PPySDBS/Ti electrode shows high catalytic activity and low
cost, presenting a good application prospect in dechlorination of chlorinated organic compounds.
KEYWORDS: Dechlorination; 2,4-dichlorophenol (2,4-DCP); electrodeposition; composite electrode

1. INTRODUCTION
Chlorophenols (CPs), including 2,4-DCP have been
widely used as wood preservatives, and as pesticide/herbicide precursors. Furthermore, they can also be found in effluent streams associated with the pulp and paper industries. Because of the toxic nature, chlorinated organic compounds with high initial concentration are not suitable to be
degraded by conventional biological methods [1]. Therefore, it is very important to develop an efficient method
to dispose chlorinated organic compounds. In the last few
* Corresponding author

years, various destructive techniques including adsorption,
thermal and chemical treatments have been developed for
the detoxification of organic pollutants. Adsorption and
thermal methods are easy to produce secondary pollutants
in the subsequent processing [2, 3]. Advanced oxidation
processes require the choice of appropriate catalytic materials and may produce harmful by-products [4-8].
An electrochemically reductive process is a potential
method for the degradation of chlorinated compounds. The
mechanism of electrochemically reductive dechlorination
is known as electrocatalytic hydrogenolysis (ECH), a process in which chemisorbed hydrogen atoms are generated
on the electrode surface by electrolysis of water, and then,
exchange with chlorine atoms [9-11]. This is a green technology as an electrochemical process. The electron, as
main reductant in this process, is a clean agent. In addition,
it does not produce secondary contaminants which are difficult to be disposed of.
Among the factors affecting the ECH efficiency, the
nature of the electrode material and the feature of the electrode surface are very important. Palladium (Pd) is considered as the most ideal catalyst for ECH due to its unique
function in adsorption of hydrogen [12, 13]. Thereby, Pd
catalysts were usually selected in the hydrodechlorination
of CPs in liquid phase [14-17]. Titanium (Ti) is one of the
most general metal materials in the electrolytic industry
[18-20], and can be employed as the cathode substrate.
Since the discovery of electric conductivity polymers
[21-24], especially polypyrrole (PPy), the field of electrode
material science has been developed rapidly because of
their high electrical conductivity, chemical stability, and
satisfactory processability. Conductive polymers can be
used as proper host matrices to obtain highly dispersed metallic particles [25]. Metal microparticles dispersed on polymer-modified electrodes have been recognized having
potential applications in the electro-catalysis. It has been
demonstrated that surfactants are effective for chemical
and electrochemical polymerization of PPy [26-28], and
surfactant plays an important role in the electropolymerization process [29]. In our previous studies, surfactants that
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exhibit stronger interaction with polymers have been reported, such as CTAB and SDS [30]. It appears, however,
that the surfactant plays a crucial role in the activity of the
electrode, which can justify the need for testing different
surfactants.
In this work, Pd microparticles were electrodeposited
on a PPy-SDBS film, which was previously electrodeposited on a meshed Ti electrode. The application of Pd/PPySDBS/Ti composite electrode as the heterogeneous catalyst for hydrodechlorination of 2,4-DCP was investigated.
2. MATERIALS AND METHODS
2.1 Chemicals and materials

Experimental chemicals, including acetone, palladium
chloride (PdCl2) powder, sulfuric acid (H2SO4), hydrochloric acid (HCl), sodium sulfate (Na2SO4), oxalic acid (H2C2O4),
sodium carbonate (Na2CO3), pyrrole (Py) and SDBS were
of analytical standard and supplied by Beijing Reagent Co.
2,4-DCP was obtained from Aldrich Co. Meshed Ti was obtained from Anping Wire Screen Mesh Plant, China. The
aperture density and line diameter of meshed Ti were 150 ppi
and 0.10 mm, respectively. Electrodepositing process was
conducted with constant electrode surface area (2.0×4.0 cm,
total geometrical surface area 8.0 cm2). Cation-exchange
membrane Nafion-324 (DuPont) was obtained from SigmaAldrich Chemical Co. All solutions were prepared with
Millipore-Q water.
2.2 Electrode preparation

At first, the Ti substrate was pretreated. A meshed Ti substrate was placed in 0.3 mol L−1 Na2CO3 solution at 363 K for
30 min to remove the surface grease. Then, it was placed
in 0.1 mol L−1 boiling oxalic acid for 30 min to remove the
surface oxides. Finally, it was rinsed thoroughly with Millipore-Q water and soaked in ethanol for later use.
Firstly, PPy-SDBS/Ti electrode was synthesized by
polymerization of Py to PPy with SDBS doping. PPySDBS films were formed on meshed Ti substrate by electrodepositing in 50 ml mixed solution containing 0.3 mol/L
H2SO4, 0.1 mol/L distilled Py, and a certain concentration
of SDBS with electrodepositing current of 5 mA for 5 min.
Prior to electro-polymerization, the solution was deoxygenated by N2 for 5 min. Meshed Ti (2 cm×2 cm) was used
as the anode, and the platinum foil (2 cm×4 cm) was used
as cathode. Then, Pd/PPy-SDBS/Ti electrode was prepared
by electrodeposition in Pd chloride solution with a concentration of 22.5 mmol/L. In this process, the platinum foil
was used as anode and the meshed Ti supporting electrode
with polymeric film was used as cathode. Pd electrodepositing current and time on the supporting electrode were
studied, respectively.

membrane. Cation-exchange membrane was used to prevent the chloride ions (Cl-) generated on the cathode during
dechlorination process from transporting to the anode surface forming Cl2, and avoiding the dechlorination products being re-chlorinated further. Freshly prepared Pd/PPy-SDBS/Ti
electrode was used as cathode and a platinum foil was used as
anode. Constant current was employed for dechlorination
of 2,4-DCP on the prepared electrode.
2.4 Analytical methods

The electrochemical characterization of Pd/PPySDBS/Ti electrode was carried out by cyclic voltammetry (CV) using a CHI 660C advanced electrochemical
workstation (potentiostat/galvanostat) with a conventional
3-electrode system. Pd/PPy-SDBS/Ti electrode was used as
working electrode, a platinum foil was used as the counter
electrode and an Hg/Hg2SO4-saturated K2SO4 was used
as the reference electrode. All the CV tests were performed in 0.5 mol/L Hg2SO4 solution. The morphology of
the electrode surface was studied by scanning electron microscope technique (SEM, JEOL JSM 6500F, Japan). The
crystalline feature of Pd particles dispersed on the surface
of the electrode was determined by X-ray diffraction
(XRD) using a D8 Discover with Gadds XRD system, with
Cu-Kα radiation, operating at 40 kV and 50 mA (Bruker/
AXS, Germany). The loading level of Pd particles was analyzed by inductively coupled plasma-atomic emission
spectro-metry (ICP-AES, RIS Intrepid ER/S, Thermo Elemental, USA). The concentrations of 2,4-DCP and intermediate products were determined by high performance liquid
chromatography (HPLC, Waters 1525, USA). The conversion efficiency and the current efficiency were calculated
following the methods reported in the literature [31]. The
conversion efficiency (η) was expressed as follows:

 (%)  [(C 0  Ct ) / C 0 ]  100

(1)

where, C0 was the initial concentration of 2,4-DCP
(mg/L), and Ct was 2,4-DCP concentration at different
electrolysis times t (mg/L).
The current efficiency (φ) was calculated as that part
of current (or charge) passed to convert the starting 2,4DCP to phenol, 2- or 4-chlorophenol (CP):

 (%)  {[( m1  n1  m 2  n 2 )  F ] / ( I  t )}  100

(2)

where, m1 was the quantity of the converted 2,4-DCP
(mol), n1 was the number of electrons in forming phenol
from 2,4-DCP (n1=4), m2 was the total quantity of the residual 2-CP and 4-CP (mol), n2 was the number of electrons in forming phenol from 2-CP or 4-CP (n2=2), F was
Faraday constant (96,500 C/mol), I was dechlorination current (A), and t was dechlorination time (s).
3. RESULTS AND DISCUSSION

2.3 Dechlorination experiment

Dechlorination experiments were carried out in a twocompartment cell (volume of electrolyte in each compartment was 30 ml) which was separated by a cation-exchange

3.1 Preparation parameters of the composite electrode

According to the theory of electrochemically reductive
dechlorination [32], it was the critical process of dechlorin-
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ation reaction that adequate hydrogen atoms were adsorbed
on the electrode. The hydrogen atom amount on the electrode could be reflected by the cyclic voltammogram (CV
curves), the higher hydrogen adsorption/desorption current
in the CV curves, the larger quantity of adsorbed/desorbed
hydrogen atoms on the electrode [33, 34]. Therefore, the
electrode with higher hydrogen adsorption current is preferable to electrochemically reductive dechlorination of
chlorinated organic compounds.
3.1.1 Effect of SDBS concentration

A surfactant can accelerate the reaction of polymerization and make the polymeric film extending well. In our
previous work [30], it had been demonstrated that the surface property can be changed markedly by anion-doped
PPy, and the initial concentration of Py was discussed in
the cell. Herein, Py concentration of 0.10 mol/L was the
optimized result according to our previous work.
To discuss the effect of SDBS concentration, electrodepositing current of 5 mA and time of 5 min were fixed.
Pd/PPy-SDBS/Ti electrodes were prepared under different
concentrations of SDBS (0.50, 0.75, 1.00, and 1.25 g/L, respectively). Pd electrodepositing current and electrodepositing time was 20 mA and 10 min, respectively. Figure 1
plots the CV curves of Pd/PPy-SDBS/Ti electrode in
H2SO4 solution. From Fig. 1, the hydrogen adsorption current increased first, then decreased after reaching a maximal value with the incremental dosage of SDBS. The maximal hydrogen adsorption current was obtained at the
SDBS concentration of 1.00 g/L.

FIGURE 1 - CV curves of Pd/PPy-SDBS/Ti electrodes prepared with
different SDBS concentrations (scan rate, 50 mV/s; electrolyte, 0.5
mol/L H2SO4 solution; PPy-SDBS film electro-oxidation with current
of 5 mA for 5 min; Pd electrodepositing with current of 20 mA for 10
min).

According to the literature [34], PPy has a significant
overlap of delocalized π-electrons along the polymer chain,
but this is insufficient for electrical conductivity, and redox
perturbation of the polymer chain is necessary. Oxidation
procedure could produce an electron-deficient polycationic
chain. This procedure required uptake of anions from the
surrounding medium for charge compensation. When the

surfactant concentration was low, the polymeric film grew
slowly and could not polymerize well. An appropriate concentration of SDBS was necessary to help the polymerization of Py to PPy. Moreover, the anion-doped PPy could
act as co-catalyst in ECH process. However, when the concentration exceeded a certain value, the number of nucleation sites on the surface of the polymeric film might reduce.
Subsequently, Pd particles would congregate and the hydrogen adsorption current decrease. Therefore, SDBS concentration of 1.00 g/L was the proper concentration, and
was selected as preparation constant for PPy-SDBS film on
meshed Ti substrate.
3.1.2 Effect of electrodepositing current

Pd electrodepositing current was investigated under
the fixed Pd electrodepositing time of 35 min. Figure 2
shows the CV curves of the Pd/PPy-SDBS/Ti electrode under different Pd electrodepositing current values (10, 15,
20, 25, 30 and 35 mA, respectively). With the increase of
electrodepositing current, the electrode potential improves.
Thereby, the driving forces were strengthened to form Pd
nucleus, so that the crystallite size of Pd on the polymeric
films becomes smaller. However, the concentration polarization occurred with the drastic increase of the electrodepositing current, which results in the aggregating of Pd particles, and makes the electrocatalytic capability of the electrode fall down. The lower hydrogen adsorption current
was achieved, accordingly. The maximal hydrogen adsorption current was obtained when the electrodepositing current was 20 mA for Pd/PPy-SDBS/Ti electrode. Therefore,
Pd electrodepositing current of 20 mA was selected as
preparation constant for Pd/PPy-SDBS/Ti electrode.

FIGURE 2 - CV curves of Pd/PPy-SDBS/Ti electrodes prepared with
different electrodepositing current in 0.5 mol/L H2SO4 solution (scan
rate, 50 mV/s, Pd electrodepositing time, 30 min).
3.1.3 Effect of electrodepositing time

Electrodepositing time is an important parameter for
electrode preparation, which affects the amount of deposited Pd particles. The effect of electrodepositing time
was investigated under the selected Pd electrodepositing
current of 20 mA. Figure 3 shows the CV curves of
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Pd/PPy-SDBS/Ti electrode under Pd electrodepositing
times of 15, 20, 30, 35, and 40 min, respectively. It was
noted that the maximal hydrogen adsorption current was
obtained when the electrodepositing time was 30 min.
Therefore, Pd electrodepositing times of 30 min were
selected as preparation constants for Pd/PPy-SDBS/Ti
electrode.

pared without modification of the interlayer under the same
electrodeposition condition. It testified that the PPy-SDBS
composite film was conducive to the formation of small Pd
particles.

FIGURE 3 - CV curves of Pd/PPy-SDBS/Ti electrode prepared with
different electrodepositing time in 0.5 mol/L H2SO4 solution (scan
rate, 50 mV/s, electrodepositing current, 20 mA).

In summary, the optimized preparation parameters of
Pd/PPy-SDBS/Ti electrode were achieved, i.e. SDBS concentration was 1.00 g/L, Pd electrodepositing current was
20 mA, and time 30 min, respectively.
3.2 Characterization of the Pd/PPy-SDBS/Ti electrode

The morphologies of the surface of Pd/PPy-SDBS/Ti
electrode were observed by SEM. Figure 4 gives the SEM
images of Pd/PPy-SDBS/Ti electrode under different zoom
scales. Pd microparticles deposited on the PPy-SDBS/Ti
film uniformly with spheroidal structure, and their sizes
were about µm, and even small to nano-scale. From the
high magnification picture (Fig.4 (b)), the accumulating/amassing laminated structures with good spatial extensibility led to higher superficial areas and provided more
reaction sites for dechlorination.
The crystallographic information of the Pd/PPySDBS/Ti electrode was investigated by XRD (Fig. 5). The
only peak near 2 value of 40.1 originated from the crystal
lattice of Ti. The diffraction peaks at 2 values of 40.2,
46.7, 68.2, 82.2, and 86.7 could be attributed to the (111),
(002), (022), (311), and (222) reflection of the crystal lattice of Pd. The results confirmed that Pd particles with the
crystal lattice were successfully deposited on the electrode.
The average diameter of Pd nanoparticles on the Pd/PPySDBS/foam-Ni electrode (Fig. 5(a)) was calculated to be
10.6 nm by Scherrer equation, which was smaller than
13.8 nm on Pd/PPy/Ti electrode (Fig. 5(b)), and 11.5 on
Pd/Ti electrode (Fig. 5(c)). Pd/PPy/Ti electrode was prepared with the same electrodeposition condition, except
PPy film without SDBS doping. Pd/Ti electrode was pre-

FIGURE 4 - SEM images of Pd/PPy-SDBS/Ti electrode at different
magnifications: 5,000× (a) and 100,000× (b).

FIGURE 5 - XRD spectra of Pd/PPy-SDBS/Ti electrode (a),
Pd/PPy/Ti electrode (b), and Pd/Ti electrode (c).

Under the selected deposition conditions, the loading
level of Pd particles on Pd/PPy-SDBS/Ti by ICP-AES was

542

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

analyzed. Based on the Pd cover area of 8 cm2, the loading
level of Pd particles was 0.72 mg/cm2 on the electrode.
3.3 Electrochemically reductive dechlorination of 2,4-DCP in
neutral aqueous solution

The optimized Pd/PPy-SDBS/Ti electrode was used as
cathode for electrocatalytic dechlorination of 2,4-DCP in
neutral aqueous solution, with 0.05 mol/L Na2SO4 as supporting electrolyte in both catholyte and anolyte solutions.
Conversion efficiency of 2,4-DCP and current efficiency
were investigated under different constant current values.
Moreover, the effect of the initial concentration of 2,4-DCP
was investigated.
3.3.1 Effect of dechlorination current on 2,4-DCP conversion
efficiency

Figure 6 shows the effect of the applied current on electrochemically reductive dechlorination of 2,4-DCP on
Pd/PPy-SDBS/Ti electrode in aqueous solution. The initial
concentration of 2,4-DCP was 100 mg/L, the investigated
dechlorination current was 1, 3, 5, 8 and 10 mA, separately.
The current of 1 mA was too low for the dechlorination reaction (Fig. 6). It could be explained that the active hydrogen
was produced insufficiently under the low current. When the
current was increased to 3 mA, conversion efficiency of 2,4DCP on Pd/PPy-SDBS/Ti electrode was increased with time.
When increasing dechlorination current further, the feature
of the 2,4-DCP conversion efficiency curves at different currents was similar: conversion efficiency of 2,4-DCP on
Pd/PPy-SDBS/Ti electrode increased dramatically before
50 min, then it increased slightly at later phase (50-110 min).
Therefore, it was inferred that decreased concentration of
2,4-DCP on the surface of the electrode was a limiting factor
in dechlorination process. The conversion efficiency of 2,4DCP was close to 100% after 90-min electrolysis with
dechlorination current of 5 mA. However, it was noteworthy
that conversion efficiencies at 8 mA and 10 mA were lower
than that of 5 mA in the later phase of dechlorination. This
result probably could be explained that hydrogen evolution
on the electrode is intensified by the increasing current, and
it would restrict the access of liquid and restrain the mass
transport of 2,4-DCP molecules to the surface of the catalyst
[35].

FIGURE 6 - Conversion efficiency of 2,4-DCP as a function of current
and time (C0 = 100 mg/L).

FIGURE 7 - Current efficiency of 2,4-DCP dechlorination as a function of current and time (C0 = 100 mg/L).

3.3.2 Effect of dechlorination current on current efficiency

Current had a great effect on reaction rate and process
efficiency of the electrochemically reductive dechlorination of 2,4-DCP. Figure 7 shows the obtained current efficiency of 2,4-DCP electrochemical dechlorination on the
Pd/PPy-SDBS/Ti electrode at different currents. Current
efficiency on Pd/PPy-SDBS/Ti electrode decreased with
the increase of dechlorination current. With integrated
analysis of conversion efficiency and current efficiency,
dechlorination current of 5 mA and dechlorination time of
90 min were the optimum dechlorination conditions in the
experiment. Conversion efficiency of 2,4-DCP and current
efficiency of dechlorination on Pd/PPy-SDBS/Ti electrode
reached 96.7% and 24.4%, respectively.

FIGURE 8 - Conversion efficiency of 2,4-DCP as a function of initial
concentration and time (I = 5 mA).
3.3.3 Effect of initial 2,4-DCP concentration

The effect of 2,4-DCP concentration on conversion efficiency with various initial concentrations (100, 125, 150
and 175 mg/L) was examined, with the dechlorination cur-
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rent of 5 mA. Results are shown in Fig. 8. Conversion efficiency of 2,4-DCP could reach 96.7% at 90 min when initial concentration was 100 mg/L. It was found that conversion efficiency decreased when initial concentration increased further. For example, conversion efficiency of 2,4DCP decreased to 83.9% at 90 min, when initial concentration increased to 125 mg/L. It could be inferred that, in
the near neutral solution, the active hydrogen on Pd/PPySDBS/Ti electrode was produced insufficiently for dechlorination under the current of 5 mA. In addition, 2,4-DCP
concentration on electrode surface increased with the increase of the initial concentration, while the water molecules that reached the electrode surface decreased.

SDBS/Ti electrode exhibits a prospect with high catalysis
activity and low cost.
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3.3.4 Reaction order of 2,4-DCP dechlorination

Figure 9 plots the correlation between 2,4-DCP concentration and time on Pd/PPy-SDBS/Ti electrode with 5
mA current, based on the initial concentration of 100 mg/L
2,4-DCP. There existed good linear relationship between
2,4-DCP concentration and time (correlation coefficient R2
= 0.9937). Dechlorination reaction of 2,4-DCP might be
thought as a pseudo-first order reaction under the experimental conditions.

FIGURE 9 - Linear fit of lnC2,4-DCP and time on Pd/PPy-SDBS/Ti electrode.
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ABSTRACT
The purpose of this study is to investigate the effectiveness of the application of colostrum in aflatoxin toxication. For this aim, a total of 48, 3-4 month old Balb C female mice were used, and 4 groups were established. The
animals of group 1 were the control group used. Groups 2, 3
and 4 were given 500 mg/kg bw/day bovine colostrum, 750
µg/kg bw/day aflatoxin (approximately 77% AFB1, 15%
AFB2, 5% AFG1 and 3% AFG2) and 500 mg/kg bw/day
bovine colostrum plus 750 µg/kg bw/day aflatoxin, respectively, for 21 days by gavage. The MDA levels and the activities of CAT, SOD and GSH-Px were measured in the
blood. Furthermore, levels/activities of the glucose, triglyceride, cholesterol, total protein, albumin, BUN, bilirubin, AST and ALP were performed in serum. These results
showed that AF caused negative changes in all the oxidative stress parameters and in some biochemical parameters
(triglyceride, total protein, AST and ALP), and applications of colostrum alleviated AF toxicity. It was concluded
that colostrum is one of the compounds that can be used as
a supportive agent in case of aflatoxin intoxication.

KEY WORDS: Aflatoxin, colostrum, oxidative stress, biochemical
parameters, mice.

1. INTRODUCTION
Aflatoxins are highly toxic secondary metabolites synthesized by fungi; especially Aspergillis flavus and A. parasiticus. The four major aflatoxins are described as AFB1, B2,
G1 and G2. With respect to toxicity, the most toxic compound is AFB1 [1, 2]. Aflatoxins mainly exhibit toxic effect
by means of epoxide derivatives such as AFB1-8,9 epoxide
converting by cytocrome P450. The extremely reactive
compounds are bound with covalent bonds to DNA and vital
molecules in the biological system [3, 4].
* Corresponding author

In addition to the aforementioned effects, aflatoxins also
induce oxidative stress, and cause the formation of lipid
peroxidation. The oxidative stress is an important mechanism in the formation of aflatoxin toxication [5, 6].
Colostrum is the first milk for the newborn of all mammals in the first 5-7 days after birth. This early milk has
nutrient properties and immunological combinations, which
are different from mature milk. The role of this milk for a
new-born during the first few days of life is to supply nutrition. In addition, this milk maintains protection against
infection while the immune system is just developing. It
has many essential nutrients like carbohydrate, fat and protein as well as some biologically effective contents such as
immunoglobulins, growth factors, antimicrobial compounds,
and so on [7-9]. Colostrum is also rich in antioxidative factors
such as enzymatic antioxidants (lactoperoxidase, catalase,
superoxide dismutase, glutathione peroxidase), non-enzymatic antioxidants (vitamin E, A, C and lactoferrin, selenium) and others (Cu, Zn, ceruloplasmin, colostrinin, cysteine) [8-10].
The oxidative stress is related to alterations in oxidant/antioxidant balance. Certain cellular antioxidant enzymes such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-Px) have vital
roles [11-13] in order to maintain such a balance. Synchronously with the high level of malondialdehyde (MDA) that
occurs during the oxidative stress, the changes of activities
of some of the antioxidant enzymes in the biological system
indicate the severity of the lipid peroxidation and oxidative
stress [14, 15]. This also contributes to the evaluation regarding the dimension of the contingent depredation in the
tissues and organs, which have been shaped with different
mechanisms in some of their biochemical parameters [16].
The hypothesis of this study was based on determining
whether or not bovine colostrum, whose antioxidant activity is extremely high for both protective and therapeutic purposes in case of aflatoxin poisoning, will be used. To our
knowledge, there have been no studies to date that have been
conducted in this subject area. There are also no studies regarding the usage options of bovine colostrum in the different toxic substance where oxidative stress plays a primary
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role, and therefore, this area has not been sufficiently researched. From this aspect, this experimental study is regarded as being beneficial to science. To this end, the effectiveness of the bovine colostrum in the mice toxicated
with aflatoxin in an experimental condition has been evaluated using some biomarkers of oxidative stress and biochemical parameters.
2. MATERIALS AND METHODS
Chemicals: Chemicals used in the experiments and
analysis were purchased from Sigma-Aldrich (St Louis,
MO, USA) or Merck (Darmstadt, Germany). The colostrum
was obtained from GNC, Corporations (Pittsburgh, PA,
USA).
Aflatoxin Production: Aflatoxin was produced in rice
by using the Aspergillus parasiticus (NRLL 2999) strain.
The method reported by Shotwell et al. [17] and modified
by Demet et al. [18] was used for aflatoxin production in
rice. The extraction/purification of the aflatoxin produced
from rice and type analysis were carried out as outlined by
Robert and Patterson [19] with some modifications and
Nabney and Nesbit [20], respectively. The percentages of
AFB1, AFB2, AFG1 and AFG2 in extract were found as approximately 77%, 15%, 5% and 3%, respectively. The
amount of total aflatoxin in the extract was determined by
means of a Ridascreen (r-biofarm) aflatoxin total test kit
and its analysis procedure. Following extraction and analysis, organic solvent containing aflatoxin was evaporated.
Then aflatoxin was dissolved in mixture of dimethysulfoxide/water (3:7, v/v) for experimental application.
Experimental Animal: Forty eight (3-4 month old) female mice pertaining to the breed of Balb-C were used. The
animals were divided into 4 groups containing 12 mice in
each. The first group was established as the control group,
whereas groups 2, 3, and 4 were administered with 500
mg/kg bw/day bovine colostrum (suspended in deionized
water), 750 µg/kg bw/day aflatoxin and 500 mg/kg bw/day
bovine colostrum plus 750 µg/kg bw/day aflatoxin (in dimethyl sulfoxide) for 21 days, respectively. Aflatoxin was
administered early in the morning, whilst colostrum was
given, 8 hours after the first treatment performed on that
day by gavage. In determining the dose and the time regarding the application of aflatoxin, similar previously
conducted studies [21, 22] were applied. Due to the similar
effects [23, 24], colostrum powder (commercial colostrum)
was used in the trials. The protocol of the present study was
approved by the Ethics Board for Experimental Animals at
Erciyes University.
Sample Collection and Preparations of Analysis:
Blood samples were taken from all the animals into tubes
under a light ether anesthesia. The blood samples (without/with anticoagulant) were centrifuged at 3000 rpm for
10 minutes at 4 °C (Sigma 3K30, Sigma Laborzentrifugen

GmbH, Osterode am Harz, Germany) and their erythrocytes, plasma, and serum were separated. The erythrocytes
obtained were washed in saline phosphate buffer (pH: 7.4)
[25]. All samples were stored at −80 °C until analysis.
The Erythrocyte Hemoglobin Level Measurement:
This was performed according to the method developed by
Fairbanks and Klee [26]. The essence of the method is dependent on the measurement of the cyanomethemoglobin
that occurs in the analysis process. Measurements were taken
at 540 nm against the Drabkin reagent in the spectrophotometer. Results were expressed in mgHb/ml hemolysate.
The Plasma MDA Measurement: This was measured
using the method described by Yoshioka et al. [27]. The
principle of the method is the forming of a pink colored
product after the MDA and thiobarbituric acid reacts under
the acidic condition. The absorbance of this color pink was
read at a wave length of 535 nm in the spectrophotometer.
The results were presented in the form of nmol/ml.
The Erythrocyte CAT Activity Measurement: In the
analyses, the method described by Luck [28] was used. The
principle of the method is based on the decomposition of
hydrogen peroxide in a test environment by the CAT in the
sample. The decrease in the absorbance, as is in parallel
with the catabolism of the hydrogen peroxide, was observed at 240 nm in the spectrophotometer and the results
were presented in the form of μmol H2O2 consumed/min/gHb.
The Erythrocyte SOD Activity Measurement: In the
analyses, Sun et al.’ method [29] was used. The principle
of the method is based on prevention the reduction in the
nitroblue tetrazolium existent in the analysis condition by
the SOD in the sample with its superoxide radicals. Against
blind, the formed color change was measured at 560 nm in
the spectrophotometer. The results were given in the form
of U/mgHb.
The Erythrocyte GSH-Px Activity Measurement: This
was measured according to the method described by Paglie
and Valentie [30]. The principle of the method is based on
the reduced glutathione oxidation. This reaction is interceded by NADPH and glutathione reductase. The fall in
absorbance was observed at a wavelength of 366 nm in the
spectrophotometer. The results were given in the form of
μmol NADPH consumed/min/gHb.
Measurement of Biochemical Parameters in Sera: The
measurements of serum glucose, triglyceride, cholesterol,
T-protein, albumin, blood urea nitrogen (BUN), bilirubin,
aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) activities/levels were carried out automatically by
means of an Abbott auto-analyzer (Abbott laboratories, Illinois, USA). The enzyme activities among the parameters
examined were given in the form of U/L. The remaining
parameters except for T-protein and albumin levels were
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expressed as mg/dL. T-protein and albumin levels were implied as g/dL.
Statistical Analysis: Calculations were made by using
the SPSS 10.0 for Windows’’ package software. The results were given with arithmetical means and standard deviations. The statistical significances between groups were
determined by means of the one-way analysis of variance
(ANOVA). The individual evaluations of the different
groups were performed according to the Duncan test.
3. RESULTS
As seen in Table 1, compared to the control, a significant increase in the glucose, triglyceride, and cholesterol
levels was detected. In the other examined parameters, no
significant changes were detected in the group which was
given colostrum alone. In the other words, in the group receiving colostrum the values for most parameters have
been closer to the control group values. This evidence that
is on its own is not a cause of oxidative stress and other
negative side effects.
Compared to the control group, a significant increase
was observed in the plasma MDA level and the erythrocyte
GSH-Px activity from the oxidative stress markers, a significant decrease was also detected in the SOD and CAT
activities in the group which received aflatoxin alone.
Moreover, compared to the control group, a significant decrease was detected in the serum triglyceride and total protein levels in terms of the biochemical parameters in the
group given aflatoxin alone; whereas in the AST and ALP
activities, a significant increase was detected. Other unmentioned parameters between control group and the
group treated with aflatoxin alone did not observed a sig-

nificant change. These results evidence that in the given
period and dose aflatoxin triggers lipid peroxidation/oxidative stress. Mentioned changes are shown in Table 1.
In the group treated with aflatoxin plus colostrum, it
was observed that the values were seen coming close to the
control group values. In other words compared to the control group, while most parameters like MDA, SOD, CAT,
GSH-Px, triglyceride, total protein, AST and ALP were
statistically significant compared to the aflatoxin-administered group, the same parameters became insignificant in
the group given aflatoxin along with colostrum aside from
the AST activities. Thus, in the group receiving aflatoxin
combined with colostrum, although the AST activity became closer to the control group values, the difference between the two groups maintained significant. There was
significant recovery in most parameters of animals treated
with both compounds compared to the group administered
aflatoxin alone. These alterations can be seen in Table 1.
4. DISCUSSION
In the group receiving colostrums alone, the fact that there
were no significant changes in the oxidative stress markers
compared to the control group demonstrated that the mentioned compound has no negative effects from this aspect.
This was also emphasized upon in the other similar studies
[31, 32]. However, the increase in the glucose, cholesterol and
triglyceride levels is due to the amount of some compounds
partaking in the composition of colostrums [9, 33, 34].
One of the mechanisms of aflatoxins to form free radicals is directly related to the metabolic processing of aflatoxin B1 by cytocrome P450 [2]. Other toxic mechanisms
of aflatoxin includes depletion of stocks of vitamin A [35]

TABLE 1 - Effects of colostrum and aflatoxin on oxidative stress marker and some biochemical parameters in mice.
Parameters

Groups*
Group 1
Group 2
Group 3
Group 4
MDA (nmol/ml)
3.41±0.68ab
2.98±0.48a
5.02±1.00c
3.86±0.45b
SOD (U/mgHb)
0.58±0.11a
0.56±0.09a
0.40±0.06b
0.50±0.09a
CAT (μmol H2O2 consumed/min/gHb)
18.81±2.40a
19.19±2.21a
13.43±1.61b
17.49±1.72a
GSH-Px (μmol NADPH consumed/min/gHb)
22.58±4.33a
24.65±7.46a
36.00±5.42b
21.10±3.72a
Glucose (mg/dL)
116.42±35.94a
202.94±32.33b
79.43±13.00a
109.97±28.24a
Triglyceride (mg/dL)
39.99±6.99a
63.31±1.72c
28.88±4.05b
32.32±8.24ab
Colesterol (mg/dL)
21.42±3.68ab
52.32±12.80c
32.21±5.59b
17.66±3.98a
T-Protein (g/dL)
4.28±0.90a
4.49±0.12a
3.05±0.66b
3.83±0.51ab
ab
b
a
Albumin (g/dL)
0.64±0.14
0.79±0.15
0.38±0.21
0.63±0.19ab
BUN (mg/dL)
15.71±3.68
16.99±1.27
13.88±2.79
15.66±5.14
Bilirubin (mg/dL)
1.49±0.91
1.26±1.57
1.33±1.92
2.23±1.60
AST (U/L)
34.99±14.06a
60.31±10.90ab
201.09±26.94c
127.30±83.39b
ALP(U/L)
22.85±6.99a
28.99±9.75a
43.32±6.90b
33.99±10.58ab
*. Group 1, control; group 2, colostrum; group 3, aflatoxin; group 4, aflatoxin plus colostrum.
Means not sharing a common superscript letters (a-c) differ significantly at p<0.05. Statistically significant differences obtained for each parameter
between groups is indicated by a vs b, c; b vs c.
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and glutathione [5, 36], which are potent free radical scavengers. In addition, aflatoxin exposure causing alterations
in some biochemical parameters is directly related to organ
injury such as the liver and kidney [37-39]. Biological system was determined to be seriously affected by aflatoxin
exposure in this study. Compared to the control group, the
highest increase in MDA levels was observed to have occurred in the group receiving aflatoxin alone. The results
provided from the current samples demonstrated that aflatoxin caused formation of high levels of free radicals and
indicated that these free radicals could not be compensated
by antioxidant defense systems. On the other hand, the activities of three antioxidant enzymes (SOD, CAT and GSHPx) were decreased (CAT and SOD)/increased (GSH-Px) in
the animals receiving aflatoxin alone. The alterations in the
mentioned parameters suggested the converting activities
of the antioxidant enzymes to be insufficient in the eliminating of free radicals that takes place to a high level following the application of aflatoxin. The increase in the
MDA level also supported this case. The decrease or increase in the activities of the enzymes (two-way response)
could be elucidated either with their consumption and induction during the reduction of free radicals into less harmful or harmless products, or secondarily with the direct
stimulatory or inhibitory impact of aflatoxin. Amongst the
relevant studies that have been conducted on mice, aflatoxin has been reported to cause changes in oxidative stress
markers in various biological materials; in a study conducted by Eraslan et al. [22], in which mice were administered with 625 µg/kg bw of aflatoxin for a period of 21, a
significant increase was observed in tissue MDA levels,
whilst SOD, CAT and GSH-Px activities displayed bidirectional alterations (increase or decrease). Kanbur et al.
[21] detected that, when administered at a dose of 1250
µg/kg bw for 14 days, ascertained that MDA levels had increased, and in the mean time, decreased/increased SOD,
CAT and GSH-Px activities in the tissues. Naaz et al. [40]
have shown that administration of aflatoxin B1 at a dose of
66.6 µg/kg bw for 90 days resulted in significantly increase
kidney MDA levels, whilst SOD, CAT and GSH-Px activities had decreased in the kidney. The results obtained in
the current study are similar to data obtained in previous
researches.
In the present study, the changes in AST, ALP activity
and triglyceride levels implied to the disorder of the mainly
liver, in the group which was administered aflatoxin alone
[37-39]. The decrease in the total protein levels is also indicative of a disorder in the protein synthesis metabolism
[41]. Referring to similar studies, El-Neekety et al. [37] fed
rats with 2.5 ppm aflatoxin in feed for 28 days. They reported that AST and ALP activities had increased. In another study conducted by Mathuria and Verma [42], in
which mice received 750 and 1500 µg/kg bw of aflatoxin
for 45 days; observed a decrease in protein level and increase in AST activity. Again, Adedara et al. [43] found a
significant increase in AST and ALP activities after the administration of aflatoxin B1 of 9 mg/kg bw for 7 days in

mice. In another study, Casado et al. [44] administered
mice with 10 ppb aflatoxin with feed for 90 days and determined such exposure led to decrease triglyceride level.
Such alterations were also observed in the present study.
Therefore it can be stated that the present study displays
similarity to previously research.
The closing of values pertaining to blood MDA levels
and SOD, CAT and GSH-Px activities of the group which
was administered colostrums plus aflatoxin, to those of the
control group, and changes in oxidative stress markers of
blood demonstrated that colostrum exhibiting an antiradical effect. Colostrum has been reported to display a radicalscavenging effect and to cause free radical degradation due
to certain contents as mentioned in the introduction [8-10].
A decrease in the indicated level of free radicals brings
about an antiradical effect and consequently an antioxidant
effect, thereby resulting in the normalization of MDA levels and antioxidant enzyme activities. Improvement in
some biochemical parameters was observed in values pertaining to the group which was administered colostrum
plus aflatoxin, and similar to oxidative stress parameters.
In other words, the values were determined to have converged with those of the control group for statistically significant parameters. In the previous studies related to the
antioxidant activity of colostrum, it was reported that colostrum had been effective in reducing the oxidative stress
formed due to different reasons such as gamma-irridation
[45], intestinal ischemia/perfusion [46], exercise [31] and
passive immune acquisition [32] and, the fact that some of
its containing enzymatic and non-enzymatic antioxidants
[8-10] had a role in the mechanism of this effect. Yet different studies [47-49] also put forth that bovine colostrum
is extremely rich in terms of the antioxidants binding free
radical and the antioxidants that convert the occurring radical and reactive product into harmless products. In different studies where the effectiveness of the previously mentioned vitamin A [35], vitamin C [5], selenium [50], some
sulphide compounds like cysteine [51] and also some
transport proteins like ceruloplasmin [52] partaking in the
colostrum composition against the aflatoxin exposure had
been evaluated; these compounds were reported to have
positive effects in the aspect of individuality. From this aspect, the study results show a parallelism with previous
studies. As no previous study was encountered, in which
aflatoxin had been administered with colostrums, a comparison of head to head were not able to be made in this
respect.
In conclusion, aflatoxin given over a definite period
and in a measured dose caused disorder in the antioxidant
defense system of mice. In the groups receiving aflatoxin
plus colostrum the severity oxidative stress was reduced;
thus, the potential adverse effects of aflatoxin were mitigated. This is supported by the finding that there was a fall
in the levels of MDA that are indicators of oxidative stress
while antioxidant enzymes move closer to the control
group values. The same situation also applies to some bio-
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chemical parameters. It can thus be argued that the examined compound can be regarded as a therapy against aflatoxin toxication; in cases bearing the potential of toxication
due to aflatoxin it can be preferred as a foodstuff or as preventative supplementary nutrition. In addition, due to the
fact that colostrum contains all the mentioned compounds,
and also that the compound is very rich in terms of antioxidant enzymes such as SOD and CAT, the application of
this compound suggests there could more effective results
for protective and therapeutic purposes.
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GENOTOXIC EFFECTS OF THE
FUNGICIDE SPORTAK ON ZEA MAYS
Özlem Aksoy*, Asuman Deveci and Burçak Tütünoğlu
Department of Biology, Faculty of Science and Literature, University of Kocaeli, Kocaeli, Turkey

ABSTRACT
Sportak is a protective and contact effective fungicide
with active ingredient of prochloraz (450 g/L). It prevents germination in fungi and stops growth of micelial. It belongs
to the group of fungicides which inhibits sterol biosynthesis. It inhibits the biosynthesis of giberellin in plants and
leads to a slowdown in growth and also causes genotoxicity. The cytological and genotoxic effects of different concentrations of Sportak (5 ml/L, 10 ml/L and 20 ml/L) on
corn (Zea mays) were investigated on the basis of the concentration applied to the field. Cytological observations
showed that the mitotic frequency in root meristematic
cells decreased and abnormality freque cy increased in all
concentrations of Sportak. 20 RAPD (Random Amplified
Polymorphic DNA) primers were used. Genomic template
stability changed in RAPD profiles at various Sportak concentrations. Sportak had inhibitory effect on mitosis of Z.
mays and also caused polymorphism in plant genome.
KEYWORDS:
sportak, Zea mays, prochloraz, mitosis, RAPD-PCR.

1. INTRODUCTION
Sportak (EC, emulsion concentrate) is a protective and
contact effective fungicide with active ingredient of prochloraz (450 g/L). It prevents germination in fungi and
stops the growth of micelial. It belongs to the group of fungicides which inhibits sterol biosynthesis. The members of
this group prevent or retard growth in monocotyledones
and dicotyledons. Corn is an important grain crop in our
country in both cultivation area and amount of production
[1]. But there are many factors that adversely affect cultivation of corn and cause significant crop losses. The species of genus Pythium, Fusarium, Diplodia and Macrophomina, which are fungal agents, primarily caused seed, root,
crown and stem rot in corn. As a fungicide, Sportak can be
used effectively to fight fungi in corn fields.
Toxic chemicals induce several cellular stress responses and damage to different cellular components
such as membranes, proteins and DNA [2-4]. Higher plants
* Corresponding author

have been used as good bio-indicators of genetic toxicity
of environmental pollutants [5-8]. Plants acclimate to biotic and abiotic stresses by triggering a cascade or network
of events that starts with stress perception and ends with
the expression of a battery of target genes. The key components of the stress-response relationship are stress stimulus, signals, transducers, transcription regulators, target
genes, and stress responses, including morphological, biochemical, and physiological changes [9]. Dane and Dalgıc [10] have determined that mitotic index was decreased
and chromosomal abnormalities were increased in root cells
of Allium cepa treated with Benlate. Advantages of measuring effects of genotoxic chemicals directly on DNA are
mainly related to the sensitivity and short response time.
Recently, advances in molecular biology have led to the
development of a number of selective and sensitive assays
for DNA analysis in eco-genotoxicology. DNA based techniques (RFLP, QTL, RAPD, AFLP, SSR and VNTR) are
used to evaluate the variation at the DNA sequence level.
Random amplified polymorphic DNA (RAPD) can be used
to detect genotoxicity and differences in RAPD profiles
can clearly be shown when comparing DNA fingerprints
from untreated and treated individuals to genotoxic agents
[11-16]. Chemicals used in agricultural areas in our country over the recomended dose (overdose) may cause a variety of side effects on herbal products. The toxic effects of
Sportak on plant cells have been identified in a small number of studies. The aim of this study is to investigate some
of the toxic effects of different concentrations of Sportak
(5 ml/L, 10 ml/L and 20 ml/L) on sweet corn. For this purpose cytological and molecular studies were carried out to
find out genotoxicity of Sportak.

2. MATERIALS AND METHODS
2.1. Plant material and growth conditions

The common sweet corn, Zea mays L. var saccharata
Sturt cv. Merit was used in this study. The selected seeds
were sterilized with 75% (v/v) ethanol for 2 min, followed
by 10% (v/v) sodium hypochlorite for 10 min and washed
thoroughly with distilled water. The seeds were germinated
for primary roots of 3–5 mm long in sterile Petri dishes
containing four-layer thick tissue papers for 48 h at 25 ± 2 ºC
in dark conditions. The germinated primary roots were treated
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with the concentrations of 5 ml/L, 10 ml/L and 20 ml/L Sportak for 72 h. These concentrations were selected on the basis of root growth inhibition [17].
2.2. Mitotic analysis

The root tips were fixed in Carnoy solution (3:1, alcohol: asetic acid) and hydrolysed in 1 N HCl at 60 ºC for 5–
10 min followed by squashing in a 2% orcein stain in 45%
acetic acid. Slides were examined immediately. The mitotic frequency was determined by examination of 500 cells
per slide and calculated as mitotic cells per 1000 cells. Three
replicates were made for each concentration. To investigate
the percentages of abnormality (chromosomal bridges, lagging chromosomes, chromosomal fragments, etc.) in different stages of mitosis, abnormal cells were counted and the
percentage of abnormal cells was determined in each phase.

size of each amplification product was automatically estimated using the Vision WorksLS Version 6.8. Images were
captured using a high resolution scan and digitalized images were counted directly for RAPD analysis. Genetic
similarity coefficients (phenetic numerical analysis)
among the roots of untreated control and treated roots were
estimated from Nei’s unbiased measure [20] in POPGENE
version 1.31.
TABLE 1 - List of primers name (ID) and their nucleotide sequences
used in the RAPD analysis.

2.3. DNA extraction and RAPD-PCR technique

Germinated roots were collected after 72 h of treatment with Sportak, ground in liquid nitrogen and total genomic DNA was extracted with DNeasy Plant Mini Kit
(Qiagen). Twenty primers (Thermo Scientific) were used
for RAPD analysis; only fourteen OP-10 mer primers that
produced clear and reproducible fragments were selected
for the amplification of the DNA samples as shown in (Table 1). PCR conditions were optimized according to Williams et al. [18]. PCR was performed in a reaction mixture
of 25μl containing approximately 20 ng of genomic DNA,
0.3 μM primer, 20 μM dNTPs, 25 mM MgCl2, 1U of Taq
DNA polymerase (Sigma) and 1X reaction buffer. The
PCR program comprised an initial denaturation step of 1
min at 98°C, followed by 40 cycles of 98°C for 30 sec (denaturation), 34°C for 20 sec (annealing) and 72°C for 30
sec (extension) followed by a final extension period of 30
sec at 72°C. The amplifications were carried out in triplicate. PCR products and a 100-bp DNA ladder (Fermentas)
were resolved electrophoretically in 1% agarose gels containing 0.5 μg/mL ethidium bromide, and run at 90V for
about 1 hr. The molecular weights of the amplification
products were calculated using 100-bp DNA ladder standards (Fermentas). RAPD banding patterns were visualized
using a UV transilluminator and photo documentation was
performed under UV light using a photo imaging system.
2.4. Estimation of genomic template stability

Genomic template stability (GTS) was calculated as
follows: GTS% = (1- a/n) X 100. Where (a) RAPD polymorphic profiles detected in each treated sample and (n)
the number of total bands in the control. Polymorphism observed in RAPD profiles included disappearance of a normal band and appearance of a new band in comparison to
the control RAPD profiles [19]. The average was then calculated for each experimental group exposed to different
Sportak treatments.
2.5. RAPD data analysis

Amplicons (bands) were scored as 1 (presence) or 0
(absence). Only strong bands were scored for analysis. The

Primer number

Primer ID

Primer sequence 5’-- 3’

1

OPC-05

GATGACCGCC

2

OPC-06

GAACGGACTC

3

OPC-08

TGGACCGGTG

4

OPC-09

CTCACCGTCC

5

OPC-11

AAAGCTGCGG

6

OPC-12

TGTCATCCCC

7

OPC-13

AAGCCTCGTC

8

OPC-14

TGCGTGCTTG

9

OPC-15

GACGGATCAG

10

OPC-20

ACTTCGCCAC

11

OPU-02

CTGAGGTCTC

12

OPU-03

CTATGCCGAC

13

OPU-06

ACCTTTGCGG

14

OPU-07

CCTGCTCATC

2.6. Statistical Analysis

The statistical analysis of data was carried out using
SPSS for Windows version 16.0 statistical software (SPSS
Inc, Chicago, USA). Statistically significant differences between the groups were compared using one-way analysis of
variance (ANOVA) and Duncan’s test. The data were displayed as means ± standard deviation (SD), and p-values less
than 0.05 were considered ‘‘statistically significant.’’
3. RESULTS AND DISCUSSION
All used Sportak concentrations had a negative effect
on mitotic division as is shown on (Table 2). The mitotic
frequency was reduced with the increase in concentrations
(Fig. 1). The mitotic frequency was 15% in the control
group, and decreased to 11.4% in 5 ml/L concentration,
10.8% in 10 ml/L concentration and 9.86% in 20 ml/L concentration. Different concentrations of Sportak reduced the
number of phases of mitosis when compared with the control group (Table 2). Especially there was nearly a half reduction in all phases of mitosis in 20 ml/L Sportak concentration.
The percentage of abnormal cells increased after treatment of Sportak. This increase in the percentage of abnormal cells was observed at all concentrations of Sportak for

553

© by PSP Volume 24 – No 2. 2015

Fresenius Environmental Bulletin

TABLE 2 - The effect of Sportak concentrations on phases of mitosis.

Concentration (ml/L)

Number of dividing cells
Prophase
Metaphase
108
40
43
67
68
50
44
72

Mitotic Frequency (%)

Control
5
10
20

Anaphase
64
62
44
28

Telophase
13
1
4

Total
225
172
163
148

16
14
12
10
8
6
4
2
0
Control

5

10

Sportak Concentration (ml/L)

20

FIGURE 1 - The effect of fungicide concentrations on mitotic frequency percentage.

TABLE 3 - The effect of Sportak concentrations on mitotic abnormality percentage.

Concentration (ml/L)

Prophase
N
A

%

Metaphase
N
A

%

Anaphase
N
A

Control
103
5
4.85
36
4
11.10
61
3
5
41
2
4.87
56
11
19.64*
58
4
10
68
47
3
6.38
41
3
20
44
66
6
9.09
27
1
N: Normal dividing cell number, A: Abnormal dividing cell number, %: Abnormality percentage (P<0.05)

all phases of mitosis except telophase. It was also parallel
with the increase in concentration and was statistically significant (Table 3).
The most common abnormalities were determined as
micronucleus formation in interphase, vacuole formation, cmitosis, laggard chromosome and orientation fault in equatorial plane (Fig. 2). RAPD analysis was performed on
DNA extracted from the roots from each replicate treated
with Sportak and the control. The list of polymorphic and
monomorphic RAPD primers (Table 4), and the percentage
of polymorphism for all primers (Fig. 3) were determined.
Twenty 10-mer oligonucleotide primers of 60–70% GC
content were utilized for screening Zea mays genome for
changes, but only 14 primers generated specific and stable
results. The total number of bands was 23 (untreated control treatments) and 27 (all treatments) ranged from 258 to
1170 pb. 6 primers produced the same RAPD profiles for
the roots. On the other hand, 8 RAPD profiles showed sub-

%

Telophase
N
A

%

4.91
6.90*
7.31*
3.70

12
1
4

8.30
-

1
-

stantial differences between untreated control and treated
roots (Fig. 4) with apparent changes (disappearance and/or
appearance) in the number and size of amplified DNA fragments for different primers. The changes in RAPD profiles
were summarized for treated Zea mays in comparison to
their controls (Table 5). Polymorphic bands were detected
at some of the treatments for 8 primers.
Polymorphisms were due to appearance and disappearance of the amplified bands in the treated profiles in comparison to control profiles. Value of polymorphisms P (%)
was 21.7%. On the other hand, value of polymorphisms P
(%) for Sportak treatments: 5 ml/L, 10 ml/L and 20 ml/L;
34%, 15% and 14% respectively. The genomic template
stability (GTS, %) values, a qualitative measure reflecting
changes in RAPD profiles was calculated for each 8 primers and presented in (Table 6). GTS values decreased obviously in 5 ml/L Sportak concentration.
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FIGURE 2 - The effect of Sportak concentrations on mitotic abnormality. Micronucleus formation (a), unequal division and sticky chromosomes (b) and (c), laggard chromosome, sticky chromosomes in metaphase and choromosome bridge (d), (e) and (f) laggard chromosome, cmitosis and laggard chromosome in anaphase (g), (h) and (i).

TABLE 4 - The list of polymorphic and monomorphic RAPD primers compared to 5 ml/L, 10 ml/L and 20 ml/L treatments of Sportak.

Polymorphic Primers
OPC-05, OPC-12, OPC-14,OPC-20, OPU-02,
OPU-03, OPU-06, OPU-07

Monomorphic Primers
OPC-06, OPC-08, OPC-09, OPC-11, OPC-13,
OPC-14,OPC-15

10

OPC-05, OPC-12, OPU-02, OPU-07

20

OPC-05, OPC-12, OPU-06, OPU-07

OPC-06, OPC-08, OPC-09, OPC-11, OPC-13,
OPC-14, OPC-15, OPC-20, OPU-03, OPU-06
OPC-06, OPC-08, OPC-09, OPC-11, OPC-13,
OPC-14, OPC-15, OPC-20, OPU-02, OPU-03

Percentage of polymorphism (%)

Concentration (ml/L)
5

80
70
60
50
40
30
20
10
0
OPC- OPC- OPC- OPC- OPC- OPC- OPC- OPC- OPC- OPC- OPU- OPU- OPU- OPU05
06
08
09
11
12
13
14
15
20
02
03
06
07
Primers
FIGURE 3 - The percentage of polymorphism for all primers in Zea mays treated with Sportak.
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FIGURE 4 - Monomorphic (a-d) and polymorphic (e-h) RAPD profiles of Zea mays; control (C), 5 ml/L, 10 ml/L and 20 ml/L treatments of
Sportak. RAPD profiles were generated using primer OPC-05, OPC-06, OPC-09, OPC-11, OPC-12, OPC-15, OPU-06, OPU-07. M: GeneRuler
100 bp plus DNA Ladder (100–10000 bp).

TABLE 5 - The number of bands in control and molecular sizes (base pair, bp) of disappearance (-) and/or appearance (+) of DNA bands for
all primers in Sportak treated corn (Vision WorksLS image analyzer software).

Primers

Control

OPC-05

4

OPC-12

4

OPC-14

4

OPC-20

2

OPU-02

4

OPU-03

2

OPU-06

2

OPU-07

1

Total

23

+
+
+
+
+
+
+
+

5
258
0
1112
0
871
0
356; 845
0
1170; 493; 438
0
866
313
0
843; 624
0
898; 734; 582; 414
9 (-); 7 (+)
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Sportak Concentration (ml/L)
10
258
0
961
0
0
0
0
0
1170
0
0
0
0
0
0
698; 404
3 (-); 2 (+)

20
258
0
1112
0
0
0
0
0
0
0
0
0
0
861
0
705; 564; 399
2 (-); 4(+)
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TABLE 6 - Genomic template stability (GTS, %) of Zea mays exposed to Sportak.

Primers
OPC-05
OPC-12
OPC-14
OPC-20
OPU-02
OPU-03
OPU06
OPU-07

Control
100
100
100
100
100
100
100
100

5
75
75
75
0
25
0
0
0

Average

100

31

Genetic changes induced by pesticides, their metabolites, and residues are expressed by various endpoints,
which include; structural changes in chromosomes and
chromatids, called chromosomal aberrations (breaks, deletions, inversions, gaps, translocations, rings) and other disturbances (stickiness, clumping, erosion). Disturbances in
the mitotic division, like spindle inactivation, causes socalled c-mitosis, non-disjunction, and other irregularities in
the chromosome distribution during anaphase, resulting in
polyploid or aneuploid cells. While we observed normal
mitotic divisions in the control group, different kinds of abnormalities were observed in all of the Sportak concentrations varying to phases of mitosis. Also in this investigation it was observed that the use of higher concentrations
of Sportak decreased the number of phases of mitosis.
The effect of various pesticides used as seed treatment
has been reported in some field crops and cereals [21-22].
In different studies with different pesticides, some similar
results were found. Insecticide endosulphan caused several
chromosomal abnormalities and a decrease of about 75%
in the mitotic cell division frequency, depending on the
dose [23]. Treatment with Decis (insectiside) for 24 hours
negatively affected the onion root meristematic cells. The
shape of the nucleus of the onion meristematic cells was
changed and bigger nuclei were observed [24]. Herbicide
monuron caused abnormal development in some plant tissues, especially in leaf epidermis. It is reported that in vitro
and in vivo nuclear abnormalities took place on onion root
tip cells after treatment with Phasalon and Cycloheximide
[25-26]. Tridemorph fungicide suppresed mitosis in meristem cells of Allium cepa this effect was observed to increase depending on concentration and time. This fungicide is a powerful c-mitosis (colchicine mitosis) agent and,
in addition, has been reported to cause multipolar anaphase, chromosome contraction, abnormal chromosome
distribution and micronucleus formation [27]. Mitotic index that reflects the frequency of cell division is an acceptable measure of cytotoxicity for all living organism. If
mitotic index decreases below 22% of control it will have
lethal effects on test organism [28].
Treatment of the root tip cells of Zea mays with Sportak caused several negative effects in mitotic cell division.
According to us, the reason of c-mitosis and the change in

Sportak Concentration (ml/L)
10
75
75
100
50
75
100
100
0
71

20
75
75
100
100
100
100
50
0
75

the plane of the cell division is the effect of Sportak on the
polymerization of microtubules. Microtubules have directive function on transport of cellular elements to equatorial plane thus lack of cytokinesis in different Sportak
concentrations can be explained by the inhibition of microtubules. Abnormal chromatin condensation is related to the
inhibition of enzymes and histon proteins. So Sportak concentration may have effect on inhibition of enzymes. And
also in meristematic root tip cells there was no vacuolization in the control group but in 20 ml/L concentration of
Sportak big vacuoles were seen.
RAPD was used in many studies for genotoxicity testing. In a study, treated wastewater caused 16 new bands
and the loss of 17 bands in Avena sativa. RAPD profiles
obtained showed that both treated and raw wastewater were
having genotoxic effects on oat plants [29]. RAPD was also
used to detect DNA damage in Phaseolus vulgaris seedlings exposed to toxic chemicals of Hg, B, Cr and Zn and
value of polymorphisms P (%) was 50.4% and 28.0% for
the roots and leaves, respectively after RAPD analysis. In
conclusion, this data supports the view that the RAPD analysis is a highly sensitive method for detection of DNA
damage induced by environmental pollutants like toxic
chemicals [30].
We have evaluated the potential of the RAPD assay to
measure Sportak-induced DNA effects in the roots of corn.
The modifications to genomic DNA were detected by
RAPD profiles through the randomly primed PCR reactions. In this sense, the obvious disappearance of normal
bands and appearance of new bands generated from the
roots exposed to Sportak concentrations in comparison to
the untreated controls show that changes occur between
these two groups.
It is suggested that the DNA damage may be serious in
the majority of cells in the roots of corn exposed to Sportak.
The disappearance of normal bands (band loss) may be related to the events such as DNA damage (e.g. single- and
double- strand breaks, modified bases, abasic sites, oxidized bases, bulky adducts, DNA–protein cross links),
point mutations and/or complex chromosomal rearrangements induced by genotoxins [19-31]. When Taq DNA
polymerase encounters a DNA adduct, there are a number
of possible outcomes including blockage, bypass and the
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possible dissociation of the enzyme/adduct complex which
will cause the loss of bands [32]. Appearance of new PCR
products (extra bands) was also detected in RAPD profiles.
New PCR amplification products may reveal a change in
some oligonucleotide priming sites due to mutations [new
annealing event(s)], large deletions (bringing the pre-existing annealing site closer), and/or homologous recombinations (juxtaposing two sequences that match the sequences
of primer) [33]. Atienzar et al. [34] reported that mutations
can only be responsible for the appearance of new bands if
they occur at the same locus in a sufficient number of cells
(a minimum of 10% of mutations may be required to get
new PCR product visible in agarose gel) to be amplified by
PCR. The new bands could be attributed to mutations while
the disappeared bands could be attributed to DNA damage
[32].
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