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CHARACTERISTICS OF WATER-SOLUBLE PHOSPHORUS
(WSP) LOSS BY RUNOFF IN A PURPLE SOIL WATERSHED
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2
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ABSTRACT
In this paper, ten typical rainfall events were monitored in Xujiawan Watershed from 2012 to 2013, and a
comparative study of the characteristics of water-soluble P
loss by runoff under natural rainfall was conducted. The
results showed that as the flow-rate increased, the concentration of water-soluble P loss by runoff decreased; however, the concentration of water-soluble P lost by runoff
increased linearly as the sediment concentration increased
during IM-type rainfall events in Xujiawan Watershed.
During the initial and final period of runoff yield, the concentration of water-soluble P loss was lower than that of
the increase and decrease in flow-rate. In addition, the water-soluble P loss by runoff followed a severe waveform
throughout the entire process. Moreover, the correlation
between water-soluble P concentration and runoff, sediments were not obvious in the MD-type and PP-type rainfall events. During the erosion in response to two rainfall
events within a short period (less than 5 days), the concentrations of soil water-soluble P loss by runoff erosion during the latter rainfall event were lower than that of the former, while the concentrations of soil water-soluble P in the
runoff were the highest in the first rainfall event during a
flood season.
KEYWORDS:
Purple soil, water-soluble P (WSP), land-use; Xujiawan Watershed

1. INTRODUCTION
Purple soil is distributed widely in south-west China,
especially in Sichuan Province, where purple soil erosion
comprises about 154,000 km2, or 31.5% of the total area of
the province [1]. Many studies have shown that purple soil
is an erosional and high productivity soil in the upper
reaches of the Yangtze River [2]. Inappropriate reclama* Corresponding author

tion and land-use methods in the area have accelerated the
soil erosion process in recent years, which has endangered
the aquatic quality of downstream areas [3, 4].
Soil and nutrient losses have endangered soil quality,
aquatic environments and human health, which attracted
increasing multi-disciplinary attention [5-7]. Recently,
some researchers studied the characteristics of purple soil
nutrient losses [8-10]; however, the characteristics of water-soluble phosphorus (P) loss in purple soil have seldomly been reported. To identify the manipulative mechanism of non-point source pollution in purple soil, we studied the characteristics of purple soil water-soluble P in
Xujiawan Watershed as a first step towards a developing
guidance for land-use planning and management leading to
soil and water conservation in purple soil area.

2. MATERIALS AND METHODS
2.1. Experimental site description

Field experiments were conducted in Xujiawan Watershed, which lies in the Xiangshui Village (30.19° N, 104.6°
E) in Ziyang County, Sichuan Province. The area of the
watershed is 10.8 hm2, and it has a subtropical humid climate with a mean annual temperature of 17.3 °C. The area
also has a mean annual precipitation of 961.3 mm, 80% of
which occurs between May and October. Because the area
has a long history of intensive agriculture, large-area distributions of natural vegetation in the field experimental
site are rare.
The landscape is primarily composed of low hilly
mountains with mean altitudes ranging from 395 to 475 m,
including sloping fields (wasteland, forest land, gardenplots and sloping cropland) and valley fields (garden-plots,
plantations). The crop system is a wheat–corn–sweet potato (late autumn) rotation by a zone with green manure,
animal feed or vegetables being applied between intervals.
Therefore, the system is composed of three cycles of crop
growth and two manure application cycles. In Xujiawan
Watershed, the crop system was a co-crop model in 2012
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TABLE 1 - Land-use type and terrain, area and management practice in the watershed from 2012 to 2013.
Year

2012

2013

Terrain

Area (m2)

Crop Proportion (%)

Sweet potatoes-corn

Ridge

1224

sweet potatoes (50), corn (50)

Tangerine garden

Valley

1599

tangerine (100)

Waste land

Hilltop

225

/

Wheat-watermelon- pepper-sweet potatoes

Valley

1035

wheat (70), watermelon (25), pepper (5), sweet potatoes (70)

Watermelon-sweet potatoes

Ridge

675

watermelon (30), sweet potatoes (70)

Corn-sweet potatoes-peanuts

Terrace

1012

corn (25), peanut (50), sweet potatoes (25)

Pea-balsam pears

Valley

1160

balsam pear (100)

Crop Type

Pea-pepper-Wheat

Slope

315

pepper (100)

Pea-peanuts

Waist

350

peanut (100)

Wheat-white gourd-sweet potatoes

Ridge

259

white gourd (100)

Soy beans-mung beans-wheat

Ridge

396

mung bean (100)

Onions-spinach

Valley

77

spinach (100)

and a single-crop model in 2013 (Table 1). The vegetation
coverage varies from 20 to 80% during different crop
growth seasons from May to October. The populations in
the watershed are relatively small, and there are no known
point source pollution sites.
The dominant soils in the watershed are the aqua pets
(M5.3.1), containing a high clay and CaCO3 [11]. The soil
clay minerals in the area include clays, such as hydromica,
montmorillonite and chlorites. The average sand, silt, and
clay contents in the study area are 14.38±2.97, 63.63±2.88,
and 21.99±1.63%, respectively. The soil depth in the study
sites is 40-70 cm, but the soil-forming speed is quite fast.
The soil is also characterized by strong water permeability,
weak water capacity, and vulnerability to drought. Therefore, land-use patterns, agrarian structure and soil texture
of Xujiawan Watershed are the representative experimental sites in purple soil hilly areas.
2.2 Materials

An automatic rain gauge (RG50, UK) with a resolution
of 0.199 mm was used to record precipitation in Xujiawan
watershed. The precipitation data were loaded using Software Boxcar Pro. 3.0. Because the area of Xujiawan Watershed is relatively small, the same rainfall data were used
to depict the runoff, sediment and nutrient behavior of the
watershed.
An automatic runoff recorder and sampling instrument
(ISCO-6700, USA) was used to record the flow-rate with
an interval of 2 min and to collect runoff water samples to
determine the sediment concentrations [12], according to a
program designed beforehand. The data stored by the sampling instrument was used after transformation with the
Flowlink4 software. The depth of runoff flowing through
the hydrology slot of the watershed was monitored using a
710 ultrasonic grid dip meter. This sampling instrument
can automatically calculate runoff quantity over different

times based on the design size of the hydrology slot and the
corresponding depth of runoff.
2.3 Methods

All runoff yields of rainfall events were monitored in
Xujiawan Watershed from 2012 to 2013. During the process of data reduction and analysis, we selected ten typical
rainfall events and analyzed the response relationship between water-soluble P, runoff and sediment concentration.
Each water sample was filtered and the water and sediment
were analyzed separately. The runoff samples were placed
into 1000-ml plastic bottles, after which 0.5 ml of 98%
H2SO4 was added to suppress any microbial activity. All
samples were kept at 4 ºC until analysis. Phosphomolybdate blue spectro-photometry was used to determine the
water-soluble P in runoff samples [13]. The water sample
was filtered with no phosphorus filter paper, and absorbing
10 ml filter liquor in a 150-ml flask. Then, 35 ml distilled
water was added precisely and also 5 ml molybdenum antimony resistance reagent. Then, this solution was shaking
and leaving for 30 min;, monitoring was done at 880 nm
wavelength by a spectrophotometer.
Sediment samples were dried at 45 ºC for 12 h before
they were weighed. Finally, the sediment concentration
and the modes of sediment transport by runoff were calculated.
In order to study the response relationship between water-soluble P and runoff, sediment concentration, based on
the relative time and distributing characteristics of the rain
peak in the course of the whole rain event from 2012 to
2013, we divided into three types; the intermittent type,
which has discontinuous peaks (IM-type, such as 130707,
130811, 130817), the rain peaks in the middle (MD-type,
such as 120809, 120816, 120828 and 130623), and the rain
peak in the previous (PP-type, such as 120810, 120913,
120918) (Fig. 1).
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FIGURE 1 - Characteristics of three rainfall types from 2012 to 2013 in Xujiawan Watershed.
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FIGURE 2 - Process of runoff and water-soluble P loss during three IM-type rainfall events.
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3. RESULTS AND DISCUSSION
3.1 Corresponding relationship between water-soluble P concentration and runoff

ing the maximum concentration, after which the concentration decreased with increasing runoff (Fig. 3). These findings were in agreement with the results of previous studies
[14, 15].

The results of monitoring data associated with the process of the water-soluble P loss during each rainfall event in
Xujiawan Watershed showed that the water-soluble P loss
concentration was obviously decreased with increasing runoff during three IM-type rainfall events (130707, 130811
and 130817) (Fig. 2). The main reason for this was that the
water-soluble P adsorbed in the soil clay surface could be
rapidly diluted by runoff in the initial stages of rainfall, when
the runoff was relatively small, but the water-soluble P concentration was relatively high. With runoff increase, the
amount of diluted water-soluble P concentration increasing
in unit time was smaller than that of the runoff; therefore, the
water-soluble P loss concentration showed an obvious decrease in runoff in IM-type rainfall events.

In three PP-type rainfall events (120810, 120913 and
120918), the time of water-soluble P concentration reached
a peak in rainfall event 120810 laid behind that of the runoff, while the other two rainfall events showed the opposite
condition (Fig. 4). Due to the short rainfall duration (0.96 h)
and high rainfall intensity(I30 = 119.4 mm.h-1) during rainfall event 120810, at the beginning period of the rainfall,
the runoff had a large diluted water-soluble P concentration, while as the rainfall became small, the runoff became
relatively small, after which the water-soluble P concentration peaked. Subsurface flow eventually supplied runoff,
which resulted in the water-soluble P concentration gradually decreasing [16].

MD-type rainfall events (120809, 120816, 120828 and
130623) were divided into two situations discussed. In
events 120809, 120816 and 120828, the curves of runoff
and water-soluble P concentration were essentially similar.
Initially, the water-soluble P loss concentration increased
with increased runoff, eventually peaking at approximately
the same time, and then falling. Because rainfall event
130623 was the first rainfall during the flood season of
2013, the water-soluble P that had accumulated on the soil
clay, and over a long period of time, it was dissolved, giv-

During two rainfall events with a short interval period
(less than 5 days), the water-soluble P concentration of the
latter rainfall was lower than that of the former. When rainfall
events 120913 and 120918 are taken as an example, in
Xujiawan watershed, the average loss concentration of watersoluble P was 0.182±0.067 mg.L-1and 0.037±0.019 mg.L-1,
respectively, while events 120809 and 120810 showed similar
characteristics, with average losses in concentration of watersoluble P of 0.225±0.104 mg.L-1 and 0.097±0.060 mg.L-1, respectively.
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FIGURE 3 - Process of runoff and water-soluble P loss during four MD-type rainfall events.
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3.2 Corresponding relationship between water-soluble P concentration and sediment

The results of monitoring data describing the process
of the water-soluble P loss during each rainfall event in
Xujiawan watershed showed that, in rainfall events
130707, 130811 and 130817, the correlations were highly
significant (R2 = 0.9026, 0.7868 and 0.6716, respectively)
between water-soluble P loss concentration and sediment.
During the three IM-type rainfall events (130707, 130811,
130817), relationship between water-soluble P loss concentration and sediment increased linearly. Because soil
particles have adsorption capacity to phosphorus, as a result, water-soluble P is restrained AS vertical transfer on
the soil profile [16]. Rain infiltration was completed at the
beginning period in IM-type rainfall events, and the following rainfall led to directly runoff increasing, when the
former rainfall was finished, and soil crust ch was destroyed immediately by the latter rainfall. Therefore, the
IM-type rainfall events usually lead to washing away of
large amounts of sediment. Soil of the tillage layer was
washed off by runoff, and the water-soluble P had sufficient time to be released to the soil water. As the rainfall
process re-occurred, sediment in the runoff increased gradually because the phosphoric adsorption quantity began to
decrease when the sediment concentration increased [17],
resulting in the water-soluble P being sufficiently dispersed

in runoff. Because of the heavy rainfall (137.71 mm), long
rainfall duration (13.61 h) and high rainfall intensity (I30 =
119.4 mm.h-1), rainfall event 130817 produced a large runoff, and the added amount of water-soluble P loss from the
soil released lagged behind that of the runoff in unit time.
Therefore, in rainfall event 130817, the correlation between water-soluble P loss and sediment was the poorest in
three IM-type rainfall events (Fig. 5, Table 2).
In the four MD-type rainfall events (120809, 120816,
120828 and 130623), the water-soluble P decreased as the
sediment increased (Fig. 6, Table 2). This primarily occurred because the runoff was greater and the sediments
were larger during the preliminary succession stages, and
the water-soluble P loss concentration was relatively large,
due to heavy runoff loosening, the areolation, and alternate
drying-wetting soil washing into the water [18]. Additionally, as the rainfall continued, high rainfall intensity occurred, and subsurface flow was included in the runoff.
This resulted in erosive decreasing, surface anti-erosion
being strengthened, and sediment in the runoff gradually
decreasing. With erosion, the process of high rainfall intensity vanished gradually, sediment yield was descended, but
runoff accelerated more rapidly, and the water-soluble P
from the soil was reduced relevantly.
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FIGURE 5 - Relationships between sediment and water-soluble P concentration during three IM-type rainfall events.
Xjw-120816

Xjw-120809

0.5

0.25
0.20

w.s.p.conc.(mg.l-1)

w.s.p.conc.(mg.l-1)

0.4
0.3

0.2

y = 0.0088x + 0.1749
R2 = 0.0905

0.1

R2 = 0.0075

0.15
0.10
0.05

0.0

0.00

0

5

10
sedi.conc. (g.l-1)

15

20

0

Xjw-120828

0.5

3

6
sedi.conc.(g.l-1)

w.s.p.conc.（mg.l-1）

y = 0.0065x + 0.1106
R2 = 0.1944

0.2
0.1

12

y = 0.0199x + 0.0112

0.12

0.3

9

Xjw-130623

0.16

0.4

w.s.p.conc.(mg.l-1)

y = -0.0015x + 0.111

R2 = 0.5552

0.08

0.04

0.00

0.0

0

4

8
sedi.conc. (g.l-1)

12

0

16

1

2

3
4
sedi.conc. (g.l-1)

5

6

FIGURE 6 - Relationships between sediment and water-soluble P concentration during four MD-type rainfall events.
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The PP-type rainfall events (120810, 120913 and
120918) had outstanding features. Initially, the rainfall erosion process mainly focused on the initial stages, during
which there was a large sediment yield and runoff, as well
as rapid rill evolution [19-21]. During the initial stage, the
sediment concentration in runoff was low and the watersoluble P concentration was relatively low. Additionally,
as the erosion process of high rainfall intensity decreased,
the sediment yield in watershed became low, but a large
amount of the sediment produced during the previous stage

Xjw-120810

0.4

was still present. At this moment, the water-soluble P concentration peaked. As the rainfall stopped and stripped soil
loss, due to subsurface flow, the runoff would increase for
a short time. Because of the poor vertical transport of phosphorus in the soil profile [16], the water-soluble P concentration was decreasing (similar as 120913 and 120918);
therefore, the correlation was not significant between water-soluble P concentration and sediment in the three PPtype rainfall events. (Fig. 7, Table 2).
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FIGURE 7 - Relationships between sediment and water-soluble P concentration during three PP-type rainfall events.

TABLE 2 - Characteristics of rainfall events and correlations between WSP and runoff sediment.
Sampling
Runoff
（n）
120809
MD-type
8.22
89.55
24
W.S.P
-0.238
120816
MD-type
3.06
79.63
22
W.S.P
0.624**
120828
MD-type
13.66
39.81
24
W.S.P
0.605**
130623
MD-type
8.74
29.83
21
W.S.P
-0.266
130707
IM-type
3.86
71.64
12
W.S.P
0.313
130811
IM-type
6.68
65.30
21
W.S.P
-0.732**
130817
IM-type
13.61
143.2
13
W.S.P
-0.862**
120810
PP-type
0.96
119.4
23
W.S.P
0.039
120913
PP-type
10.33
65.13
24
W.S.P
0.061
120918
PP-type
11.32
19.40
24
W.S.P
-0.439*
* Correlation is significant at the 0.05 level (2-tailed), **. correlation is significant at the 0.01 level (2-tailed)
Events

Rain type

Duration (h)

I30 (mm.h-1)
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Sediment
0.657**
-0.087
0.441*
0.743**
0.950**
0.887**
0.819**
-0.202
-0.199
0.016
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4. CONCLUSIONS
During IM-type rainfall events, as the flow-rate increased, the concentration of water-soluble P loss by runoff
decreased; however, the concentration of water-soluble P
loss by runoff increased linearly as the sediment concentration increased in Xujiawan watershed. During MD-type
and PP-type rainfall events, during the initial and final period of runoff yield, the concentration of water-soluble P
loss was lower than that of the increasing and decreasing
flow-rates, and the water-soluble P loss by runoff followed
a severe waveform throughout the entire process, and the
correlation between water-soluble P concentration and runoff sediment were not obvious.
During the erosion by the two rainfall events with a
short interval period (less than 5 days), the concentrations
of soil water-soluble P in runoff were lower in the latter
rainfall than the former, while the concentrations of soil
water-soluble P in runoff were the highest in the first rainfall event of the flood season.
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1. INTRODUCTION

ABSTRACT
Researchers all over the world need new tools and
techniques with which the conditions of the land and its
vegetation can be better evaluated. The most important one
of these, adapted for this purpose in recent years, is perhaps
the aerial photograph. Taking aerial photos in Hungary
serves for multiple purposes: assessment of the conditions
of farmland vegetation, vineyards, and orchards, demarcation of soil erosion, revealing damage caused by seepage,
assessment of the woodland, survey of the tree population
within the woodland, and a comparison of actual woodland
areas with their legal situation. High resolution digital remote sensing photos are a potential means for comparative
analysis of bigger areas, which is a priority in the light of
time and costs needed for field data interpretation. Prior to
executing any comparative analysis, however, expected accuracy of data gained from photos should be known, so as
to judge whether these data comply with accuracy requirements of the task at hand. We have compared points, lines
and polygons of manually obtained terrain measurements
and those digitized from orthophotos of the same chosen
areas. Expected accuracy and reliability of forest borders
obtained by orthophoto digitization can be computed by
using a function constructed during our research. In our paper, we wish to emphasize that the analyses we applied
may indirectly be utilized to analyze fluctuation and
strength of external conditions, fundamentally determining
sustainability of the ecological identity-stability of the live
system, and further, that the results gained by the application of our method may be used effectively for planning
and research purposes.

KEYWORDS: landscape changes, landscape metrics, environmental monitoring, orthophoto, Leica GSI5

* Corresponding author

Aerial photography with nationwide covering of a
country is undertaken by all states in order to accomplish
their goals regarding their national economy [1-7].
The national cadastral survey uses these photos to update maps and to create various data bases. The aims of
making aerial photosare the preparation of parcel level digital photo maps, the assessment of farmland plants, vineyards and orchards at the time of recording, demarcation of
soil erosion, demonstration of damages caused by seepage,
assessment of the forestland, survey of the tree population
within the woodland, and a comparison of actual woodland
areas with their legal situation. Aerial photography does
not cover the whole of the country each year, and rather
different parts are covered in different years. The Institute
of Surveying and Remote Sensing has orthophotos of different regions of the country taken in 2000, 2005, 20072013, and on record.
It is important to be aware of the accuracy [8, 9]and
reliability of the data obtained from the photos, and to
know in what field and for what task the results obtained
shall be used. Accuracy has been defined by taking the
measurement values and subtracting the values free from
errors from the values with errors, thus obtaining the actual
error; accuracy is, consequently, the absolute value of the
actual error. Reliability, on the other hand, is the result of
measurements relative to each other expressed by defining
the interval within which the results of measurements are
normally distributed [10]. We performed the research on
two areas of 144 km2 each (Fig. 1).
The information obtained by the analysis of the vegetation maps [11-13] presents the process of landscape
changes [14]. By comparing the vegetation maps, made at
different points in time changes of the vegetation, can be
traced, in the background of which any of the hydrographic, climatic or anthropogenic impacts may be discovered [15-19].These results facilitate the applicability of
vegetation dynamic studies in landscape ecological research. Since landscape ecology is a special field of geography, based on minute field work, the practical, terrainoriented approach demands the application of state of the
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FIGURE 1 -Situation of digitized forest borders in the aerial photos of the investigated areas I and II.

art measurement techniques [20-22]. Amending the information content of photos using remote sensing technology
with terrain measurement, we can make monitoring studies
more accurate and broaden coenological knowledge of the
sample area under investigation [23, 24]. High resolution
digital photos taken by remote sensing technology provide
a tool for comparative analysis of larger areas, which is a
priority when regarding the time and expenses associated
with field data interpretation. Forests have a potentially
outstanding role in the sustainability or rehabilitation of the
natural environment, under ecological circumstances [25].
When evaluating the growth of forests [26-28], we
have to keep in mind that the ecosystem is considered to be
an open, dynamic system whose functioning is subject to
constant changing of external factors. The stability established at the level of biocoenosis and populations is determined by maintaining system identity. The biocoenosis to
be found in the area under investigation may remain stable,
even if it undergoes some change in conditions, due to
some external factors (climate change, soil condition, precipitation supply, etc.). The aim of our analysis was to determine the difference between the vector files obtained
from digitized orthophotos and those obtained by using geodesic measurements.

2. MATERIALS AND METHODS
We compared points, lines and polygons as measured
on the terrain and digitized from orthophotos of both test

sites. We performed the research on two areas of 144 km2
each. The first research area is a loess plane (N 47˚ 38 ̍ 11̎
− N 47˚ 44̍ 52̎; E 21˚29̍ 48̎ − E 21˚ 39̍ 41̎), and the second
is a quicksand area with sand hills (N 47˚ 38 ̍ 01̎ − N 47˚
44̍ 44̎; E 21˚ 58 ̍ 33̎ − E 22˚ 08̍ 30̎) in the North-East part
of Hungary (Fig. 1).
From among the orthophotos taken of the areas we analyzed, those with the highest resolution that is the 0.5 m/pixel
resolution, were photos from the years 2000, 2005, 2006
and2007; 0.4 m/pixel resolution photos from the year 2011
were also selected as an object for analysis. In order to facilitate recognition and visual identification of points, lines
and polygons, it is essential to record photos in a landscape
resolution matching land-cover category. The bigger the
physical size of a reproducible image captured by one pixel,
the more it blends into the boundary in the form of mixed
picture points making assessment of lower resolution photos
less accurate [29].In our present analysis, we are demonstrating the assessment of orthophoto accuracy by comparing the borders of forests as polygons located in the test
sites I and II. Coarse terrain resolution of 50 cm provides
an appropriate enough source of information for forest
management, if the objective is to differentiate between deciduous evergreen forests and areas taken over by shrubs,
on the one hand, and other categories of land-cover, on the
other hand [29].Aerial photos for the research with the exception of the year 2006 were provided by the Institute of
Surveying and Remote Sensing in 2013. Orthophotos of
the year 2006 were obtained from the Land Information
Service of the Hungarian Defense Force. Photos used for
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the research were taken in the spring of 2000 and the summer of 2005, 2006, 2007 and 2011, with green foliage. The
scale of theorthophotographs was uniformly 1:30000 for
each photo. In 2000 and 2005, RC20 and RC30 analogue
cameras were used for taking photos with a color depth of
24 bits. The focal length of these cameras was 152.866
mm. In case of the film format at 23×23 cm, large format
objectives with a focal length of 152.0 ±3 mm are considered with wide angle lenses [30].
UltraCam X or D digital cameras with a color depth of
32 bits were used for taking aerial photos in the years 20072011. Their focal length was 100.500 and 105.200 mm.
Geodesic definitions in the areas under investigation were
performed with static measurement. In the course of terrain
measurements, coordinates of the break lines of forest borders in the test sites were defined in the Uniform National
Projection (EOV) system. Survey of area I, in the summer
of 2012, was performed with the help of a Trimble R6 dualfrequency GPS receiver, while area II was surveyed in the
summer of 2013, with a Leica GSI5 instrument.
It was the vertical projection of the forest foliage that
was determined in both cases. Corrections necessary for
the GPS measurement were provided by the permanent station in Debrecen, run bythe Institute of Geodesy, Cartography and Remote Sensing. In the course of the terrain, survey break lines of forest borders were assessed. Storage of
y and x coordinates of measured points in the instrument
were only permitted if accuracy of the GPS-computed coordinate was not more than +/-8 cm. For this reason, 8 cm

was set as a tolerance interval in our instrument. This value
would not have a relevant impact on the reliability of the
measurement, yet it is big enough to ensure continuous
point capturing. In this case, we found a bigger error than
the tolerance interval; we repeated the measurement and
stored the recaptured point. Vectorization of aerial photos,
processing and documentation of terrain measurements
was performed by using ITR5, ArcGIS and Microsoft Excel 2010 software. The sum of deviations, sum of squares,
average deviation, Gaussian summa quadrat, standard deviation, median, minimum and maximum deviations, error
range, and t-critical value for an expected value was computed by using digitized and measured horizontal coordinates. Calculations were done with the Maple 15 mathematics software. In order to prove that measurements serve
as a basis for the research are accurate; accuracy of the instrument used for the survey must also be validated. Assessment of the accuracy of the instrument applied was performed on the horizontal base point in the test site; thus,
the extent of the deviations of the dx and dy coordinates
obtained by network RTK could be determined. Orthophoto digitization was done in the EOV projection system
using a scale between 1:500 and 1:1000 (Fig. 2).The reason
for this choice was that at a scale smaller than 1:1000 not
even the smaller break lines of polygons were visible;
therefore, this scale was used for observing bigger objects
as well as for orientation and navigation purposes. A higher
than 1:500 scale for digitization was not accurate as pixels
started to appear; thus, actual digitization and line drawing
was done at a smaller than 1:500 scale.

FIGURE 2 - Digitizing forest borders
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The biggest difficulty to be faced during digitization
was the visual interpretation of the forest borders that
needed digitization. It was indeed rather difficult to decide
whether the densely textured vegetation was actually a
group of trees or not. It was a piece of luck when forests to
be digitized were visually, distinct from their surroundings
or the vegetation in their vicinity. Test site I was a perfect
example for that. In area II, a terrain dataset had to be taken
use of when performing the digitization, as a clear cut and
replanted forest is very easy to mix up with a meadow, or
even any other dark green vegetation. Hence, in certain
cases, we tried to identify the forest borders nearest to the
terrain points. Blurring of forest boundaries seen in the orthophoto of area II is caused by intensive forest management in the area. Deviations due to improper interpretation
(cut blocks breaking the contiguous forests, boundaries of
reforested areas) significantly affect the standard deviation,
as at certain places these values can be as much as 20 m.
Distortion due to angle of view and darkening of pixels or
forest shadows may not cause a difference bigger than 1-2
m, thus having less effects on accurate digitization.
Examination of orthophotos taken in different years
was done by digitizing and organizing polygons, present in
the aerial photo, into a data basis. We measured the very
same points, lines and polygons in the terrain in the same
coordinate system by applying GPS technique. After comparing the digitized and terrain measurements, we defined
accuracy and reliability rate of the orthophoto under examination relative to one land-cover. By using the results, we
defined a mathematical function for both test sites, so as to
be able to define accuracy of the missing photos (photos of
the period 2000-2013 not at our disposal). To check the results of the calculations, we used an orthophoto (from the
year 2006) not included into the analysis. One of the rea

sons for our choice was that the 2006 orthophoto is in the
middle of the time period under investigation; on the other
hand, however, this is the only aerial photo obtained from
a different service provider, and thus, independent of the
photos under investigation. As already mentioned in the introduction, the orthophotos analyzed in the study were provided by FÖMI (Institute of Surveying and Remote Sensing) whereas the photo used as control was provided by the
Land Information Service of the Hungarian Defense Force.

3. RESULTS AND DISCUSSION
In order to study reliability of the applied instruments,
we measured the coordinates of the 3 base points located
in the test site. Upon performing the control measurements,
dx and dy coordinate deviations were computed. Deviation
was not more than ± 5 cm for any of the instruments applied; thus, it could be claimed that reliability of the instruments would not affect the analysis in any significant way,
as the results would be accurate to the meter only, even in
ideal cases.
Coordinates originating from topographic measurements as well as polygons from digitization were compared
by calculating the smallest distance of each and every terrain point, the nearest polygon. This method facilitated calculation of the difference between data from geodesic survey and from digitized data. In the years included in the
study, linear deviation between data of terrain measurements and digitization are of normal distribution (Fig. 3),
and a sequence distributed over half a bell curve can be
seen. Since accuracy is defined on the basis of absolute deviation of errors, without any negative domain, the result is
half a bell curve.

FIGURE 3 -Deviation of coordinates of points measured on the terrain and digitized depending on point numbers in the years under investigation in both areas.
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Statistical analyses were done by using these deviations. First, we used descriptive statistical methods to study
the average absolute deviation (expected value) per year
and per research area, as well as variance, that is the average of the square of the deviation, and further, we defined
a 95% confidence interval, the estimated range of values
which is likely to include the deviation for every year. For
example, in the year 2000, in area I, deviations would most
likely be in the 5.05 ± 0.40 m interval. Then, a one tailed ttest with a confidence interval of 95% was observed, to see
whether the hypothesis, that the range of deviations constitutes a strictly monotonically decreasing sequence, is acceptable. As a result of the analyses, we can draw the following conclusion: When examining the average absolute
deviations, it is obvious that orthophotos are "better and
better", more and more reliable, year by year; a result that
is supported by the average deviations we found, which
constitute a strictly monotonically decreasing sequence in
time. When observing variance, it can be stated that deviation is getting smaller, that is the square of the deviation from
the mean is continuously decreasing; hence, more and more
numbers are "closer" to the mean, numbers are less and less
"spread" out, and reliability is growing. The analyzed orthophotos were taken in the period between 2000 and 2011;
however, only photos of the years 2000, 2005, 2007 and
2011 were at our disposal for the analysis. Therefore, we
provide an estimate regarding the mean of absolute deviations in the missing years (2000-2004, 2006, 2008-2010,
2012, 2013) on the basis of measurements of previous years.
The function for the line using the method of least squares
for area I: Y = 765.2608307–0.3797053222·x, and for area
II: Y = 296.4276136–0.1461898270 x.
Supposing there is a linear relation between our data, we
define the unequivocally existing line as the sum of the
square of the distance of which is the least from the points
there. Defining the values of the function as described above,
the accuracies of the orthophotos taken in different years are
extrapolated into the missing years as seen in Table 1.

of this is the fact that the land-cover in the aerial photos
taken prior to the measurement on the terrain differs from
the land-cover in the photos taken in the year of the measurement. Measurements confirm that the foliage of the forests depicted in the aerial photos has consistently grown in
its horizontal dimension. Landscape measurement of areas I
and II were executed in 2012 and 2013, respectively; consequently, land-cover must be taken into consideration in all
orthophotos taken in all the other years. Change in woodland areas (growth) is confirmed by the increase in landscape points located within the digitized borders and defined with geodesic methods; the photo in 2000 contained
429 points, that in 2005 already 579, and the one taken in
2011 contained 635 points. The digitized forest borders
demonstrate a continuous growth from the year 2000, and
thus, gradually come closer to the borders visible in the aerial photos taken in the years when the geodesic survey was
performed. Photo accuracy can be defined on the basis of
aerial photos taken in the year of geodesic survey, since errors due to land-cover changes are negligible. No information is available from forest services or forest management that would facilitate definition of changes in the foliage in the horizontal direction of each tree species for any
given year. Research into this has not been known of. Nonetheless, accuracy of forest border digitization can be defined,
even for the years when no geodesic measurement was performed, simply by relying on research results, though this
value will necessarily contain errors due to changes in
land-cover. This means that an orthophoto taken in 2013
shall yield an accuracy of 0.9 m in areas covered with
patchy forests where borders can be visually well identified
(area I), whereas in an area, like test site II, it was covered
with a contiguous forest with spot-like clearings within; interpretation of forest borders is much more difficult with
the accuracy down to 2.1 m. Reliability of orthopotos (deviation from expected value) is gradually improving as we
are nearing the year of geodesic survey (Table 2.). In the year
2011, reliability in both test sites is as high as +/- 0.2 m while
this value is twice that in the oldest photos, down to +/- 0.4 m.

TABLE 1 -Expected values for both areas
Years
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Area I. [m]
5.05
5.47
5.09
4.71
4.33
4.62
3.57
3.51
2.81
2.43
2.05
2.06
1.29
0.91

TABLE 2 -Deviation from expected values of orthophotos studied.

Area II. [m]
4.08
3.90
3.76
3.61
3.46
3.31
3.17
2.95
2.88
2.73
2.59
2.48
2.29
2.15

Years
2000
2005
2007
2011

From Table 1, it can be deduced that the expected values have been consistently decreasing since the year 2000;
hence, the accuracy is growing linearly. In the background

Area I.
Confidence level (95 %)
(-0.40) – (+ 0.40)
(-0.31) – (+ 0.31)
(-0.27) – (+ 0.27)
(-0.20) – (+ 0.20)

Area II.
Confidence level (95 %)
(-0.38) – (+ 0.38)
(-0.25) – (+ 0.25)
(-0.24) – (+ 0.24)
(-0.21) – (+ 0.21)

In order to validate computed results of the missing
values (years), an orthophoto was taken in 2006, i.e. the
middle of the time period investigated in the study, by an
independent service provider. The result of the control examination in area I at a 95% confidence level yielded a deviation of (-0.28) – (+ 0.28) from the expected values, and
an expected value of 3.90 m. Thus, reliability of the 2006
orthophoto is 3.6 – 4.2 m. Computed value for the same
year yields an accuracy of 3.6 m. It can be deduced from
the above that fitting the function to landscape data yields
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reliable results for the years not included in our investigation.
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ENHANCED NITROGEN REMOVAL OF A DYNAMIC
MEMBRANE BIOREACTOR WITH CROP WASTE ADDITION
Jin-xia Ma, Hang Zhu, Xiao-li Yang* and Da-fang Fu
School of Civil Engineering, Southeast University, Nanjing, 210096, China

ABSTRACT
Treatment with a dynamic membrane bio-reactor
(DMBR) is a new and highly effective process for wastewater
treatment. However, the lower C/N ratio of real sewage restricts the effects of de-nitrification by heterotrophic bacteria
including DMBR. The paper investigated the feasibility of
crop wastes used as solid carbon sources, and the effects of
determined crop wastes on improving denitrification. The
results showed that corn stalk had the highest carbon
source release rate among straw wastes while peanut shell
among hull wastes, with carbon source release rates of
10.86 mg/(g/day) and 7.48 mg/(g/day), respectively. Comparing with single alkali treatment or humus inoculation,
alkali treatment & humus inoculation were proven to be
most effective in improving carbon source release rates.
Corn stalk, peanut shell and their mixtures pre-treated by
alkali treatment & humus inoculation were applied in three
separate DMBRs, and they were demonstrated to be effective in enhancing the denitrification process with TN removal increased from 71.6% (control DMBR) to 81.2, 81.8
and 85.1%, respectively. DMBRs achieved the better removal of COD and NH3-N (over 95%), irrespective of the
addition of crop wastes.

KEYWORDS: Nitrogen removal, crop wastes, dynamic membrane
bioreactor (DMBR), carbon source, biological carrier

1. INTRODUCTION
Currently, water eutrophication is a rather serious problem in China. Effluents from wastewater treatment plants
have been regarded as one of the main sources of nitrogen
pollution, which might lead to water eutrophication. Therefore, it is imperative to upgrade the existing wastewater treatment facilities and reduce the nitrogen pollution. Dynamic
membrane bioreactor (DMBR) is a promising technology
among the improved wastewater treatment technologies [1].
DMBR is a new-type bioreactor based on the conventional
membrane bioreactor (MBR), which adopts coarse-porous
* Corresponding author

materials, such as non-woven fabric and screen mesh, as
well as membrane-based materials, thus achieving the effects of approximate micro-filtration membrane filtration
by the dynamic sludge layer formed on the surface of micro-grid [2, 3]. Seo et al. [4] used non-woven fabric as filmbased material, and the results showed that it had a good
removal of domestic sewage, with the average removal efficiency for SS of 93.4%, COD of 91.6% and TN of 66%,
respectively. Comparing with conventional MBR, DMBR
is easy to be cleaned and regenerated, and thus, the cost of
replacing membrane module is greatly reduced [5, 6].
Meanwhile, a large amount of crop wastes are being
produced in China every year. They were mainly composed
of cellulose, hemicellulose and lignin. They can release organic matter when soaked in water, meanwhile keeping a
stable physical structure. Therefore, it might be used as
both sustained carbon source for denitrifying bacteria and
biological carrier for bacterial multiplication.
Natural organic matter, such as cotton, shredded newspapers, wheat straw, corncob and rice hulls, have been used
as carbon sources and microbial carriers to improve biological denitrification [7-14]. The results showed that these
organic substrates could be used as an alternative carbon
source for denitrification with appropriate process control
and continuous monitoring. Previous studies focused more
on the effect of improving denitrifying by different carbon
substrates, while less information was revealed on the characteristics of carbon sources as electron donors in denitrifying processes. It was also noticed that most wastewater
treatment plants in China cannot achieve a good TN removal because of the insufficiency of carbon sources required for denitrification.
Hence, the first objective of this study was to select the
appropriate crop wastes based on the carbon source release
capacity, and the methods to pretreat crop wastes were also
investigated. The second objective was to evaluate the effects of selected crop wastes on enhancing nitrogen removal in DMBR for wastewater treatment. In this study,
three hull crop wastes and four straw crop wastes were
tested in batch experiments for carbon source release capacity. And three methods were used to pretreat the selected crop wastes. Following that, the selected crop wastes
were added into three separate DMBRs to improve denitri-
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fication. The performance of DMBRs with crop wastes addition was compared with that of the control DMBR (without any addition).

employed two peristaltic pumps (BT100-2J, China), one
for intermittent feeding of wastewater in the influent and
the other for withdrawing permeate from the filter module.

blender

pump

pump

2. MATERIALS AND METHODS

membrane
module

2.1. Materials

2.2. Carbon source release tests

Aliquots (20 g) of buckwheat husk, peanut shell, rice
hull, rice straw, corncob, corn stalk and wheat straw were
put into 500-mL triangular flasks, respectively; then, 500 mL
distilled water was added and flasks were incubated at 25 °C.
The water of the triangular flasks was taken every day and
the COD concentration in water was measured. The crop
wastes with a larger COD release capacity were selected as
the carbon sources.
2.3. Pretreatment of crop wastes

In order to improve the bioavailability of crop wastes,
alkali treatment, humus inoculation and alkali treatment &
humus inoculation were used to pretreat the selected crop
wastes (corn stalk and peanut shell). Alkali treatment was
done by immersing crop wastes into 0.375 mol/L NaOH
solution for 24 h, followed by washing of the crop wastes in
distilled water and drying in an oven at 30 °C. Humus inoculation was conducted by adding humus into the crop wastes.
Alkali treatment & humus inoculation was done by combining alkali treatment with humus inoculation. After the pretreatment, carbon source release capacities of corn stalk and
peanut shell with untreated, treated alkali, inoculated humus
and treated alkali & inoculated humus were compared. The
carbon source release tests were conducted according to the
methods described in 2.2, adding only 10 g of crop waste.
2.4. Application of crop wastes in DMBR

A schematic diagram of the DMBR experimental setup
is shown in Fig. 1.
The bio-reactor was 40 cm high, 30 cm in diameter,
and had a working volume of 25 L. The membrane module
was made of an activated carbon sponge with a nominal
pore size of 500 μm and a thickness of 1 cm. The dynamic
membrane filter with 0.2 m2 of double-sided effective filtration area was submerged in the reactor tank. Aeration in
the tank was supplied through pipes connected with a
blower situated at the bottom of the reactor. The system

aeration pump
liquid storage tank
FIGURE 1 - Schematic diagram of the experimental setup.
2.5. Analytical methods

COD, NH3-N, TN, TP and MLSS were measured according to the methods described in Chinese NEPA standards [15].

3. RESULTS AND DISCUSSION
3.1. Organic matter release capacity of crop wastes

The organic matter release capacities (expressed in COD)
of different crop wastes are shown in Figs. 2 and 3. There are
two stages during the organic matter release process. During
the first four days, all the seven crop wastes had a faster
organic matter release rate, with the average release rates of
6.68 mg/(g/day) for rice straw, 10.75 mg/(g/day) for corncob,
10.63 mg/(g/day) for wheat straw, 10.86 mg/(g/day) for corn
stalk, 0.85 mg/(g/day) for buckwheat husk, 7.48 mg/(g/day)
for peanut shell and 1.46 mg/(g/day) for rice hull, respectively. This might be attributed to the first four days, and
the organic matter attached on the surface of the crop
wastes dissolved, and resulted in the increase of COD concentration. Following that, the insoluble organic matter
was slowly released into the solution by the enzymatic activities of bacteria, with a slower release rate.

COD concentration (mg/L)

Three hull crop wastes, buckwheat husk, peanut shell
and rice hull, and four straw crop wastes, rice straw, corncob, corn stalk and wheat straw, were collected from the
farmers of Xiazhuang Village of Caoqiao Town in Wujin
District of Changzhou, East China. These crop wastes were
cleaned by distilled water and dried in an oven at 30 °C,
and then, cut into 1-2 cm pieces and sealed for use. The
activated sludges in the denitrification experiments were
taken from the anaerobic tank of Caoqiao Wastewater
Treatment Plant (anaerobic-anoxic-oxic process).
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FIGURE 5 - COD release of peanut shell.

Additionally, one can observe that the COD release
rates of straw crops were generally higher than those of the
hull crops. This might be correlated to their differences in
composition and structure. The hull crop wastes are mainly
composed of cellulose and lignin, and their surfaces are
with some rough sclerenchyma cells. The lignin is tightly
packed and wrapped the crude fiber, which makes it difficult to be hydrolyzed. Therefore, the COD release rates of
the three hull crop wastes were slower. For straw crop
wastes, the main compositions contain polysaccharide substances, except cellulose, hemicellulose and lignin, which
are easier to be biodegraded; thus, the COD release rates of
the four straw crops were faster.
3.2. Influence of different pretreatments on organic matter release

From Figs 2 and 3, corn stalk and peanut shell were
found to have a relatively high organic matter release capacity among straw crops and hull crops, respectively.
Thus, they were further investigated with the pretreatment
of alkali treatment, humus inoculation and alkali treatment
& humus inoculation. The COD release capacity of corn
stalk and peanut shell with different pretreatments are
shown in Figs. 4 and 5.

One can see that the trend of COD release with different
pretreatments was similar with the untreated crop wastes
presenting a two-stage release. During the first four days, the
mean COD release rates of corn stalk were 13.25 mg/(g/day)
for alkali treatment, 12.25 mg/(g/day) for humus inoculation, 16.50 mg/(g/day) for alkali treatment & humus inoculation, while those for peanut shell were 9.13, 8.28
and 11.03 mg/(g/day), respectively. Therefore, the effects
of different pre-treatments were in the order of alkali treatment & humus inoculation > alkali treatment > humus inoculation. Untreated crop wastes release COD mainly by
the effect of hydrolysis. Alkali treatment damaged the surface pectin and wax organization, not only promoted by
hydrolysis but also supported by more pore texture for bacterial multiplication. The inoculated humus contained cellulose-degrading bacteria which were beneficial for accelerating organic matter release. The alkali treatment & humus inoculation combined the advantages of alkali treatment and humus inoculation; thus, the highest COD release
amount was achieved. After alkali treatment & humus inoculation, the COD release rates of corn stalk and peanut
shell were improved by 51.9 and 47.4%, respectively.
Therefore, all crop wastes used in subsequent experiments
were pretreated by alkali treatment & humus inoculation.
3.3. Performance of DMBRs with addition of crop wastes

900
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800
700
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FIGURE 3 - COD release of three hull crops.
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FIGURE 4 - COD release of corn stalk.
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Corn stalk, peanut shell and their mixture (1:1) were
selected and pretreated by alkali treatment & humus inoculation, and then, they were added into three separate
DMBRs (one DMBR was set as control, and DMBR without any addition). Based on the preliminary experiments,
20% (volume ratio) of crop wastes were added, and they
were used as carbon sources for denitrifying bacteria and biological carriers for bacterial multiplication. Four DMBRs
were operated in parallel, and the schematic diagram is
shown in Fig. 1. The influent was synthetic wastewater and
the characteristics are listed in Table 1.
The four DMBRs were all operated in a sequencing
batch mode (aerobic first and then anaerobic) with four cycles every day, and each cycle operated for 6 h. The time ratio
of aerobic and anaerobic was 2:1, which meant aerobic for
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TABLE 1 - Characteristics of influent wastewater (all the values are given as means ± standard deviation (n=28)).
Parameter
Range
Mean±S.D.

NH3-N (mg/L)
23.1-46.3
35.1±6.0

COD (mg/L)
219.9-632.7
343.9±92.5

TN (mg/L)
32.7-54.3
43.7±6.0

TP (mg/L)
6.0-7.5
6.6±0.5

TABLE 2 - Pollutants removal of control DMBR and crop waste-added DMBRs (all the values are given as means ± standard deviation (n=28)).
COD
DMBR
Control
Peanut shell added
Corn stalk added
mixed added

Effluent
(mg/L)
15.8 ± 6.1
12.5 ± 4.3
15.4 ± 5.3
11.9 ± 3.8

TN

NH3-N
Effluent
(mg/L)
1.6 ± 0.6
1.2 ± 0.3
1.0 ± 0.3
1.3 ± 0.3

Removal (%)
95.4 ± 1.3
96.4 ± 0.5
95.5 ± 0.6
96.6 ± 0.6

4 h and anaerobic for 2 h. Among them, 8 min were neede
for inflow in aerobic period, and 25 min for outflow in anaerobic stirring period. The four DMBRs were operated at
HRT of 6 h, MLSS of 6000 mg/L and DO of 2.5-3.0 mg/L.
Table 2 compares the performance of crop wastes (added
DMBRs with control DMBR). After a start of 30 days, all
four DMBRs reached a steady state.
One can see that the removal efficiencies of COD and
NH3-N maintained at a high level, irrespective of the addition of crop wastes. The results indicated that DMBR
achieved excellent organic matter removal rates, and also
nitrogen removal during the whole experimental period.
This might be attributed to the relatively high MLSS and
long SRT of DMBR benefiting from the retention of a dynamic bio-film formed on the membrane module. Comparing with control DMBR, the removal efficiencies of COD
and NH3-N have been slightly increased with crop wastes
addition. The function of biological carriers for crop wastes
might account for this improvement, since they can support
more area for bacterial attachment and multiplication.
Many researchers have concerned whether the added crop
wastes would affect the COD concentration in effluent.
The results demonstrated that there was almost no adverse
effect but with an improved effluent COD. This was because the added crop wastes can be used as the sustained
solid carbon sources, and they were utilized by denitrifying
bacteria. Additionally, the ability of organic matter biodegradation was improved with the crop wastes addition, since
the crop wastes also served as the biological carriers which
were beneficial for bacterial multiplication.
It is clear from Table 2, that the average TN removal
efficiencies were improved by 10.2% with peanut shell addition, 9.6% with corn stalk addition and 13.5% with their
mixture addition, respectively. Statistical analysis indicated that the TN removal rates of DMBR with crop wastes
addition were significant higher than the control DMBR
(p<0.05). Two explanations might be proposed. First, the
organic matter released by crop wastes provided the required carbon source for denitrifying bacteria. Second,
crop wastes, as a kind of biological carrier, provided the

Removal (%)
95.5 ± 1.1
96.5 ± 0.6
97.3 ± 0.6
96.5 ± 0.8

Effluent
(mg/L)
12.4 ± 2.0
8.0 ± 1.1
8.2 ± 1.1
6.5 ± 1.0

Removal (%)
71.6 ± 2.1
81.8 ± 0.7
81.2 ± 0.6
85.1 ± 1.2

place for bacterial multiplication. The biofilm formed on
the surface of crop wastes was favorable to create an aerobic-anoxic micro-environment, and made simultaneous nitrification and denitrification possible.

4. CONCLUSIONS
The investigated crop wastes, including four straw
crops (rice straw, corncob, corn stalk and wheat straw) and
three hull crops (buckwheat husk, peanut shell and rice
hull), all had good carbon source release capacity. Corn
stalk and peanut shell were found to have the better carbon
source release capacity, with the mean release rates of
10.86 mg/(g/day) and 7.48 mg/(g/day), respectively.
Alkali treatment & humus inoculation was most effective in enhancing organic matter release rate, with regard
to alkali treatment or humus inoculation. The carbon
source release rates of corn stalk and peanut shell were increased by 51.9 and 47.4% with alkali treatment & humus
inoculation, respectively.
Corn stalk, peanut shell and their mixture pretreated by
alkali treatment & humus inoculation were used as the organic carbon sources and biological carriers for improving
denitrification, and 20% (volume ratio) of the pretreated
crop wastes were added into three separate DMBRs. The
results indicated that the crop wastes were effective in improving TN removal with mean TN removal efficiencies
improved by 10.2% with peanut shell addition, 9.6% with
corn stalk addition and 13.5% with their mixture addition,
respectively. Due to the retention of the biofilm formed on
the membrane module and the high ability of biodegradation, both crop wastes (added DMBR and control DMBR)
achieved the better removal of COD and NH3-N.
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ABSTRACT
In this study, the geno-toxic and antigeno-toxic properties of the total extracts of four lichen species were investigated by using human lymphocytes. We obtained total extracts from R. farinacea, X. parietina, U. articulata and U.
filipendula lichen species. The results of our studies showed
that 5 μM concentrations of AFBı changed the frequencies
of micronucleus (MN) and malondialdehyde (MDA) levels,
as well as superoxide dismutase (SOD), glutathione (GSH)
and glutathione peroxidase (GPx) activities. When 5, 10 and
20 µg/ml concentrations of total extract were added to AFB1,
the frequencies of MN and MDA levels were decreased, and
SOD, GSH and GPx levels were increased. Consequently,
our findings show that four lichen total extracts have strong
antigenotoxic properties against aflatoxin B1.
KEYWORDS: Ramalina farinacea (L.) Ach., Xanthoria parietina
(L.) Th. Fr., Usnea articulata, Usnea filipendula, AFB1, antimutagenic, antigenotoxic

1. INTRODUCTION
Lichens are symbiotic organisms that consist of fungi
(mycobiont part) and green algae or cyanobacteria. Lichens
can live in certain extreme environmental conditions, such
as arctic tundra, hot deserts, rocky coasts and toxic slag
heaps, and they are known as widespread organisms [1, 2].
Lichens are present in widely different societies and have
been used for different purposes. For example, some of
them are used in perfume, cosmetics, dye industry and they
are used for the removal of toxic metals from different substances like water, air etc. [3]. Moreover, lichens have been
used for medical purposes since ancient times, and are
known to produce unique secondary metabolites. Secondary metabolites in lichens are produced by the fungus alone
and secreted onto the surface of lichen’s hyphae in amorphous forms or crystals. Up to now, over one thousand pri* Corresponding author

mary and secondary metabolites’ structures have been
identified in lichens [4]. A number of this secondary metabolites have considerable biological activities, such as
antimicrobial, antitumor, anti-herbivore, antibiotic [5, 6],
antiviral [7], anti-inflammatory [8, 9], antioxidant [10],
phyto-hormone [11], bio-absorption [3, 12], and element
level ones [13]. Besides, a few recent studies have indicated that secondary metabolites from lichens induce apoptosis in colon [14] and cancer in prostate [15].
Investigation of the antimutagenic properties of these
secondary metabolites, therefore, becomes a very important step for prevention or treatment of different diseases related to mutagenesis. Based on this information, the
purpose of this study was to determine the antimutagenic
and antigenotoxic properties of total extracts obtained from
four lichen species including; Ramalina farinacea (L.)
Ach., Xanthoria parietina (L.) Th. Fr., Usnea articulata
and Usnea filipendula in response to aflatoxin B1 (AFB1)
geno-toxicity in human lymphocyte cells. In this study, we
additionally performed biochemical analysis including superoxide dismutase (SOD), glutathione (GSH), glutathione
peroxidase (GPx) activities and malondialdehyde (MDA)
level, for the determination of effects of lichen extracts on
enzymatic and non-enzymatic antioxidants.

2. MATERIALS AND METHODS
2.1 Plant material

Lichen samples (R. farinacea, X. parietina, U. articulata and U. filipendula) were collected from Artvin and Erzurum provinces of Turkey, in 2011. The samples were
identified by Ali Aslan, using various flora books and papers [1, 13, 16-19]. The lichen herbarium samples are
stored in the herbarium of Kazım Karabekir Education Faculty, Ataturk University, Erzurum.
2.2 Preparation of total extracts

Each of the air-dried and powdered lichens (20 g) and
400 ml of n-hexane were put into a Soxhlet extractor for 72 h
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overnight, at a temperature not exceeding the boiling point
of the solvent [20]. Afterwards, we changed the solvent with
diethyl ether, 72 h overnight. Afterwards, we have done the
same procedure for acetone and methanol, respectively. The
reason for using two non-polar (n-hexane and diethyl ether)
and two polar (acetone and methanol) solvents was that we
just wanted to confirm the obtained results. The extracts
RFE, XPE, UAE and UFE, extracted from R. farinacea, X.
parietina, U. articulata and U. filipendula, respectively,
were filtered using Whatman filter paper no. 1, and then,
concentrated in vacuum at 40 °C using a rotary evaporator
(Buchi Labortechnik AG, Flawil, Switzerland) yielding a
waxy material. At last, all waxy material was assembled in
one cup. The extract was then lyophilized and kept in the
dark at +4 °C until being tested.

of fresh fixative (1:3 acetic acid: methanol) was added to
the pellet, drop by drop. This fixation procedure was repeated three times, and the tube was centrifuged again. The
cell pellet was then re-suspended in 1 ml of fresh fixative,
dropped onto a clean microscope slide, incubated at 37 °C,
or at room temperature, overnight and stained with giemsa
dye. The coded slides were scored blind by two independent individuals. Only bi-nucleated cells were scored for
MN analysis. For each group, approximately 1000 bi-nucleated cells were analyzed for the presence of MN. In assessing the results of the MN assay, the micronucleus criteria described from Countryman and Heddle [22] were
used (diameter less than 1/3 of the main nucleus, non-refractility, not touching, and with the same color as the nucleus or lighter) [22].

2.3 Cytogenetic analysis

2.4 Biochemical analysis

For the MN assay, peripheral blood lymphocytes from
four nonsmoking healthy donors between the ages of 23 and
25 were used (this study was approved by Ataturk University, Medical Faculty Ethical Review Board). Lymphocyte
cultures were set up by adding 0.5 ml of heparinized whole
blood to RPMI-1640 chromosome medium, supplemented
with 15% heat-inactivated fetal calf serum, 100 IU/ml streptomycin, 100 IU/ml penicillin and 2% L-glutamine. Lymphocytes were stimulated to divide by employing 2% phytohemaglutinin [21]. For the positive control, a mutagen/carcinogen agent, aflatoxin B1 (AFB1), was used at 5 µM. The
investigated RFE, XPE, UAE and UFE total extracts were
used at concentrations of 5, 10 and 20 µM. These concentrations were determined as being applicable for all total extracts without any adverse effects or toxicity in human lymphocyte cells tested in this study. AFB1 and the total extracts were added to the cultures just before incubation, either separate or together. The experiments were performed
with 18 groups as seen Table 1.
During the MN assay, cytochalasin B was added 44 h
after phytohemaglutinin stimulation to give a final concentration of 3 µg/ml. Cells were harvested by centrifugation
(1200g, 10 min) 28 hours after cytochalasin B addition.
The supernatant was removed, and then, 5 ml of 0.05 M
KCl was added at the temperature of human blood.
The cells were subsequently incubated at 37 °C for
20 min, and then, centrifuged again (900g, 10 min). 5 ml

The cell homogenates were prepared at a 1:10 (w/v) dilution in 10 mM potassium phosphate buffer, pH 7.4. Samples were centrifuged at 3000 rpm for 10 min at 4 °C, and
the supernatants were collected and immediately assayed for
enzyme activities. All samples were measured six-fold.
2.5 Superoxide dismutase (SOD) assay

Cu, Zn-SOD activity in the cell culture supernatant
was evaluated by the method of Sun et al. [23]. In the assay, 2.45 ml of assay reagent (0.3 mM xanthine, 0.6 mM
Na2EDTA, 0.15 mM nitro-blue tetrazolium (NBT), 0.4 M
Na2CO3, 1 g/L bovine serum albumin) was combined with
100 µl of the sample. Then, 50 µl xanthine oxidase (167 U/L)
was added to initiate the reaction, and the reduction of NBT
by superoxide anion radicals was determined by measuring
the absorbance at 560 nm. Cu, Zn-SOD activity was expressed in units of SOD per mg protein, where 1 U was determined as the amount of enzyme causing a half-maximal
inhibition of NBT reduction.
2.6 Glutathione (GSH) assay

GSH levels in the cell culture supernatant were assessed according to the method described from Tietze [24]
and Anderson et al. [25]. 100 µl of sample was placed to a
3-ml cuvette, and then, 750 µl of 10 mM 5-5'-dithio-bis-2nitrobenzoic acid (DTNB) solution (100 mM KH2PO4 plus
5 mM Na2 EDTA, pH 7.5 and GSH-RD, 625 U/L) was

TABLE 1 - Experimental groups.
Culture 1 : Control
Culture 10 : 5 μM AFB1 + 20 μL UAE
Culture 2 : 5 μM AFB1 (Positive group)
Culture 11: 10 μL UFE
Culture 3 : 10 μL RFE
Culture 12 : 5 μM AFB1 + 5 μL UFE
Culture 4 : 5 μM AFB1 + 5 μL RFE
Culture 13 : 5 μM AFB1 + 10 μL UFE
Culture 5 : 5 μM AFB1 + 10 μL RFE
Culture 14 : 5 μM AFB1 + 20 μL UFE
Culture 6 : 5 μM AFB1 + 20 μL RFE
Culture 15 : 10 μL XPE
Culture 7 : 10 μL UAE
Culture 16 : 5 μM AFB1 + 5 μL XPE
Culture 8 : 5 μM AFB1 + 5 μL UAE
Culture 17 : 5 μM AFB1 + 10 μL XPE
Culture 9 : 5 μM AFB1 + 10 μL UAE
Culture 18 : 5 μM AFB1 + 20 μL XPE
* RFE ; Ramalina farinacea (L.) Ach.,/Usnea articulata (UAE); Xanthoria parietina (L.) Th. Fr. (XPE),/Usnea filipendula (UFE)
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added. Then, it was incubated for 3 min at room temperature. Afterwards, 150 µl of 1.47 mM ß-NADPH was added,
mixed rapidly by inversion, and the rate of 5-thio-2-nitrobenzoic acid formation (proportional to the sum of reduced and
oxidized GSH) was measured photo-metrically for 2 min at
412 nm. The reference cuvette contained equal concentrations of DTNB and NADPH but no sample, and values
were presented as µmol per g protein.
2.7 Glutathione peroxidase (GPx) assay

GPx activity in the cell culture supernatant was measured
by the method described from Paglia and Valentine [26]. In
the assay, 50 µl of sample was combined with 100 µl of
8 mM NADPH, 100 µl of 150 mM reduced GSH, 20 µl of
glutathione reductase (30 units/ml), 20µL of 0.12 M sodium
azide solution, and 2.65 ml of 50 mM potassium phosphate
buffer (pH 7.0, 5 mM EDTA), and then, the tubes were incubated for 30 min at 37 °C. The reaction was initiated with
the addition of 100 µl of 2 mM H2O2 solution, mixed rapidly by inversion, and the conversion of NADPH to NADP
was measured photo-metrically for 5 min at 340 nm. The enzyme activity was expressed as units per g protein using an
extinction coefficient for NADPH at 340 nm of 6.22×10-6.
2.8 Malanoaldehyde (MDA) assay

MDA levels in the cell culture supernatant were determined spectro-photometrically according to the method
described by Ohkawa et al. [27]. A mixture of 8.1% sodium dodecyl sulphate, 20% acetic acid, and 0.9% thiobarbituric acid was added to 0.2 ml of sample, and distilled
water was added to this mixture to make the total volume
to 4 ml. This mixture was incubated at 95 °C for 1 h. After
the incubation, the tubes were left to cool under cold water
and 1 ml distilled water with 5 ml n-butanol/pyridine (15:1,
v/v) was added, followed by mixing up. The samples were

centrifuged at 4000g for 10 min. The supernatants were removed, and then, at 532 nm, the absorbance was measured
with respect to a blank. 1,1,3,3-tetraethoxypropane was used
as the standard. Lipid peroxide levels were expressed as
µmol/L MDA.
2.9 Statistical analysis

Statistical significances of the MN frequencies were
determined using a one-way ANOVA analysis, followed by
a high range statistical domain using Tukey’s test. For statistical analysis of biochemical parameters the Mann-Whitney U test was used. A level of probability of p<0.05 was
taken as indicating statistical significance. All experiments
were performed at least in three replicates, and data was
compared for reproducibility. Results were expressed as
means ± SD. For these procedures, SPSS 16.0 version for
Windows (SPSS Inc, Chicago, Illinois, USA) was used.

3. RESULTS
In the present study, different concentrations of four lichen extracts were performed with the micronucleus (MN)
test which is widely used as a short-term test system. From
each group, approximately 1000 bi-nucleate cells are analyzed for the presence of MN. In MN test, the used positive
control (AFB1) significantly increased the MN frequency on
peripheral lymphocytes when compared with the control
(Tables 2-5). Such an increase was found to be statistically
significant (p<0.05). It was observed that treatment group
with different concentrations of RFE, XPE, UAE and UFE
total extracts, together with AFB1, decreased the MN frequency, compared to the one, intoxicated with AFB1. Especially, the highest concentration (20 μg/ml) was determined
as the effective concentration.

TABLE 2 - The effects of AFB1 and RFE on MN and enzymes activities (SOD, GPX, GSH and MDA).
Test Items

Concentrations

Cells
MN numbers
SOD ± S. E
GPx ± S. E
GSH ± S. E
MDA ± S. E
counted
± S.E
(U/ml)
(U/ml)
(µmol/L)
(nmol/ml)
1000
42 ± 0.15a
1.81 ± 0.17
0.79 ± 0.28
4.00 ± 0.19
1.92 ± 0.18
Control
5 µM
1000
68 ± 0.72ef
1.04 ± 0.25a
0.36 ± 0.18 a
1.01 ± 0.34 a
3.45 ± 0.37 a
AFB1
ab
ab
b
b
10
µM
1000
43
±
0.18
1.69
±
0.12
0.64
±
0.11
3.51
±
0.17
1.82
± 0.22 b
RFE
5 µM + 5 µM
1000
61 ± 0.16de
1.18 ± 0.19 abc
0.45 ± 0.12 abc
1.52 ± 0.28 abc
2.99 ± 0.25 ab
AFB1 + RFE
5 µM + 10 µM
1000
52 ± 0.10cd
1.34 ± 0.12 abcd
0.57 ± 0.12 bc
2.34 ± 0.25 b
2.54 ± 0.23 abc
AFB1 + RFE
5 µM + 20 µM
1000
46 ± 0.31bc
1.78 ±0.11 abcde
0.74 ± 0.12 bcd
3.71 ± 0.24 b
2.04 ± 0.29 abcd
AFB1 + RFE
Aflatoxin B1 (AFB1) and Ramalina farinacea (L.) Ach. (RFE) were used as positive controls for human lymphocytes; a, b, c, d, e are statistically significant
differences in the same column and indicated by the different superscripts (α = 0.05).
TABLE 3 - The effects of AFB1 and UAE on MN and enzymes activities (SOD, GPX, GSH and MDA).
Test Items

Concentrations

Cells
MN numbers
SOD ± S. E
GPx ± S. E
counted
± S. E
(U/mL)
(U/mL)
1000
45 ± 0.25a
1.51 ± 0.07
1.31 ± 2.47
Control
5 µM
1000
72 ± 0.59e
0.67 ± 0.25a
0.59 ± 0.98a
AFB1
10 µM
1000
48 ± 0.18a
1.19 ± 0.03ab
1.14 ± 1.13b
UAE
5 µM + 5 µM
1000
64 ± 0.22d
0.74 ± 0.26abc
0.81 ± 1.50abc
AFB1 + UAE
5 µM + 10 µM
1000
55 ± 0.21c
1.38 ± 0.05abcd
1.18 ± 0.01bc
AFB1 + UAE
5 µM + 20 µM
1000
47 ± 021ab
1.45 ±0.01abcde
1.34 ± 1.13bcd
AFB1 + UAE
Aflatoxin B1 (AFB1) and Usnea articulata (UAE) were used as positive controls for human lymphocytes; a, b, c, d, e
in the same column and indicated by the different superscripts (α = 0.05).
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GSH ± S. E
MDA ± S. E
(µmol/L)
(nmol/mL)
2.81 ± 0.14
2.24 ± 3.20
0.22 ± 0.14a
4.16 ± 5.54a
2.84 ± 0.05b
2.34 ± 4.88b
2.68 ± 0.16abc
3.52 ± 0.01ab
2.81 ± 0.11b
2.98 ± 4.88abc
2.85 ± 0.05b
2.37 ± 1.14abcd
are statistically significant differences

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

TABLE 4 - The effects of AFB1 and UFE on MN and enzymes activities (SOD, GPX, GSH and MDA).
Test Items

Concentrations

Cells
MN numbers
SOD ± S. E
GPx ± S. E
counted
± S. E
(U/ml)
(U/ml)
1.50 ± 0.08
1.12 ± 1.50
1000
41 ± 0.17a
Control
5 µM
1000
69 ± 0.52d
0.95 ± 0.11a
0.55 ± 0.56a
AFB1
1.32 ± 0.22ab
1.24 ± 1.50b
10 µM
1000
43 ± 0.24a
UFE
5 µM + 5 µM
1000
60 ± 0.26c
1.02 ± 0.49ac
0.72 ± 0.56abc
AFB1 + UFE
5 µM + 10 µM
1000
51 ± 0.21b
1.31 ± 0.26abd
0.89 ± 0.98abc
AFB1 + UFE
5 µM + 20 µM
1000
43 ± 0.34a
1.51 ± 0.14bcde
1.14 ± 1.13cd
AFB1 + UFE
Aflatoxin B1 (AFB1) and Usnea filipentula (UAE) were used as positive controls for human lymphocytes; a, b, c, d, e
in the same column and indicated by the different superscripts (α = 0.05).

GSH ± S. E
MDA ± S. E
(µmol/L)
(nmol/ml)
2.78 ± 0.09
1.22 ± 0.92
0.19 ± 0.09a
2.97 ± 1.84a
2.81 ± 0.05b
1.81 ±1.84b
2.84 ± 0.05b
2.81 ±3.04a
2.94 ± 0.11ab
2.31 ±1.84a
2.97 ± 0.01abc
1.67 ±1.84ad
are statistically significant differences

TABLE 5 - The effects of AFB1 and XPE on MN and enzyme activities (SOD, GPX, GSH and MDA).
Test Items

Concentrations

Cells
MN numbers
SOD ± S. E
GPx ± S. E
GSH ± S. E
MDA ± S. E
counted
± S. E
(U/ml)
(U/ml)
(µmol/L)
(nmol/ml)
1000
39 ± 0.45a
1.35 ± 0.06
1.60 ± 1.13
2.68 ± 0.16
1.89 ± 1.84
Control
5 µM
1000
59 ± 0.98de
0.67 ± 0.19a
0.49 ± 0.98a
1.14 ± 0.33a
4.34 ± 3.20a
AFB1
10 µM
1000
41 ± 0.38ab
1.10 ± 0.29b
1.15 ± 1.50ab
2.81 ± 0.24ab
1.93 ± 3.69b
XPE
5 µM + 5 µM
1000
53 ± 0.48cd
0.86 ± 0.30ac
0.92 ± 1.50ab
2.55 ± 0.19abc
3.73 ± 1.84abc
AFB1 + XPE
bc
bd
ab
bc
5 µM + 10 µM
1000
45 ± 0.39
1.29 ± 0.13
1.06 ± 0.56
2.65 ± 0.11
2.69 ± 2.01abcd
AFB1 + XPE
ab
bcde
ab
abd
5 µM + 20 µM
1000
41 ± 0.38
1.30 ± 0.07
1.08 ± 0.98
2.81 ± 0.05
2.01 ± 2.15bcde
AFB1 + XPE
a, b, c, d, e
Aflatoxin B1 (AFB1) and Xanthoria parietina (L.) Th. Fr. were used as positive controls for human lymphocytes;
are statistically significant
differences in the same column and indicated by the different superscripts (α = 0.05).

In the biochemical study, the activities of SOD, GSH,
GPx and MDA antioxidants of the control and experimental groups were represented in Tables 2-5. A decrease
in the activities of SOD, GSH, GPx and an increase in the
MDA level were observed with treatment of AFB1 as
shown in Tables 2-5. On the other hand, the application
of AFB1 with different concentrations of RFE, XPE, UAE
and UFE increased the activities of SOD, GSH, GPx but
decreased the MDA level. The statistical analysis showed
a significant difference in SOD, GSH, GPx and MDA
among all treated samples with AFB1, and simultaneous
treatment of AFB with RFE, XPE, UAE and UFE (p<0.01
or 0.05).

4. DISCUSSION
Aflatoxins can contaminate many food including
oilseeds, groundnuts, maize, pistachios, hazelnuts, wheat,
barley, soya, rice and dried fruits [28]. They have also occurred in human breast milk, cow’s milk and dairy products
after their consumption [29, 30]. The contamination of aflatoxins is mainly due to storage and transportation of the
food and food products [28]. Aflatoxins can cause several
serious health problems, such as chronic and acute aflatoxicosis, liver cirrhosis and liver cancer [31]. AFB1 is the
most potent carcinogenic agent among aflatoxins. Previous
studies indicated that AFB1 is mutagenic in many test systems like chromosomal aberrations (CA), MN, sister chromatid exchange (SCE), unscheduled DNA synthesis and
chromosomal strand breaks as well as form adducts in rodent and human cells [32]. According to recent studies, the
toxicity of AFB1 is mainly due to lipid peroxide and oxidative damage [33].

On the other hand, in recent studies, it has been determined that many lichen extracts possess significant biological properties including antioxidant [34, 35]. anticancer
[36], antigenotoxic [37], anti-proliferative [38], and antiulcerogenic ones [8].
The biological properties of lichen extracts have been
found to be linked to their antioxidant properties, especially polyphenolic compounds, such as epigallo-catechin
gallate, quercetin, gallic acid, curcumin, eugenol, usnic
acid, but also polysaccharide Ci-3, lichestrerinic acid, protolichesterinic acid and non-polyphenolic substances as the
most potential agents [8, 15].
Ramalina farinacea (L.) Ach., was one of the lichen
species investigated in this study. According to Esimone et
al. (2009) [39], the ethylacetate-soluble fraction (ET4) of
Ramalina farinacea showed antiviral activity against wildtype viruses, including the herpes simplex virus type 1
(HSV-1) and the respiratory syncytial virus (RSV). The
same lichen species has been shown to enhance the potency
of the ampicilin in some cases of infection of Staphylococcus aureus [40].
The other lichen species investigated in this study was
Xanthoria parietina (L.) Th. Fr.. According to the paper of
Luigi Sanità di Toppi et al. [41], this lichen has significant
potential in Cd stress by several ways including (1) intercepting the heavy metal at cell wall level, (2) the intervention of antioxidant metabolites, and (3) a moderate increase
in guaiacol peroxidase activity. The other two lichens investigated in our research were Usnea articulata and Usnea filipendula. The genus Usnea has been used many years
for medication purposes. For example, Usnea barbata was
used by Hippocrates to treat urinary disorders. Recently, it
has been demonstrated that Usnea barbata extract prevents
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ultraviolet B-induced prostaglandin E2 synthesis and COX2 expression in HaCaT keratinocytes [42]. Usnea longissima
has been used in China as an expectorant. According to
Halici et al. [8], this lichen species (Usnea longissima) has
protective effects in indomethacin-induced ulcers. To the
best of our knowledge, there is no study regarding biological
activities of Usnea articulata and Usnea filipendula. For this
reason, we have investigated the biological activities of the
genus Usnea and other lichen species (Ramalina farinacea
(L.) Ach. and Xanthoria parietina).
In the current study, we aimed to evaluate genotoxic
and antigenotoxic potencies of total extracts of four lichen
species by using human lymphocytes (by the micronucleus
assay). According to the results of MN formations, it was
determined that the total extracts of four lichen species
have shown antimutagenic effects against AFB1. It is a
well-known fact that AFB1 causes a decrease in the activities of antioxidants (SOD, GSH and GPx) and an increase
in MDA level [43]. The observed antigenotoxic and antimutagenic potencies of these total extracts of four lichen
species can be explained with their antioxidant level amelioration activities. As data indicated, the simultaneous
treatment of AFB1 with RFE, XPE, UAE and UFE increased the amounts of SOD, GSH and GPx enzymes but
decreased the level of MDA.
In the present study, we determined that total extracts
of four lichen species have antimutagenic and antigenotoxic effects. The results showed that RFE, XPE, UAE and
UFE have no mutagenic and genotoxic activity at any concentration tested. On the other hand, the observed antimutagenic and antigenotoxic effects of lichen total extracts
could be strongly linked to their antioxidant potential. As
we have shown, four lichen species have significant antioxidant potencies, in which antimutagenic and antigenotoxic potencies are thought to arise. Therefore, our future
studies will be focused on the isolation of active components of lichen samples for the antimutagenic and antioxidant protection.
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ADSORPTION OF REACTIVE YELLOW X-R
FROM AQUEOUS SOLUTION USING MODIFIED
ETHYLENEDIAMINE CORN STRAW
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ABSTRACT
Modified corn straw was prepared via sequential reactions of the active groups on corn straw with epichlorhydrin,
followed by amine reagent. The adsorption behaviour of
MCS for reactive yellow X-R, which contains a refractory
azo-group, was studied. The modification conditions were
optimized: amine reagent of ethylene diamine, concentration of ethylene diamine = 10%, modification time = 1 h,
as well as modification temperature = 70 °C. The adsorption capacity of the corn straw for reactive yellow X-R was
evidently improved after modification .The adsorption capacity for reactive yellow X-R is 189.6 mg/g. Furthermore,
acidic conditions and high ion strength favoured the removal of reactive yellow X-R. Characterization of modified ethylene diamine corn straw was analyzed by FT-IR,
XRD and SEM analyses. The equilibrium sorption data
were well represented by Langmuir isotherm equation, and
pseudo-second kinetic equation could best describe the adsorption kinetics.

KEYWORDS: Corn straw; modified ethylene diamine corn straw,
reactive yellow X-R, adsorption, characterization

1. INTRODUCTION
China is the second largest corn producer all over the
world. The corn production here reached 211 million tons
in 2013. Meanwhile, the corn straw was about 338 million
tons. Corn straw is mainly used as fodder (~30%), returning to field (~25%), incineration (~25%) and less than 1%
is used as an industry raw material which is not only destruction of air, but also waste of resources. Considering
that the adsorption ability of raw corn straw is unsatisfactory, so researchers modified it by using various chemicals
such as phosphoric acid [1], acrylonitrile [2], diethylenetriamine [3] etc. by introducing some functional groups which
* Corresponding author

can be applied to improve the adsorption ability. These modified corn straw had a good performance in eliminating oil
[4, 5], metal ions [1, 6, 7], phosphate [8] and so on.
Dyes have been widely applied in various industrial
productions, like textile, leather and food industries. Of
which, azo dyes account for 70% of all the species, they
are difficult to degrade. With the development of the dye
industry, dyeing wastewater has become a major source of
environmental pollution. How to treat dyeing wastewater,
especially azo dyeing wastewater has received increasing
attention in recent years [9].
Currently, the main techniques which have been employed for dye removal from industrial effluents include
oxidation [10, 11], biodegradation [12], membrane separation [13], coagulation [14] and adsorption [15]. Among
them, activated carbon has the best adsorption bleaching
performance for the treatment of hard biodegradable dyeing wastewater. However, this material turns out to be expensive. Therefore, the development of new adsorbent
which is cheap, effective and easy to get becomes necessary. Corn straw is a favorable choice.
Corn straw is mainly consisted of cellulose, lignin and
hemincellulose. There are plenty of reactive hydroxyl
groups in cellulose, the presence of hydroxyl groups can
create preferential conditions for chemical modification.
Lignin contains phenolic hydroxyl, carboxyl, carbonyl,
benzene and other active groups. These groups also create
the feasibility for chemical modification. Adsorbent made
by modified corn straw (MCS) for the treatment of azo dyeing wastewater has not been reported ever.
In our experiment, we focused on the adsorption ability of corn straw immersed with N, N-dimethylformamide,
chloridized by epichlorohydrin [16] and nucleophilic substituted with amine reagents for reactive yellow X-R. The
effect of different amine reagents, ethylenediamine concentration, modification time and temperature were examined. Then, modified ethylenediamine corn straw (MECS)
was used to adsorb reactive yellow X-R (RY) in aqueous
solution. The influence factors on adsorption, such as pH
and ion strength were also investigated. Furthermore, ad-
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sorption kinetic mechanism, sorption isotherm and characterization of MECS were explored.

where C0(mg/L) is the initial concentration of reactive
yellow X-R solution, Ce (mg/L) is the remaining equilibrium concentration, V (L) is the volume of solution, and m
(g) is the mass of adsorbent.

2. MATERIALS AND METHODS
2.5 Experiment of kinetics and equilibrium isotherm
2.1 Materials

The raw corn straw was obtained from a farmland of
Sichuan in China. It was mainly composed of 29.2% cellulose, 34.4% lignin and 23.9% hemi-cellulose (measured by
a chemical method [17]). The raw corn straw was pounded
and then sieved with a 20-mesh sieve. The ethylene diamine,
thiourea, urea, dimethyl formamide, and epichlorhydrin were
purchased from Ke Long Chemical Reagent Company
(Chengdu, China). All chemicals were of analytical grade.
Reactive yellow X-R(RY) was purchased from Zhai's Dyestuff Chemical Co., Ltd. Chengdu.
2.2 Preparation of sorbate

The azo dye used in experiment is reactive yellow X-R
(RY). A standard reactive yellow X-R solution of 1000 mg/L
was prepared as stock aqueous solution, and subsequently,
diluted when necessary.
2.3 Preparation of modified corn straw (MCS)

Firstly, the raw corn straw (RCS) powder was immerged in N,N-dimethylformamide in a beaker for 12 h at
room temperature, called swelling. Next, the product of
pre-treatment(10 g) was put into a round-bottom flask. A
mixture of 5% epichlorohydrin solution (200 ml) was added.
The reaction was carried out at 70 °C for 1 h on a magnetic
stirrer. After reaction, the residue was washed with plenty
of water, and dried at 70 °C. The dry product was epichlorohydrin corn straw (ECS). Then, ECS was immerged into
10% amine (thiourea, urea and ethylene diamine) solutions
respectively, and the resulting mixtures were stirred at 70 °C
for 1 h. After amination reaction, the residues were washed
with extensive water and dried at 70 °C, respectively. Finally, modified thiourea corn straw (MTCS), modified urea
corn straw (MUCS) and modified ethylene diamine corn
straw (MECS) were obtained.
2.4 Adsorption of reactive yellow X-R

0.2 g MCS was used to adsorb 25 ml reactive yellow
X-R solution (20 mg/L) measuring the removal rate in Erlenmeyer flasks, shaken in a water-bath oscillator at 25 °C
for 160 min. Then, the mixture was filtered, and filtrate was
used to measure the remaining concentration of reactive
yellow X-R (RY) by a UV-VIS spectrophotometer (Persee
Co. Ltd, TU 1810) at 385 nm using the standard curve
method.
The removal rate of reactive yellow X-R (RY) and adsorption amount of MCS were calculated according to the
following formulas:
η=((C0-Ce)/C0)*100%

(1)

q(mg/g)=(C0-Ce)*V/m

(2)

Adsorption kinetic experiments were carried out using
0.05 g MECS reacting with 25 ml dye solution (200 mg/L)
at 25 °C for the required time (from 5-150 min).
Equilibrium isotherm was studied at 25 °C. The concentration of RY solutions ranged from 20 to 8000 mg/L.
0.05 g MECS was used to adsorb 25 ml dye solution for
160 min at initial pH.
2.6 Characterization

The nitrogen contents of MTCS, MUCS and MECS
were measured by an elemental analyzer (Italian Euro
EA3000 elemental analyzer). Changes of the functional
groups of corn straw, before and after modification, and
adsorption were measured by a FT-IR spectrometer (Nicolet 6700). Test samples were mixtures of corn straw and
spectroscopic-grade KBr. Scanning range was from 400 to
4000 cm-1 and crystallinity changes were measured by an
X-ray diffractometer (Philips-3KWX Rigaku wide angle
X-ray diffractometer). Changes in surface morphology
were observed by a scanning electron microscope (Hitachi
Co. Ltd, S-450).

3. RESULTS AND DISCUSSION
3.1 The mechanism

Hydroxyl group in corn straw is not easy to be substituted by ethylene diamine directly; so, epichlorohydrin was
used as chlorinating agent to substitute this group in corn
straw firstly. Meanwhile, addition reactions also occurred
between aldehyde group C=C and epichlorohydrin . These
reactions had produced new active groups, like -Cl in corn
straw. Then, the -Cl was substituted by ethylene diamine,
introducing the amine. And addition reaction also occurred
between ethylene diamine and C=C or C=O. In adsorption,
these amines in MECS substituted the chlorine in reactive
yellow X-R; thus, RY attached on the adsorbent. Therefore, the mechanism of decolorization of MECS for RY can
be represented by the following reaction (Figs. 1a and 1b)
which is the mechanism of decoloration of MECS for RY
in acidic conditions.
3.2 Modification study
3.2.1 Effect of different amine reagents

The effect of different amine reagents (thiourea, urea
and ethylene diamine) on the adsorption ability of corn
straw for RY was studied. The data in Table 1 revealed that
the removal rates of MCS (especially MECS) for RY were
all better than that of RCS obviously.
Furthermore, as we can see from the experimental results: after the modification by various amine reagents (thio-
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FIGURE 1 - (a) Reaction equation of the adsorption of MECS for RY, (b) reaction equation of the adsorption of MECS for RY in acidic
conditions.

TABLE 1 - Removal rate of RCS,MTCS, MUCS and MECS for RY.
Sample

Removal rate(%)

RCS

14.32

Nitrogen content of corn straw(%)
0.62

MTCS

36.36

1.24

MUCS

46.20

1.50

MECS

69.16

1.49

The results in Fig. 2a revealed that removal rate of RY increased from 35.00 to 65.23%, with the concentration
changed from 0 to 10%. But when concentration further
increased, removal rate had no significant change anymore.
This means that 10% concentration of ethylene diamine is
enough for the modification of corn straw, because the accessible groups in corn straw are certain, and more ethylene
diamine is not needed.

urea, urea and ethylene diamine), nitrogen introduced into the
corn straw is basically the same, but ethylene diamine
showed better adsorption effects for RY than thiourea and
urea. As we know, ethylene diamine has a chain structure,
whereas thiourea and urea have a branching chain. This indicated that the adsorption effect of MCS for RY was not only
relative to the amount of amine groups [18], but also relative
to the structure of amine reagent, and modification effect of
ethylene diamine which is the chain structure is better than
that of thiourea and urea which have branching chains. This
result was consistent with the conclusion of Feng [19].

By keeping a 10% ethylene diamine concentration, the
adsorption behaviours of MECS at different times from 1
to 4 h were studied at 70 °C. As shown in Fig. 2b, as time
went by, there was little change in the adsorption effect of
MECS for RY, but when time was too long, the removal
rate of MECS decreased; this may due to the fact that corn
straw was degraded easily when time had been too long,
resulting in the loss of corn straw. The yield of MECS was
57.50% when amination time was 4 h, but lower than
66.70% when it was 1 h.

3.2.2 Effect of ethylene diamine concentration

3.2.4 Effect of amination temperature

The effect of ethylene diamine concentration on the adsorption behaviour of MECS was studied by varying ethylene diamine concentration from 0 to 40% at 70 °C for 2 h.

The effect of modification temperature on the adsorption behaviour is shown in Fig. 2c. It showed that when the
temperature changed from 25 to 70 °C, removal rate of RY

3.2.3 Effect of amination time
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easily at an excessive temperature, resulting in the loss of
corn straw.
In summary, batch experiments were conducted to establish optimum ethylene diamine concentration (10%),
contact time (1 h) and amination temperature (70 °C).
3.3 Adsorption study
3.3.1 Determination of adsorption capacity

The adsorption conditions were 0.05 g MECS reacting
with 25 ml RY aqueous solution at 25°C for 160 min, and the
initial concentration of RY was from 20 to 8000 mg/L. As
shown in Fig. 3, when initial concentration was 4000 mg/L,
adsorption reached saturation, and adsorption capacity of
MECS for RY was 189.6 mg/g.

FIGURE 3 - Influence of initial concentration of RY aqueous solution
to adsorption amount (MECS dose:2g/L).
3.3.1 Influence of pH on the adsorption

The influence of pH on the adsorption is shown in
Fig. 4a. Adsorption capacity of MECS for RY decreased
with the increase of pH. This may be due to that (i)
MECS is negatively charged, and RY is an anionic dye,
and when H+ increased, some negative charges on RY were
neutralized by H+; so, the electrostatic repulsion between
MECS and RY decreased; (ii) the increase of acidity-made
amine groups in MECS protonated, RY is an anionic dye,
and the electrostatic attraction between straw surface and
RY was enhanced. Therefore, acidic condition is beneficial
to the adsorption of MECS to RY. As show in Fig. 4a, when
pH was 1.23, the maximum removal rate was 94.60%.
3.3.2 Influence of ion strength on the adsorption
FIGURE 2 - Effect of (a) concentration of ethylene diamine, (b) amination time and (c) amination temperature.

increased from 29.89 to 54.86%. It did not increase any more
by higher temperatures. At the same time, the yield of MECS
was 62.60% when amination temperature was 80 °C, and
lower than 70.60% at 25 °C，69.30% at 40 °C, 67.70% at
60 °C, and 66.70% at 70 °C. Therefore, increased temperature is conducive to amination, but corn straw would degrade

As shown in Fig. 4b, the adsorption ability increased
with the increase of ion strength, and the maximum removal efficiency could achieve 100% (initial concentration
was 20 mg/L). It was because (i) MECS is negatively
charged and RY is an anionic dye. After adding salt, concentrations of Na+ and Cl- increased. Cl- was repulsed by
negative charges on MECS surface while Na+ was attracted
by them. The concentration of Na+ around MECS was higher
than that farther from it, which was contrary for Cl-. Such
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electrolyte was added, the concentration of Na+ increased,
the concentration gradient between MECS and ambient
electrolyte decreased, and the energy needed for Na+ moving together decreased accordingly.
In fact, the ion strength in the actual dyeing wastewater
is always high. So, MECS is suitable for the actual situation.
3.3.3 Adsorption kinetics

In order to further study the adsorption mechanism,
pseudo-first order model, pseudo-second order model and
intra-particle diffusion model were used to fit the experimental data. The adsorption conditions were 0.05 g MECS
reacting with 25 ml RY (200 mg/L) at 25 °C for 5-150 min.
As shown in Table 2, the correlation coefficient for
pseudo-second order kinetic was 0.9803, and it was the
most suitable one of all three. So, pseudo-second order can
best describe the adsorption process of MECS for RY. The
equilibrium adsorption capacity calculated from the
pseudo-second order kinetic curve is 32.47 mg/g, which
was approximate to the experimental value (33.10 mg/g).
The equilibrium rate constant of pseudo-second order adsorption is 0.0026 g/(mg min-1). It indicated that the adsorption rate has a linear relationship with the concentrations of both MECS and RY. And the low correlation coefficient for intra-particle diffusion kinetic showed that intra-particle diffusion process was not the controlling step
of this adsorption process.
3.3.4 Sorption isotherms study
FIGURE 4 - Influence of (a) pH and (b) ion strength on the adsorption.

changes lead to the reduction of electrostatic repulsion
when anionic dyes moved to MECS (ii). When anionic
dyes moved from solution to MECS, they must accompany
with a corresponding quantity of Na+ together to maintain
to be neutral. Since the concentration of Na+ around MECS
was higher than that farther from it. Na+ which moved from
the low concentration part to a higher one, needed to overcome a certain resistance and consume energy. When the

For a further study of adsorption behaviour, two common isothermal adsorption equilibrium models (Freundlich
and Langmuir) were used to fit the experimental data. The
adsorption conditions were 0.05 g MECS reacting with 25 ml
RY (20-8000 mg/L) at 25 °C for 160 min.
As shown in Table 3, Langmuir isotherm model fitted
the experimental data better and the correlation coefficient
was 0.9959. Furthermore, from Table 3, Qm of MECS calculated from Langmuir model was close to its experimental
adsorption capacity (189.6 mg/g). Langmuir model could
describe the adsorption of MECS for RY.

TABLE 2 - The kinetic parameters for RY adsorption onto MECS.
Pesudo-first-order
-1

Pseudo-second-order
2

-1

K1(min )

Qe1(mg/g)

R

0.0194

14.04

0.731

Intra-particles diffusion
2

K2(g(mg•min) )

Qe2(mg/g)

R

0.0026

32.47

0.980

Ki(mg(g•min)-1)

R2

1.471

0.833

TABLE 3 - The isotherms parameters for RY adsorption onto MECS.
Freundlich

Langmuir
2

KF(L/g)

n

R

1.8802

1.7298

0.9272

KL(L/mg)

Qm(mg/g)

R2

0.0017

208.33

0.9959
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3.4 Characterization of MECS
3.4.1 FT-IR analysis

The IR spectra of the raw and treated corn straw are
shown in Fig. 5. The spectrum of the raw straw exhibited
O-H stretching absorption around 3420 cm-1, C-H in methylene groups stretching absorption around 2890-2920 cm-1.
The peaks around 1600, 1510 and 835 cm-1 were the characteristic peaks of aromatic ring groups.
As for the pre-treated corn straw, O-H stretching absorption peak around 3418.96 cm-1 was weaker than that of
the raw. It can be explained based on the fracture of hydrogen bonds and the expansion of pores after immersing in
dimethylformamide. Moreover, C=O in aldehyde stretching absorption peak around 1734.58 cm-1, C=C in aromatic
ring group and C-O stretching absorption peaks around
1514.74 and 1250.23 cm-1, respectively, increased (Fig. 5a).
These increases could be contributed to the subsequent modification.
The decreases of the peaks at 3411.13, 1732.09,
1514.74 and 1250.23 cm-1 in ECS indicated that O-H, C=O,
C=C and C-O (Fig. 5b) in corn straw had reacted with
epichlorohydrin, respectively. Moreover, compared with
ECS (Fig. 5c), the characteristic peaks of benzene at 1513.94
and C=O at 1606.94 cm-1 in MECS decreased, attributed to
the reaction occurring between ethylene diamine and C=C
or C=O. The increase of N-H at 664.33 cm-1 in MECS indicated the introduction of amine obviously.

The characteristic absorption peak of N-H at
1641.18 cm-1 increased in the used MECS, markedly indicating the transfer and reaction between RY aqueous
solution and MECS (Fig. 5d).
3.4.2 XRD analysis

The XRD patterns of RCS, pre-treated corn straw,
ECS, MECS and used MECS are shown in Fig. 6. The diffractions at 2θ of 16o and 22o were generated by a polysaccharide structure with a low degree of order and highly ordered cellulose crystal structure, respectively. As shown in
Fig. 6, there was a little change of the five samples. It
demonstrated that crystal structure of corn straw did not
change significantly after the modification and adsorption.
3.4.3 SEM analysis

The surface morphologies of the raw and treated corn
straw are shown in Fig. 7. RCS had a very smooth and complete surface, and the surface of pre-treated corn straw
started getting rough.
As for ECS, there had been some breakages and
scratches. Furthermore, gully, fractures and attachments
had appeared after reaction with ethylene diamine. These
changes would contribute to the remove of reactive yellow
X-R.

FIGURE 5 - (a) Comparison between raw straw and pre-treated one, (b) comparison between pre-treated and ECS, (c) comparison between
ECS and MECS, (d) comparison between MECS and used MECS in FT-IR spectra.
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FIGURE 6 - XRD patterns of raw corn straw, pre-treated corn straw, ECS, MECS and used MECS.

FIGURE 7 - Surface morphologies of (a) raw corn straw, (b) pre-treated corn straw, (c) ECS, and (d) MECS.
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4. CONCLUSION
The adsorption properties of corn straw modified with
epichlorohydrin, followed by ethylene diamine, for reactive yellow X-R were extensively studied under different
conditions. The modification parameters were optimized as
follows: ethylene diamine concentration (10%), contact
time (1 h) and amination temperature (70 °C). The removal
rate of MECS could reach almost 70%, which was much
better than that of RCS (about 14%). Ion strength and pH
had a great influence to the adsorption. With acidic conditions, removal rate of RY could achieve 94.60%; the increase of ion strength and the maximum removal efficiency
of RY could achieve 100% when there were enough saline
ions. As for adsorption kinetics, pseudo-second order could
describe the adsorption process. For sorption isotherm,
Langmuir isotherm model fitted this adsorption. FT-IR
analysis revealed that the decreases of OH, C=C and benzene and the increase of N-H indicated the changes occurring in corn straw. The surface of corn straw became rough
after modification. All these changes were beneficial to improve the adsorption ability of corn straw. Therefore, it can
be concluded from these results that MECS has effective
applications in the adsorption of reactive yellow X-R in
wastewater and has a potential industrial value.
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ABSTRACT
The removal of reactive dyes is rather difficult by chemical coagulation/flocculation because of strong resistance to
biodegradation in aerobic environments. The removal of
color from textile wastewater using low-cost adsorbents instead of expensive adsorbents is considered to be an important application of adsorption. In this study, powder-activated sludge was studied for the removal of color from
aqueous solutions in a batch system using response surface
methodology. Effects of initial pH, initial reactive dye concentration (Everzol Yellow 3RS H/C), contact time, and
amount of bio-solid dosage (dried activated sludge) was
optimized by using a four-factor, three-level Box–Behnken
design for response surface modeling. Experiments were
carried out in a lab-scale batch study. Four independent variables (initial pH: 2–8, initial concentration of dye ions (Co):
25–200 mg/L, contact time (tc): 10–180 min, and bio-solid
amount (m): 1–15 g/L) were labeled as A, B, C, and D at
three levels (-1, 0, 1), and a second-order polynomial regression equation was used to predict responses. The variables
were tested by using analysis of variance (ANOVA). The
optimal conditions were found to be pH = 2, Co = 200 mg/L,
tc = 95 min, and m = 0.8 g/100 ml for which EY3RS removal
was 92.75%. The results show that dye concentrations, biosolid amount, and contact time are the most important factors in color removal. All factors showed combined effects
on dye removal.

KEYWORDS:
Box–Behnken design, response surface modelling (RSM), biosorption, bio-solid (dried activated sludge), dye removal, EY3RS

1. INTRODUCTION
The textile industry is one of the most polluting sectors
in terms of effluent composition and volumes of discharge.
* Corresponding author

Dyes are anthropogenic, organic substances that have negative effects on the environment. Disposal of colored water
in various industrial processes into receiving waters can be
toxic to aquatic life [1]. Also, synthetic dyes are widely
used in industrial dyeing and printing processes. The textile
industry is the largest user of synthetic dyes [2]. They are
widely used in many fields. Conventional wastewater treatment technologies have been mostly ineffective in removing
color from wastewater because of their chemical stability
[3]. Reactive group azo dyes are frequently used in textile
dyeing. Azo dyes based on the azo chromogen (–N=N–) are
currently the most widely used compounds, constituting
about 20–40% of the total dyes used for coloring [4–6]. Azo
dyes are readily decolorized by degradation under anaerobic
conditions. Anaerobic wastewater treatment systems are superior to aerobic methods for azo dye removal [7].
Reactive dyes (water-soluble dyes) cannot be easily removed by chemical coagulation/ flocculation because they
strongly resist biodegradation in aerobic environments [8,
9]. Adsorption, which has been extensively used in industrial
processes for a variety of separation and purification purposes, is rapidly becoming a prominent method of treating
aqueous effluents. Color removal from textile wastewater is
considered to be an important application of adsorption using low-cost adsorbents, such as shale oil ash [10], chitosan
[11], sunflower stalk [12], natural clay [13, 14], rutile, and
Degussa P25 titanium dioxide [15] against expensive adsorbents, such as activated carbon [16]. Recently, low-cost adsorbents, such as yeasts, algae, and bacteria have been used
to remove color and heavy metals from wastewaters [17,
18]. Powder-activated sludge and sewage sludge have been
studied by several researchers for removal of pollutants
from aqueous solutions in batch and continuous systems
[19–21]. Response surface methodology (RSM) is an experimental approach for identifying the optimum conditions of composite systems. Recently, many researchers
[22–24] have used this to optimize removal.
In this study, de-colorization of Everzol Yellow (an
EY3RS reactive dye) was studied using dried activated
sludge (the bio-solid). Batch experiments were optimized
as a function of pH, initial dye concentration, contact time,
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and biosorbent amount using a four-factor, three-level
Box–Behnken experimental design, combined with RSM,
to remove EY3RS from aqueous solutions.

2. MATERIALS AND METHODS

were done using EY3RS onto dried activated sludge in
250-ml Erlenmeyer flasks with 100 ml working volume.
Agitation was 120 rpm for different contact times. A temperature-controlled shaker was used. Bio-sorption capacity
and efficiency were assessed for pH 2–8, initial dye concentration (25–200 mg/L), bio-solid amount (1–15 g/L),
and contact time (10–180 min).

2.1. Waste-activated sludge (bio-solid) preparation

Waste-activated sludge (bio-solid) was taken from an
activated sludge unit and a belt filter press of the Cumhuriyet
University wastewater treatment plant that uses mechanical
treatment. The bio-solid sample was collected from a returnactivated sludge unit. The sample was ground and sieved to
0.063–0.125 mm particles, washed with distilled water to remove any non-adhesive impurities and small particles, and
then, dried at 103 °C for 24 h to remove moisture.
2.2 Dye solution

Everzol Yellow 3RS H/C (CI reactive yellow 176) is
an anionic reactive dye. It was chosen because of its known
use in textile industry. The chemical structure of the dye
EY3RS was not available.
2.3 Methods

Experimental studies were carried out in the Environmental Engineering Laboratory at Cumhuriyet University.
A WTW (Inolab) pH-meter was used to measure pH. The
dye was supplied by a textile company in Turkey. Color
measurements were done with 5-ml samples removed from
supernatants in Erlenmeyer flasks. The samples were centrifuged at 5000 rpm for 20 min. Absorbance of the supernatant was measured; λmax of EY3RS was determined in an
aqueous medium with a scanning UV-VIS spectrophotometer. A Pharmacia Nova Model spectrophotometer was
used at 400 nm for EY3RS. The color removal ratio was
determined using Eq. (1):
  A  At  
(1)
Color removal  %    0
  100
 A0

where A0 is the absorbance at λmax after the initial incubation time, and At is the absorbance at λmax after a predetermined test time (t).
2.4 Batch biosorption studies

A stock solution of 1000 mg/L of EY3RS was prepared
by dissolving it in distilled water. Then, samples were prepared to produce dye concentrations of 25-200 mg/L by diluting the stock solution. Batch bio-sorption experiments

2.5 Response surface methodology (RSM)

RSM is an empirical modeling technique used to evaluate the relationship between a set of controllable experimental variables and observed results. The optimization
process included the following steps: a) performing statistically designed experiments, b) estimating the coefficients
in a mathematical model, and c) predicting the response
and checking the adequacy of the model [2]. The Box–
Behnken experimental design was used to optimize and
evaluate the main effects, interaction effects, and quadratic
effects of the variables on the quality of granules.
A total of 29 experiments were done to evaluate the
effects of the three main independent variables on EY3RS
dye-removal efficiency. The results were analyzed using
the coefficient of determination (R2), Pareto analysis of
variance (ANOVA), and statistical and response plots. A
non-linear regression method was used to fit the secondorder polynomial, Eq. (2), to the experimental data and to
identify the relevant model terms. Considering all the linear terms, square terms, and linear by linear interaction
items, the quadratic response model can be described as
follows:
Y = β0 +Σβixi +Σβiix2ii +Σβijxixj + ε
(2)
where βo is the offset term, βi is the slope or linear effect of the input factor xi, βii is the quadratic effect of input
factor xi, and βij is the linear by linear interaction effect between the input factors xi and xj [25].
In this study, a Box–Behnken design was used to optimize bio-sorption parameters for dye removal. This design
was applied at three levels by using four factors for Everzol
Yellow 3RS H/C (EY3RS) dye removal from aqueous solutions by dried activated sludge (DAS). Four independent
variables (pH: 2–8, Co: 25–200 mg/L, tc: 10–180 min, biosolid amount (m) = 1–15 g/L were labelled A, B, C, and D
at three levels (-1, 0, 1). Three different concentrations of
reactive dye C0 (25, 112.5, 200), pH (2, 5, 8), tc (10, 95,
180), and m (1, 8, 15 g/L) were chosen as the critical variables and designated as A, B, C, and D, respectively, as
shown in Table 1.

TABLE 1 - Experimental range and levels of independent variables for EY3RS.
Variables
Initial pH of solution (pH), A
Initial concentration of EY3RS dye (C0), B (mg/L)
Dosage (m), C (g)/100 ml
Contact time (T), D (min)
a
Step change values

Range and levels
Low Level
(-1)
2.0
25.0
0.1
10
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Center level
(0)
5.0
112.5
0.8
95

High level
(+1)
8.0
200
1.5
180

ΔXia
87.5
0.7
85
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TABLE 2 - Box–Behnken design matrix with three independent variables in coded and natural units.
Batch
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Initial pH of solution
(pH)
A (coded) A (uncoded)
1
8
0
5
1
8
0
5
0
5
0
5
0
5
1
8
0
5
0
5
0
5
0
5
-1
2
-1
2
0
5
-1
2
0
5
-1
2
1
8
0
5
0
5
-1
2
0
5
0
5
0
5
1
8
0
5
-1
2
1
8

Initial concentration of
EY3RS dye (C0) (mg/L)
B (coded) B (uncoded)
0
112.5
1
200
0
112.5
0
112.5
1
200
1
200
0
112.5
1
200
0
112.5
0
112.5
-1
25
0
112.5
0
112.5
-1
25
0
112.5
0
112.5
-1
25
0
112.5
-1
25
1
200
0
112.5
0
112.5
0
112.5
-1
25
-1
25
0
112.5
0
112.5
1
200
0
112.5

Dosage (m)
(g)
C (coded) C (uncoded)
0
0.8
-1
0.1
-1
0.1
0
0.8
0
0.8
1
1.5
0
0.8
0
0.8
0
0.8
0
0.8
-1
0.1
1
1.5
1
1.5
0
0.8
1
1.5
-1
0.1
0
0.8
0
0.8
0
0.8
0
0.8
-1
0.1
0
0.8
0
0.8
0
0.8
1
1.5
0
0.8
-1
0.1
0
0.8
1
1.5

A total of 29 experiments were carried out to estimate
the 15 coefficients for the removal of EY3RS. Data were
analyzed using Design Expert 7.0 and ANOVA to reveal
the interaction between variables and response. Table 2
shows the actual design of experiments and EY3RS response.

3. RESULTS AND DISCUSSION
Experiments were designed to obtain a quadratic model
of 24 trials plus 5 centre points. The reactive dye EY3RS is
widely used in textile dyeing and is resistant to biodegradation. RSM has been successfully used to optimize conditions
for dye removal using bio-solids. A Box–Behnken design
was chosen for this study. Four significant variables are presented in Table 1. The design matrices of the variables in
coded and un-coded units are given in Table 2, along with
experimental response values. The experimental results
were analyzed with RSM to obtain an empirical model for
the best response. The results of theoretically-predicted responses are shown in Table 3. The quadratic model was used
to explain the mathematical relationship between the independent variables and dependent responses.
Equation 3 can be used to predict the response, given
values of initial dye concentration, bio-sorbent dosage,
contact time, and pH. The final equation in terms of coded
factors, expressed in Eq. (3), shows dye removal (Y) as a

Contact time (T) (min)
D (coded)
-1
0
0
0
1
0
0
0
0
0
0
1
0
0
-1
0
-1
1
0
-1
-1
-1
0
1
0
1
1
0
0

D (uncoded)
10
95
95
95
180
95
95
95
95
95
95
180
95
95
10
95
10
180
95
10
10
10
95
180
95
180
180
95
95

Biosorption
Capacity
(mg/g)
12.74
185.4
102.06
12.71
23.17
12.35
12.7
23.16
12.7
12.7
22.65
6.74
6.81
2.83
6.79
102.78
2.81
12.9
2.77
23.16
102.14
12.92
12.7
2.77
1.45
12.69
101.99
23.19
6.76

EY3RS dye
removal (%)
90.62
92.7
90.72
90.39
92.66
92.61
90.3
92.65
90.3
90.32
90.6
89.93
90.76
90.41
90.51
91.36
89.93
91.71
88.79
92.65
90.79
91.86
90.29
88.51
86.73
90.25
90.66
92.75
90.09

function of pH (A), initial dye concentration (B), amount
of bio-solid (C), and contact time (D).
Y(%) = 90.32-0.48A+1.75B-0.52C-0.22D+0.38AB0.0075AC-0.055AD+0.94BC+0.36BD0.11CD+0.49A2+0.37.B2-0.071C2+0.26D2
(3)
The statistical significance of Eq. (3) was checked with
an F-test. The analysis of variance (ANOVA) for the response-surface quadratic model is given in Table 3. Values
of probability (P)>F less than 0.05 indicate that model
terms are significant. Values greater than 0.1000 indicate
that model terms are not significant. The model is highly
significant, as is evident from the model F-value and a very
low probability value (P-value < 0.0001). The R2 value of
0.9594 for dye removal percentage indicates the accuracy
of the model. Figure 1 shows the correlation between experimental and predicted values. The R2 value gives a
measure of how much variability in the observed response values can be explained by the experimental parameters and their interactions. The closer the values of
R2 to 1, the better the correlation between the experimental and predicted values, and the better the model
predicts the response. The adjusted R2 adjusts for the
sample size and the number of variables in the model.
The predicted R2 of 0.7664 is in reasonable agreement
with the adjusted R2 of 0.9187. Adequate precision measures
the signal to noise ratio. A ratio greater than 4 is desirable.
The ratio of 19.987 indicates an adequate signal.
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TABLE 3 - Analysis of variance (ANOVA) of the response surface model for the EY3RS dye removal.
Source
Model
A - pH
B - C0
C-m
D-T
A2
B2
C2
D2
AB
AC
AD
BC
BD
CD
Error
Total

Statistics
Sum of Squares
50.71
2.74
36.93
3.20
0.58
1.57
0.89
0.033
0.43
0.58
2.250E-004
0.012
3.57
0.51
0.051
6.600E-003
52.86

df
14
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4
28

Mean square
3.62
2.74
36.93
3.20
0.58
1.57
0.89
0.033
0.43
0.58
2.250E-004
0.012
3.57
0.51
0.051
1.650E-003

F value
23.60
17.83
240.60
20.87
3.78
10.25
5.79
0.21
2.78
3.76
1.466E-003
0.079
23.28
3.33
0.33

p-value Prob>F
< 0.0001
Significant
0.0009
< 0.0001
0.0004
0.0721
0.0064
0.0305
0.6503
0.1179
0.0728
0.9700
0.7830
0.0003
0.0894
0.5749

FIGURE 1 - Correlation between experimental and predicted values.

The model F-value of 23.60 and values of (P)>F(<0.0001)
indicated that the model terms were significant.
The P value serves as a tool for checking the significance of the coefficients. P values less than 0.05 indicate
more significant correlation of coefficients. Values of (P)>
F less than 0.05 indicate model terms are significant. In this
case ,pH(A), Co(B), m (C), BC, A2, and B2 are significant
terms. Values greater than 0.1000 indicate the model terms
are not important.
Table 4 presents the variations in the corresponding
coded values of four variables and response based on experimental runs and predicted values. Dye removal was between 86.73 and 92.75%. In order to confirm the model’s
adequacy, five sets of experiments were repeated randomly
at optimum conditions to experimentally obtain a maximum EY3RS dye removal percentage. Table 4 shows the
experimental results under optimum conditions, compared to
the simulated values from the proposed model equation (3).
The percentage error difference between the experimental

and predicted value was 0.022–0.814%. The experimental
error of less than 1% indicates that the proposed model is
adequate for obtaining optimum values of the experimental
factors.
On the basis of the quadratic polynomial equation for
response surface methodology Eq. (3), the effect of independent variables was analyzed.
Three-dimensional response surface plots show the regression equation. These plots are presented in Figs. 2 a–f.
By analyzing the plots, the best response range can be calculated.
Figure 2a shows the effect of pH and initial concentration. Dye removal is sensitive to changes in initial concentration, which has significant and direct effects. With greater
initial concentration, dye removal increases considerably.
The influence of pH is much less. The results show maximum dye removal at a initial concentration of 200 mg/L with
92.75% efficiency. At the lower concentrations, with pH
from 2 to 8, removal efficiency decreased.
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TABLE 4 - Observed responses and predicted values with residuals.

Batch No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

A
1
0
1
0
0
0
0
1
0
0
0
0
-1
-1
0
-1
0
-1
1
0
0
-1
0
0
0
1
0
-1
1

Coded Factors
B
C
0
0
1
-1
0
-1
0
0
1
0
1
1
0
0
1
0
0
0
0
0
-1
-1
0
1
0
1
-1
0
0
1
0
-1
-1
0
0
0
-1
0
1
0
0
-1
0
0
0
0
-1
0
-1
1
0
0
0
-1
1
0
0
1

D
-1
0
0
0
1
0
0
0
0
0
0
1
0
0
-1
0
-1
1
0
-1
-1
-1
0
1
0
1
1
0
0

EY3RS dye Removal
Rounded residuals
Observed, Yo (%) Predicted, Yp (%)
(Yo-Yp)
90.62
90.866
-0.246
92.70
91.945
0.755
90.72
90.788
-0.068
90.39
90.320
0.070
92.66
92.838
-0.178
92.61
92.801
-0.191
90.30
90.320
-0.020
92.65
92.839
-0.189
90.30
90.320
-0.020
90.32
90.320
0.000
90.60
90.326
0.274
89.93
89.656
0.274
90.76
90.710
0.050
90.41
90.286
0.124
90.51
90.321
0.189
91.36
91.728
-0.368
89.93
89.770
0.160
91.71
91.381
0.329
88.79
88.571
0.219
92.65
92.563
0.087
90.79
91.129
-0.339
91.86
91.711
0.149
90.29
90.320
-0.030
88.51
88.615
-0.105
86.73
87.403
-0.673
90.25
90.316
-0.066
90.66
90.914
-0.254
92.75
93.034
-0.284
90.09
89.740
0.350

Figure 2b shows the effect of contact time and pH on
dye removal. At higher dye concentrations and increased
contact time of 10–180 min, dye removal remained unchanged. The same trend for lower dye concentrations was
observed.
Figure 2c shows the effect of pH and bio-solid amount
on dye removal. With the same concentration, contact time,
and pH 2–8, increasing the bio-solid amount from 0.1 to
1.5g decreased removal efficiency from 91.30 to 90.09%.
Hence, the effects of pH and bio-solid amount have no significant effect on dye removal.
Figure 2d shows the effect of using the same pH and
bio-solid amount but increasing concentration from 25 to
200 mg/L. At the same time, contact time was decreased
from 180 to 10 min, and removal efficiency increased from
88.31 to 92.65%. Initial concentration has a greater effect
on removal efficiency than contact time.
Figure 2e shows that with pH at 5 and contact time at
95 min, initial concentration increased from 25 to 200 mg/L,
and bio-solid amount decreased from 1.5 to 0.1 g, and removal efficiency increased from 86.93 to 92.7%. Hence,
the most efficient removal was with high concentrations
and lower contact time.
Figure 2f shows that with pH at 5 and an initial concentration of 112.5 mg/L, bio-solid amount increased from

Error
(%)
-0.271
0.814
-0.075
0.077
-0.192
-0.206
-0.022
-0.204
-0.022
0.000
0.302
0.305
0.055
0.137
0.209
-0.403
0.178
0.359
0.247
0.094
-0.373
0.162
-0.033
-0.119
-0.776
-0.073
-0.280
-0.306
0.389

Absolute rounded
residuals
0.246
0.755
0.068
0.070
0.178
0.191
0.020
0.189
0.020
0.000
0.274
0.274
0.050
0.124
0.189
0.368
0.160
0.329
0.219
0.087
0.339
0.149
0.030
0.105
0.673
0.066
0.254
0.284
0.350

0.1 to 1.5 g and contact time from 10 to 180 min, and there
was no effect on removal efficiency.
Results were compared to published values of activated sludge used as bio- and other adsorbents. Table 5
compares the maximum capacities of various adsorbents
for EY3RS reactive dye. The maximum adsorption capacity and removal efficiency of dried activated sludge in this
study were 102.78 mg/g and 92%, which are higher than
those in most of previous studies. Therefore, the biosorbent is suitable for color removal in the textile industry.
As shown in Table 6, activated sludge is a good biosorbent
for removing some dyes. In our study, bio-sorption capacity (mg/g) was notably higher than some other dyes’ biosorption onto activated sludge.
TABLE 5 - Maximum adsorption capacity (Qm) or removal efficiency of various adsorbents for EY3RS.
Adsorbent/
Biosorbent
Activated
sludge
Zeolite
Sepiolite
Immobilized
cell beads
Zeolite
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Dye

Qm (mg/g) or
Reference
removal efficiency
Everzol Yellow 3RS 102.78–92 %
This study
Everzol Yellow 3RS 88.5
Everzol Yellow 3RS 169.1
Everzol Yellow 3RS 96–98%

[26]
[26]
[27]

Everzol Yellow 3RS 7.6

[28]
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(a)

(b)

(c)

(d)

(e)

(f)

FIGURE 2 - 3D response surface diagrams showing the effects of mutual interactions between two independent variables: a) initial solution
pH (pH, A) and initial dye concentration (Co, B), b) initial solution pH (pH, A) and bio-solid amount (m, C), c) initial dye concentration (Co,
B) and bio-solid amount (m, C), d) initial solution pH (pH, A) and contact time (T,D), e) initial dye concentration (Co, B) and contact time (T,
D), and f) bio-solid amount (m, C) and contact time (T, D).
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TABLE 6 - Maximum adsorption capacity (Qm) of various dyes for
activated sludge.
Biosorbent
Activated sludge
Activated sludge
Activated Sludge
Activated Sludge
Activated Sludge
Activated Sludge

Dye
Everzol Yellow 3RS
Direct Yellow 12
Basic Red 18
Basic Blue 9
Reactive dye
(Rhodomine-B)
Reactive dye
(Reactive Black-5)
Reactive Yellow 2

Qm (mg/g)
102.7
98
285.71
256.41
4.01

Reference
This study
[29]
[30]

116

[32]

250

[33]

[31]

[7]

Sarioglu M. and Bisgin T. (2007) The removal of C.İ. basic red
46 in a mixed methanogenic anaerobic culture. Dyes Pigments,
74 223-9.

[8]

Benkli YE, Ca MF, Turan M, Çelik M.S. (2005) Modification
of organo-zeolite surface for the removal of reactive azo dyes
in fixed-bed reactors. Water research, 39:487-493.

[9]

Özdemir Ö, Turan M. (2007) Sabit Yataklı modifiye zeolite
kolon reaktörde tekstil atıksuyundan renk giderimi ve zeolite
yatağın rejenerasyonu. Itü dergisi/e su kirlenmesi kontrolü,
17(3):35-44.

[10] Al-Qodah Z. (2000) Adsorption of dyes using shale oil ash.
Water Res, 34(17) 4295-303.

4. CONCLUSION
For the bio-sorption of dye EY3RS, RSM with immobilized dried activated sludge was used to optimize these
variables: pH: 2.0–8.0, contact time: 10–180 min, and initial dye concentration: 25–200 mg/L. EY3RS dye bio-sorption on DAS was studied using a Box–Behnken experimental design combined with RSM. The results clearly
show that the dye concentration, bio-solid amount, and
contact time are the most important factors for color removal. All these factors showed combined effects on dye
removal. RSM was applied to calculate the optimum combination of factors. They were found to be pH = 2, Co =
200 mg/L, m = 8 g/L and tc = 95 min, for which dye removal was about 90%. There is a good correlation between
the experimental and predicted values (R2 = 0.96). From
the significant model and mathematical evaluation, the
RSM approach proved to be a very useful and accurate
method for optimizing the bio-sorption process for industrial-wastewater treatment.

[11] Sakkayawonga N, Thiravetyana P, Nakbanpoteb W. (2005)
Adsorption mechanism of synthetic reactive dye wastewater
by chitosan. Journal of Colloid and Interface Science, 286: 3642.
[12] Jalali M, Aboulghazi F. (2013) Sunflower stalk, an agricultural
waste, as an adsorbent for the removal of lead and cadmium
from aqueous solutions. J Mater Cycles Waste Manag, 15:
548–555.
[13] Veli S, Alyüz B. (2007) Adsorption of copper and zinc from
aqueous solutions by using natural clay. Journal of Hazardous
Materials, 149:226-233.
[14] Zhang L, Zhang L, Yuan M. (2012) Adsorption of Pb(II) from
Aqueous Solution Using Natural Clay. Asia Pacific
Conference on Environmental Science and Technology,
Advances in Biomedical Engineering 2012. Vol.6
[15] El-Mekkawi, D.M., Galal, H.R. (2013) Removal of a synthetic
dye “Direct Fast Blue B2RL” via adsorption and
photocatalytic degradation using low cost rutile and Degussa
P25 titanium dioxide. Journal of Hydro-environment
Research, http://dx.doi.org/10.1016/j.jher.2013.02.003
[16] Mahmoodi N.M., Salehi R., Arami M. (2011) Binary system
dye removal from colored textile wastewater using activated
carbon: Kinetic and isotherm studies. Desalination, 272 18795.
[17] Volesky B. (1990) Biosorption and biosorbents, In: Volesky
B, editor. Biosorption of heavy metals, Florida: CRC press; p.
3–5.
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CONCENTRATIONS IN THREE FRESHWATER FISH
SPECIES IN LAKE MARMARA (WESTERN ANATOLIA)
AND HEAVY METAL HUMAN HEALTH RISK ASSESSMENT
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ABSTRACT
Heavy metals are hazardous contaminants, with regards to public health, that can accumulate in aquatic biota.
Heavy metal concentrations (Cr, Co, Ni, Cu, Zn, As, Se,
Cd, Hg and Pb) in the muscular tissues of three freshwater
fishes [Danube bleak (Alburnus chalcoides), Common carp
(Cyprinus carpio) and Prussian carp (Carassius gibelio)],
collected from Lake Marmara, and effects of these heavy
metals on public health were studied. The levels of heavy
metal in fish muscular tissues were determined by inductively coupled plasma mass spectroscopy after wet decomposition by microwave. According to the results obtained,
the highest value was detected in Prussian carp while the
lowest one was detected in Danube bleak, in terms of total
heavy metal concentrations in muscular tissues. All three
fishes were ascertained not to exceed the tolerable daily intake quantities of determined estimated daily intake rate
(EDI) values. Besides, the values of Target Hazard Quotient and total Target Hazard Quotients were determined
not to exceed the critical value “1”. Considering the concentrations of heavy metals studied, the results suggested
that a fish consumption-based risk for public health can be
excluded.
KEYWORDS: Carassius gibelio, Cyprinus carpio, Alburnus chalcoides, Marmara Lake, heavy metals, public health

1. INTRODUCTION
In mid-2013, the world population was around 7.2 billion. The world population is estimated to be around 8.1
billion in 2025 and 9.6 billion in 2050 [1]. Food need of
people is increasing in parallel with increasing world population. Therefore, protecting existing natural resources
without contaminating and ruining is of vital importance.
* Corresponding author

Food safety is a major public concern worldwide. During the last decades, the increasing demand of food safety
has stimulated research regarding the risk associated with
consumption of foodstuff contaminated by heavy metals,
pesticides or toxins [2]. There are numerous studies researching the existence of chemical residues in fishes, such
as heavy metals [3-5], pesticides [6-8], veterinary medicinal products [9-11], dioxin and furans [12-14].
Although there is no clear definition, usually metals
with densities higher than 5.0 g cm-3 in terms of physical
features are defined as heavy metals [15]. However, the
term heavy metal is used as a group name including metals
and semi-metals which often cause contamination and have
potential toxicity [16]. Heavy metals are released into
aquatic ecosystems from geologic and anthropogenic resources [17].
Fish is the ideal component of a balanced and healthy
diet due to the content of minerals (P, I and K), unsaturated
fats (oleic and linolenic acid and omega 3 series), phospholipids, vitamins (A, D), and proteins with high biological
values [18]. Nevertheless, fishes, one of the aquatic products in freshwater systems that are consumed by humans,
are thought to be the indicators of heavy metals [19, 20].
Therefore; determination of heavy metal concentrations in
fish muscular tissues and their amounts that can be transmitted to humans is very important [21].
In this study, the extent of heavy metal (Cr, Co, Ni, Cu,
Zn, As, Se, Cd, Hg and Pb) contamination in three freshwater fish species (Cyprinus carpio, Alburnus chalcoides,
and Carassius gibelio) from Marmara Lake was investigated. Assessments of the daily dietary exposures of these
metals to the local population through consumption of
freshwater fishes were calculated. The potential risk to the
health of local inhabitants was evaluated by comparing
with the tolerable intakes for heavy metals and by using
THQ-based risk assessment.
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2. MATERIALS AND METHODS
2.1 Description of the study area

The samples were collected from Lake Marmara, located
on the west of Turkey. It is an alluvial set lake formed over a
gully with tectonic origin. It covers an area of 6800 km2. It
ranks among the wetlands which have international importance according to Ramsar Convention by hosting a great
number of aquatic birds. The agriculture represents the most
important sector for the economy of the area. Especially,
melon, watermelon, tomato, red and green pepper, cabbage, broccoli and grapes are widely cultured.
2.2 Sampling method

The muscular tissues of the three freshwater fish species
were analyzed in the study. Fish samples were supplied from
a member fisherman of Golmarmara Fisheries Cooperative
by the random sampling method. Totally, 128 fish samples,
particularly 50 Alburnus chalcoides, 39 Cyprinus carpio and
39 Carassius gibelio were examined. The samples were
brought to the laboratory under cold conditions on the same
day and kept at –18 °C before they were analyzed.
2.3 Sample digestion

The samples were digested in a microwave digestion
unit (Berghof speed-wave MWS-3 DAP-60 digestion vessels). For each specimen, 250 mg of muscular tissues was
weighed and put into pressure-resistant Teflon (polytetrafluoroethylene) vessels. Then, 5 ml of nitric acid (65%, supra-pure) was added. The vessel was slightly shaken in
fume hood and kept waiting for 20 min before the lid was
closed. Later, the vessel, whose lid was closed, was placed
in a microwave digestion unit and the digestion programme
on the grid was applied. After the digestion process was
over, the total volume was made to 20 ml with 4:1 nitric
acid (65%, supra-pure):hydrogen peroxide (30%, suprapure) solution. Microwave digestion programme used during the experiment is shown in Table 1.

1
160
5
5

2
190
1
5

3
190
1
10

TABLE 2 - ICP-MS operating conditions
Radio frequency power
RF matching
Sampling depth
Carrier gas
Dilution gas
S/C temperature
Nebulizer type

1550 W
2.1 V
8 mm
0.85 L/min
0.13 L/min
2ºC
MicroMist

A tort-2 certified lobster hepatopancreas tissue was
used as the calibration verification standard. Recoveries
between 90–110% were accepted to validate the calibration. Recovery results are shown in the Table 3.
TABLE 3 - Accuracy of the method
TORT 2 (mg/kg)
Cr
0.77 ± 1.18
Co
0.51 ± 0.09
Ni
2.50 ± 0.19
Cu
106.0 ± 10.0
Zn
180.0 ± 6.0
As
21.6 ± 1.8
Se
5.63 ± 0.67
Cd
26.7 ± 0.6
Hg
0.27 ± 0.06
Pb
0.35 ± 0.13
Values ± standard deviation

Current study (mg/kg)
0.75 ± 0.04
0.50 ± 0.09
2.13 ± 0.12
92.36 ± 2.60
147.05 ± 6.01
19.65 ± 0.37
5.75 ± 0.38
24.84 ± 1.45
0.28 ± 0.01
0.36 ± 0.02

Recovery (%)
96.97
98.04
85.20
87.14
81.69
90.97
102,07
93.03
104.94
102.86

2.5 Estimation of daily intake of elements

Estimation of daily intake (EDI) of elements was accomplished by the formula suggested by Islam et al. [22],
in the estimation of the average amount of daily intakes as
reported below.
EDI (µg analysed element/kg body weight/day) =
In the formula C is the average element concentration
in fish species, FIR is the daily fishes ingestion rate
(kg/person), and BW is the average body weight.
In this risk assessment, 70 kg of body weight is usually
applied for adults [23]. The fish ingestion rate in Turkey in
2013 was 6.307 kg/person/year [24].

TABLE 1 - Microwave digestion process
Step
Temperature (ºC)
Transition time (min)
Waiting Time (min)

2A) and 10 mg/L mercury standard (Agilent mercury calibration standard) stock solution, on the daily basis. The
heavy metal concentrations in the samples are given in
terms of mg/kg wet weight.

4
100
1
10

2.4 Analysis of the samples

Liquefied samples were put into an ICP-MS (Agilent
7700x) device under the below circumstances with 3 cycles. Operating conditions of ICP-MS are given in Table 2.
Mix element calibration solutions for the elements studied were prepared with 10 mg/L multi-element standard
stock solution (Agilent multi-element calibration standard-

2.6 Determination of target hazard quotient (THQ)

By comparing the daily intake (concentration in fishes
and times when the amount is consumed) with the chronic
oral reference dose (RfDo), it is possible to determine
whether a person is exceeding acceptable health guidance
levels [25]. RfDo values are shown in Table 4.

TABLE 4 - RfDo values, mg/kg body weight/day [26].

RfDo

Cr
3x10-3

Co
3x10-4

Ni
2x10-2

Cu
4x10-2

Zn
3x10-1
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As
3x10-4

Se
5x10-3

Cd
1x10-3

Hg
3x10-4

Pb
4x10-3
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THQ is a ratio of determined dose of a pollutant to the
dose level (RfDo). It is used at health risk assessment in
order to determine the carcinogenicity of the samples [22].
The below formula suggested by Chien et al. [27] was applied in the calculation of THQ.
x 10-3

THQ =

In the formula, Efr stands for frequency of exposure
(365 days/year), EDtot for period of exposure (average life
expectancy: 70 years), FIR for food intake rate (g/day), C
for the heavy metal concentration in fish muscular tissue
(mg/kg), RfDo for oral reference dose (mg/kg/day), BWa
for average adult body weight (70 kg), ATn for period of
average exposure for non-carginogenic part of elements
(365 days/year x number of exposure years 70 years). If the
THQ value obtained is below “1”, an adverse effect for human health can be excluded considering the elements studied.
The below total THQ (TTHQ) formula suggested by
Chien et al. [27] was used in the determination of the total
risk of heavy metals.
TTHQ = THQ (toxicant 1) + THQ (toxicant 2) + …. +
THQ (toxicant n)
2.7 Statistical analysis

The descriptive statistics (mean, standard deviation,
standard error, range), one way analysis of variance
(ANOVA) and Tukey post-hoc tests were conducted by
the IBM SPSS Statistics V.20 program. The statistical
significance was determined through 0.05 alpha level. If
p<0.05, it was evaluated as there was a statistically significant difference between the groups.

3. RESULTS AND DISCUSSION
During the study, heavy metal concentrations were detected in the muscular tissue samples of totally 128 fishes
belonging to three species collected from Lake Marmara.

Average concentrations of the studied elements in muscle
tissue samples are given in Table 5.
According to the total heavy metal concentrations in
the muscular tissues of fishes, the highest heavy metal values was detected in Prussian carp and the lowest in Danube
bleak.
The highest average heavy metal concentrations in this
study were detected in Danube bleak with 0.64 mg/kg Ni,
common carp with 1.10 mg/kg Cr, 0.29 mg/kg Co, 0.44
mg/kg As and 0.28 mg/kg Pb, Prussian carp with 0.60
mg/kg Cu, 3.03 mg/kg Zn, 0.61 mg/kg Se and 0.05 mg/kg
Hg. 0.03 mg/kg Cd was detected in all three species of fish.
In a study conducted in Spain, average Zn, As and Hg concentrations in all species examined (sardine, mackerel,
tuna, two-banded sea bream, little sole, tope) were found
to be higher than in this study but Cd average concentration
was less [28]. It was seen that average copper and zinc concentrations detected in stock fish, frozen fish and dried fish
in Nigeria were higher than the average concentrations obtained in this study [29]. Hg and Cd amounts in common
carp and Prussian carp specimens fished from Lower Nitra
River in Slovakia were higher than in this study [30]. In a
diet study conducted in Lebanon, less amounts of Cd, Co,
Cu, Ni and Pb but more Zn was detected in contrast with
this study [31]. Similarly, Cr, Co, Ni, As, Se, Cd and Pb
concentrations detected in muscular tissues of common
carp in Lake Kasumigaura in Japan are less than in this
study but Zn level was found to be higher [32]. Any statistically significant difference was not determined for heavy
metal concentrations (except Pb) found in muscular tissues
among the three species (p>0.05). However, a statistically
significant difference was determined for Pb concentrations found in muscular tissues between common carp and
Prussian carp (p<0.05).
The possible reasons of such differences in the
amounts of trace elements can be due to seasonal and biological differences (species, size, age, sex and sexual maturity), nutritional source of fish, the location the fish was
caught and environmental conditions [33-35].

TABLE 5 - Average element concentrations obtained in the muscular tissues of fishes (mg/kg w.w ± S.D.)
Species
Cr
Co
Ni
Cu
Zn
As
Se
Cd
I
0.33 ± 0.13 0.13 ± 0.03 0.64 ± 0.20 0.11 ± 0.02 0.63 ± 0.26 0.31 ± 0.08 0.35 ± 0.14 0.03 ± 0.01
n=50
II
1.10 ± 0.49 0.29 ± 0.12 0.47 ± 0.27 0.44 ± 0.25 1.57 ± 0.63 0.44 ± 0.07 0.57 ± 0.21 0.03 ± 0.006
n=39
III
0.26 ± 0.21 0.22 ± 0.10 0.35 ± 0.15 0.60 ± 0.37 3.03 ± 1.16 0.28 ± 0.05 0.61 ± 0.16 0.03 ± 0.006
n=39
I: Alburnus chalcoides, II: Cyprinus carpio, III: Carassius gibelio, w.w: wet weight, S.D.: Standard deviation

Hg
Pb
0.04 ± 0.007 0.23 ± 0.02
0.01 ± 0.003 0.28 ± 0.02
0.05 ± 0.03

0.17 ± 0.01

TABLE 6 - Average daily trace element intake amounts (µg/day) taken by consuming fish species studied.
Cr
Co
Ni
Cu
Zn
As
Se
Cd
Hg
Pb
I
0.08
0.03
0.16
0.03
0.16
0.08
0.09
0.007
0.01
0.06
II
0.27
0.07
0.12
0.11
0.39
0.11
0.14
0.007
0.002
0.07
III
0.06
0.05
0.09
0.15
0.75
0.07
0.15
0.007
0.01
0.04
Reference
60 mg/day 1.5 µg/day
5 µg/day
30 mg/day
60 mg/day 120 µg/day 0.45 mg/day 60 µg/day 300 µg/day 210 µg/day
values
TDI
SDI
TDI
TDI
TDI
TDI
TDI
TDI
PTWI
TDI
TDI: Tolerable Daily Intake, SDI: Suggested Daily Intake, PTWI: Provisional tolerable weekly intake amount [36-40]
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TABLE 7 - THQ and TTHQ of heavy metals in fishes.
Species
I
II
III

Cr
0.03
0,09
0.02

Co
0.11
0.24
0.18

Ni
0.008
0.006
0.004

Cu
0.001
0.003
0.004

Zn
0.0005
0.001
0.002

As
0.26
0.36
0.23

Daily intake amounts that can be taken by consuming
three freshwater fishes were studied, and tolerable daily intake amounts and/or suggested daily intake amounts are
given in Table 6.
Comparing the potential daily trace element amounts
ingested by consumption of fish with the suggested trace
element amounts, the values obtained resulted below the
reference values for each of the three species.
The EDI values obtained in this study were ascertained
not to exceed TDI, SDI, PTWI values. EDI values determined in terms of heavy metals depending on fish consumption in Catalonia (As, Cd, Pb and Hg) [41], Pakistan
(As) [42], Lebanon (Co, Cu, Ni, Zn, Cd, Hg, Pb) [31] and
Turkey (Cr, Cu, Zn, Se, Cd, Pb) [43] do not exceed TDI,
SDI and PTWI values, similar to this study. EDI values
connected with fish and seafood consumption of the adults
living in the city of Tarragona were calculated and it was
observed that As (440.4 µg/day) and Ni (13.5 µg/day) values exceeded TDI reference values (As: 120 µg/day, Ni: 5
µg/day) [44], in contrast with the results of this study. The
EDI value calculated in a study where selenium amounts
were investigted in fish (8.20 µg/day) was found to be
higher than in this study (0.09-0.15 µg/day) but quite lower
than reference TDI (0.45 mg/day) value [45]. The THQ and
TTHQ values calculated for each of the three species of
fish are shown in Table 7.
THQ and TTHQ values obtained were determined not
to exceed the critical value “1”, and therefore, no risk has
been detected for public health.
THQ and TTHQ values for each of the three species of
fishes were discovered to be below “1” in this study. In a
study conducted at the Yangtze River (China), THQs values determined for Cu, Zn, As, Cd, Hg and Pb associated
to fish consumption have paralelles with this study, and
were detected to be below “1” [46]. Similarly, in a study
conducted in Iran, THQs for Pb and Cd in fish were detected to be below “1” [47]. However, in a study conducted
in Taiwan where oysters were used as material, it was observed that THQ values were exceeded in terms of Cu
(9.33), Zn (1.77), and As (1.61) [48]. In a study conducted
in South-Eastern Mediterranean Italian Coast (Adriatic
Sea), Hg THQ values in albacore, rosefish and thornback
ray fishes were discovered to be above “1”, different from
this study, and Cd and Pb THQs values below “1”, similar
to this study [49].
Aquatic ecosystems, such as lakes and seas, are exposed to many kinds and a large amount of contaminants.
For this reason, there are a wide range of studies where the
existence of contaminants in water and aquatic organisms
and their possible effects on public health are determined.

Se
0.02
0.03
0.03

Cd
0.007
0.007
0.007

Hg
0.03
0.01
0.04

Pb
0.01
0.02
0.01

TTHQ
0.48
0.77
0.53

4. CONCLUSION
Despite living together in the same environment,
heavy metal concentrations in muscular tissues were determined to be changeable among species. The highest heavy
metal concentrations were detected in Prussian carp, while
the lowest in Danube bleak. According to "estimated daily
intake" (EDI) calculations that are used as an alternative
approach in danger assessment about food, TDI, SDI and
PTWI values were not exceeded. THQ and TTHQ that is
employed in the measurement of the potential risk that can
emerge along with the intake of toxins by digestion was
found to be below the critical level “1” for each of the three
species examined. In terms of the heavy metals studied, no
risks were detected about the consumption of each of the
three species collected from Lake Marmara. However,
since several studies reported that critical heavy metal levels exceeded in fishes pose a potential risk for public
health, it is of critical importance that toxicants in fishes
should be monitored periodically and that possible risks
should be revealed.
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ABSTRACT
The use of biological indicators provides economically
justified, cumulative and rapid insight into pollution-related load in the air. Furthermore, lichens are specific pollutants and give accurate results without the use of an expensive technology. Although their distribution and abundance are known to be affected by high environmental sulphur dioxide (SO2) concentrations, the results of this study
show that such effects are possible without the impact of
SO2. Nine lichen genera were examined over a period of
six months at ten locations in Novi Sad (Serbia), chosen by
significant differences in urbanisation. The relative abundance of lichen populations and environmental concentrations of SO2 and carbon monoxide (CO) were determined
at each location, once a week during the six-month period.
A total of 1040 air samples were analysed (780 CO analyses and 260 SO2 analyses). The SO2 concentrations were
found to be far below the recommended exposure limits
throughout the study. The spatial distribution and abundance of lichens were found to be inversely proportional to
the CO concentration in the air.
KEYWORDS: Lichens, carbon monoxide, sulphur dioxide, anthropogenic pollution, bio-monitoring

odourless and colourless, it is undetectable to the human
senses; therefore, people are exposed to it, without knowing that [6]. CO concentration is measured in parts per million (ppm) [7]. CO is not classified in the group of "greenhouse gases", but it still affects the atmosphere by changing
its chemistry [8]. Since its rather long lifetime does not allow clear identification of the local or long-range transported origins [9], ground measurements provide better insight into local CO loads. Even though it is easily possible
to perform instant measurements using available measuring equipment, these measurements provide data on pollutant concentrations for short and fixed periods of time [10].
The major advantage of the use of bio-indicators is getting
insight into cumulative impact of environmental stressors
[11]. There is a great body of evidence documenting specific sensitivity of lichens to various air pollutants [12-14].
Their bio-indicating excellence is based on the fact that
they have no ability to secrete the absorbed substances, dying when the amounts of pollutants reach critical levels [15,
16]. In many cases, lichens are used as indicators of sulphur
dioxide in the air, and are shown to be sulphur-specific
[17]. This study examined their specific carbon monoxide
sensitivity, investigating the possible correlation between
the environmental CO concentration and lichen populations diversity and abundance, against the background of
insignificant SO2 concentrations.

1. INTRODUCTION

2. MATERIALS AND METHODS

Carbon monoxide (CO) is a primary pollutant, deadly
poisonous gas, produced by the incomplete burning of
wood, oil, coal [1], kerosene, natural gas and other various
fuels [2]. It originates from industry, traffic [3], domestic
heating and natural sources, such as burning vegetation [4].
It is the most abundant air pollutant in the atmosphere
whose amounts generally exceed that of all other pollutants
combined, with the exception of carbon dioxide [5]. Being
* Corresponding author

Field studies were carried out in the period between
September 2013 and February 2014 at ten locations in Novi
Sad. During the six-month period, the investigation into the
effect of atmospheric CO on lichen populations was performed once a week, adding up to 26 field research days.
2.1 Research locations

The city of Novi Sad lies on the alluvial terrace of the
southern lowest parts of Pannonian Plain, on the left bank
of the river Danube, with an elevation of 80 to 83 m [18].
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As it is well-known that the concentration of CO in urban
areas is directly proportional to the amount of combustion
sources, topography, weather conditions, and the distance
between the roads and measurement locations, the criteria
for choosing study locations were significant differences in
urbanization. Ten research locations were chosen: 1 - egde
of town, suburban residential area; 2 - primary school, residential area; 3 – local polyclinic, tall buildings residential
area; 4 - shopping centre, tall buildings residential/business
area; 5 - University campus; 6 - Sports and business centre;
7 - Main city post office building - town centre; 8 - Main
city railway station; 9 - Regional clynical hospital; 10
shopping centre, tall buildings residential/shopping area
2.2 Monitoring of SO2 and CO concentrations

The CO concentrations were determined on site, using
a Testo 310 apparatus, gas analyzer set, three times during
each research day: in the morning (between 6 and 7 am),
afternoon (between 12 am and 1 pm) and evening (between
6 pm and 7 pm) because of the diurnal variations of anthropogenic activities. A total of 780 analyses of the CO concentration was performed during the research period (26
experimental days x 10 locations x 3 times per day). The
SO2 concentrations were determined spectrophotometrically using tetrachloromercurate and pararosaniline hydrochloride, once a week. The method is based on the ability
of tetrachloro-mercurate solution to absorb sulphur dioxide

from the air, creating dichloro sulfite mercurate. Upon the
addition of formaldehyde and pararosaniline, it creates purple coloured pararosaniline methyl-sulfonic acid. Its colour
is proportional to the concentration of SO2 and determined
spectrophotometrically at 548 nm. During the research period, the SO2 concentration was analysed in 260 air samples (26 experimental days x 10 locations).
2.3 Lichen populations

Distribution and relative abundance of lichens were
analysed at each site once a week. A specimen of every
lichen species encountered was collected for the later identification at the Laboratory for Ecology, Faculty of Economics and Engineering Management in Novi Sad. Lichens were determined according to Wirth [19]. Relative
abundance of each species was estimated using abundance
codes [14], referring to the number of thalli found at the
location (1-3 infrequent, 4-10 uncommon, 10-20 common,
>20 abundant).

3. RESULTS AND DISCUSSION
The SO2 concentrations throughout the experimental
period were found to be far below the recommended limits
of 125 µg/m3 at all studied locations (Table 1).

TABLE 1 - Average monthly SO2 concentrations on ten surveyed locations in Novi Sad.
The average monthly SO2 concentration (µg/m3)
2013
Location
September
October
1
8.62
7.56
2
13.78
9.89
3
10.67
14.29
4
22.16
12.54
5
8.44
16.82
6
7.13
10.55
7
15.02
8.54
8
11.21
11.46
9
9.73
9.24
10
8.89
8.78

November
9.45
16.82
22.51
26.14
16.73
18.15
23.24
18.74
19.36
19.30

2014
January
13.57
16.96
27.13
19.15
14.34
22.31
19.86
19.11
21.16
15.38

December
11.42
16.64
9.41
7.75
15.12
10.53
14.27
14.83
13.95
21.55

February
16.24
24.47
18.35
15.76
19.22
21.54
13.87
16.48
25.71
12.82

TABLE 2 - Distribution and relative abundance of lichen genera at ten sites in Novi Sad.
Taxa / Locations
Xanthoria parietina
Physcia adscendens
Physcia stellaris
Parmelia sulcata
Candelariella xanthostigma
Phaeophyscia orbicularis
Buelia punctata
Lecanora argentata
Lecanora sp.
Caloplaca sorediella
Graphis scripta

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

2
4
4
3
4
3
2
1
1
1
1

3
3
4
2
3
1
1
1
1
-

4280

4
3
1
1
2
1
1
1
-

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

6
1
2
2
1
1
1
-

7
1
1
-

8
2
1
1
-

9
3
2
2
3
1
2
1
-

10
2
1
1
2
1
1
1
-
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According to the Hawksworth-Rose zone scale, air
containing less than 30 µg/m3 SO2 is referred to as " SO2
pure" [20]. Therefore, the SO2 concentrations could not be
responsible for the distribution, diversity and abundance of
lichenological populations and were disregarded as not significant.
Eleven lichen taxa from nine genera were determined
at the studied locations. Their relative abundance is given
in Table 2.
Species with greatest distribution were Xanthoria parietina, which accounted for about 20% of all lichen samples
found in this study; it was found at all ten locations. Phaeophyscia orbicularis. Physcia adscendens, Physcia stellaris and Parmelia sulcata were found in most locations,
with the exception of the town centre (Physcia adscendens)
and main city railway station (all three). Representatives of
the genera Phaeophyscia and Candelariella were less frequent, and the later were found at six locations only. Buelia,
Lecanora, Caloplaca and Graphis were infrequent and
found in few locations. The edge of the town (location 1) and
the University campus (location 5) were the only two locations at which all the investigated taxa were found. Locations 6, 7 and 8 present lichen deserts.
Residential CO problems relate to moderate poisoning
symptoms and include headache [21], fatigue, dizziness,
nausea and shortness of breath [22]. More severe symptoms
developed at high-level CO poisoning are vomiting, loss of
consciousness, mental confusion, muscle dysfunction [23],
and even death. Global average concentration of carbon
monoxide in the air ranges between 0.05 and 0.12 ppm.

The average CO concentration calculated for each location reveals spatial variations of the CO load in the air
(Fig. 1). The CO concentrations were substantially lower
in the morning at all ten locations, with an average of 0.36
± 0:11 ppm in the least urbanized and traffic congested
measuring point (location 1). The average morning CO
concentration was 4.51 ± 0.62 ppm at the measuring point
with the highest traffic load (location 8). The lowest afternoon CO concentration was found in underdeveloped residential area at the edge of the town, what is in accordance
with a previous research [24]. The highest afternoon average CO concentrations were found in the city centre and
outside the regional clinical hospital. Inside the hospital
campus, the average afternoon CO concentration was substantially lower and amounted to 1.36 ± 0:22 ppm. These
results indicate that the traffic and not residential heating
caused increased CO concentrations. Despite a significant
increase in traffic intensity, the CO concentration at location 4 did not show big increase (average measured 1.91
ppm), probably due to the proximity of the Danube, and the
continuous flow of air from the Fruska gora mountain.
The evening measurements showed lower average of
the CO concentrations at all measuring points, with the exception of location 1 (negligible) and 4, where it may be
explained by the increased road traffic across the bridge
that connects Novi Sad and its surrounding settlements on
the other side of the Danube.
The comparative analysis of the average CO concentrations and the diversity and abundance of lichen populations at ten measuring points established the trend of inverse proportionality between both (Fig. 2).

FIGURE 1 - Average morning, afternoon and evening CO concentration at ten research locations.
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FIGURE 2 - Correlation between the CO concentration and spatial distribution of lichen populations at ten locations in Novi Sad.

Spatial variations of the CO concentrations suggest
road traffic as major source of CO load in the city air. The
road traffic intensity notably affected CO concentrations in
the city air, as previously shown [25], hence the decrease
in lichen diversity and numbers of lichen thalli. Variety of
lichen genera was directly proportional to the concentration of CO in the surrounding air at each location. As carbon monoxide is produced by the incomplete burning of
fuels, alongside with many other air pollutants, it can be a
useful tool for determination of air quality, especially along
the roadsides [26]. Parts of the investigated area can be
classified as either "lichen deserts" (low lichen diversity,
low abundance), "transitional zones" (higher lichen diversity, relatively low abundance) or "normal zones" characterised by greater diversity and abundance of lichen populations [27]. The edge of the town (location 1) and the University campus (location 5) were the only two locations at
which all the investigated taxa were found. In the first case,
it is attributed to low traffic, and in the secondone, to the
vicinity of the uncultivated riverbank of the river Danube,
overgrown with bushes and typical wetlands trees, which
create a specific microclimate [28]. Beneficial effects of
urban trees on air pollution removal is well-documented
[29]. Locations 1, 2 and 5 (primary school, low buildings
residential area), represent "lichen normal zones" [30].
Xanthoria parietina, Phaeophyscia orbicularis, Physcia
adscendens, Physcia stellaris and Parmelia sulcata may
not be suitable for biological monitoring because they are
known to be more tolerant to high levels of air pollution
[31]. Extremely urban locations with high level of road
and/or railway traffic (locations 6, 7 and 8) present lichen
deserts [32]. At global level, the average CO concentration

in the air varies between 0.05 and 0.12 ppm, including both
rural and urban areas. In urban areas, it is strongly influenced by anthropogenic activities. Lichen-based environmental monitoring method is easy, cheap and fast. Knowing the specificity of lichens towards a wide range of anthropogenic air pollutants [33], they should be more readily
used in pollutant-specific assessments as they have been
proven to be accurate, reliable and cost-effective pollution
assessment instruments.

4. CONCLUSIONS
The results of the study have indicated the specific sensitivity of lichens to carbon monoxide through the inverse
proportional correlation between the diversity and abundance of lichen populations and CO concentration in the
air, without the significant impact of SO2. The number of
genera and their abundance rapidly decline in areas with
greater CO load in the air, even if sulphure-type pollutants
are at negligible level, showing great ability of lichens to
act as precise yet low-cost environmental assessment and
protection tool. The results show that the road traffic is notably responsible for the CO concentrations in the city air,
further affecting lichen diversity and abundance. The genera Xanthoria, Phaeophyscia and Physcia may not be the
lichens of choice for biological monitoring, as they have
the capacity of being more tolerant to high levels of air pollution. Given the speed at which the results are obtained as
well as pollutant-specific sensitivity and inexpensive procedure, lichens should be compulsory elements of air quality assessment procedures.
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Furthermore, via the food chain, Cd can enter the human
body and potentially threaten human health and safety [9].

ABSTRACT
In a preliminary study, the winter farmland weed
cleavers (Galium aparine) was found to have the characteristics of a cadmium (Cd) accumulator. In this study, pot
and field experiments were conducted to confirm this. In
the pot experiment, the biomass, resistance index, plant
height, branch number, tolerance index and root length of
cleavers decreased, while the root/shoot ratio increased
with increasing Cd concentration in the soil. The Cd contents in the roots and shoots of cleavers increased with increasing Cd concentration in the soil. The Cd content in
shoots reached 139.63 mg kg−1 at a soil Cd concentration
of 75 mg kg−1, which exceeded the critical value for a Cdhyper-accumulator (100 mg kg−1). The maximal Cd content and extraction in shoots were 184.43 mg kg−1 and
32.46 μg plant−1, respectively, at 100 mg kg−1 Cd in the
soil. The shoot bio-concentration factor of cleavers were
greater than 1.0, while the translocation factor was less
than 1.0 for all treatments. In the field experiment, the total
Cd extraction in cleavers’ shoots was 2.81–3.69 mg m−2 at
soil Cd levels of 2.04–2.89 mg kg−1. Therefore, cleavers is
a Cd-accumulator that could be used to remediate Cd-contaminated farmland soil.

Phytoremediation is an environmentally friendly, costeffective and in situ remediation technology developed in
recent years [10]. Phytoremediation is also a green ecological technology for clearing soil heavy metal contamination
known as "green remediation technology" [11, 12]. The
key to this technology is finding hyper-accumulators and
accumulators. There are hundreds of heavy metal hyperaccumulators [13], but most known hyper-accumulators
(especially Cd-hyper-accumulators) have shortcomings,
such as low shoot biomass, slow growth and poor adaptability [14, 15], and some of them come from mines [16].
These shortcomings limit the application of known hyperaccumulators on farmland.
Screening for more hyper-accumulators or accumulators that have strong resistance, fast growth, and can adapt
to the farmland soil environment is becoming a research
focus [17, 18]. Farmland weeds have the characteristics of
strong resistance, big biomass, and rapid growth [19, 20],
but only a few hyper-accumulators or accumulators have
been identified from farmland weeds to date, especially the
winter farmland weeds [21-23].
In a preliminary study, we found that the winter farmland weed cleavers (Galium aparine) had some characteristics of a Cd-accumulator. Thus, further experiments were
conducted to confirm whether cleavers is Cd-accumulator
that could provide additional remediation material for Cdcontaminated farmland.

KEYWORDS:
cleavers (Galium aparine), accumulator, cadmium, characteristic

1. INTRODUCTION
As industrial production continues to develop and the
use of fertilizers and pesticides in agriculture increases, soil
contamination by heavy metals is becoming increasingly
serious [1, 2]. Cadmium (Cd) is one of the most common
toxic heavy metal pollutants [3], and the Cd concentration
in soil shows a rising trend in many countries [4, 5]. The
sources of Cd in soil are industrial waste, sewage irrigation,
agricultural pesticides and fertilizers [6]. When Cd enters
the soil, it becomes stable, hard to eliminate [7], and can be
easily absorbed by plant roots and transferred to shoots [8].
* Corresponding author

2. MATERIALS AND METHODS
2.1 Preliminary experiment

In December 2011, we found that cleavers grew well
in 60 mg kg−1 Cd-contaminated soil. Thus, we dug up the
plants and determined the Cd contents in the roots and
shoots. The results showed that cleavers accumulated
272.68 and 116.85 mg kg−1 Cd in the roots and shoots, respectively. The Cd content in cleavers’ shoots exceeded the
critical value for a Cd-hyper-accumulator (100 mg kg−1)
[24, 25], but the translocation factor (TF), which is defined
as Cd content in shoots/Cd content in roots [26], was 0.43,
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suggesting that cleavers might be a Cd-accumulator.
Therefore, we conducted further experiments to confirm
whether cleavers is Cd-accumulator.
2.2 Cd concentration gradient experiment

The Cd concentration gradient experiment was conducted at the Ya’an campus farm of Sichuan Agricultural
University (29°59′ N, 102°59′ E), China, from September to
December, 2012, using inceptisol soil (purple soil in GSCC)
samples from the Ya’an campus farm. The basic properties
of the soil were pH 7.02, organic matter 41.38 g kg−1, total
nitrogen 3.05 g kg−1, total phosphorus 0.31 g kg−1, total potassium 15.22 g kg−1, alkali solution nitrogen 165.30 mg
kg−1, available phosphorus 5.87 mg kg−1, and available potassium 187.03 mg kg−1. The total Cd content was 0.101 mg
kg−1, and the available Cd content was 0.021 mg kg−1. The
physical and chemical properties of the soil and its Cd content were determined according to Bao [27].
The soil samples were air-dried and passed through a
5-mm mesh sieve in September 2012, and then, 3.0 kg of soil
was weighed into each polyethylene pot (15 cm tall, 18 cm
diameter). Cd was added to the soil as CdCl2·2.5 H2O at 0,
25, 50, 75, and 100 mg kg−1 [28]. The pots were soaked in
the Cd solutions for 4 weeks, and then, the soil in each pot
was mixed. Cleavers seedlings were collected from the
Ya’an campus farm. Six uniform seedlings with three groups
of euphylls were transplanted into each pot in October, 2012.
Each treatment was repeated three times, and the soil moisture content was maintained at 80% of field capacity until
the plants were harvested.
After cultivation for 60 days, the plants were dug up in
December 2012, and the roots and shoots were washed with
tap-water, followed by deionized water. The clean roots and
shoots were dried at 80 °C to constant weight, and their dry
weights were measured. The dried tissue samples were
finely ground and sieved through a 0.149-mm mesh nylon
sieve for chemical analysis. Samples (0.5 g) were digested
in HNO3/HClO4 (4:1, v/v); then, the volume was brought to
50 ml with deionized water. The Cd concentrations in roots
and shoots were determined using an iCAP 6300 ICP-MS
spectrometer (Thermo Scientific, Waltham, MA, USA). The
root/shoot ratio, resistance index (RI), tolerance index (TI),
the shoot bio-concentration factor (BCF), and TF were calculated. RI is defined as the total biomass in the experimental group/the total biomass in the control group [29].
TI is defined as the maximum root length in the experimental group/the maximum root length in the control group
[30]. The shoot bio-concentration factor (BCF) is defined
as Cd content in shoots/Cd concentration in the soil [31].
The Cd extraction ratio is defined as the amount of Cd accumulated in shoot per plant × 100/ Cd concentration in
soil × dry weight of soil per pot [32].
2.3 Field experiment

The field experiment was conducted at the Ya’an campus farm of Sichuan Agricultural University, from October
to December 2013. The inceptisol soil (purple soil in

GSCC) samples came from the cadmium-contaminated
area of the Ya’an campus farm, which was contaminated
by cadmium for 2 years. The basic properties of the soil
were pH 6.98, organic matter 35.01 g kg−1, total nitrogen
1.19 g kg−1, total phosphorus 0.63 g kg−1, total potassium
20.64 g kg−1, alkali solution nitrogen 80.63 mg kg−1, available phosphorus 31.78 mg kg−1, and available potassium
115.97 mg kg−1. The plots were divided into three treatments
based on their distances from an irrigation canal: near (I), middle (II), and far (III); the distances were 1, 2 and 3 m, respectively. The total Cd concentrations in the soils of the three
treatments were 2.89, 2.55, and 2.04 mg kg−1 respectively.
Each plot was 1.0 m2 (1.0 × 1.0 m), and cleavers seedlings
were planted directly in the soil at a density of 400 plants m−2
(in a 5 × 5 cm grid) in October 2013. Each treatment was repeated three times (three plots). The source of cleavers
seedlings and their cultivation management were the same
as in the pot experiment. After cultivation for 60 days, the
shoots were harvested to determine their biomasses and Cd
content as in the pot experiment.

3. RESULTS AND DISCUSSION
3.1 Biomass of cleavers in the Cd concentration gradient experiment

The remedial efficiency of phyto-remediation technology depends on two key factors, the plant biomass and bioconcentration factor [33]. In Cd-hyper-accumulators, under
certain Cd concentration conditions, the biomass and RI are
reduced with increasing Cd concentration in the culture medium [34, 35]. This suggests that Cd-hyper-accumulators are
poisoned under high concentrations of Cd. In our Cd concentration gradient experiment, the root biomass, shoot biomass, total biomass and RI of cleavers decreased with increasing Cd concentration in the soil (Table 1), but there
were no obvious toxicity symptoms in any treatment during
the observation period. Compared with the control (0 mg
kg−1 Cd in soil), the root biomass, shoot biomass and total
biomass of cleavers were significantly decreased (P<0.05),
which indicated that the growth of cleavers was inhibited by
a high concentration of Cd in the soil. These results were the
same as for other Cd-hyper-accumulators [34, 35]. When
plants are exposed heavy metals, the roots are damaged and
their ability to absorb water and nutrients is diminished; so,
the biomass of the plant decreases [36, 37]. The root/shoot
ratio of cleavers showed an increasing trend with increased
Cd concentration in the soil (Table 1), demonstrating that
cleavers could increase the ratio of root biomass to total biomass, to increase its tolerance to Cd exposure.
3.2 Growth parameters of cleavers in the Cd concentration
gradient experiment

In the Cd concentration gradient experiment, the plant
height, branch number and root length of cleavers were reduced with increased Cd concentration in the soil (Table 2).
The differences in plant height were significant (P<0.05),
compared with the control (0 mg kg−1 Cd in soil), while the
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TABLE 1 - Biomass of cleavers in the Cd concentration gradient experiment.
Treatments
Root biomass
Shoot biomass
Total biomass
RI
Root/shoot ratio
(mg kg−1)
(g plant−1)
(g plant−1)
(g plant−1)
0
0.491±0.011a
0.757±0.024a
1.000
0.542
0.266±0.013a
25
0.388±0.012b
0.602±0.004b
0.795
0.552
0.214±0.008b
50
0.287±0.007c
0.457±0.003c
0.604
0.592
0.170±0.004c
75
0.224±0.005d
0.385±0.008d
0.509
0.719
0.161±0.003c
100
0.142±0.005d
0.176±0.009e
0.318±0.004e
0.420
0.807
Plants were cultured in soil containing up to 100 mg kg−1 Cd for 60 days in the Cd concentration gradient experiment. Values are means (± SE) of three
replicate pots. Significant differences (indicated by different lowercase letters) within a column are based on one-way analysis of variance, with the least
significant difference test (P<0.05). The resistance index (RI) was calculated as the total biomass in the experimental group/the total biomass in the control
group.

TABLE 2 - Growth parameters of cleavers in the Cd concentration gradient experiment.
Treatments
Plant height
Branch number
Root length
TI
(mg kg−1)
(cm)
(Branch)
(cm)
0
18.63±0.57a
17.00±1.00a
24.43±0.30a
100.00
25
14.77±0.60b
16.33±1.50ab
24.13±1.14a
98.77
50
11.60±0.21c
15.33±0.51abc
23.00±0.58a
94.15
75
10.40±0.25cd
15.00±0.58bc
22.50±2.25a
92.10
100
9.30±0.21d
14.33±0.19c
21.33±1.57a
87.31
Plants were cultured in soil containing up to 100 mg kg−1 Cd for 60 days in the Cd concentration gradient experiment. Values are means (± SE) of three
replicate pots. Significant differences (indicated by different lowercase letters) within a column are based on one-way analysis of variance, with the
least significant difference test (P<0.05). The tolerance index (TI) was calculated as the maximum root length in the experimental group/the maximum
root length in the control group.

TABLE 3 - Cadmium accumulation characteristics of cleavers in the Cd concentration gradient experiment.
Treatments
Cd content in roots
Cd content in
Shoot
Cd extraction of
Cd extraction
Cd extraction of
TF
(mg kg−1)
(mg kg−1)
shoots (mg kg−1)
BCF
shoots (μg plant−1)
ratio
roots (μg plant−1)
-0
20.96±0.36e
6.32±0.26e
-0.30
5.58±0.37e
3.10±0.20e
25
102.79±7.56d
48.63±3.73d
1.95
0.47
22.04±2.44d
18.87±0.87d
0.025
50
220.20±9.69c
94.73±4.61c
1.89
0.43
37.41±0.77c
27.19±0.66c
0.036
75
385.97±7.97b
139.63±6.26b
1.86
0.36
62.16±2.45b
31.28±0.71b
0.042
100
520.82±4.73a
184.43±8.74a
1.84
0.35
73.94±1.94a
32.46±0.13a
0.043
Plants were cultured in soil containing up to 100 mg kg−1 Cd for 60 days in the Cd concentration gradient experiment. Values are means (± SE) of three
replicate pots. Significant differences (indicated by different lowercase letters) within a column are based on one-way analysis of variance, with the
least significant difference test (P<0.05). The trans-location factor (TF) is defined as Cd content in shoots/Cd content in roots. The bio-concentration
factor (BCF) is defined as Cd content in shoots/Cd concentration in the soil.

differences in root length were not significant (P>0.05), suggesting that cleavers’ roots had strong tolerance to Cd stress.
When the Cd concentration in the soil was more than 25 mg
kg−1, the differences in branch numbers were significant
(P<0.05), compared with the control. TI is an important indicator for evaluating plant tolerance to heavy metals [38].
When the Cd concentration in the soil was less than 75 mg
kg−1, the TI of cleavers was above 90 (Table 2), which
showed that cleavers had strong tolerance to Cd stress.
3.3 Cadmium accumulation characteristics of cleavers in the
Cd concentration gradient experiment

The Cd contents in the roots and shoots of cleavers increased with increasing Cd concentration in the soil (Table 3),
and the differences among Cd treatments were significant
(P<0.05). At soil Cd concentrations of 75 and 100 mg kg−1,
the Cd content in shoots was 139.63 and 184.43 mg kg−1,
respectively, which were both higher than the critical value

for Cd-hyper-accumulator (100 mg kg−1) [24, 25]. The
BCF represents the degree of difficulty for heavy metal
migration in the soil-plant system, and reflects the ability
of the plant to absorb and transfer heavy metals into the
plant body [39]. The shoot BCFs of cleavers were greater
than 1.0 in all treatments, which showed that cleavers had
strong ability to accumulate Cd in the shoots. The shoot
BCFs of cleavers also decreased with increased Cd concentration in the soil, and also the biomass (Table 3). The
TF reflects the plant’s ability to transport heavy metals
from the roots to the shoots [40]. The TFs were less than
1.0 in the Cd exposure treatments, and decreased with increased Cd concentration in the soil (Table 3). According
to Brooks et al. [24, 25] and McGrath & Zhao [33], the
Cd content in the shoots of Cd-hyper-accumulator should
be above 100 mg kg−1, and both BCF and TF should be
greater than 1. Thus, cleavers is not a Cd-hyper-accumulator, but a Cd-accumulator.

4287

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

TABLE 4 - Biomass and cadmium accumulation of cleavers in the field experiments.
Shoot biomass
Cd content in shoot
Cd extraction of shoots
Shoot biomass
(g m−2)
(mg kg−1)
(mg m−2)
(g plant−1)
I
0.683±0.012a
273.2±4.8a
13.51± 1.01a
3.69±0.34a
II
0.672±0.017a
268.8±6.8a
12.77±1.32ab
3.43±0.27a
III
0.656±0.022a
262.4±8.8a
10.71±0.86b
2.81±0.13b
Plants were cultured in soil containing 2.04–2.89 mg kg−1 Cd, for 60 days in the field experiment. Values are means (± SE) of three replicate plots. The
plots were divided into three treatments based on their distances from an irrigation canal: near (I), middle (II), and far (III). Significant differences
(indicated by different lowercase letters in a column) are based on one-way analysis of variance with the least significant difference test (P<0.05).
Treatments

With increased Cd concentration in the soil, the Cd
extractions of roots and shoots increased (P<0.05, Table 3),
and the Cd extraction ratio increased too. The maximal Cd
extractions of roots and shoots was 73.94 and 32.46 μg
plant−1, respectively, at 100 mg kg−1 Cd in the soil. Thus,
cleavers had a good remedial effect at soil Cd concentrations up to 100 mg kg−1.
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3.4 Biomass and cadmium accumulation of cleavers in the
field experiment

In the field experiment, the shoot biomass of cleavers
was 0.656–0.683 g plant−1 or 262.4–273.2 g m−2 when the
soil Cd concentration was 2.04–2.89 mg kg-1 (Table 4). The
Cd content in cleavers’ shoots were 10.71–13.51 mg kg−1,
and the Cd extraction values of shoots were 2.81–3.69 mg
m−2 (Table 4), indicating that cleavers had a very good remedial effect on soil at low Cd-contamination concentrations.
Cleavers is winter farmland weed with a wide distribution throughout the world, and have the characteristics of
rapid growth and strong reproductive ability [41]. In this
study, we discovered that cleavers is a Cd-accumulator with
strong tolerance to Cd. Although the Cd extraction ratio was
lower than 1%, it has a high density growth in the field. It
can form much shoot biomass per unit area, and extract
much more Cd per unit area. Therefore, cleavers is an ideal
remedial plant for Cd-contaminated farmland soil in winter.

4. CONCLUSIONS
Cleavers is a winter farmland weed, with a wide distribution, rapid growth, high reproductive ability and strong
adaptability. Cleavers was found to have strong tolerance
to Cd. When the soil Cd concentration increased, root and
shoot biomass decreased with no obvious toxicity symptoms, and their Cd contents increased. When the soil Cd
concentration was 75 mg kg−1 or higher, the Cd contents in
shoots were higher than the critical value for a Cd-hyperaccumulator (100 mg kg−1). The shoot bio-concentration
factor (BCF) of cleavers exceeded 1.0 while the translocation factor (TF) was less than 1.0 for all treatments. In the
field experiment, the Cd extraction in cleavers’ shoots was
2.81–3.69 mg m−2 at a soil Cd concentration of 2.04–2.89
mg kg−1. Therefore, cleavers is a Cd-accumulator that
could be used to remediate Cd-contaminated farmland soil
efficiently in winter.
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RELEASE BEHAVIOR OF
CADMIUM FROM PURPLE SOILS IN CHINA
Li Xiang and Lin Cong*
College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China

ABSTRACT
In this study, the release of Cd from purple soil was
investigated in 13 purple soil samples, which were collected from a wide range of cadmium (Cd) contaminated
vegetable fields and forestlands, and total Cd concentrations and physicochemical forms in soils was also analyzed
in the study. The chemical speciation of Cd, soil properties,
soil water contact time and soil/water ratio were investigated in order to understand how these characteristics can
affect the Cd release behavior. In both bath extractions and
column leaching testes, Cd was primarily present in exchangeable, carbonate- and organically- bound fractions.
Moreover, prolonged waterlogging soil conditions can enhance the release of Cd from soils, and increased their
transport potential correspondingly. Multiple regression
analysis also indicated that the release of Cd from soils was
related to pH, organic matter and total Cd in native soil,
which could explain 86% and 95% of the variation of Cd
release in batch extractions and column leaching, respectively. It may provide a more convenient way to evaluate
the potential ecological risk of Cd in purple soils from determination of some conventional soil properties.

KEYWORDS: cadmium, leaching characteristics, chemical speciation, batch extraction, column experiment

1. INTRODUCTION
Among the heavy metals, cadmium (Cd) contamination
of agricultural land has received increasing attentions in recent years in China [1]. Cd is a soil pollutant of unknown
essential biological functions, and may pose threats to soildwelling organisms and human health. Cd sources in agricultural fields were strongly affected by anthropogenic activities, such as industrial wastes, mine activities, irrigation
by wastewater, application of sewage sludge and phosphate
fertilizers, and atmospheric deposition [2, 3]. It is wellknown that exposure to low levels of Cd can cause kidney
damage, as well as damages of lung, bone, cardiovascular
system, liver and reproductive system in human [4].
* Corresponding author

Purple soils, classified as Regosols in Food and Agriculture Organization (FAO) Taxonomy or Entisols in United
States Department of Agriculture (USDA) Taxonomy, are
formed from red or purple rock series of the Trias–Cretaceous system. They are mainly distributed in the Sichuan basin, which is one of the most important agricultural areas
in southwestern of China. It is typically characterized by
thin soil horizons (50-80 cm) and inherited many of the
characteristics of parent materials or rocks, such as its color
ranging from purple to red. But other changes in purple
soils properties have taken place as a result of land use
changes, agricultural practices, or eco-environment disturbances [5, 6]. Due to the soil background and human activities, the soil has been severely contaminated by heavy
metals, especially Cd, resulting in potential risk to local human health and environment in many areas [7, 8]. According to model forecast by Guo et al. [9], the Cd contamination level is markedly increasing in purple soils with the
growing tendency worldwide due to human activities [10].
The reactivity, mobility, bioavailability, and toxicity
of Cd are strongly affected by sorption and desorption processes, which depend on the metal partitions between solid
phases and the soil solution. The concentrations of heavy
metals in soil solution are most likely governed by sorption
and desorption of the heavy metal with different soil constituents, such as various hydrous oxides, clay minerals and
organic matter [11]. Other factors such as soil pH, temperature, ionic strength, and contact time could also play important roles in Cd sorption–desorption reactions [12-14].
However, desorption behavior of a metal ion usually differs from the sorption and leads to a lack of coincidence in
the experimentally obtained sorption and desorption conditions [15]. Desorption of heavy metals from solid surfaces is also strongly pH dependent, which is an important
process regulating metal concentrations in soil solution
[16, 17]. Cd release rates were very low at pH above 5.0
and increased exponentially as pH decreased below 4.5 for
afforestation of cultivated soil [18]. Those results were
mostly investigated by equilibrium techniques at different
pH conditions.
Although studies have been conducted to understand
adsorption of Cd to soil minerals, minimal information is
still available on the release characteristics of Cd in purple
soil-water systems. Here, we examined the Cd release characteristics from 13 purple soils to surface runoff related to
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Cd chemical association, and analyzed the effects of major
soil solution properties, including soil characteristics,
soil/water ratio, and contact time. The findings would improve understanding of Cd release mechanisms, and provide more information for evaluation of Cd potential toxicity and ecological risk in purple soils of China.

2. MATERIALS AND METHODS
2.1 Soil analysis

Surface soil samples (0-20 cm) were randomly collected from Pengzhou city, Sichuan province, China. This
area was famous for its vegetable cultivation. Ten soil samples were collected from several kinds of vegetable fields
(called vegetable soils) and the other 3 samples from adjacent non-cultivated forestlands (called forest soils). Soil
samples were air-dried. Afterward, a subsample was passed
through a 2-mm sieve, prior to analysis. The remaining soil
was used for column leaching and batch extraction studies.
Selected properties of the soils are presented in Table 1 and
Cd in the 13 soil samples were fractionated into exchangeable (EXC), carbonate-bound (CAR), Fe/Mn oxide-bound
(OX), organically bound (OM), and residual (RES) fractions
by a sequential extraction procedure of Tessier et al [19].
2.2 Batch Extraction

Soluble Cd in the soils was assessed in this study by
following the different contact times and soil/water ratios,
respectively. First, time-dependent changes in Cd released
from soils were measured at eight different contact times,
under a soil/water ratio of 1:5 (5 g of soil extracted with
25 mL of deionized water,) at 20 . Additionally, to investigate the effects of soil/water ratio on Cd release, soil samples were equilibrated with deionized water using different
soil/water ratios (1:1, 1:2, 1:5, 1:10, and 1:20) at 24 for
24 h. Each extraction was performed on an end-to-end
shaker (200 r·min-1) at 20 . After each extraction, the su-

pernatant was centrifuged at 4 000 r·min-1 for 30 min and
filtered through a 0.45 μm membrane filter.
2.3 Leaching experiment

The leachability of Cd was determined using soil columns. Each column was designed in the laboratory using a
Plexiglas leaching column (25 cm long and 5 cm inner diameter). Prior to the experiment, the equipment was
washed with diluted nitric acid (3%, v/v) and distilled water
with each of three times, respectively. Air-dried soil was
poured into the column in 5 cm increments with a total
length of 20 cm and then well stirred to prevent layering. The
soil column was tapped to settle the soil to the bulk density,
which was close to the natural situation of soil in sampling
site. Both ends of the column consisted of a Plexiglas plate
containing several 2-mm-wide holes. The plate was covered
with two disks of quantitative filter papers and a 1-cm-thick
quartz sand to prevent the leakage of the soil (Fig.1a).
The column was oriented vertically and slowly saturated from the bottom with deionized water until it reached
field-holding capacity and stabilized for 24 h. After that, 1
pore volume of deionized water was applied to the top of
each soil column at a flow rate of 60 ± 5 mL·h-1 (1.44 ±
0.12 L·d-1) on a daily basis using a peristaltic pump and
repeated for 10 days. Redox potential was measured in onethird of the columns in order to check for the aeration of
columns to avoid waterlogging conditions. The leachates
from the soil column were filtered through the 0.45-μm
membrane filter and collected with glass collectors to determine Cd concentration (Fig. 1b), and analyzed for the
Cd concentrations using a graphite furnace atomic absorption spectrometry (AA220Z, Varian, USA).
2.4 Statistical Analysis

Analysis of variance (ANOVA) by LSD (least significant difference) test at 5% level, simple correlation analysis and stepwise multiple regression were performed using
the software of SPSS 17.0 for windows.

TABLE 1 - Selected characteristics of the collected soil samples
Soils

Land use

pH

Organic matter
g·kg-1

CEC
cmol·kg-1

Clay
g·kg-1

Total Cd
mg·kg-1

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13

vegetable
vegetable
vegetable
vegetable
vegetable
vegetable
vegetable
vegetable
vegetable
vegetable
forest
forest
forest

7.39
6.63
5.77
6.58
6.35
6.55
7.28
7.59
5.92
6.13
5.41
6.17
5.89

24.57
29.81
26.06
19.90
28.54
18.74
20.01
30.86
20.11
16.43
26.67
30.52
30.28

23.46
25.13
18.58
21.46
23.41
15.24
11.18
13.24
9.79
24.48
24.83
23.14
16.99

83.1
87.3
150.5
98.9
154.2
134.6
126.9
153.6
140.9
167.2
135.7
149.0
125.0

1.918
1.688
0.900
1.410
0.930
0.862
0.814
1.752
0.674
0.500
0.196
0.338
0.308

4291

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

FIGURE 1 - Schematic diagram of soil column (a) and equipment of leaching experiment (b)
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FIGURE 2 - Chemical speciation of total Cd in the analyzed purple soils. V and F represent vegetable soil and forest soil, respectively. (RES:
residual; OM: organically bound; OX: Fe/Mn oxide-bound; CAR: carbonate-bound; EXC: exchangeable).
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3. RESULTS AND DISCUSSION
3.1 Total Cd and its chemical speciation in purple soils

The total amount of Cd in tested soil ranges from 0.196
to 1.918 mg·kg-1. The concentration of Cd in the soil samples used for vegetable production (0.500-1.918 mg·kg-1)
exceeded the Chinese National Soil Heavy Metals Standards (GB 15618-1995) Grade II (0.3 mg·kg-1, pH < 7.5).
The concentrations and proportions of Cd in the five fractions varied among the tested soils (Fig. 2). For the forest
soils, Cd was present mainly in the residual and organically
bound fractions (> 55% and > 21%, respectively). The
mean proportion of total Cd with various fractions was decreased in the order of RES (57.95%) > OM (23.47%) >
OX (8.16%) > EXC (6.45%) > 3.97% (CAR). Among the
vegetable soils, the proportion of total Cd present as exchangeable fraction ranged from 2.56% to 8.56%. The residual fraction was the dominant fraction of Cd, which
ranged from 43.82% to 50.87% of the total Cd. 17.0822.42% and 14.03-23.67% of the total Cd were present in
the organically bound and oxide bound fractions, respectively. Mean percentages of the total Cd as various Cd fractions in the vegetable soils were RES (47.84%) > OM
(20.87%) > OX (17.51%) > CAR (8.93%) > EXC (4.87%).
Meanwhile, the concentrations of the carbonate, organic, oxides and residual Cd fractions were each correlated with soil total Cd (r = 0.71-0.99; P < 0.05, Table 2),
but there was weak correlation between exchangeable Cd

and total Cd (r = 0.49). Soil pH was negatively correlated
with exchangeable Cd (r = -0.78; P < 0.05), and positively
correlated with the carbonate-bound fraction of Cd (r =
0.87; P < 0.05).
TABLE 2 - Correlation coefficients (r) of different Cd fractions in soil
and several soil properties.
pH
EXC
CAR
OX
OM
RES

-0.781
0.872*
0.333
0.269
0.325

CEC
cmol·kg-1
0.314
0.233
0.274
0.348
0.200

Organic matter
g·kg-1
0.387
0.407
0.231
0.476
0.443

Total Cd
mg·kg-1
0.492
0.813*
0.703*
0.768*
0.986*

Note：* P < 0.05, n = 13
3.2 Effects of contact time on the extractability of Cd from purple soils

The amounts of Cd released tend to increase with the
contact time and also varied among all tested soils (Fig. 3).
Cd released from the forest soils (S1-S3) during the extraction was very little, and was not significantly increased
with contact times. In contrast, the amounts of Cd released
from the vegetable soils (S1-S10) ranged from 8.67 to
59.89 μg·kg-1, which are significantly higher than those
from the forest soils (ANOVA/LSD, P < 0.05). The highest
amounts of Cd was released from S1 soil (59.89 μg·kg-1),
which was in agreement with its highest level of total Cd
concentration (Table 1).

V-S1
V-S2
V-S3
V-S4
V-S5
V-S6
V-S7
V-S8
V-S9
V-S10
F-S11
F-S12
F-S13

70

60
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Clay
g·kg-1
0.196
0.308
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Contact time (h)
FIGURE 3 - Changes of Cd released from the soils at different contact times. V and F represent vegetable soil and forest soil, respectively.

4293

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

Stepwise multiple regression analysis indicated that exchangeable, carbonate-bound, and organically bound were
correlated with the Cd released from the soils in 96 h. The
relationship could be described by the following model:
(Released Cd by shaking extraction in 96 h, μg·kg-1) =
96 (Exchangeable Cd, mg·kg-1) + 81 (Carbonate bound
Cd, mg·kg-1) + 113(Organically bound Cd, mg·kg-1) – 8.113,
R2 = 0.8625, P < 0.01, in which exchangeable Cd, carbonate
bound Cd and organically bound Cd accounted for 86.25%
of the total variance in the released Cd amounts. The associations between the released Cd and the fractions indicated
that Cd released in batch extraction was mainly from exchangeable, carbonate-bound and organically bound Cd
fractions. Most of the soils appeared to reach extraction
equilibrium at the contact time of 48 h (Fig. 3). The results
suggested that prolonged waterlogging soil conditions, particularly after a rain event, can enhance the release of Cd
from soils, and increased their transport potential correspondingly, which was in agreement with Philips et al. [20]
and Strobel et al. [21].
Moreover, multiple regression model including terms
for pH, total Cd in the soil and organic matter was able to
explain 96.6% of the variation in Cd concentration in extracted solution in 96 h. The relationship is presented as
follows: (Released Cd by shaking extraction in 96 h, μg·kg-1)
= - 2.9 (pH) -0.32 (OM, g·kg-1) + 37.4 (Total Cd, mg·kg-1) +
16.36, R2 = 0.9660, P < 0.01. This single equation was able
to well explain the concentrations of Cd in solution across
such a wide range of soils. It was suggested that pH, OM

and total Cd were important properties of purple soils to
control Cd concentrations in soil solutions. The effect of
soil pH on metal cation sorption-desorption was predominantly a function of changes in the net proton charge on
soil particles, and the sorption capacity for Cd in the soils,
like other metal cation, was highly pH-dependent [17, 22,
23]. Organic matter in soils was represented as a high negative charge density, arising mainly from the dissociation
of carboxyl and phenolic groups [18]. This results in the
net charge on the soil colloids becoming increasingly negative as the soil pH values increase [24, 25]. Sauve et al.
[26] commented that in addition to soil pH, organic matter
had an overriding importance on metal solubility in soilwater systems. This result is also supported in the present
work where organic matter appeared to be the important
soil component controlling extractability of Cd in the soils
studied.
3.3 Effects of soil/water ratios on extractability of Cd from purple soils

Soil samples were equilibrated with deionized water in
various soil/water ratios for 24 h. The quantities of Cd released per unit of soil weight increased with increased water content (Fig. 4), likely due to increased solubility of
some Cd compounds in the more diluted extraction systems. The differences in Cd release among the various
soil/water ratios were greater in the soils with high concentration of Cd than those with low concentration. These results suggested that total amounts of Cd released from the
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FIGURE 4 - The amount of Cd released from the soils as a function of the soil/water ratio. V and F represent vegetable soil and forest soil,
respectively.
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FIGURE 5 - Cumulative amount of Cd released from the soils as a function of leaching times. V and F represent vegetable soil and forest soil,
respectively.

soil would increase although Cd concentrations in the surface runoff might decrease with increasing rainfall due to
dilution. Similar results were also obtained with soil extractable Cd which was closely related to water discharge
rate in soil-water systems [27].
3.4 Cumulative amounts of Cd leached from purple soils

The cumulative amounts of Cd leached from the soils
logarithmically increased with the number of leaching
events (Fig. 5). The amounts of Cd leached from the vegetable soils ranged from 5.28 to 40.97 μg·kg-1 as compared
with < 2 μg·kg-1 from the forest soils. The S1 soil yielded
the greatest amount of Cd leached, which is consistent with
the results from the extraction study and with its highest
total Cd concentration. Based on the force of the soil-water
reaction, the amounts of Cd released during the extraction
process could be used to indicate long-term leaching
losses, whereas those obtained from the column leaching
represented short-term leaching losses. The amounts of Cd
leached from columns were smaller than those from the extraction and significantly correlated with the exchangeable,
carbonate and organically bound Cd fractions. The relationship was: (Cumulative Cd leaching amounts, μg·kg-1)
= 52(Exchangeable Cd, mg·kg-1) + 97(Carbonate bound
Cd, mg·kg-1) + 55(Organically bound Cd, mg·kg-1) –
4.589, R2 = 0.9509, P < 0.01, in which exchangeable Cd,
carbonate Cd and organically bound Cd accounted for 95%
of the total variance in the leached Cd amounts.

It was also found that cumulative amounts of Cd
leached from purple soils were best described by a regression model that included soil pH, organic matter and total
soil Cd: (Cumulative Cd leaching amounts, μg·kg-1) = -1
(pH) – 0.25(OM, g·kg-1) + 20.8(Total Cd, mg·kg-1) –
4.766, R2 = 0.9432, P < 0.01, in which pH, OM and total
Cd can explained 94% of the variation between soil. Based
on the collected data, it seems likely that the release of Cd
from purple soils can be predicted from the determination
of some selected soil properties, namely pH, organic matter
and total native soil Cd. Organic matters coupled with soil
pH have been shown in other studies to be important factors controlling Cd leached from soils. Consistent with our
study, Gray et al.[24] also indicated that pH along with organic matter could explain 85.4% of the variation in cumulative Cd desorbed from native soils.

4. CONCLUSIONS
The accumulative amounts of Cd extracted from purple
soils in batch experiments increased with increasing soil/water contact time and the water/soil ratio, while the leaching
losses of Cd are affected by their chemical associations with
specific soil components and leaching duration. Multiple regression analysis showed that Cd released from purple soils
in both batch and leaching experiments were mainly from
exchangeable, carbonate-bound and organically bound Cd
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fractions, which can be predicted from the determination
of some selected soil properties, including pH, organic
matter and total native soil Cd. These findings could merit
attention in the development of best management practices
to reduce the transport of heavy metals from land to water
bodies.
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ABSTRACT
Some species of cyano-bacteria could establish dominance in cold seasons, but their photosynthetic parameters
were rarely investigated in previous studies. Thus, photosynthetic properties of bloom-forming cyano-bacteria (mainly
Anabaena flos-aquae) were investigated in a large shallow
lake (Chaohu Lake, China) on January 12, 2013. Chlorophyll
fluorescence parameter (F/Fm’) was measured by a pulse
amplitude modulation fluoro-meter (Phyto-PAM) in order
to estimate algal photosynthetic activity. In situ measurement showed that there was no obvious relationship between F/Fm’ and light intensity at 10:30, while F/Fm’
changed with irradiation at 12:30 and 14:30. However, this
change disappeared after dark adaptation for three hours. In
the experiment, when samples from different depths were
exposed to the same solar radiation, there was no variation
in F/Fm’ of samples from different depths at 10:30, 12:30,
and 14:30. These results showed that bloom-forming cyano-bacteria maintain feeble photosynthetic activity under
low light intensity in winter, while they were exposed to
sufficient light intensity, and seasonal changes may be
triggered and grow gradually with elevated light intensity.
Phyto-PAM measurement helps us to better understand
over-wintering cyano-bacteria and recruitment process in
the cold seasons.
KEYWORDS: Anabaena flos-aquae, chlorophyll fluorescence,
photosynthetic activity, solar radiation, water blooms

1. INTRODUCTION
In many eutrophic lakes around the world, cyano-bacteria blooms seriously threatened drinking water safety, aquaculture, agricultural irrigation, view a lacustrine landscape, and ecological balance. Considerable researches had
explored the mechanisms and regularities of algal blooms.
* Corresponding author

Generally speaking, the most favorable conditions for blooms
are the warm, dry, low-wind days in summer and early fall.
However, some low temperature tolerance species of cyano-bacteria, such as Anabaena flos-aquae and Aphanizomenon flos-aquae could grow and form blooms in cold
seasons. During the dormant period, some filamentous cyano-bacteria (Anabaena, Nostocales, Stigonematales, etc)
are in the shape of akinetes (thick-walled reproductive structures), which maintain a low level of metabolic activities including photosynthesis rate, respiration and de novo synthesis of proteins and lipids [1]. Winter blooms of Anabaena flos-aquae have been documented in a mesotrophic
lake [2]. Anabaena flos-aquae is a nitrogen fixer, and it could
grow in various concentrations of nitrate. Many studies have
reported on the physiological and ecological characters of
Anabaena [3]. In a laboratory-cultured experiment, Anabaena flos-aquae was temperature-dependent with optimum
photosynthetic capacity ≥25 °C [4]. The maximum of photosynthetic capacity usually occurred at the optimum temperature of growth [5].
Development in fluorescence measurement (pulse amplitude modulation, PAM) made it possible to assess the
photosynthetic parameters in field samples. Some types of
modulated fluoro-meters are currently widely used to measure in vivo chlorophyll fluorescence of cyano-bacteria interior and outdoors, with detailed information on photosynthetic properties [6]. In Chaohu Lake (China), Anabaena
flos-aquae formed blooms in cold weather and these years,
when water temperature in winter always dropped very low,
and even near to 0 °C. To our knowledge, under natural conditions, the photosynthetic prosperity of Anabaena spp. in
such a cold weather rarely had been reported. With the variable chlorophyll a fluorescence measured with a PhytoPAM, our study focused on the variation of the photosynthetic activity of the bloom-forming Anabaena flos-aquae at
different depths, and analyzed the relationship between algal
photosynthetic properties and environmental factors.
Previous studies had detected esterase activities of overwintering Microcystis aeruginosa as an indicator for cell viability in a France reservoir [7] while esterase activities of

4297

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

different algal groups hardly could be assayed separately
from mixed samples. In the present study, variable chlorophyll a fluorescence yield was used as an efficient parameter for studying phytoplankton photosynthesis, because it
is sensitive to photon flux density and is reliable as a parameter to offer insight into the immediate past light history of phytoplankton [8]. The ratio of maximum variable
fluorescence to the maximum yield (Fv/Fm) has been used
to estimate changes in the proportion of functional reaction
centers, and as an indicator of the photosynthetic capacity
of phytoplankton. Moreover, Phyto-PAM fluoro-meter allows for a separate measurement of the fluorescence signal
of each algal group in mixed phytoplankton populations.
Accordingly, effects of temperature on photosynthetic capacities of different algal groups could be detected synchronously, which is an important physiological index during recruitment and competitive processes [7].

obtain sufficient sunlight at 10:30, 12:30, and 14:30, respectively. And then, they were treated for 30 min of dark
adaptation before measurement.

2. MATERIALS AND METHODS
2.1 Lake description

Chaohu Lake (Fig. 1) is located in the middle of Anhui
Province, China (altitude 117°17’-117°52’ E, longitude
31°25’-31°43’ N, water area 770 km2, average depth 3 m,
maximum depth 6.78 m). There are 33 main tributaries in
Chaohu watershed, with the Yuxi River the only outflow
[9]. In last decades, water quality of Chaohu Lake degraded
rapidly and reached a hyper- eutrophic status, even more
serious than in Anhui Lake, Anhui Province, China). Cyanobacteria blooms in summer and fall, donated by Microcystis, while the algal community was dominated by Anabaena flos-aquae in winter. The depth of sampling site
(31°35′46″N, 117°24′21″E) in this study is 2.4 m.
2.2 Measurement of solar spectral irradiances and other environmental parameters

Solar spectral irradiances were measured by a spectro-radiometer (Macam SR9910, Macam Photometrics Ltd, Livingstone, Scotland). Water temperature, pH, turbidity, and
dissolved oxygen were recorded by a multiparameter water
quality monitor (YSI 6600, USA). Total nitrogen (TN), total
phosphorus (TP) were analyzed by chemical methods, following the Chinese standard methods for lake surveys.
(a) In situ measurement
At 10:30, 12:30, and 14:30 on January 12, 2013 (a sunny
and calm day), water samples were collected every 50 cm
from the water surface to the overlying water, after 30 min
of dark adaptation, chlorophyll fluorescence was measured.
(b) Long time dark (LD) adaptation
To study effects of light radiation on photosynthetic
properties, samples were collected at 14:30 and treated
with dark adaptation for 3 h, and after that, chlorophyll fluorescence was measured.
(c) Expose to the same light intensity
At the second day (a sunny and calm day), samples were
placed in transparent plastic containers on water surface to

FIGURE 1 - Chaohu Lake and location of the sampling site.
2.3 Chlorophyll fluorescence measurement

Algal fluorescence was measured by using a multiwavelength phytoplankton pulse-amplitude-modulated fluorometer (Phyto-PAM) (Walz, Germany) after dark adaption
for 15 min. The Phyto-PAM fluorometer was equipped with
a special emitter-detector unit (Phyto-ED) for distinguishing
cyanobacteria, chlorophytes, and diatoms/dinoflagellates by
means of four excitation wavelengths (665, 645, 520, and
470 nm). For instance, in chorophytes, chlorophyll fluorescence is much more effectively excited by blue and red
light (470, 645, and 665 nm) than by green light (520 nm).
In the case of cyanobacteria, almost no chlorophyll fluorescence is excited by blue light (470 nm), while excitation
at 645 nm is particularly strong due to phycocyanin and
allophycocyanin absorption. As for diatoms and dinoflagellates, excitation by blue (470 nm) and green (520 nm) is
relatively high resulting from strong absorption by fucoxanthin, chlorophyll c, and carotenoids. The fluorescence
signals from the four wavelength excitations were assigned
to the three algal groups by using the Phyto-WIN software
(version 1.47) and the reference spectra [8].
The minimal fluorescence level in the dark-adapted
state (F0) was measured by measuring the modulated light
(ML); the light intensity of ML was low enough and did
not induce any variable fluorescence. A saturating actinic
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light pulse (SP) was then applied to obtain maximum fluorescence (Fm). Variable fluorescence (Fv) was calculated between Fm and F0, and the optimum quantum yield (Fv/Fm)
was calculated according to the ratio between Fv and Fm [6].
Effective quantum yield of PSII (ΦPSII) was calculated by
(Fm’-Ft)/Fm’, where, Fm’ is the maximal fluorescence of
light-acclimated samples induced by a saturating actinic
light pulse without dark adaptation, Ft is the intrinsic
steady-state fluorescence in light-acclimated samples.
Fv/Fm was calculated by the following equation:
Fv/Fm = (Fm - F0)/Fm
where, F0 is the fluorescence of dark-adapted algal cells
stimulated by a weak probe light immediately after 15 min
of darkness, and Fm is the maximum fluorescence signal after the closure of all reaction centres by 600 ms pulse of saturating irradiance [10]. All of the reaction centers of PSII
opened after adequate dark adaptation; so the maximum
quantum efficiencies of (Fv/Fm, also termed maximum energy conversion efficiency or quantum yield of PSII) of algal cells were measured.
The volume of the cuvette (a quartz cylinder, diameter
= 1.2 cm, height = 4 cm) in the phyto-PAM detector was
about 4.5 ml. Each time, 3 mlof water sample was loaded
into the cuvette. Meanwhile, microscope analysis was conducted to record community structure of phytoplankton in
each sample.
2.4 Statistical analysis

Statistical analysis was performed by using SPSS software (version 18.0); graphs and tables were made by Microsoft office software (version 2007).

3. RESULTS AND DISCUSSION
3.1 Environmental parameters

Irradiance (J/m²s)

Environmental parameters were recoded every 30 min
along vertical direction. During the experiment, water tem-
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perature showed slowly rising from 10:30 to 14:30. The
values of water temperature, dissolved oxygen, pH, turbidity, concentration of nutrient salts and chlorophyll a
showed no significant difference on vertical direction in the
same time (P>0.05), but they showed significant difference
with solar spectral irradiances (P<0.05).
TABLE 1 - Physical and chemical parameters at the sampling site.
Parameters

Range

Mean

Water temperature (°C)
Dissolved oxygen (mg/L)
pH
Turbidity (NTU)
TN (mg/L)
TP (mg/L)
Chlorophyll a concentration (μg/L)

2.5–3.9
9.96–12.12
7.99–8.41
49.6–58.1
3.23–4.11
0.18–0.21
0.73–0.92

3.2
11.04
8.20
53.85
3.67
0.20
0.82

3.2 Solar spectral irradiances

The experiment was performed on a sunny day. The
maximum irradiance wavelength was about 580 nm, and
the distribution pattern of irradiance from 10 - 90 cm is
shown in Fig. 2.
In the three measurements of spectral irradiances, the
value of diffuse attenuation coefficient (Kd) from regression analysis was 4.927 (R2 0.995), 4.415 (R2 = 0.987), and
4.908 (R2 = 0.993), respectively. The dose of irradiances
both from in situ measurement and calculation from Kd has
shown a dropped irradiance, dropped to a very low value
at the depth of 0.9 m.
3.3 Chlorophyll fluorescence

Chlorophyll fluorescence parameters of in situ samples
are shown in Fig. 3(a). There were similar variations of
F/Fm’ value with depths from 0 to 2.5 m at 12:30 and
14:30. However, the F/Fm’ value measured at 10:30 did
not show this trend with depths. After 3 h of dark adaptation, F/Fm’ from different depths dropped to a low level;
meanwhile, variation with depths disappeared. Since it was
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FIGURE 2 - Solar spectral irradiance from 0.1 to 0.9 m.
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FIGURE 3 - F/Fm’ value of samples from different depths (3(a): F/Fm’ value measured in situ at 10:30, 12:30, and 14:30, LD: Long time dark
adaptation, measured after dark adaptation for 3h; 3(b): F/Fm’ value measured at 10:30, 12:30, and 14:30, when samples from different depths
were exposed to surface irradiances).

known that physical and chemical conditions (such as temperature, pH, dissolved oxygen, turbidity, and nutrient
salts) were similar at different depths during the experiment (Table 1), differences of F/Fm’ at different depths in
cyano-bacterial cells could be related to solar radiation intensity. In order to examine effects of solar radiation on
F/Fm’ value, another experiment was designed to expose
samples at different depths. Chlorophyll fluorescence parameters of samples from different depths exposed to surface irradiances were measured at 10:30, 12:30, and 14:30.
Their F/Fm’ values are shown in Fig. 3(b).
During the sampling period, average value of water temperature was about 3.2 °C (in the range of 2.5-3.9 °C, with
small fluctuations). Turbidity of lake water ranged from 49.6
to 58.1 NTU, which was lower than that in windy days
(about 100 NTU), and implied a fairly low level of sediment
re-suspension. As for this shallow lake, thermo-stratification
and anoxic zone were not found during sampling, and dissolved oxygen maintained a fairly high concentration (9.96–
12.12 mg/L). Compared with summer blooms period, chlorophyll a concentration (0.73-0.92 μg/L) was much lower.
According to microscopic observation, algal community

was made up of Anabaena flos-aquae, Anabaena spiroides,
Anabaena circinalis, Microcystis aeruginosa, Cyclotella
meneghiniana, and Cryptomons ovata. Among them, Anabaena flos-aquae established dominance (over 40% of the
total algal cells), and some akinetes of nitrogen fixing cyanobacteria were found in samples (Fig. 4).
Chlorophyll concentration in water represents the biomass of phytoplankton, which is higher in summer and lower
in winter. The temporal variation of phytoplankton biomass
could be explained that many phytoplankton functional properties were constrained by the low temperature in winter.
Comparing with other algal groups (such as Bacillariophyta),
cyanobacteria tend to higher temperature [11], and lower temperature in winter would lead to disappearance of cyanobacteria in some lakes [12]. As for photosynthesis, it was reported
that lower temperature reduces enzyme activity, membrane
fluidity, and electron chain transfer in photosynthesis system.
However, winter blooms, caused by some cold resistant cyanobacteria was documented in previous studies [2, 13].
Many phytoplankton cellular processes are temperature-dependent. It was reported that several bloom-forming
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FIGURE 4 - Community structure of phytoplankton at the sampling site.

cyanobacteria, such as Anabaena, Aphanizomenon, Microcystis, and Oscillatoria were temperature-dependent with
the optima photosynthetic capacity usually at 25 °C, or
even higher [4]. In laboratory culture studies, photosynthetic capacity of Anabaena flos-aquae increased up to 35
°C but decreased rapidly thereafter, and photosynthetic capacity dropped sharply below 15 °C [14]. Anabaena isolated from Lake Mendota (North America) cultured at low
light intensity (30 µE m-2s-1) showed the optimal temperature for photosynthesis was 20 °C, the photosynthesis of
Anabaena maintained 76% of the maximum at 15 °C, and
62% at 10 °C [15]. As for the chlorophyll parameters,
F/Fm’ ratios in the present study were about 0.22 at 10:30
and about 0.17 after dark adaptation (Fig. 3). Compared to
the ratio of F/Fm’ which was about 0.3 in a previous study
[16], our results showed that cyanobacteria maintained a
low level of photosynthetic activity in winter.
Photoinhibition at low temperature was a hot research
area in the past decades. As for higher plants and algae, the
low-temperature sensitivity of photosynthesis is considerably enhanced when they are exposed to light [17]. The
molecular mechanism of photo-inhibition is the photochemical damage to D1 protein in PSII complex. Although
the initial photochemical reactions were independent of
temperature, associated aspects (such as enzymes of photophosphorylation and electron transport) were temperaturedependent [18]. A high fluorescence rate of solar radiation
would also cause photo-inhibition. Phytoplankton communities were exposed to a wide range of light regimes from
growth-limiting to growth-inhibition irradiances in aquatic
environment [19]. As for most of algae, direct solar radiation at water surface for 15 min would cause significant
photo-inhibition, but many species of algae could be recovered completely within a few minutes. When exposed for
30 min or longer, some species failed to recover [20]. It
was reported that F/Fm’ value of Sprirulina platensis cultures, grown under high oxygen stress, decreased by 60%
when the solar irradiance reached a saturated value [16].
Although no comparative efforts had been put to evaluate
the effects and impact of solar radiation on bloom-forming
cyano-bacteria under cold and low light intensity condi-

tions [21], there are some studies carried out concerning with phytoplankton under low temperature [22] and
weak light [23]. Photo-inhibition of Anabaena flos-aquae
was not observed in our study; this may be related to the
dose of solar irradiance which was not so high to cause it.
Our results showed that the photosynthetic activity of Anabaena flos-aquae would increase after exposure to surface
irradiance.
Overall, results showed that photosynthetic vitality of
bloom-forming Anabaena flos-aquae in winter related to
the solar radiation. Previous researchers had demonstrated
that overwintering process played an important role in the
life cycle of bloom-forming cyano-bacteria, which is the
continuation of cyano-bacterial populations and act as
“seed bank” for the following year [24]. Before recruitment, phytoplankton remained weak, and photochemical
vitality was at a fairly low temperature; during this period,
the algal cells are dormant but viable, which can be referred
to as “physiologically resting cells” [25]. They could be reactivated and increased gradually during recruitment [26].
In early spring, when external conditions ameliorated,
overwintering cyano-bacteria gradually recover growth
and start to reproduce in water column or from sediment
[27]. The measurement with the Phyto-PAM instrument revealed that the photosynthetic properties could be affected
by the light intensities. Further studies are necessary to understand the threshold of the light intensity and time duration for exposure. It was a valuable information for us to
better understand the occurrence of blooms in early spring.

4. CONCLUSIONS
In Chaohu Lake, bloom-forming cyano-bacteria (mainly
Anabaena flos-aquae,) maintained feeble photosynthetic activity under low light intensity in winter, while they were exposed to sufficient light intensity, it maybe trigger recovery
of photosynthetic activity and grow gradually with elevated
light intensity. Phyto-PAM measurement helps us to better
understand overwintering cyano-bacteria and recruitment
process in cold seasons.
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VISUAL QUALITY ASSESSMENT OF
TREES AND SHRUBS IN THE SOUTH CAMPUS
OF ADNAN MENDERES UNIVERSITY IN SPRING
Zöhre Polat*, Çiğdem Kiliçaslan, Barış Kara and Bülent Deniz
Adnan Menderes University, Faculty of Agriculture, Department of Landscape Architecture, South Campus 09100 Aydin, Turkey

ABSTRACT

1. INTRODUCTION

Plants including trees and shrubs (TAS) can contribute
positively to human quality of life in an environment performing several aesthetical, economic, social and ecological functions, e.g. adding visual quality increasing the value
of real estates, decreasing energy demand and expenses for
heating and cooling, supplying people recreation possibilities, and thus, protecting them from violence and stress,
preventing air, soil and noise pollution, and conserving water reserves. People can be attracted to the tree- or shrubplanted areas due to their high visual quality. Main objective of the present study, carried out in the scope of a research project, is to determine the aesthetical value TAS
(trees and shrubs) of a university campus area through their
colourful branches, leaves and flowers in spring using visual quality assessment (VQA) method, and to use the results as basic data for landscape planning, design and management works in the rest of the campus.
It was found in the study that TAS (trees and shrubs)
may increase significantly the visual quality (VQ) of the
areas where they are planted (p<0.01). 14 photographs revealed the assessment of visual quality (VQA), 11 revealed
that TAS is taking place in the scenery, increasing significantly (p<0.01) the values of the effective parameters on
the visual quality (VQ) of sceneries, such as vividness, harmony, fascination and naturalness. The results may firstly
mean the following: when the values of the mentioned parameters increased, TAS can be stated to affect positively
the VQ (visual quality) in the campus area, secondly landscape parameters (such as vividness, harmony, fascination
and naturalness) can have direct and positive effects on visual quality, and thirdly, plants can attract people. Results
may be acceptable to form a database for the future plantation works in the campus.
KEYWORDS: Visual quality assessment, trees and shrubs, plantation in University campus

* Corresponding author

Open green spaces are the most important areas for
public health. They can provide oxygen to consistently urbanized areas in today’s cities, make cities livable areas
and present possibilities for urban people to access nature
and recreate themselves. Each tree and shrub (TAS) taking
place in open green spaces can contribute to the balance in
an urban ecosystem by undertaking ecological, economic,
social and aesthetical roles. Trees are the natural elements
of urban landscape and create living areas in urban ecosystems and also wild life [1].
Trees in urban ecosystems may have economic impacts on the areas where they are planted [2, 3], increase
real estate prices [3, 4], and reduce heating and cooling
costs [2]. Urban trees can offer ecological advantages, such
as the mitigating of urban climate [5], increasing the quality of urban air [6-8], decreasing the ozone concentration
level in urban area [9, 10] contributing to biological repairing [11], supplying and maintaining biodiversity in urban
forests [12], sustaining balance in urban [13] and forest
ecosystems [14]. Trees planted around buildings gather extended masses and have attraction power [15]. Trees may
lower the rate of mental fatigue [16, 17], develop children’s
skills like communication, collaboration, creativity and
controlling [18, 19], and decrease tendency to violence
among people [20, 21].
Among the most important functions of trees and
shrubs is that they can increase the visual quality of the areas where they are planted. One of the most important reasons why people are attracted by an area is the affection
and attraction force of the area in question. Such an attraction force is defined by the visual quality of the area, which
is a study subject related to plants comprising of their visual effects on the area and assessing their visual quality.
Visual quality assessment is an important method, used especially for the last years to determine the visual values of
landscape elements and plant materials. In the related studies up-to-date, visual quality has been assessed in an arboretum [22], in a specifically vegetated area [23], planted
road sides [24], forest lands [25, 26], a green way-river
band line [27], protected areas and national parks [28], and
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urban green areas [29, 30]. Visual quality assessment
method was also used in the determination of outdoor preference in a campus design [31]; the analysis of trees and urban elements in different forms [32], natural and manmade
landscapes in a botanical garden [33], pathway [34], houses
built in a settlement sheltering temples [35], urban green areas [36], different landscape types [37], park areas [38], vegetative landscape designs [39], outdoor sceneries [40], agricultural lands [41], natural areas [42, 43], roadsides of a
highway corridor [44], an urban area in the absence and
presence of plant materials [45], evaluation of cultural and
natural resources [46, 47], determination of the contributions of trees and green spaces to an area [48, 49], landscape styles from various countries [50], and the definition
of landscape choices in a desert city [51]. In Turkey, this
method was used for the assessment of visual quality in urban rocky habitats [52], different forms of trees [53] and in
fruited plants [54]. Quality of life was determined to increases in the shrub- and tree-planted areas where the visual preference values also increase [55, 56]. It is stated that
scenic beauty and ecological aesthetics can have effects on
landscape planning, design and management works [5759].
The hypothesis in the present study is that trees and
shrubs planted in the South Campus of Adnan Menderes
University have visual quality values, and such values can
increase visual quality of the areas in question. The objective
of the study is to determine the visual value in spring added
by trees and shrubs to an area where they are planted (sample
of the South Campus of Adnan Menderes University).

2. MATERIALS AND METHODS
2.1. Visual quality assessment (VQA) process

A photograph set of trees and shrubs (TAS) (Table 1)
in the South Campus of Adnan Menderes University taken
during the spring months of 2011 and 2012 was collected
and given in Table 2. When it was spring, all trees provided
the most visual greenness. Photographs were taken using a
Canon 550D 18-55 IS after 10.00 in the morning and 15.00
in the afternoon. Of all the photographs, 14 were chosen by
the project team to make VQA. These selected photographs
were duplicated and one copy was subjected to Photoshop
CS3 software to remove some TAS, and thus, obtaining
two groups of photographs (original and duplicated photographs (OP and DP) with and without plants).
TABLE 1 - Some trees and tall shrubs (TAS) in the South Campus of
Adnan Menderes University [60].
Some trees and tall shrubs in the South Campus of Adnan Menderes
University (Undefined species are not included in the list)
Family name

Latin name

Rosaceae
Apocynaceae
Celastraceae
Pittosporaceae
Moraceae

Amygdalus communis
Nerium oleander
Euonymus japonica
Pittosporum tobira
Morus alba

Number
122
290
101
47
142

Anacardiaceae
Pinaceae
Cupressaceae
Moraceae
Fabaceae
Caprifoliaceae
Cupressaceae
Oleaceae
Moraceae
Fabaceae
Agavaceae
Cupressaceae
Juglandaceae
Fabaceae
Fabaceae
Oleaceae
Bignoniaceae
Lythracea
Rosaceae
Rutaceae
Fabaceae
Aceraceae
Proteaceae
Oleaceae
Myrtaceae
Fabaceae
Oleaceae
Fabaceae
Lauraceae
Rosaceae
Meliaceae
Cupressaceae
Rosaceae
Rosaceae
Anacardiaceae
Simaroubaceae
Malvaceae
Pinaceae
Palmae
Cupressaceae
Rosaceae
Rosaceae
Rosaceae
Palmae
Palmae
Palmae
Hamamelidaceae
Bignoniaceae
Rosaceae
Myrtaceae
Rosaceae
Cupressaceae
Cycadaceae
Fabaceae
Fabaceae
Platanaceae
Punicaceae
Rosaceae
Salicaceae
Myrtaceae
Casuarinaceae
Rosaceae
Pinaceae
Fabaceae
Rutaceae
Verbenaceae
Anacardiaceae
Magnoliaceae
Undefined
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Schinus molle
Pinus pinea
Juniperus horizontalis
Morus alba ‘Pendula’
Robinia pseudoacacia
Viburnum tinus
Thuja orientalis
Ligustrum vulgare
Ficus carica
Albizia julibrissin
Yucca filamentosa
Cupressus sempervirens horizontalis
Juglans regia
Gleditsia triancanthos
Sophora japonica
Syringa vulgaris
Jakaranda mimosifolia
Lagerstroemia indica
Cotoneaster lacteus
Citrus reticulate
Caesalpinia gilliesii
Acer negundo
Grevillea robusta
Fraxinus ornus
Callistemon viminalis
Parkinsonia aculeata
Olea europaea
Cercis siliquastrum
Laurus nobilis
Cydonia oblonga
Melia azedarach
Cupressus sempervirens pyramidalis
Pyrus communis
Malus domestica
Pistacia lentiscus
Ailanthus altissima
Hibiscus syriacus
Cedrus libani
Phoenix dactylifera
Cupressus arizonica glauca
Prunus laurocerasus
Spiraea vanhouttei
Pyracantha coccinea
Phoenix canariensis
Tranchycarpus fortunei
Washingtonia robusta
Liquidambar orientalis
Catalpa bignonioides
Chaenomeles Japonica
Myrtus communis
Rosa canina
Cupressocyparis leylandii
Cycas revoluta
Acacia cyanophylla
Spartium junceum
Platanus orientalis
Punica granatum
Pyrus elaeagrifolia
Salix alba
Eucalyptus camaldulensis
Casuarina equisetifolia
Prunus cerasifera ‘Atropurpurea’
Pinus brutia
Cassia artemisioides
Citrus limon
Vitex agnus-castus
Pistacia terebinthus
Magnolia grandiflora

62
200
105
5
399
38
34
283
47
10
13
42
16
2
3
3
11
21
6
7
7
29
5
3
1
23
79
1
4
2
9
4
1
1
3
10
9
2
2
11
4
5
55
38
3
26
12
35
1
3
3
3
1
5
5
146
24
4
3
97
16
18
3
5
2
7
1
1
36
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TABLE 2 - Some of the photographed TAS (tree and shrub) species
in the South Campus of Adnan Menderes University [60].
Some of the TAS species taken photographs in the South Campus of Adnan Menderes University
Photograph
Family name
Latin name
including the
species
Apocynaceae
Nerium oleander
OP 7
Moraceae
Morus alba ‘Pendula’
OP 4
Fabaceae
Robinia pseudoacacia
OP 7
Cupressaceae
Thuja orientalis
OP 12
Fabaceae
Albizia julibrissin
OP 8
Bignoniaceae
Jakaranda mimosifolia
OP 9
OP 5
OP 11
Lythracea
Lagerstroemia indica
OP 12
OP 14
OP 1
Fabaceae
Cercis siliquastrum
OP 2
Cupressus sempervirens
OP 13
Cupressaceae
pyramidalis
OP 1
OP 3
Palmae
Phoenix canariensis
OP 5
OP 12
Hamamelidaceae
Liquidambar orientalis
OP 12
Platanaceae
Platanus orientalis
OP 14
Magnoliaceae
Magnolia grandiflora
OP 10

The majority of the participants are in 15-24 age group
(94.2%), and the rates of male and female participants are
close to each other (46.6 and 53.4%, respectively) while
nearly all of them (92.2%) have not taken part in such a
questionnaire (Table 3).
2.2. Statistical analysis

A statistical software SAS (1999) package was used for
the statistical analysis [61]. Mean values of visual preference
and other landscape parameters were calculated at first, and
then, a non-parametric measurement test was used to conduct
correlation analysis over the relationship between visual preference and other landscape parameters (vividness, harmony,
fascination and naturalness) in two different groups.

3. RESULTS
Results were obtained from scores on visual preference and other landscape parameters, i.e. vividness, harmony, fascination and naturalness were evaluated and
compared for two photograph groups, original photographs
(OP) and duplicated photographs (DP).

Both presentations were shown to the students by quick
viewing 14 photographs successively in nearly 3 min, and
then, seeing them in equal times and scoring. Students were
asked to take into consideration the landscape parameters,
such as visual preference (visual attractiveness) and vividness, harmony, fascination and naturalness while scoring
by ranging scores from 1 for the lowest to 7 for the highest.
Students were directed to use all the scores from 1 to 7, and
to score not only the images on the photographs but also
the areas the photographs represent.
A group of 103 students was composed of 2nd grade
students of the Agriculture Faculty (12 students), 4th grade
students of Agriculture Faculty, Horticulture Department
(21 students), 1st grade students of Landscape Architecture
Department (22 students), 1st grade students from various
departments of Agriculture Faculty, a student group of 1st
grade landscape architecture students and Koçarlı (AydınTurkey) Vocational School (21 students), and students
from the Program of Landscape and Ornamental Plants at
Koçarlı (Aydın-Turkey) Vocational School (27 students).
Demographic characteristics and participation frequency
(%) of the students are presented in Table 3.

3.1. Assessment of visual preference on OP (Original photographs) groups

Table 4 presents the order of visual preference scores
given to the OP group (Figs. 1-3). It can be seen that the highest mean visual preference score (MVPS) belongs to OP13
(5.8155), followed by OP4 (5.0777) and OP12 (5.0680).
3.2. Assessment of visual preference on DP (duplicated photographs) groups

Table 5 presents the order of visual preference scores
given to the DP group (Figs. 4-6). It can be seen that the
highest visual preference score (MVPS) was given to DP13
(4.4563), followed by DP12 (4.3301) and DP1 (3.7476).
3.3. Comparison of the MVPS between OP and DP groups

MVPS of both groups were compared using correlation
test. It was found, according to results of the test, that there
TABLE 4 - Assessment of visual preference on OP (original photographs) groups.
P Group

TABLE 3 - Demographic characteristics and participation frequency
(%) of students.
Demographic
characteristics
Gender
Age
Participation in
such an evaluation
questionnaire

Participant
students
Male
Female
15-24
25-39
Yes
No

Frequency
48
55
97
6
8
95

(%)
46.6
53.4
94.2
5.8
7.8
92.2
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OP1
OP2
OP3
OP4
OP5
OP6
OP7
OP8
OP9
OP10
OP11
OP12
OP13
OP14

Number of
Students
(N )
103
103
103
103
103
103
103
103
103
103
103
103
103
103

Mean visual
preference score
(MVPS)
4.0097
2.9515
3.3107
5.0777
3.5049
3.0680
4.9320
1.8738
4.4951
4.4272
3.0583
5.0680
5.8155
3.3398

Standard
Deviation
(SD)
1.33941
1.33856
1.61506
1.66091
1.38531
1.61647
1.57966
1.17723
1.42714
1.49248
1.39906
1.45023
1.15256
1.41111
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OP 1

OP 2

OP 3

OP 4

OP 5

OP 6

FIGURE 1 - Original photographs of TAS in spring
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OP 7

OP 8

OP 9

OP 10

OP 11

OP 12

FIGURE 2 - Original photographs of TAS in spring-
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OP 14

FIGURE 3 - Original photographs of TAS in spring.

DP 1

DP 2

DP 3

DP 4
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DP 6

FIGURE 4 - Duplicated photographs where some TAS were removed.

DP 7

DP 8

DP 9

DP 10
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DP 11

DP 12

FIGURE 5 - Duplicated photographs where some TAS were removed.

DP13

DP14

FIGURE 6 - Duplicated photographs where some TAS were removed.

TABLE 5 - Assessment of visual preference on DP (duplicated photographs) groups
DP Group

DP1
DP2
DP3
DP4
DP5
DP6
DP7
DP8
DP9
DP10
DP11
DP12
DP13
DP14

Number of
Students
(N )
103
103
103
103
103
103
103
103
103
103
103
103
103
103

Mean visual
preference score
(MVPS)
3.7476
2.9417
1.9126
2.8447
2.9903
2.7282
2.5243
1.6408
1.6214
3.2136
2.3010
4.3301
4.4563
2.9417

Standard
Deviation
(SD)
1.44655
1.31227
1.09461
1.32663
1.21667
1.39463
1.26681
.92730
1.11247
1.60055
.91646
1.32390
1.50017
1.07398

were significant differences in MVPS between photographs
(r1 = 0.490, r2 = 0.549, r5 = 0.577, r6 = 0.525, r7 = 0.475, r8 =
0.511, r10 = 0.494, r11 = 0.318, r12 = 0.677, r13 = 0.515, r14 =
0.589), and there was no relationship between some photographs (r3 = 0.161, r4 = 0.158, r9 = 0.073; Table 6).
It was determined in 11 OPs (OP1, 2, 5, 6, 7, 8, 10, 11,
12, 13, 14) that TAS affected very significantly the VQ of
scenes (p<0.01) in a positive way (Table 6) while no statistical relationship was found in OP3, OP4 and OP9 (Table 7).
3.4. Comparison of some landscape parameters between OP
and DP groups

Each of the landscape parameters evaluated in the
study (vividness, harmony, fascination and naturalness)
was compared between two groups using correlation test.
Very significant differences were found in 11 photographs
between “vividness” scores of both groups (r1 = 0.515, r2 =
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TABLE 6 - Comparison of the MVPS of OP and DP groups.
MVPS of

D

DP1
DP2
DP3
DP4
DP5
OP1
0 .490**
OP2
. 0.549 **
OP5
.0.577**
OP6
.0.525**
OP7
0.475**
OP8
OP10
OP11
OP12
OP13
OP14
** Correlation is significant at the confidence level of 0.01 (2-tailed)

DP6

DP7

DP8

DP9

DP10

DP11

0.511**
0.494**
0.318**
0.677 **
0.515 **
0.589**

From an overall perspective, TAS were determined to
increase significantly the VQ of the area where they are
planted in 11 photographs (p<0.01) by affecting positively
the landscape parameters of vividness, harmony, fascination
and naturalness. In addition, in nearly all statistical evaluations, photographs 3, 4 and 9 showed statistically no significant relationship between two groups for the parameters.

TABLE 7 - Statistical relationship between OP3, OP4 and OP9.
MVPS of
DP3
DP4
DP9
OP3
0.161
OP4
0.158
OP9
0.073
** Correlation is significant at the confidence level of 0.01 (2-tailed).

0.576, r5 = 0.463, r6 = 0.286, r7 = 0.293, r8 = 0.435, r10 = 0.438,
r11 = 0.500, r12 = 0.634, r13 = 0.421, r14 = 0.472) while no relationship was determined in 3 photographs (r3 = 0.082, r4
= 0.117, r9 = 0.008). Out of OP3, 4 and 9, in 11 OP-TAS
(trees and shrubs) were found to increase vividness very
significantly (p<0.01).
For harmony parameter, very significant differences
were found between the groups in 11 photographs (r1 =
0.413, r2 = 0.420, r5 = 0.343, r6 = 0.388, r7 = 0.318, r8 = 0.516,
r10 = 0.446, r11 = 0.300, r12 = 0.585, r13 = 0.407, r14 == 0.513);
there was no relationship in 2 photographs (r3 = 0.011, r4 =
0.147), and in 1 photograph, a negative relationship was
determined between two groups (r9 =-0.008). TAS were determined to increase harmony level of scenes in 11 OP
while this situation was not true for OP3, 4 and 9 (p<0.01).
In 11 photographs (OP), “fascination” scores were
found to be significantly different from those of DPs (r1 =
0.502, r2 = 0.465, r5 = 0.605, r6 = 0.334, r7 = 0.244, r8 = 0.474,
r10 = 0.521, r11 = 0.393, r12 = 0.607, r13 = 0.534, r14 = 0.415)
while there was no relationship in 3 photographs (r3 =
0.089, r4 = 0.041, r9 = 0.061). Except for OP3, OP4 and OP9
all the photographs revealed that TAS increased significantly fascination level (p<0.01).
For naturalness parameter, in 11 photographs, naturalness scores showed statistically significant differences between two groups (r1 = 0.593, r2 = 0.578, r3 = 0.339, r5 =
0.510, r6 = 0.505, r7 = 0.212, r8 = 0.600, r10 = 0.404, r11 =
0.387, r12 = 0.667, r13 = 0.448, r14 = 0.623) while no relationship was found in 2 photographs between the groups (r4 =
0, r9 = 0). Except for OP1 and OP9, all the photographs
showed that TAS increased very significantly (p<0.01) the
naturalness while only OP7 affected significantly this parameter (p<0.05).

4. DISCUSSION AND CONCLUSIONS
Today it is a well-known fact that each tree to be
planted can function as the life-giving vein in urban and
rural ecosystems. Trees and shrubs (TAS) are valuable elements for plantation design in landscape architecture due
to their ecological, economic, aesthetic and social effects
on the areas where they are planted. Several previous studies [1, 3, 13, 17] dealt with planning, protecting and repairing nature in urban and rural landscapes, without intervening the natural order, even by taking it as an example and
the importance of plants used in the management of nature.
The present study was conducted focusing on TAS
planted in a university campus (Adnan Menderes University, South Campus in Aydin /Turkey). Such an open green
space is the most important possibility for academic and
administrative staff and students obliged to spend their
whole day in the campus to breathe and refresh.
Results of the study can be discussed as follows:
What are the effects of trees and shrubs on the visual
quality of an area?
TAS (trees and shrubs)-planted campus areas (Table 1)
have high VQ value and, therefore, can attract people (Table 6). It was found by Daniel (2001) [23, 53 , 54 , 62],
where people’s feed-backs were taken and preferencebased landscape quality was evaluated, that visual quality
is high in the areas where naturalness and plants are dominant in convenience with the present study and some other
stating that plants increase VQ in landscapes.
It is clear that there are studies which show that TASplanted landscapes have high VQ value both in the world
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[18, 48, 57, 58] and in Turkey [52-54] when focusing on
VQ value of plants, similarly to the present study.
One of such studies reported similar results with the
present study by showing that mixed vegetated scenes representing horizontal and perpendicular planes were generally rated higher for visual preference [52]. It was stated in
another study that pyramid-formed trees reflected higher
visual quality and strength than mixed combinations [53].
TAS (trees and shrubs) are attractive natural elements
giving visual identity to landscapes through their flowers,
trunk designs and leaf colour in spring as well as being a
biological heritage of nature [63-66].
In some nature-based studies, subjects scored scenes
with native vegetations, mountains and streams higher than
those with bushes and frightening images [67, 68].
A similar result with the present study was reported in
a previous study [69] where it was stated that water surface
size of pedestrian walks, recreational areas, plant composition, plant diversity and colour can positively affect the visual quality of a landscape.
Another similar study reveals a general tendency of
preference for landscapes with lush, green vegetation dominated by semi-arid forests, and more visually, complex
landscapes with higher-native vegetation cover [70].
What are the effects of landscape parameters directing visual quality (VQ), such as vividness, harmony,
fascination and naturalness?”
Very significant differences were found between the
groups when comparing the landscape parameters of vividness, harmony, fascination and naturalness. It was determined in the present study that TAS (trees and shrubs) increased significantly the VQ of the area where they are
planted in 11 photographs (p<0.01), by affecting positively
the landscape parameters of vividness, harmony, fascination and naturalness.
Results similar to that given above are supported by
the results of previous studies, such as [54], where fruit
trees and shrubs considerably increased the visual quality
of the urban landscape where they are planted and landscape parameters, such as vividness, harmony, fascination
and naturalness, can affect visual quality significantly
(p<0.01) as in the present study.
While the scenes with and without fruit trees were
compared according to landscape parameters, such as
“harmony”, “fascination” and “naturalness”, which were
found to be increased by fruit trees significantly (p<0.05)
in one scene, very significantly (p<0.01) in other scenes
(harmony), and very significantly (p<0.01) in all scenes,
respectively, as it was in the present study. It was found
that fruit trees and shrubs positively affect basic parameters, such as vividness, harmony, fascination, naturalness
and diversiy of colour and, therefore, lead to a very significant change in visual quality of the place (p<0.01) [54].
Can plants attract people or not? Yes it is found
that plants can attract people.

The present study also shows that plants have “high visual quality value” and, therefore, “can attract people” in a
campus area (Table 6). A similar study presents the same results that the subjects found the same places to be calm and
relaxing while viewing and visiting them by stating that water elements, plants and aquatic animals around the pond create a balanced ecosystem and relax their mind [71].
Sheets and Manzer (1991) [45] mentioned similarly
the effects of vegetation on human quality of life in an area.
Lohr et al. (2006) [32] showed that people typically give
high aesthetic preference ratings to trees.
A research study employing a photography-based approach to analyse the visual green effects of urban green
areas presents similar results indicating that the size of
trees, the distance between trees and viewers, the existence
of vegetation other than TAS (trees and shrubs) all had a
significant impact on values of green view [72].
The finding that plants can attract people is supported
by another study where it is stated that not only the size and
height of trees affect visual greenness but also their distribution and under-story may influence tree green visibility [73].
Suggestions for plantation designs in the South Campus Area;
VQ (Visual Quality) reflected by TAS (trees and
shrubs) provide thanks to their branches, and leaves, trunks
and flowers should absolutely be taken into consideration.
Plantation designs should be conducted by integrating
dendrologic characteristics of TAS (trees and shrubs), such
as form, size, texture, their colour and the structure of their
branches, leaves, trunks and flowers.
Results of the present study may open the gate for the
constitution of pilot site designs using the species in the
lists (Tables 1 and 2) in the South Campus area of the University.
Plants are living landscape elements, can serve as
lungs in urban landscape, and should take place in plantation designs according to their aesthetical and functional
properties.
In special urban areas, TAS (trees and shrubs) functioning as gene resources for their areas should be evaluated in designs and transferred to the generation next as biological heritage to sustain bio-diversity through gene, species, ecosystem and landscape diversity.
The present research and study outlined an approach
for the designers and managers of the green system in University Campus to analyse, evaluate and enhance some university campus models to offer plant designers more available tree greenery in the campus for sustainable University
education.
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REMOVAL OF NICKEL (II) IONS FROM
AQUEOUS SOLUTIONS USING MODIFIED ZEOLITES
Yifei Wang* and Xu Chao
College of Biological, Chemical Sciences and Engineering, Jiaxing University, 314001, Jiaxing, Zhejiang, P. R. China

ABSTRACT
In this study, the Chinese natural clinoptilolite was fused
with sodium hydroxide prior to hydrothermal reaction. Zeolite Na–P and Na–Y were identified as the reaction products,
depending on the hydrothermal time. The products were
identified by X-ray diffraction, and characterized for cation
exchange capacity (CEC) and BET surface area. Ni(II) removal by the modified zeolites, Na-clinoptilolite, Na-P and
Na-Y was studied by batch-type methods. Kinetics data
were best described by a pseudo-second-order model. The
equilibrium isotherms have also been got, with each fitted to
the Langmuir and Freundlich uptake models. Furthermore,
the theoretical Ni(II) adsorption capacity of the three zeolites
was determined to be 3.744, 12.367 and 24.857 mg g-1, respectively.
KEYWORDS:
modified zeolite, ion exchange, Nickel(II) uptake, wastewater.

1. INTRODUCTION
Heavy metal pollution is an environmental problem of
concern worldwide. Nickel(II) may be found in wastewater
discharges from mining, electroplating and battery manufacturing, and human exposure to Ni is highly probable in
such environments [1]. The most common adverse health
effect of nickel in humans is an allergic reaction; large
amounts of nickel can cause lung and nasal sinus cancers
[2]. In this regard, several conventional wastewater treatment technologies, such as ion exchange, chemical precipitation, evaporation, membrane filtration, reverse osmosis
and electrodialysis, have been employed to remove Ni(II)
ions from aqueous solutions [3]. However, these processes
have significant disadvantages, such as incomplete metal
removal and high operational costs [4]. Therefore, the use
of a cheap, abundantly available material, such as zeolite,
to remove Ni(II) from wastewater represents an interesting
alternative [5-7].
Zeolites are the most important inorganic cation exchangers that exhibit high ion exchange capacity, selectiv* Corresponding author

ity and compatibility with the natural environment. Zeolites
are hydrated alumino-silicates that possess a three-dimensional framework structure. This structure is formed by AlO4
and SiO4 tetra-hedra that are connected by sharing an oxygen
atom. When an AlO4 tetrahedron is substituted for a SiO4
tetrahedron, a negative charge appears which is neutralized
by the exchangeable cations (Na+, K+, Ca+, Mg2+). The discovery of zeolites has eliminated, or at least, reduced many
long-standing pollution problems [8, 9].
Nature zeolites mined are abundant in China, but they
are commercially low in price due to the exploitation mostly
as raw materials. Generally, natural zeolite deposits have high
Si/Al ratio and contain quite a few impurities. These factors
greatly reduce their cation exchange capacity (CEC). Therefore, nickel usually shows a low affinity towards some natural zeolites. Fusion with sodium hydroxide prior to hydrothermal reaction is the method to transform low-grade natural materials to high capacity cation exchangers. Several
research groups have succeeded in synthesizing low Si/Al
ratio zeolites, such as Na–P and zeolite Na–X from fly ash
[10, 11]. However, only a few studies have been done for
the zeolitic materials [12, 13].
We have succeeded in synthesizing zeolite Na–P and
Na–Y by fusing the Chinese natural clinoptilolite with
NaOH, prior to hydrothermal reaction. The aim of the present work was to investigate: (a) characterization of the modified zeolites, (b) ability of the modified zeolites to remove
Ni(II) from wastewater, (c) kinetics of Ni(II) uptake, and
(d) equilibrium sorption of Ni(II).

2. MATERIALS AND METHODS
Reagents: All chemicals were of analytical grade.
Stock solutions were prepared which contained 1000 mg L−1
Ni(II). Deionized water was used throughout the experiments. Hard zeolite rock samples (light grayish white) were
collected at Jinyun, Zhejiang, P. R. China, and prepared as a
starting material for the present experiments after crushing,
air-drying and passing through a 74-μm sieve. These zeolite samples were mostly composed of clinoptilolite and
quartz (X-ray diffraction; Fig. 1). Based on the intensity of
the respective peaks, the content of quartz is high. Table 1
shows the chemical composition of the mineral [14].
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TABLE 1 – Chemical composition of the natural zeolite (wt%)
SiO2
65.52

TiO2
0.21

Al2O3
9.89

Fe2O3
1.04

MnO
0.06

MgO
0.61

Adsorbents: Ni(II) removal was carried out with three
different zeolites: Na-clinoptilolite (sample 1) was prepared by treating 15 g of natural zeolite with 100 mL 2 mol
L−1 NaCl at 100 °C for 2 h in a flask, with reflux and stirring. The product was repeatedly washed with deionized
water and dried at 150 °C.
Zeolite Na-P (sample 2) was prepared by placing 7.5 g
of the natural zeolite powder in an iron crucible and fused
with 9 g NaOH powder at 550 °C for 2 h. The melt was
ground and 75 mL water was added. The mixture was
heated at 100 °C for 12 h in a Teflon-lined stainless-steel
autoclave. The products were filtered, washed with acidic
NaCl to remove the adsorbed alkali and dried at 150 °C.
Zeolite Na-Y (sample 3) was prepared by placing 7.5 g
of the natural zeolite powder in an iron crucible and fused
with 9 g NaOH powder at 550 °C for 2 h. The melt was
ground and 75mL water was added. The mixture was
heated at 100 °C for 8 h in a Teflon-lined stainless-steel
autoclave. The products were filtrated, washed with acidic
NaCl to remove the adsorbed alkali and dried at 150 °C.
Identification of mineral species in the natural and synthesized zeolites was carried out by X-ray diffraction (XRD)
of the random-oriented powder samples using a Siemens Xray diffracto-meter D5005 (Cu Kα radiation, λ = 0.15418 nm).
An IRIS Intrepid IIXSP Inductively Coupled Plasma Atomic
Emission Spectroscopy apparatus was used to determine
the contents of Si and Al in the materials. Adsorption isotherms of nitrogen were determined using an ASAS 2020
(Micromeritics, US) instrument.

Intensity

CEC studies: CEC of the zeolites was determined by
extracting NH4+ with 1 mol L−1 KCl (pH = 7) from a NH4+-

CaO
3.17

Na2O
2.31

3. RESULTS AND DISCUSSION
3.1 Materials characterization

The XRD patterns of the zeolites are shown in Fig. 1,
and the CEC of all the samples are given in Table 2. The
results showed that NaCl solution can only change the natural zeolite to the Na-form, and slightly increase its cation
exchange ability. Fusing the natural zeolite with NaOH
prior to hydrothermal reaction, high purities of zeolites Na-Y
and Na-P were identified as the reacted products, depending
on the hydrothermal time. At first, Na-Y was formed (8 h),
and then, it changed to Na-P (12 h). The crystal transformation indicates that Na-P is thermodynamically more
stable. The CEC values of Na-Y and Na-P are 257 and
352 meq/100 g respectively, which are greatly higher than
that of the natural zeolite. The high CEC values are because
of their comparatively low Si/Al molar ratios and high purity.

Na-Y

sample 3

Na-P

sample 2

10

15

LOI
10.02

Batch experiments: Ion exchange process was carried
out by using the batch methods. 100 mL of Ni(II) solution
(pH = 6) of known initial concentration was mixed with the
required dose of a zeolite sample. The initial Ni(II) concentration was ranging from 10 to 900 mg L−1. The suspension
was shaken for the desired contact time in an electrically
thermostatic reciprocating shaker at 150 rpm. The experiments were at 298 K. The sorbent was separated by a centrifugal machine, and the exact concentrations of Ni(II) ions
in the solutions were spectrophotometrically measured.

sample 1

clinoptilolite and quartz.

5

H2O
7.25

saturated sample prepared by equilibrating it with 1 mol
L−1 ammonium acetate (pH = 7) at 298 K.

Na-clinoptilolite and quartz

0

K2O
0.88

Natural zeolite

20

25

30

35

2 theta(degree)

FIGURE 1 - XRD patterns of the natural and modified zeolites
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TABLE 3 - BET surface area of the modified zeolites.

TABLE 2 - CEC and Si/Al molar ratio of the zeolites.
Zeolite
natural zeolite
sample 1
sample 2
sample 3

CEC (meq/100 g)
95
97
352
257

Si/Al molar ratio
5.4
5.4
1.8
2.3

Sample

Sample 1

Sample 2

Sample 3

BET surface area
(m2/g)

11.6

124.0

445.5

200

sample 1
sample 2
sample 3

3

-1

Adsorbed N2 (cm g )

The nitrogen sorption isotherms of the modified zeolites are shown in Fig. 2, and all the isotherms exhibit the
characteristics of micro-porous materials. Comparing with
the other two materials, Na-Y has the highest adsorption
capacity and BET surface area (Table 3).
3.2 Kinetics of Ni(II) uptake

The removal of Ni(II) by the zeolites as a function of contact time is shown in Fig. 3. The graph shows that the Ni(II)
sorption on sample 1 increased rapidly in the first 30 min, and
the equilibrium was attained in 240 min. However, for
samples 2 and 3, the sorption amount was almost constant
after 360 min. Therefore, for further experiments, the optimum contact time was 6 h.

150

100

50

0
0.0

0.2

0.4

0.6

0.8

1.0

p/p0

FIGURE 2 - Nitrogen sorption isotherms of the modified zeolites
(77 K).

3.2

Solid Concentration (mg/g)

3.1
3.0
2.9
2.8
2.7

sample 1
-1
adsorbent dosage: 10g l
-1
initial Ni(II) concentration: 50 mg l

2.6
2.5
2.4
2.3
0

50

100

150

200

250

300

350

Contact time (min)
11

22

20

Solid Concentration (mg/g)

Solid Concentration (mg/g)

10

9

8

sample 2
-1
adsorbent dosage: 10g l
-1
initial Ni(II) concentration: 200 mg l

7

18

16

sample 3
-1
adsorbent dosage: 5g l
-1
initial Ni(II) concentration: 350 mg l

14

12
6
0

100

200

300

400

500
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Contact time (min)

0

100

200

300

Contact time (min)

FIGURE 3 - Kinetics of Ni(II) uptake by zeolites (298 K).
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TABLE 4 - The kinetics constants for the exchange of Ni(II) ions on the zeolites (293 K).

Zeolite
Sample 1
Sample 2
Sample 3

qe, exp
(mg g-1)
3.12
10.30
22.15

k1
(min-1)
0.0152
0.0093
0.0114

Pseudo-firstorder
qe, cal
(mg g-1)
0.502
4.36
12.19

2

R

0.9546
0.9682
0.9557

In order to examine the mechanism of the adsorption
process, the pseudo-first order ([3]; Eq. (1)) and pseudosecond order ([15]; Eq. (2)) kinetic models were selected
to test the ion-exchange dynamics in this work because of
their good applicability in most cases.
The linearised form of the pseudo-first-order rate
equation is given as follows:

lnqe  qt   ln qe  k1t

(1)

where qe (mg g-1) and qt (mg g-1) are the amounts of
the metal ions adsorbed at equilibrium and t (min), respectively, and k1 (min-1) is the rate constant of the equation.
The constants k1 can be determined experimentally by plotting of ln (qe − qt ) versus t.
The form of the pseudo-second-order kinetic model is
given as follows:

1
1
t

  t
2
qt k2 qe  qe 

(2)

where k2 (g mg-1 min-1) is the rate constant of adsorption, and qe (mg g-1) is maximum adsorption capacity. The
values of k2 and qe were obtained from the slopes and intercepts of plots of t / qt versus t.
Results obtained by applying the models to the experimental data are given in Table 4. The calculated (cal) value
of qe from the pseudo-first-order kinetics model was dramatically lower than the experimental (exp) value. However, the
pseudo-second-order kinetics model provided a near-perfect
match between the theoretical and experimental qe values. In
addition, by comparing the correlation coefficients, the
pseudo-second-order kinetics model also described the data
better than the pseudo-first-order model.
3.3 Equilibrium sorption of Ni(II)

The equilibrium isotherms of the three materials are
shown in Fig. 4. The two synthetic zeolites had much higher
Ni(II) exchange capacity than the Na-clinoptilolite. The
maximum saturated adsorption capacity values of the three
zeolites were 3.744, 12.367 and 24.857 mg g-1, respectively,
by fitting a Langmuir isotherm model (Table 5). It can be
explained by the XRD pattern in Fig. 1 and the Si/Al molar
ratios in Table 2. Sample 1 is composed of clinoptilolite and
quartz (pore diameter: 4.6 Å; Si/Al molar ratio: 5.4). The
structure of quartz has no ion exchange capacity for absence

Pseudo-second order
k2
qe, cal
(g mg-1 min-1)
(mg g-1)
0.23
3.09
0.0087
10.19
0.0030
22.32

R2
0.9996
0.9961
0.9950

of exchangeable cations, which reduces the uptake of Ni(II)
onto sample 1. Sample 2 is zeolite Na-P, which has the lowest Si/Al molar ratio of 1.8. However, its Ni(II) exchange
capacity was restricted by the small aperture in its framework (pore diameter: 3.5 Å). Sample 3 is a high purity zeolite Na-Y (pore diameter: 7.4 Å; Si/Al molar ratio: 2.3). With
bigger aperture and lower Si/Al molar ratio in framework,
the Ni(II) exchange capacity was greatly increased.
The Langmuir model assumes only one solute molecule per site, and also assumes a fixed number of sites. The
Langmuir isotherm relates Qe (mg of Ni(II) absorbed per g
of zeolite) and Ce (the equilibrium Ni(II) concentration in
solution) as shown in Eq. (3):

Qe 

KbCe
.
1  KCe

(3)

Qe was calculated from the volume of Ni(II) solution,
the mass of the material exposed to the solution and the
equilibrium Ni(II) concentration in the solution (Ce).
The Freundlich isotherm relates the uptake of solute
onto the exchanger to the solution concentration, as shown
in Eq. (4):

Qe  kC e1 / n .

(4)

Figure 4 show the equilibrium isotherm data for Ni(II)
uptake onto the three zeolites, with each fitted to the Langmuir and Freundlich uptake models. Values for the coefficients are given in Table 5. For sample 1 and sample 2, the
Langmuir model provides a more consistent fit to the data
compared with the Freundlich one. However, for sample 3,
the equilibrium data fitted well to the Freundlich model. In
Langmuir equation, coefficient b represents the maximum
amount that can be sorbed. Furthermore, k is the Freundlich
constant that is an index to the sorption capacity of sorbent.
Both the values for b and k indicated that zeolite Na-Y has
the highest sorption capacity.
TABLE 5 - Parameters and correlation coefficients of Langmuir and
Freundlich
Langmuir parameter
b
K
r2
Freundlich parameter
k
1/n
r2
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Sample 1

Sample 2

Sample 3

3.744
0.246
0.998

12.367
0.053
0.997

24.857
0.055
0.926

1.108
0.343
0.931

2.958
0.260
0.944

7.171
0.199
0.981
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FIGURE 4 - Equilibrium study of the zeolites (298 K).

4. CONCLUSIONS
The natural clinoptilolite was modified by NaCl solution, and Na-clinoptilolite was formed. The raw material
was also fused with sodium hydroxide prior to hydrothermal reaction; zeolite Na-P and Na-Y were selectively synthesized. The properties of the three modified zeoites were
characterized, and the results showed that, with bigger aperture and lower Si/Al molar ratio in framework, zeolite Na-Y
had the comparatively higher CEC value (257 meq/100 g)
and BET surface area (445.5 m2/g).
This paper also presents the results of a detailed study
of equilibrium and kinetics of the ion-exchange process for
removing Ni(II) ions from aqueous solution using the three
modified zeolites. Kinetic examination showed that the
pseudo-second-order kinetics model described the data
better than the pseudo-first-order model. And the former
provided a nearly perfect match between the theoretical
and experimental qe values. Adsorption equilibrium of Naclinoptilolite and Na-P was better described by the Langmuir model whereas the equilibrium data for Na-Y fitted
well to the Freundlich model.

The maximum saturated adsorption capacity values of
the three zeolites were 3.744, 12.367 and 24.857 mg g-1,
respectively, by fitting a Langmuir isotherm model. Zeolite
Na-Y seems to be more advantageous in Ni(II) removal than
the other two.
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USING HYDRUS-2D SIMULATIONS TO
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ABSTRACT
The objective of this study was to simulate soil water
contents at different irrigation levels and soil water retention barriers (SWRB) depths in sandy soil. Soil water simulation models were created by means of the HYDRUS-2D
program using soil and weather parameters. This study was
conducted under field conditions in 2010 and 2011.
Soil water content was measured by frequency domain
reflectometry (FDR) sensors. Treatments included three irrigation levels, 33%, 66%, 100% of available water-holding
capacity (AWC), and two different SWRB depths (30 cm
and 40 cm). Perennial ryegrass was sown in each treatment.
Correlation coefficients between actual and simulated soil
water content via HYDRUS-2D models were between
0.74-0.94. These results indicate that the HYDRUS-2D
model can be used to determine soil water content for
sandy soil.

KEYWORDS: Soil water retention barriers, modeling, HYDRUS2D, sandy soil, turfgrass

1. INTRODUCTION
Turfgrass requires constant soil moisture for better
growth [1]. Soil water content can be directly or indirectly
measured by many different methods and devices. Although direct methods are accurate and inexpensive, they
are destructive, time-consuming and do not allow for measuring in the same location. However, indirect methods have
many advantages, such as continuous measurement, no soil
disturbance, etc. For this reason, soil moisture sensors are
widely used all over the world.
* Corresponding author

There are many programs available to model water and
nutrient movement in soil and groundwater (e.g. HYDRUS, SWIM, SEAWAT, MODFLOW, FLOWPATH).
There are three different versions of the HYDRUS software programs currently in use. HYDRUS-1D [2], HYDRUS-2D [3], and HYDRUS (2D/3D) [4]. HYDRUS-2D
is a software package for simulating water, heat and solute
movement in 2-dimensional variably saturated media [3].
The HYDRUS-2D program numerically solves the Richards’ equation for variably-saturated water flow and convection-dispersion type equations for heat and solute
transport. The program may be used to analyze water and
solute movement in unsaturated, partially saturated, or
fully saturated porous media. The HYDRUS-2D model allows simulation of a wide range of boundary conditions,
irrigation regimes, nutrient leaching, and patterns of water
and nutrient uptake by roots [3]. Many research were conducted to predict water content using HYDRUS model at
various plant; almond tree [5], vineyard [6], bentgrass [7],
rice field [8, 9], wheat [10], maize [11], cotton [12] and soil
textures; [13-18].
A portion of the water from rainfall or irrigation may
be held in soil depending on the water-holding capacity of
the soil and the remaining part may be lost by runoff or
deep percolation. To eliminate water loss by deep percolation and runoff for better water conservation, it will contribute to a region's agricultural productivity. Since 1950,
many methods have been tried with the aim of saving extra
water within the soil profile, such as asphalt barrier [19],
mulching [20], polymers [21]. However, due to difficulties
in application both for economic and practical reasons,
these methods are not used nowadays. Recently, the use of
soil water retention technologies and barriers are gaining
an importance to save irrigation water or rainfall within the
profile of coarse textured soils [22, 23].
In this study, based on climate, vegetation and soil
properties, the HYDRUS-2D program was used to simulate water content of sandy loam under the soil water retention barriers (SWRB) in turfgrass.
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2. MATERIALS AND METHODS
2.1 Research area

This research was carried out during the 2010 and 2011
growing season at Canakkale, Turkey. The soil has sandy
loam texture and low in lime content. Soil characteristics
of the study area are presented in Table 1. Climatic
data during growing season are presented in Table 2.
2.2 Experimental Design

The soil water retention barriers (SWRB) are polyethylene and waterproof material and they were horizontally

placed beneath the soil surface. At the edges, Edges of the
polyethylene material was bent vertically up to 10 cm (Figure 1). Perennial ryegrass (Lolium perenne c.v Caddieshack)
was sown on April 25, 2010 and May 1, 2011. Experiment
was completed on July 23, 2010 and August 15, 2011. The
experiment was arranged as a randomized complete block
design and each treatment was replicated three times.
Length of each plot was 2 m while width was 1.7 m. Space
of 10 cm left between the soil water retention barriers to
supply drainage (Figure 1). There was a 1.5 m gap between
each plot to prevent water movement among treatments.
Soil moisture levels were measured following initial irrigation of all treatments up to the field capacity.

TABLE 1 - Soil characteristics of the research area.
Depth
(cm)
0-30
30-60
Depth
(cm)
0-30
30-60

Clay
(%)
10.2
9.08
Wilting
Point
Pv (%)
5.8
6.0

Silt
(%)
6.12
9.16

Sand
(%)
83.68
81.76

Texture
Class
LS
LS

Bulk Density
(gr cm-3)
1.42
1.40

Field Capacity
Pv (%)
27.9
28.5

pH

EC
(μs cm-1)

N
(%)

C
(%)

CaCO3
(%)

7.71
7.59

68.6
41.9

0.078
0.048

1.442
1.428

0.53
0.31

TABLE 2 - Climatic data of the research area in 2010 and 2011.
Year

Climate Data
Average temperature (oC)
Total rainfall (mm)

2010

2011

Average relative humidity (%)
Average wind speed (m s-1)
Average sunshine duration (h)
Average temperature (oC)
Total rainfall (mm)
Average relative humidity (%)
Average wind speed (m s-1)
Average sunshine duration (h)

Month
April

May

June

July

13.8
42.6
69.9
3.3
6.9
10.7
49.6
75.4
4.1
3.2

19.4
14.4
62.1
2.5
9.2
16.9
32.4
72.6
3.3
5.0

22.9
42.0
70.5
2.7
8.2
22.3
47.8
62.7
3.3
9.1

26.4
69.2
59.3
3.5
10.1
26.2
0.4
53.7
3.4
11.1

FIGURE 1 - Overall view of SWRB under the soil.
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August
28.6
0
56.2
4.1
9.9
24.9
0
51.1
4.9
11.6
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Soil water content was determined by means of a frequency domain reflectometry (FDR) soil moisture sensor
(Decagon, USA). Two different SWRB depths (SWRB30
and SWRB40) were placed in the plots. Three irrigation
levels were selected as 33% (30/33, 40/33), 66% (30/66,
40/66) and 100% (30/100, 40/100) of available water-holding capacity. Control treatment includes 100% irrigation
without SWRB.
Field capacity and wilting points were determined in
the laboratory using pressure chamber. Irrigation water
was applied according to treatments for a two-days interval
by micro-sprinklers. Water counters were placed on each
plot to measure the amount of irrigation water. Electrical conductivity and pH value of irrigation water were
found to be 633 micromhos cm-1 and 7.3, respectively. The
plots were fertilized with 37.5 kg ha-1 each of N, P and K
as combined fertilizer at sowing. As an additional nitrogen
source, 26.6 kg ha-1 N was applied to all plots during the
growing season.

boundary conditions of the model selected were the atmospheric boundary (i.e. evaporation and rainfall/irrigation
specified) and free drainage (assuming a deep groundwater
table), respectively. The model boundary was taken as the
width of the plots (1.7 m) and soil depth of 1 m (Figure 2).
There was a gap of 1.5 m width between each plot. Therefore, flux was not observed for the parcel boundaries.
The SWRB was implemented as a thin layer in the
model with zero water holding capacity and zero hydraulic
conductivity. To establish water retention characteristics,
volumetric water content was determined at pF 1.8, 2.5 and
4.2 using undisturbed core samples taken from plots (Figure 3).
The parametric formulation of Van Genuchten [25] for
the water retention curve was used to parameterize the water retention curve from the measured pF values. This formulation was also implemented in the HYDRUS-2D
model (Equation 1).

  r 

2.3 Modeling soil water content using HYDRUS-2D

HYDRUS-2D is a numerical simulation model program used for predicting water content (θSim) in the soil
profile. The model input requirements include flow domain
geometry and boundary conditions, evaporation, transpiration, precipitation, irrigation and root water uptake data
[24]. In addition, it is necessary to know the initial water
content and soil parameters such as bulk density, hydraulic
conductivity, and water retention curve. For this reason, initial water content in the plots was determined by the gravimetric method and FDR sensors. The upper and lower

s r

1  h 

n m

(1)

where, θ is actual soil water content (m3 m-3), θs= saturated soil water content (m3 m-3), θr= residual soil water
content (m3 m-3), and α, n and m are parameters without a
physical meaning describing the shape of the function
where m is usually fixed as m=1-1/n [26].
The Van Genuchten parameters were fitted from total
porosity and volumetric water content at the measured pF
values by least square regression using the EXCEL function ‘solver’. The total porosity (TP) was calculated as TP =

FIGURE 2 - Boundary conditions in SWRB treatments.
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(1 – DB/DP), where DB is the bulk density (kg m-3) and
DP is the particle density (kg m-3). The fitted water retention curve is shown in Figure 3. The parameters used in
HYDRUS-2D are given in Table 3. Ks was estimated by
HYDRUS-2D program, which using soil parameters both
textural class and bulk density. Soil characteristics were
similar in all plots.

N

RMSE 

 X
i 1

X
i 1

 Yİ

i

(6)

N
N

ME  1 

(5)

N
N

MAE 

 Yi 

2

i

 X
i 1
N

 X
i 1

i

 Yi 

i



2

X

(7)

2

where, Xi = measured volumetric water content (m3 m-3),
Yi = predicted volumetric water content (m3 m-3), X = average of measured volumetric water content (m3 m-3), and N
= number of observations.

FIGURE 3 - Water retention curve.
TABLE 3 - Soil parameters in HYDRUS-2D program.
θr
α
n
θs
[m3 m-3]
[m3 m-3]
[-]
[-]
0.422
0.052
0.015
1.745
* Ks1 was estimated by HYDRUS-2D program.

Ks1
[cm d-1]
167

l
[-]
0.5

Belmans et al. [27] reported that the evaporation (E)
and transpiration (T) rates must be input as separate values
in the HYDRUS-2D program. Accordingly, they were
found using Equation 2 and 3 respectively [24].

E  ET.ek.LAI

(2)

T  ET  E

(3)

where k is the extinction coefficient for solar radiation
and LAI is the leaf area index [L2 L-2] of the plant. In this
study, k and LAI values were taken as 0.39 and 6, respectively [24].
Sensitivity analysis was conducted between the measured soil water content determined by sensors and the predicted soil water content determined by HYDRUS-2D.
Correlation coefficient (r), root mean square error (RMSE),
mean absolute error (MAE) and model efficiency (ME)
were examined in evaluation of the HYDRUS-2D model
and calculated using Equation 4, 5, 6 and 7 respectively.

r

S XY
S XX SYY

(4)

This measurement ranges from -∞ to 1 (best possible
value). A widely used measure of agreement between measured and predicted values is the RMSE. A measure which
avoids compensation between over and under prediction is
the mean absolute error. The MAE should be close to zero.
RMSE and MAE have the same units as the measured and
predicted values [14, 28]. ME reaches 0 when the square of
the differences between the measured and predicted values
equals the variability in the measured data. In the case of
negative ME values, the measured mean is a better predictor
than the model [29]. If the model gives perfect results, the
predicted values Yi will be equal to the measured values Xi
and thus, ME = 1. If the average of the measured values is
used as a predictor for every case, ME =0. A model which is
worse predictor than the average may result in ME < 0. A
model with acceptable quality should have ME > 0.5 [14,
28].

3. RESULTS AND DISCUSSION
The examples of soil water content distributions at different times in SWRB application (30/100) and control,
30/66 and 30/33, 40/100, 40/66 and 40/33 treatments are presented in Figure 4, 5 and 6 respectively. Simulation model
started 40 days after sowing (DAS) and continued until the
end of experiment. Changes of soil water contents within
soil profile in 2010 are presented at Figure 4 through 6. Soil
water contents in 30/100, 40/100, 30/66 and 40/66 treatments were higher than control treatment except 30/33 and
40/33 treatments (Figures 4, 5 and 6). This research clearly
reported that SWRB applications were successful to keep
water in sandy soil profile.
Soil water content values obtained from direct measurements in the field and from the predictions of HYDRUS-2D
are presented in Figure 7. Also, the correlation coefficient
(r), RMSE (root mean square error), MAE (mean absolute
error), and ME (model efficiency) values of the volumetric
soil water content in 2010 and 2011 obtained from HYDRUS-2D models are presented in the Figure 7. Concerning
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FIGURE 4 - Soil water content distributions in 30/100 and control treatments at different times (DAS: day after sowing).
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FIGURE 5 - Soil water content distributions in 30/66 and 30/33 at different times (DAS: day after sowing).
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FIGURE 6 - Soil water content distributions in 40/100, 40/66 and 30/33 at different times (DAS: day after sowing).

the measured and predicted volumetric soil water content,
r, RMSE, MAE and ME values were between 0.80-0.91,
0.015-0.035 m3 m-3, 0.012-0.031 m3 m-3 and 0.28-0.56, respectively, in 2010 (Figure 7). These parameters were between 0.74-0.94, 0.015-0.034 m3 m-3, 0.011-0.027 m3 m-3
and 0.22-0.43, respectively, in 2011 (Figure 7). Correlation

coefficients (r) were greater in 2011 than those of 2010 in
all SWRB30 treatments. The correlation coefficient value
was lower in the 40/100 treatments. Additionally, the r
value of the control treatments decreased from 0.91 to 0.82
in 2011 (Figure 7). In 2011, RMSE and MAE values were
greater in the control, 40/100 and 40/33 treatments and lower
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FIGURE 7 - Measured and predicted volumetric water content of soil during experiment.
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FIGURE 7 - continued

in the 30/66, 30/33 and 40/66 treatments than in 2010. According to Legates and McCabe [30], RMSE values are
generally equal to or higher than MAE values. Differences
between these values are generally an indication of outliers
[7]. Regarding ME values, a decrease occurred in all treatments except 30/33 in the second year compared to the first
year. Measured values were higher than values obtained
from the model in the second year of the experiment.
Gruber et al. [31] conducted a greenhouse experiment to
measure soil water contents in an irrigated sand lysimeters.
SWRB membranes of with 2:1, 3:1, and 5:1 aspect ratios in-

stalled at the 20-cm and 40-cm depths in sandy soils and results were simulated by using Hydrus 2D. Results showed
that the highest reductions in water loss found when membrane with 2:1 aspect ratios installed at the 20-cm depth.
They reported that SWRB reduced water losses from the
plant root zone.
Vrugt et al. [5] investigated the possibility of using HYDRUS-1D, HYDRUS-2D and HYDRUS-3D models to predict soil water content in an almond tree orchard. R2 values
were 0.98, 0.91 and 0.92; RMSE values were 0.0068 m3 m-3,
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0.0152 m3 m-3 and 0.0180 m3 m-3 respectively for HYDRUS-1D, HYDRUS-2D and HYDRUS-3D models.
Blonquist et al. [24] used HYDRUS-2D to predict soil water content under turfgrass. Zhou et al. [6] used HYDRUS2D to predict soil water content (0-10 cm and 10-20 cm soil
depths) for a vineyard in China. The values of r and RMSE
were between 0.730-0.943 and 0.012-0.031 cm3 cm-3, respectively. McCoy and McCoy [7] compared measured
soil water content vs. predicted soil water content by HYDRUS-2D models in land under turfgrass growth. ME,
RMSE and MAE values were between 0.40-0.78, 0.0150.024 m3 m-3 and 0.012-0.021 m3 m-3 during the first year
and 0.33-0.69, 0.019-0.028 m3 m-3 and 0.016-0.024 m3 m-3
during the second year of the experiment.
In most cases, the model's efficiency was larger than
0.5 despite the relatively complex model setup with impermeable polyethylene membranes in the present study. As a
result, HYDRUS-2D was successful in predicting actual
soil water content in field experiments during the two years
of this study. The present results show that HYDRUS-2D
as a tool for investigating irrigation applications.

4. CONCLUSIONS
In this study, impermeable SWRB was placed under the
effective rooting depth of turfgrass plants (Lolium perenne
c.v Caddieshack) grown in sandy soil with quite low water
holding capacity. The effects of different SWRB depths and
different amounts of irrigation water on soil water content
were investigated. Additionally, HYDRUS-2D models were
used to predict the actual soil water content in the field.
The agreement was good, considering complex treatments for example; 52 days simulation period, impermeable layers, different root distributions, different irrigations
etc. Correlation coefficients of water content determined
by sensors and predicted by the HYDRUS-2D program
were between 0.74-0.94. Our results show that HYDRUS2D can be successfully used both in control and SWRB
treatments under field conditions and also the model can be
used to evaluate irrigation program.

ACKNOWLEDGEMENTS
This article is part of the PhD thesis of Dr. Kursad DEMIREL. We thank Dr. Alvin J.M. Smucker for his technical support and supervision. This research was supported
by Canakkale Onsekiz Mart University BAP Project No.
2010/148 and partially supported by BMBF TUR 10/002
in Germany.
The authors have declared no conflict of interest.

REFERENCES
[1]

Kanapeckas, J., Lemeziene, N., Stukonis, V. and Tarakanovas,
P. (2008) Drought tolerance of turfgrass genetic resources. Biologija 54: 121-124.

[2]

Simunek, J., Sejna, M. and Van Genuchten, M.T. (1998) The
HYDRUS-1D software package for simulating the one-dimensional movement of water, heat, and multiple solutes in variably-saturated media. Version 2.0, IGWMC-TPS-70, International Ground Water Modeling Center, Colorado School of
Mines, 202 p. Golden, Colorado.

[3]

Simunek, J., Sejna, M. and Van Genuchten, M.T. (1999) The
HYDRUS/2D software package for simulating two-dimensional movement of water, heat, and multiple solutes in variably-saturated media, version 2.0, U.S. Salinity Laboratory,
USDA, ARS, Riverside, California.

[4]

Sejna, M. and Simunek, J. (2007) HYDRUS (2D/3D): Graphical
user interface for the HYDRUS software package simulating
two- and three-dimensional movement of water, heat and multiple solutes in variably-saturated media. published online at
www.-pc-progress.cz, PC-Progress, Prague, Czech Republic.

[5]

Vrugt, J.A., Van Wijk, M.T, Hopmans, J.W. and Simunek, J.
(2001) One, two and three-dimensional root water uptake
functions for transient modeling. Water Resources Research
37(10): 2457-2470.

[6]

Zhou, Q., Kang, S., Zhang, L. and Li, F. (2007) Comparison
of APRI and HYDRUS-2D models to simulate soil water dynamics in a vineyard under alternate partial root zone drip irrigation. Plant Soil 291: 211-223.

[7]

McCoy, E.L. and McCoy, K.R. (2009) Simulation of puttinggreen soil water dynamics: implications for turfgrass water
use. Agricultural Water Management 96: 405-414.

[8]

Tan, X., Shao, D. and Liu, H. (2014) Simulating soil water regime in lowland paddy fields under different water managements using HYDRUS-1D. Agricultural Water Management
132: 69-78.

[9]

Li, Y., Simunek, J., Jing, L., Zhang, Z. and Ni, L. (2014) Evaluation of water movement and water losses in adirect-seededrice field experiment using HYDRUS-1D. Agricultural Water
Management 142: 38-46.

[10] Zhou, J., Chenga, G., Lia, X., Hu, B.X. and Wang, G. (2012)
Numerical modeling of wheat irrigation using coupled HYDRUS and WOFOST models. Soil Sci Soc Am J 76: 648-662.
[11] Tafteh, A. and Sepaskhah, A.R. (2012) Application of HYDRUS-1D model for simulating water and nitrate leaching
from continuous and alternate furrow irrigated rapeseed and
maize fields. Agricultural Water Management 113: 19-29.
[12] Bufon, V.B., Lascano, R.J., Bednarz, C., Booker, J.D. and
Gitz, D.C. (2012) Soil water content on drip irrigated cotton:
comparison of measured and simulated values obtained with
the HYDRUS 2-D model. Irrigation Science 30: 259-273.
[13] Skaggs, T.H., Trout, T.J., Simunek, J. and Shouse, P.J. (2004)
Comparison of HYDRUS-2D simulations of drip irrigation
with experimental observations. Journal of Irrigation and
Drainage Engineering 130(4): 304-310.
[14] Anlauf, R., Rehrmann, P. and Schacht, H. (2012) Simulation
of water uptake and redistribution in growing media during
ebb-and-flow irrigation. Journal of Horticulture and Forestry
4(1): 8-21.
[15] Antonov, D., Karastanev, D. and Mallants, D. (2012) Determination of soil hydrological parameters of a multi-layered loess complex using HYDRUS-2D and field infiltration experiments. Compt Rend Acad Bulg Sci 65(12): 1717-1724.

4331

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

[16] El-Nesr, M.N, Alazba, A.A. and Simunek, J. (2014) HYDRUS
simulations of the effects of dual-drip subsurface irrigation
and a physical barrier on water movement and solute transport
in soils. Irrigation Science 32: 111-125.
[17] Demirel, K. (2014) Effect of irrigation and nitrogen levels on
plant characteristics in perennial ryegrass. Fresenius Environmental Bulletin, 23 (8a) :1971-1978.
[18] Nakhaei, M. and Simunek, J. (2014) Parameter estimation of
soil hydraulic and thermal property functions for unsaturated
porous media using the HYDRUS-2D code. J. Hydrol Hydromech 62(1): 7-15.
[19] Garrity, D.P., Vejpas, C. and Herrera, W.T. (1992) Percolation
barriers increase and stabilize rainfed lowland rice yields on
well-drained soil. Proceedings of the International Workshop
on Soil and Water Engineering for Paddy Field Management,
28-30 January 1992, Asian Institute of Technology, Bangkok,
Thailand, pp. 413-421.
[20] Black, A.L. and Greb, B.W. (1962) Nitrate accumulation in soils
covered with plastic mulch. Agronomy Journal 54: 336-340.
[21] Hayat, R. and Ali, S. (2004) Water absorption by synthetic
polymer (Aquasorb) and its effect on soil properties and tomato yield. International Journal of Agriculture & Biology 6:
998-1002.
[22] Demirel, K. and Kavdir, Y. (2013) Effect of soil water retention barriers on turfgrass growth and soil water content. Irrigation Science 31: 689-700.
[23] Kavdir, Y., Zhang, W., Basso, B. and Smucker, A.J.M. (2014)
Development of a new long-term drought resilient soil water
retention technology. Journal of Soil and Water Conservation
69: 154A-160A.
[24] Blonquist, Jr JM., Jones, S.B. and Robinson, D.A. (2006) Precise irrigation scheduling for turfgrass using a subsurface electromagnetic soil moisture sensor. Agricultural Water Management 84: 153-165.
[25] Van Genuchten, M.T. (1980) A closed form equation for predicting the hydraulic conductivity of unsaturated soils. Soil Sci
Soc Am J 44: 892-898.
[26] Simunek, J., Sejna, M., Saito, H., Sakai, M. and Van Genuchten,
M.T. (2008) The HYDRUS-1D software package for simulating the movement of water, heat, and multiple solutes in
variably saturated media. version 4.0, HYDRUS software
series 3, Department of Environmental Sciences, University of
California Riverside, Riverside, California, USA.
[27] Belmans, C., Wesseling, J.G. and Feddes, R.A. (1983) Simulation model of the water balance of a cropped soil: SWATRE.
Journal of Hydrology 63: 271-286.
[28] Wallach, D. (2006) Evaluating crop models. In: Wallach, D.,
Makowski, D. and Jones, J.W. (Ed.): Working with dynamic
crop models. Elsevier 11-53.
[29] Ahnert, M., Blumensaat, F., Langergraber, G., Alex, J.,
Woerner, D., Frehmann, T., Halft, N., Hobus, I., Plattes, M.,
Spering, V. and Winkler, S. (2007) Goodness-of-fit measures
for numerical modelling in urban water management. A Summary to Support Practical Applications. In: Proceedings 10th
LWWTP Conference, 9-13 September 2007, Vienna, Austria,
pp. 69-72.
[30] Legates, D.R. and McCabe, G.J. (1999) Evaluating the use of
‘‘goodness-of-fit’’ measures in hydrologic and hydroclimatic
model validation. Water Resource Research 35: 233-241.
[31] Guber, A.K., Smucker, A.J.M., Berhanu, S. and Miller, J.M.L.
(2015) Subsurface water retention technology improves root
zone water storage for corn production on coarse-textured
soils. Vadose Zone Journal, doi:10.2136/vzj2014.11.0166, 13
pp.

4332

Received: April 28, 2015
Revised: July 13, 2015; August 12, 2015
Accepted: September 08, 2015

CORRESPONDING AUTHOR
Kursad Demirel
Canakkale Onsekiz Mart University
Agriculture Faculty
Department of Agricultural Structures and Irrigation
17020, Canakkale
TURKEY
E-mail: kdemirel@comu.edu.tr
FEB/ Vol 24/ No 12/ 2015 – pages 4322 - 4332

© by PSP Volume 24 – No 12. 2015

Fresenius Environmental Bulletin

ASSESSMENT OF SEASONAL VARIATION EFFECT ON
PHYSICOCHEMICAL, BACTERIOLOGICAL AND ALGAL
CHARACTERISTICS OF THE RIVER NILE WATER
AT EL GHARBIA GOVERNORATE, EGYPT
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ABSTRACT

1. INTRODUCTION

The significant environmental changes have affected
water quality. In order to assess this effect the physicochemical, bacterial and algal variations have been analyzed
seasonally in water samples collected from the most polluted sites in the River Nile at El-Gharbia governorate conducted from December 2012 to November 2013. Significant changes in temperature, pH value, electric conductivity (EC), total dissolved solids (TDS), dissolved oxygen
(DO), biochemical oxygen demand (BOD) and chemical
oxygen demand (COD), nitrogen compounds (ammonia,
nitrite and nitrate), phosphate (PO4) and chloride (Cl) occurred in the four seasons. Detecting the bacterial indicators counts involved total coliforms (TC), fecal coliforms
(FC) and Escherichia coli (E. coli), and revealed a significant increase correlated to the temperature and BOD from
winter to summer. Also, some pathogenic bacteria were detected and the most frequent ones were Staphylococcus aureus and E. coli. Analysis of the Pearson correlation coefficient between the bacterial count and the physicochemical water properties showed a significant correlation between FC, E. coli and DO while a negative correlation occurred between abundance of bacteria, pH value, PO4 and
EC. The Pearson correlation coefficient between the algal
count and the physicochemical water properties revealed a
positive correlation between the algal count and EC, TDS
and Cl concentration while a negative correlation occurred
with the temperature, BOD, COD, NO2 and PO4. The canonical corresponding analysis (CCA) indicated that FC
was influenced by NO3 in winter whereas positive correlations between TC with PO4 and E. coli with Cl were observed in spring. Algal count ranged between 54 and 3933
(organisms/ L) and the mostly present algal groups were
green algae, blue-green algae and diatoms.
KEYWORDS: River Nile, water pollution, physicochemical characteristics, seasonal variation, bacteria

* Corresponding author

Water is an essential ingredient of living beings in the
universe. All biological reactions occur in water, and it is
the integrated system of biological reactions in an aqueous
solution that is essential for the maintenance of life [1]. The
River Nile forms very important aquatic and wetland ecosystems and supplies about 97% of Egypt’s water reserves
[2]. Water becomes polluted when foreign substances enter
the environment and are transported into the water cycle.
These substances, known as pollutants, contaminate the
water and are harmful to people and the environment.
Therefore, water pollution is any change in water that is
harmful to living organisms [3].
Seasonal change in water quality with the passage of
time has hydrological significance. The change in water
quality also varies due to a change in the chemical composition of the underlying sediments and aquifer [4]. Seasonal
changes in the surface water quality must be considered
when establishing a water quality management program
[5]. Because of the anthropogenic activities, fresh water resources deteriorate day-by-day at a very fast rate. So, the
quality of water has become a global problem [6].
The bacterial population in semi-enclosed bays is comparatively higher than that in the open sea, since the coastal
human habitation depends more on these former waterbodies for fishing and navigation purposes. They also release their domestic wastes directly into the bay, which ultimately degrades the quality of water and increases the
bacterial concentration [7]. Currently, coliforms and E. coli
are of great importance among bacterial indicators used in
water quality definition and health risk [8].
Algae have long been identified as valuable indicators
in the bio-monitoring of the stream and river ecosystems
[9]. More recently, bio-monitoring has been applied to a
variety of water quality problems [10]. Algal communities
provide an integrated measure of water quality as experienced by the aquatic biota, and have many biological attributes that make them ideal for biological monitoring.
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About 100 algal species have been found in the Lower Jordan River [11] but their potentials for algal bio-monitoring
are not recognized so far.
The present study is aimed at monitoring the effects of
seasonal variation on physicochemical and microbial pollution in the River Nile at El-Gharbia governorate.

2. MATERIALS AND METHODS
2.1. Sampling

The water samples were collected from the most polluted six sites, out of 24 sites on the River Nile at El-Gharbia governorate, and all sampling sites were residential
blocks. During December 2012 to November 2013, seventy-two water samples were collected from the subsurface
(1.5 m) of the six selected sites (St.) as shown in Fig. 1.
Sampling sites were A) a residential block at ElMahala
ElKobra, B) a residential block at Kafr Hegaz, C) a residential block at Elsanta, D) a residential block at Zefta, E)
a residential block at Beltag (Kotor), and F) a residential
block at Basion.
The samples were collected in clean sterile polythene
bottles without any air bubbles and transported to the laboratory inside an ice box. Then, micro-biological analysis
was performed within 24 hours of collection.

2.2. Physicochemical analysis

Temperature (Temp), pH, electric conductivity (EC)
and total dissolved solid (TDS) of the collected samples
were measured in the investigated water samples of the
previously mentioned sites. According to standard methods
[12], water samples were analyzed for chemical oxygen demand (COD), dissolved oxygen (DO), biochemical oxygen
demand (BOD), chloride (Cl-), and phosphate (PO-4). Nitrate (NO-3), nitrite (NO-2) and ammonia (NH+4) were measured by using an ion exchange chromatography instrument
(model Metrohm ICS-5000) [13].
2.3. Bacteriological analysis

Samples were examined for enumeration of indicator
bacteria including total coliforms (TC), fecal coliforms
(FC) and Escherichia coli (E. coli) using the “most probable number” (MPN) method [14]. Most frequent pathogenic bacteria were detected by the membrane filtration
technique [12]. Briefly, a water sample (100 ml) was filtered through a gridded sterile cellulose-nitrate membrane
filter (0.45 μm pore size, 47 mm diameter, Sartorius type
filters) under partial vacuum (Millipore, Befrid, UK). The
membrane filters were immediately removed with sterile
forceps and placed on the following media in rolling motion to avoid the entrapment of air: Eosin Methylene Blue
(EMB) was used for E. coli detection at 37 °C after 24 h,

FIGURE 1 - Map showing the selected sampling locations at El-Gharbia governorate.
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Salmonella-Shigella (SS) agar for Salmonella sp and Shigella sp detection at 37 °C after 24 h, mannitol salt agar
(MSA) medium was used to detect Staphylococcus aureus
at 37 °C after 24 h, and cetrimide agar to detect Pseudomonas aeruginosa at 37 °C after 24 h.
2.3.1. Biochemical characterization

All recovered colonies were sub-cultured onto nutrient
agar for further purification. Isolated bacteria were identified on the basis of their biochemical properties following
Bergey`s Manual of Systematic Bacteriology [15]. The biochemical tests included Gram staining, indole production,
methyl red, Voges-Proskauer, citrate utilization, oxidase,
catalase, coagulase and sugar fermentation tests.
2.3.2. Molecular identification

Genomic DNA was extracted as described by [16],
and the 16S rRNA gene of the bacterial isolates was amplified by PCR using 16S rRNA primers (forward primers
( AGA GTT TGA TCC TGG CTC AG) and reverse primers
( GGT TAC CTT GTT ACG ACT T ) [17]. PCR was performed for 5 min by initial denaturation at 95 °C, followed
by 35 cycles for each denaturation at 95°C for 30 sec, annealing at 65 °C for 1 min, extending at 72 °C for 1.30 min, and
a final extension at 72 °C for 10 min. The PCR product of
0.5 kb was extracted from the gel using Fermentas gel extraction kit (Thermo), and the amplified products were
electrophoresed on 1% agarose gel. Sequencing was carried out by the Genetic Analysis System model Gene JET™
PCR Coulter Inc. Fullerton, CA, USA. The 16S rRNA gene
sequences were compared with known sequences in the GenBank database to identify the most homologous sequence.
2.4. Algae analysis

One L of each sample was preserved with the Lugol`s
solution (iodine in potassium iodide) standard method [18],
for the qualitative and quantitative investigation of algae.
The most common algae were identified according to Prescott [19] and counting of algal population was carried out
using Sedgwick-Rafter counting chamber [20].
2.5. Statistical analysis

The data were statistically processed to estimate the
mean ± standard deviation (SD) of triplicates and Pearson’s
correlation analysis was used to determine the relationships
among the bacterial indicators, algal and physicochemical
characteristics according to SPSS (Statistical Package for
the Social Sciences) version 16.0 (SPSS Inc., Chicago, IL).
A P value of <0.01 was considered to be statistically significant by the two-way analysis of variance ANOVA test
[21]. The matrix of bacterial analyses and physicochemical
characteristics of the investigated samples were subjected
to canonical corresponding analysis (CCA) using the canonical community ordination (CANOCO) program [22].
The positive correlation was expressed by a relatively long
vector which roughly pointed into the same direction,
whereas the arrow pointing into the opposite direction indicated a negative correlation.

3. RESULTS AND DISCUSSION
3.1. Physicochemical analysis

Changes in the physicochemical characters of the collected water samples during December 2012 to November
2013 in response to seasonal variation are plotted in Fig. 2.
Effects of the seasonal variation on various physical parameters of the collected water samples are graphically represented in Fig. (2a). According to the present results, pH
seems to be constant in all investigated water samples of
the River Nile. All the pH values were alkaline (7.6 to 8.4).
The relatively low pH of some sites can be attributed to the
discharge of effluents which are loaded with a large
amount of organic acids. The lowering of pH in winter
seems to be due to greater input of waste from different
types of industries. The relatively lower pH values may reflect the decreased productivity of the lake as a result of the
polluted water discharged into the lake [23].
Temperature affects the distribution, health and survival of aquatic organisms. While temperature changes can
cause mortality, they can also cause sub-lethal effects by
altering the physiology of aquatic organisms [24]. Recorded water temperature and pH showed obvious seasonal
variation with a minimum in winter and a maximum in
summer. The highest EC was recorded during winter while
the lowest one was detected in summer. The lower value in
summer might be due to the dilution with the Nile flood
season. The increase in EC may be due to the disposal of
domestic and industrial effluents in the water. The maximum TDS was observed during the winter season rather
than in summer, as a large amount of sediment load was
transported from the watershed during the rainy season.
Some, but not the entire dissolved solids, acted as conductors and contributed to conductance. Waters with high TDS
are unpalatable and potentially unhealthy.
Seasonal variation of various chemical parameters of
the collected samples during December 2012 to November
2013 are graphically represented in Figs, 2b, 2c, 2d and 2e.
It was observed that during winter the river water was less
polluted, as the DO content was recorded to be 7.11 mg/L,
and it might provide a better aquatic life for animals and
plants. The enhanced DO level decreased the levels of BOD
and DO because of lesser organic matter for biological aerobic decay. Oxygen level in marine water (5 to 10 mg/L) is
an indicator of the health state of water and values below
5 mg/L are hazardous [25].
The data obtained from Abdo [26] revealed that high
BOD during the summer and low BOD during the winter
indicated a decline and an increase in DO content, respectively. The rising of BOD values may be attributed to the
photosynthetic activity and abundance of phyto-plankton
during the hot period, especially in spring. High BOD values may be due to the high level of organic matter loaded
from sewage and industrial or urban discharges as reported
by Chapman et al. [24].
The seasonal average of COD values revealed that the
higher one was recorded in spring, compared to the other
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FIGURE 2 - Seasonal means of the physicochemical parameters of
the water sample of the River Nile at El-Gharbia governorate: (2a)
represents seasonal means of physical parameters, (2b) represents
seasonal means of DO, BOD and COD, (2c) represents seasonal
means of NH3, NO2 and NO3, (2d) ) represents seasonal means of PO4
and (2e ) represents seasonal means of Cl (W: winter, SP: spring, SU:
summer, A: autumn).

seasons (reflecting the high organic matter in the stream).
This may be due to the discharge of industrial effluents into
the Nile by some non-compliant factories in these areas, in
addition to the discharge of municipal and other wastes into
the river. The increase of the obtained COD values might
be attributed to the increase in air and water temperature,
biological activities, the respiration of organisms and rate
of organic matter decomposition [27].
The data obtained in the present study revealed that the
content of NH4+ was high during summer and low during
spring. This is probably due to the utilization of NH4+ by
phytoplankton, sewage disposal or effluent discharges of
industries which use ammonia liquor or gas for their production processes [28]. The nitrite content revealed a
higher value in spring due to the effect of low amounts of
drainage water discharged into the lake, as well as the decrease in the uptake by phytoplankton. The highest NO3was recorded during autumn while the lowest one was detected in spring. The increasing in NO3- might be correlated
to agricultural discharges in the investigated sites near the
residential blocks and contained very high protein residues,
as well as a high concentration of ammonia which reflected
the presence of a high biological activity in these areas, or
indicated the presence of sewage. Also, the presence of nitrites and nitrate with high concentrations indicated the existence of an agricultural discharge in these areas.
A noticeable variation in chloride was detected with
the lowest content in summer. The low content of chloride
could be due to the decomposition of chemical compounds.
Seasonal variations of phosphate during the period of
investigation showed an increase in the winter. The high
concentrations of reactive phosphate are mostly due to the
effect of drainage water enriched with phosphorous compounds. In contrast, the mentioned parameter revealed a
significant decrease in the summer and spring seasons on
the basis of the increased uptake by phytoplankton. The
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low content of total phosphorous in summer could be due
to the decomposition of organic remains [29].
3.2. Bacteriological and algal analysis

The counting of TC, FC and E. coli are considered as
an indicator for bacterial response to seasonal variations.
The counting was conducted monthly during one year from
December 2012 to November 2013, the mean of four seasons of the collected samples were summarized in Table 1
and Fig. 3; the highest counts of TC, FC and E. coli was
recorded at summer (647×102, 561×102 and 392×102 MPNindex/100 ml) and the lowest one was recorded during winter (39×102, 27×102 and 15 ×102 MPN-index/100 ml). In
the present study, the bacterial indicators showed irregular
patterns of their occurrence in different samples. Mostly,

water samples collected in different seasons were contaminated with a higher amount of bacterial population than
the accepted WHO limit (TC; <500 CFU/100 ml, E. coli;
<100 CFU/100 ml). The irregular variation in the bacterial
indicator due to seasonal changes was in agreement with
Abdelzaher et al. [30], Dick et al. [31] and Bahgat [27].
The highest bacterial population during the summer
might be due to the increase in ambient temperature which
supported the growth of bacteria, and the lowest value was
recorded during winter. The presence of different bacterial
genera in the River Nile water at El-Gharbia governorate
might be connected directly to contamination caused by
human activities and indirectly to effects of ecological disturbances.

FIGURE 3 - The effect of seasonal variation on bacterial indicators count s of water samples of the River Nile at El-Gharbia governorate (W:
winter, SP: spring, SU: summer, A: autumn).

TABLE 1 - Regional and seasonal variations of bacterial indicators count s (MPN-index/100 ml) of the River Nile at El-Gharbia governorate
during winter 2012 to autumn 2013.

W: winter, SP: spring, SU: summer, AU: autumn; Values are presented in means (MPN-index/100 ml) ± standard deviations; *Indicates significant at
P<0.05, **Indicates significant at 0.01, *** highly significant at P<0.001.
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FIGURE 4 - Seasonal variations of the total algal count of the River Nile at El-Gharbia governorate samples (W: winter, SP: spring, SU:
summer , A: autumn).

TABLE 2 - Regional and seasonal variations of algal count of the River Nile at El-Gharbia governorate during winter 2012 to autumn 2013.

Values are presented in mean (organisms/ L) ± standard deviations; * indicates significant at P<0.05, **indicates significant at 0.01, and *** indicates
highly significant at P<0.001.

The effects of seasonal variation on algal total count of
the collected water samples during December 2012 to November 2013 are summarized in Table 2 and Fig. 4. The
highest algal count was recorded in autumn (1434 organisms/L) and the lowest one was recorded during the summer (67 organisms/L). The total counts of algae in the
River Nile considerably changed during different seasons
and increased ten-fold in the winter season [32]. Enumeration of algae in surface water samples is often a necessary
part of water quality monitoring and algal research. Algal
counts are more reliable to predict the steps for drinking
water treatment to overcome the planktonic algae [32].
The interaction between different sites and seasons
was highly significantly affected on the count of bacterial
indicators and algae. This revealed the importance of hu-

man activities in the proceeding of water pollution with climate changes.
It should be mentioned that the various assessed physicochemical, bacteriological and algal parameters of the
collected water samples strongly interacted, some positively and others negatively. This was expressed in the calculated correlation coefficients (Table 3). A highly significant positive correlation was found between water temperature and the different counts of bacterial indicators (TC,
FC and E. coli; significant negative correlation between
DO with FC bacteria and E. coli). BOD was highly positively correlated with the bacterial indicator counts. A correlation between total count of algae and the physicochemical properties of the water was detected. The algal count
was positively correlated with EC, TDS and Cl concentra-
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FIGURE 5 - Bi-plot of canonical correspondence analysis (CCA) showing the seasonal relationships between bacterial indicator and physical
water characteristics in the River Nile at El-Gharbia governorate water samples: (TC) Total coliforms, (FC) fecal coliforms, (E. coli) Escherichia coli, (TEMP) temperature, (EC) electric conductivity, (pH) hydrogen ion concentration and (TDS) total dissolved solids.

FIGURE 6 - Bi-plot of canonical correspondence analysis (CCA) showing the seasonal relationships between bacterial indicator and chemical
water characteristics in the River Nile at El-Gharbia governorate water: (TC) Total coliforms, (FC) fecal coliforms, (E. coli) Escherichia coli ,
(DO) dissolved oxygen, (BOD) biological oxygen demand, (COD) chemical oxygen demand, (NH3) ammonia, (NO2) nitrite, (NO3) nitrate, (PO4)
phosphate and (Cl) chloride.
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TABLE 4 - Biochemical characteristics of bacterial isolates.

tion, while a significant negatively correlation appeared
with temperature, TC and FC.
3.3 Canonical correspondence analyses (CCA)

CCA was used for the correlation between the abundance of bacterial indicators and physicochemical parameter [22, 33], and the data are illustrated in Figs. 5 and 6. As
represented in Fig. 5 A, FC was strongly influenced by
TDS and pH during the winter. In spring, a strongly positive correlation was observed between E. coli with TDS
and EC (Fig. 5B) while, in summer, a negative correlation
appeared between FC and pH (Fig. 5C). In autumn, a negative correlation was detected between FC with TDS and
EC (Fig. 5D) and in winter, FC was influenced by NO3
(Fig. 6A). However, a positive correlation appeared between TC with PO4 and E. coli with Cl- in spring (Fig. 6B).
In summer, a positive correlation was observed between
TC with COD and negative correlation between FC and
NO2 (Fig. 6C). In contrast, in autumn, a negative correlation occurred between FC with NO2 (Fig. 6D).
3.4. Identification of the most predominant micro-organisms
3.4.1 Pathogenic bacteria

The bacteriological examination of water samples revealed the presence of bacterial indicators and other pathogenic bacteria during the four seasons, especially in summer. The most predominant pathogenic bacteria of the water samples were Salmonella sp., Shigella sp., P. aeruginosa, S. aureus and E. coli. In the same connection, Pianetti et al. [34 ] and Clark et al. [35] found that counts of
pathogenic bacteria in the examined surface water were
very high, especially in the summer season, and the highest
numbers were recorded for Salmonella, P. aeruginosa and
S. aureus. The most frequent pathogenic bacteria (S. aureus and E. coli) were identified to strain level using 16S
rRNA gene sequence. The sequence was compared to that
in the Gene Bank and the phylogenetic tree was constructed. The obtained sequence proved that E. coli is E.

coli O157:H7 strain Sakai, and S. aureus is S. aureus
ATCC 12600. The presences of some pathogenic strains of
E. coli were recorded, and some of them received much
attention, as the E. coli strain named O157:H7 lives in the
intestinal tract of cattle. This strain is primarily spread to
people by eating contaminated, undercooked beef or drinking unpasteurized milk [36]. Shigella sp. is an invasive
pathogen which causes shigellosis or Shigella-related diarrhea [37]. In the same connection, Rabeh [38], El-Fadaly
et al. [39], Sabae [40] and Sabae et al. [41] studied microbial quality of the River Nile waters and recorded similar
results.
3.4.2 Identification of the most predominant algae

Microscopic analysis of algae in collected water samples showed that they belong to three main divisions: Cyanophyta (Oscillatoria anguiformis, Nostoc muscorum and
Anabaena constricta) Chlorophyta (Scenedesmus brasiliensis and Chlorella vulgaris) and Bacillariophta (diatoms).
Enumeration of algae in surface water samples was often a
necessary part of water quality monitoring and algal research. The River Nile water contains algal species belonging to three major phytoplankton groups, namely, Chlorophyta, Cyanophyta and Bacillariophyta [32].

4. CONCLUSIONS
The obtained results demonstrated that the environmental seasonal variation affected the physicochemical
characteristics of water samples of the River Nile at ElGharbia governorate and, consequently, affected the presence of different bacterial and other microbial communities. The human activities like municipal sewage, industries wastes, agricultural wastes and ecological disturbances affect the water microbial quality, and continuous
monitoring is recommended to control the spreading of
pathogens transmitted by contaminated water.
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STUDY TO IDENTIFY POTENTIAL HYPERACCUMULATOR PLANTS SUITABLE FOR
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pollution, the result of mining operations that have extracted
lead, zinc, copper and cadmium, starting about 80 years ago.

ABSTRACT
Heavy metal pollution of the soil is a serious problem
in the copper and zinc wastelands in northeastern China.
Phytoremediation is the most effective method to control
soil metal pollution because it is a safe, cheap and green
technology. However, this region’s climate is harsh and
cold, and the nutritional content of the soil is low, so vegetation grows extremely slowly, which makes treatment of
pollution with phytoremediation very difficult. The first
task in implementing phytoremediation is to find plants
which can thrive in this environment and also act as hyperaccumulators of heavy metals. In this study, we conducted
field investigations to find such plants. We screened plants
for potential hyper-accumulator characteristics and suitability for the soil and climate conditions in the research
area. Our research shows that species well-suited to become pioneer, hyper-accumulator species in this cold copper and zinc mining wasteland include: Artemisia lavandulaefolia DC, Rosa davurica Pall., Sorbaria sorbifolia (L.)
A. Br.,Carex parva Nees , Larix gmelinii (Rupr.) Kuzen.,
Artemisia sieversiana Ehrhart ex Willd, Nicandra physaloides and Henopodium glaucum.

KEYWORDS: Soil, heavy metal pollution, copper and zinc mining
wasteland, cold region, hyper-accumulator, phytoremediation

1. INTRODUCTION
In the mining wastelands of northeast China, attempts
to revegetate vast areas of exposed soil are hampered by
many factors, including a harsh climate and a severe lack
of fertilizer, water and trace elements in the soil. But the
primary factor that limits new plant growth is heavy metal
* Corresponding author

Efforts to establish plant growth in these contaminated
areas have been unsuccessful in the past, despite large sums
of money spent on artificial sheltered plantings; this greenery was planted on soil that had been improved by importing and spreading municipal sewage sludge and domestic
compost, which is generally regarded as a good method of
soil improvement. It can improve the vegetation survival
rate and bring economic and environmental benefits. This
method is not the best because it has brought not only a
huge waste of soil resources, but also serious deterioration
of ecological environment. For us, it is difficult to look for
adaptive soil in so short of a range. Moreover, the heavy
metal pollution was still present. Heavy metals cannot be
destroyed but can only be transformed from one oxidation
stage or organic complex to another [1, 2].
The most effective method of controlling soil pollution
is to recover the function of degraded land through phytoremediation, which could eventually rehabilitate the environment in the mining area [3, 4]. Phytoremediation, a
safe, cheap and green technology, has become an important
rehabilitation tool because it is efficient, economical and
ecologically sound. Phytoremediation makes use of the naturally occurring processes by which plants and their microbial rhizosphere organisms sequester, degrade or immobilize
pollutants for cleaning not only soils but also water matrices
contaminated with heavy metals or organic pollutants [5].
An essential prerequisite to vegetation reconstruction is to
find suitable plants which can adapt to the local climate and
the soil conditions and which are tolerant of heavy metals.
Even better is to find plants that have evolved hyperaccumulating mechanisms. Such plants are able to extract
metals from the soil and to translocate them to their shoots
where these metals can be concentrated at a range of 100to 1000- fold more than measured in non-hyper-accumulating plants [6-7]. Three main standards of a hyper-accumulating plant can be summarized as follows: (1) plants
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used as metal hyper-accumulators have theses threshold
values of metal concentration: 10,000 mg/kg dry weight of
shoots for zinc and magnesium; 1000 mg/kg for cobalt,
copper, nickel, arsenic and selenium; and 100 mg/kg for
cadmium ; (2) both the Biological Accumulating Coefficient (BAC, as defined in Section 3.5) and the Biological
Transfer Coefficient (BTC, as defined in Section 3.6) are
higher than 1; and (3) the plant species should have such a
high tolerance for heavy metals that under a certain concentrations they do not show visibly toxic symptoms such
as necrosis, whitish-brown chlorosis or a significant decrease in shoot biomass[8].
This paper uses the Hongtoushan copper and zinc mine
area (Liaoning Province, China) as a research area to carry
out a field vegetation survey and to collect plant samples
and rhizosphere soil samples. We measured 22 dominant
native plant species in this region to determine their potential ability to absorb heavy metals. The purpose was to
identify plants that are resistant to heavy metal toxicity, can
metabolize heavy metals, and that are also suitable for the
soil and climate conditions in the research area. We sought
to identify plants with potential hyper-accumulator characteristics. After such plants are identified, we plan to implement phytoremediation in this region by selecting the bestsuited plant species and using the best possible land management techniques to establish functional and ecologically appropriate patterns of forest vegetation.
This research is of major practical significance. Plantings of species suitable for the soil and climate condition
in this research area, after they are established, are expected to stabilize soil and control soil erosion in this area
that is seriously polluted by heavy metals. It should greatly
assist with the vegetation reconstruction efforts and lead to
ecological restoration, which in turn could have a farreaching impact on the sustainable development of the
mining area and its environment.

2. MATERIALS AND METHODS
2.1 Study Area

Hongtoushan copper and zinc mine, located in the area
between Fushun County and Qingyuan County, Liaoning
Province, contains four pitheads and two concentration
plants, and is the largest mining area in northeast China, This
industry provides important benefits to local economic development. The proven metallic reserves still underground
amount to 6.31×105 tons of copper and 6.60×105 tons of
zinc. The upper parts of the ore bodies occur northeast and
nearly vertical, while the lower parts occur east-west with a
dip angle of 70-80°. Until now, the controlled length is about
2200 m and the depth about 1500 m, with average thickness
6.0m [9]. With a history of mining industry development at
about 80 years, this is the most important copper and zinc
mineral resource base in northeastern China.
According to the investigation of the Territorial Resources Department in Liaoning Province, statistic data in-

dicates the existing quantities of slag are 2.59×107 m3, increasing by 1.69×108 kg every year in the Hongtoushan copper and
zinc mining area. A considerable number of slagheaps have
occupied woodland areas totaling some 5.80 ×105 m2. After a
mine’s mineral resources have been extracted, the "three
wastes" - waste water, air pollution and solid waste - tend
to cause severe environment pollution. The problem restricts sustainable development of the mine area [10].
China’s northeastern cold region is characterized by
mountains and hills, with mining operations taking place in
the valleys, at lower elevations. The climate condition is
continental monsoon with a large seasonal temperature difference. The winter is long and cold, with a minimum temperature of -30 °C. The summer is hot and rainy, with a maximum temperature of 30 °C, a mean annual rainfall of 775 mm
and an annual average temperature of 4.2 °C. The annual
frost-free period is about 150 days and the frozen period is
from November to February with an average 1.10-meter
thickness of the permafrost. The vegetational trophophase
extends from May to September. Even though the climate
is harsh, vegetation is prosperous, with an overall coverage
67% [9] in areas not polluted by mining wastes.
2.2 Methods
2.2.1 Sample Collection

Samples were collected from three types of typical
sites, such as a tailing pond, a waste dump and a reclaimed
tailing pond with domestic waste added; these represent a
wide range of abandoned mining area types [11]. Plant
samples were taken in the areas seriously affected by mining activity for the majority of the year. GPS was employed
to record sampling locations. All soil samples were collected near the root of the plant specimens. At every site,
the top 20 cm of mineral soil was collected from six to eight
randomly selected locations in an S-shaped line within an
area of 200 m2. At each site, a quartile method was used to
obtain a final soil mix. The 6-8 soil samples were mixed
together and divided into four equal parts, then mixed together again, and a sample weighing 1 kg was saved. This
was placed in the sample bag and then transferred to the
laboratory together with the roots, stems and leaves of the
plant specimens [12]. Sampling of all plants was performed
in the flowering phase. Plant samples were harvested together
with aboveground and underground parts using a shovel.
2.2.2 Sample Analysis

For each soil sample, first we reduced the soil moisture
content through nature air-drying, then we grinded it, and
then obtained powder by sifting it through a 100 mesh
screen. Second, soil samples were digested with concentrated hydrochloric acid (HCl) plus concentrated nitric acid
(HNO3), plus hydrofluoric acid (HF), plus perchloric acid
(HClO4 ) (10:5:5:3, v/v).
For each plant specimen, first we removed surface dirt
with water, then rinsed with deionized water, and then the
samples were dried at 65 . Second, samples were grinded,
and sifted through a 200 mesh screen. Third, plant samples
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were digested with concentrated nitric acid (HNO3 )
and perchloric acid (HClO4 ) (10:3-5, v/v) [13-15].
Design: blank-control experiment. The copper, zinc, lead
and cadmium content in each sample was determined by
Atomic Absorption Spectrophotometry (AAS). The mercury
content was detected via Atomic Fluorescence Spectrometry
(AFS). The chromium content level was measured by
DPCI Spectrometry. Available nitrogen content was measured by the Alkaline Hydrolysis Diffusion Method. Total
phosphorus content was measured by Sulfuric Acid and Per
chloric Acid Digestion - Mo-Sb Colorimetry Method. Available phosphorus content was measured by leaching with sodium bicarbonate extraction - Mo-Sb Colorimetry Method.
Available potassium content was measured by Ammonium
Acetate Method [13, 16].

3. RESULTS AND DISCUSSION
3.1 Composition Features of Vegetation

In our research, we investigated the phytocommunities
of the research area and analyzed the associations of trees,
shrubs and herbs. The results are as follows.
Over the course of years, wind has worn away the
rocks in the waste dump, and the softer rock has been
weathered away into soil, so that with the stabilizing of
soil, some plant species can settle down. However, because

of the harsh growing conditions, the number of plant species cannot increase dramatically. Only in the lowland a
few species of plants showed strong growth vigor, but the
others were weak. A number of plant species have naturally
colonized the tailings pool; most plants grow in the border
area and on the dams of the tailings pond. These small
patches were chiefly made up of single species; most were
characterized by features such as dwarf stems and low coverage. The growth and distribution of plants were obviously determined by the physical properties of the uppermost layer of soil within the tailings areas, such as soil stability, aeration, moisture content, and so on. There was a
correlation between the concentration of mine tailing, soil
nutrition, and the plants’ height and community coverage
[17]. In the area of the reclaimed tailing pond with added
domestic waste, plant community growth conditions were
comparatively better. Floral composition, as well as plant
ecotype became more diverse; simultaneously, vegetation
cover, species richness, diversity, and evenness gradually
increased too [18].
Within the overall research area, present vegetation is
composed of 22 species that belong to 13 families: Poaceae,
Asteraceae, Ulmaceae, Salicaceae, Rosaceae, Equisetaceae, Cyperaceae, Pinaceae, Celastraceae, Onagraceae,
Chenopodiaceae, Solanaceae, and Amaranthaceae. There
are four dominant plant species in Rosaceae and Poaceae,
and the biodiversity is abundant in the research area as a
whole. Plant species composition is seen in Table 1.

TABLE 1 - Plant species composition in mining area
Sampling
sites

No.

Plant species

Family name

Dominant species/ Species composition

Sorbaria sorbifolia (L.) A. Br.
Rosaceae
Y/S
Phragmites australis (Cav.) Trin. ex Steud
Poaceae
Y/G
Ulmus davidiana Planch. var. japonica (Rehd.)
1_3
Ulmaceae
N/T
Nakai
Cerasus tomentosa (Thunb.) Wall.
Rosaceae
N/S
1_5
Artemisia lavandulaefolia DC
Asteraceae
Y/G
1_6
Equisetum arvense L.
Equisetaceae
N/G
1_7
1.T
Pinus tabulaeformis Carr.
Pinaceae
Y/T
1_9
Euonymus maackii Rupr.
Celastraceae
N/T
1_11
Rosa davurica Pall.
Rosaceae
Y/S
1_12
Salix matsudana Koidz.
Salicaceae
Y/T
1_13
Sanguisorba officinalis L.
Rosaceae
N/G
1_14
Populus davidiana
Salicaceae
N/T
2.W
2_1
Larix gmelinii (Rupr.) Kuzen.
Pinaceae
Y/T
2_2
Ulmus pumila L.
Ulmaceae
Y/T
2_3
Oenothera biennis L.
Onagraceae
Y/G
2_5
Artemisia sieversiana Ehrhart ex Willd.
Asteraceae
Y,G
2_8
Carex parva Nees
Cyperaceae
Y,G
2_10
Chenopodium glaucum
Chenopodiaceae
Y/G
3.C
3_2
Amaranthus tricolor L.
Amaranthaceae
N/G
3_3
Nicandra physaloides
Solanaceae
Y/G
3_5
Kochia scoparia (L.) Schrad.
(Chenopodiaceae
N/G
3_6
Echinochloa crusgalli (L.) Beauv.
Poaceae
N/G
3_7
1.T: tailing pond ; 2.W: waste dump ; 3.C: reclaimed tailing pond covered with domestic waste; Y: Yes; N: No; T:tree ;S:shrub; G:grass
1_1
1_2
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3.2 Heavy metal content in soil

Results from a Fuzzy Comprehensive Evaluation indicate that soil pollution by heavy metals in the study area is
severe [10]. The waste dump contained pollution from
zinc, copper and lead. In the tailing pond, polluters were
cadmium, zinc and copper. In the surrounding area, cadmium and zinc caused pollution (Table 2). Two heavy metals, cadmium and zinc were dominant in the study area,
combined with copper and lead.
Consequently, it could be concluded that soil conditions in the research area have already suffered serious
heavy metal pollution, to be categorized in the third (and
most severe) level among the standards implemented for
National Soil Environmental Quality. Our research results showed that the concentration of copper, zinc, lead
and cadmium in most soil samples exceeded the maximum
tolerable concentration for normal plant growth. This soil
is not suitable for safely cultivating agricultural products.
Instead, this soil could be employed to develop forests and
to transplant plant varieties which are resistant to these four
heavy metals.

physical and chemical character of soil and the soil fertility. Compost that we tested met national compost quality standards (Table 3), although content of some heavy
metals such as zinc and lead in domestic refuse was higher
than is recommended in the quality standards, applying
such compost to tailings would not significantly add to the
amount of available heavy metals in the soil (Table 4).
Thus, we applied compost to the research area.
Our research investigated plants that naturally form a
special community that could effectively inhibit the acidogenesis process of original tailings to some degree after
two years. Our experiments have demonstrated that cultivating the plants that make up this community serves as a
feasible soil improvement method: it improves the physico-chemical character of tailings, improves the available
heavy metals uptake of plants, and improves vegetation biomass. This plant community includes Nicandra physaloides, Chenopodium glaucum, Amaranthus tricolor L.,
Kochia scoparia (L.) Schrad.,and Echinochloa crusgalli
(L.). Beauv.
3.4 Content of Heavy Metals in Plants

3.3 Measures to improve soil

In the tailing pond, the main factors that limit plant colonization are toxicity of heavy metals, extreme barren land,
and high acidity (pH=3.74). Sometimes primitive mine
tailings are covered with mature domestic compost to a
depth of 20 cm to improve soil conditions for better plant
growth. Our investigation showed that mature domestic
compost contains ample organic matter and plant nutrients
such as nitrogen and phosphorus, which improves the

Table 5 shows our analysis of the concentration of four
heavy metals in dominant plants that were collected from
the three typical mining waste areas. Copper was the most
highly concentrated metal found in these plants, followed
by zinc, lead, and cadmium. Copper and zinc concentrations significantly exceeded that which is normally found
in plants. In contrast, cadmium content in these plants was
lower, which reflects a lower concentration of this metal in
the soil.

TABLE 2 - Mean contents of heavy metals in soil samples from the mining research area (mg/kg)
Sampling Sites
T
W
C

pH
3.74
7.14
7.32

Cu
733
3610
132

Zn
992
2570
473

Pb
207
142
151

Cr
Cd
Hg
As
27.5
0.169
0.252
6.33
57.3
13.1
0.167
30.1
129
1.21
2.27
8.48
P≤400;
S (level 3)
≤400
≤500
≤500
≤1.0
≤1.5
P≤30; D≤40
＞6.5
D≤300
T: tailing pond; W: waste dump; C: reclaimed tailing pond covered with domestic waste; P: paddy farmland; D: dry farmland; S: national soil environmental quality standard (level 3); Cu: copper; Zn: zinc; Pb: lead; Cr: chromium; Cd: cadmium; Hg: mercury; As: arsenic.

TABLE 3 - The mean contents of nutrients in domestic waste (mg/kg)
Analysis Items

pH

7.41
domestic waste
N
6.50-8.50
N: national compost quality standard

Organic Matter
(%)
11.32
≥10.00

Total N
(%)
0.54
≥0.50

Available N
(mg/kg)
237.90

Total P
(﹪)
0.27
≥0.30

Available P
(mg/kg)
68.11

Total K
(﹪)
1.19
≥1.00

Available K
(mg/kg)
71.94

TABLE 4 - The mean contents of heavy metal in domestic garbage(mg/kg)
Cu
Analysis Items
156.80
domestic garbage
N
N: national compost quality standard

Zn
378.40

Pb
147.30
≤100.00

Cr
80.50
≤300.00
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Cd
1.07
≤3.00

Hg
0.74
≤5.00

As
18.60
≤30.00
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For shoots:
Among six dominant plant species in the tailing pond,
the copper content was highest in Artemisia lavandulaefolia DC. The zinc content was highest in Rosa davurica
Pall.; the lead content was highest in Phragmites australis
(Cav.) Trin. ex Steud; and the cadmium content was highest
in Salix matsudana Koidz . The cumulative content of copper, zinc and lead was highest in Artemisia lavandulaefolia
DC, followed by Rosa davurica Pall.
Among five dominant plant species in the waste dump,
both the copper content and the zinc content was highest in
Carex parva Nees; the lead content was highest in Larix gmelinii (Rupr.) Kuzen.; and the cadmium content was highest in
Artemisia sieversiana Ehrhart ex Willd. The cumulative content of copper, zinc and lead was highest in Carex parva Nees,
followed by Artemisia sieversiana Ehrhart ex Willd.
In the reclaimed tailing pond covered with domestic
waste, the cumulative content of copper, zinc and lead was
highest in Nicandra physaloides.

bifolia (L.) A. Br.; the lead content was highest in Phragmites australis (Cav.) Trin. ex Steud; and the cadmium content was highest in Artemisia lavandulaefolia DC. The cumulative content of copper, zinc and lead was highest in
Artemisia lavandulaefolia DC, followed by Sorbaria sorbifolia (L.) A. Br.
Among five dominant plant species in the waste dump,
the copper content was highest in Larix gmelinii (Rupr.)
Kuzen.; the zinc content was highest in Larix gmelinii (Rupr.)
Kuzen.; the lead content was highest in Larix gmelinii (Rupr.)
Kuzen.; and the cadmium content was highest in Artemisia sieversiana Ehrhart ex Willd. The cumulative content of
copper, zinc and lead was highest in Larix gmelinii (Rupr.)
Kuzenat.
In the reclaimed tailing pond covered with domestic
waste, the cumulative content of copper, zinc and lead was
highest in Chenopodium glaucum. The mean content of
heavy metals in different parts of 13 dominant plant species found in the research area is shown in Table 5.
3.5 Ability of Plants to Accumulate Heavy Metals

For roots:
Among six species of dominant plants in the tailing
pond, the copper content was highest in Artemisia lavandulaefolia DC; the zinc content was highest in Sorbaria sor-

In this investigation, we used BAC (Biological Accumulating Coefficient) to assess the ability of different plant
species to accumulate heavy metals [19-20].BAC is equal
to the concentration of heavy metals in the shoots of plants

TABLE 5 - The mean content of heavy metals in dominant plants in mining research area (mg/kg)
No.

Plant

Shoot/
root

Zn

Pb

Cd

S
1.96
32.81
0.50
0.040
R
20.62
88.89
0.29
0.120
1_2
Phragmites australis (Cav.) Trin. ex Steud
S
2.12
20.71
0.66
0.028
R
14.30
40.91
1.96
0.097
Artemisia lavandulaefolia DC
S
9.08
26.12
0.64
0.190
1_6
R
50.57
41.12
0.55
0.960
Pinus tabulaeformis Carr.
S
3.90
10.83
0.26
0.031
1_9
R
22.77
15.93
0.77
0.220
Rosa davurica Pall.
S
5.90
34.53
0.47
0.082
1_12
R
18.53
24.17
0.96
0.089
Salix matsudana Koidz
S
0.00
22.37
0.28
0.240
1_13
R
Larix gmelinii (Rupr.) Kuzen.
S
6.19
22.23
0.58
0.170
2_2
R
48.05
107.24
3.74
0.970
Ulmus pumila L.
S
6.19
26.43
0.485
0.072
2_3
R
13.62
79.66
1.180
0.430
Oenothera biennis L.
S
6.17
17.21
0.332
0.036
2_5
R
21.94
51.72
0.531
0.110
Artemisia sieversiana Ehrhart ex Willd
S
4.06
47.65
0.205
0.440
2_8
R
11.84
65.49
0.720
1.100
Carex parva Nees
S
29.71
56.66
0.403
0.190
2_10
R
43.93
67.19
0.329
0.410
Chenopodium glaucum
S
0.00
0.00
0.052
0.001
3_2
R
34.63
61.89
6.170
0.400
Nicandra physaloides
S
0.82
9.45
0.287
0.011
3_5
R
8.33
13.36
0.738
0.014
1: tailing pond; 2: waste dump; 3: reclaimed tailing pond covered with domestic waste; S: shoot; R: root; Salix matsudana Koidz: no heavy metal content
in root
1_1

Sorbaria sorbifolia (L.) A. Br.

Cu
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TABLE 6 - Biological Accumulating Coefficient (BAC) of dominant plants in mining research area
Plant
Sorbaria sorbifolia (L.) A. Br.
Phragmites australis (Cav.) Trin. ex Steud
Artemisia lavandulaefolia DC
Pinus tabulaeformis Carr.
Rosa davurica Pall.
Salix matsudana Koidz
Larix gmelinii (Rupr.) Kuzen.
Ulmus pumila L.
Oenothera biennis L.
Artemisia sieversiana Ehrhart ex Willd
Carex parva Nees
Chenopodium glaucum
Nicandra physaloides

Cu
0. 0027
0. 0029
0.0124
0.0053
0.0080
0
0.0017
0.0017
0.0017
0.0011
0.0082
0
0.0069

(mg/kg) divided by the corresponding concentration of
heavy metals in the surrounding soil (mg/kg). Therefore,
for any given plant species, the larger its BAC, the higher
is that species’ ability to accumulate heavy metals. This assessment method is practical because above-ground biomass is easily obtained [21, 22].
Table 6 shows that different species of dominant plants
have different abilities to accumulate heavy metals. For instance, Artemisia lavandulaefolia DC, Carex parva Nees
and Nicandra physaloides are the strongest for accumulating copper. Rosa davurica Pall., Carex parva Nees and
Nicandra physaloides are the best for accumulating zinc.
Phragmites australis (Cav.) Trin. ex Steud, Larix gmelinii
(Rupr.) Kuzen., and Nicandra physaloidesare are the best for
accumulating lead. Salix matsudana Koidz, Artemisia sieversiana Ehrhart ex Willd, and Nicandra physaloides are the
best for accumulating cadmium. Of the plants tested, the
weakest for accumulating copper are Salix matsudana Koidz,
Artemisia sieversiana Ehrhart ex Willd, and Chenopodium
glaucum. Pinus tabulaeformis Carr., Oenothera biennis L.,
and Chenopodium glaucum are the least suited for accumulating zinc. Pinus tabulaeformis Carr., Artemisia sieversiana Ehrhart ex Willd, and Chenopodium glaucum are the
least suited for accumulating lead. Phragmites australis
(Cav.) Trin. ex Steud, Oenothera biennis L. and Chenopodium glaucum showed the least ability to accumulate cadmium.
As a result of this analysis, we concluded that in the
Hongtoushan copper mining area, the dominant plants with
the best ability to bioconcentrate heavy metals are Artemisia lavandulaefolia DC, Rosa davurica Pall., Phragmites
australis (Cav.) Trin. ex Steud, and Salix matsudana Koidz,
. Following this preliminary screening, Artemisia lavandulaefolia DC, Rosa davurica Pall., and Sorbaria sorbifolia
(L.) A. Br. were planted in the tailing pond for phytoremediation.Carex parva Nees, Larix gmelinii (Rupr.) Kuzen.,
and Artemisia sieversiana Ehrhart ex Willd were planted
in the waste dump. Nicandra physaloides was selected for
planting in the reclaimed tailing pond covered with domestic waste.
When BAC is greater than 1, the content of heavy metals in the above-ground portion of a plant is higher than

Zn
0.0331
0.0209
0.0263
0.0109
0.0348
0.0226
0.0086
0.0103
0.0067
0.0185
0.0220
0
0.0354

Pb
0.0024
0.0032
0.0031
0.0013
0.0023
0.0014
0.0041
0.0034
0.0023
0.0014
0.0028
0.0004
0.0020

Cd
0.2367
0.1657
1.1243
0.1834
0.4852
1.4201
0.0130
0.0055
0.0027
0.0336
0.0145
0.0008
0.0095

metal content in the corresponding soil. This is an important characteristic that distinguishes hyper-accumulator
plants from general plants [23]. Using this criteria, Salix
matsudana Koidz (BAC= 1.420) and Artemisia lavandulaefolia DC (BAC= 1.124) possess the basic characteristics
of cadmium hyper-accumulators.
3.6 Ability of Dominant Plants to Tolerate Heavy Metals

Plants naturally colonize very slowly in extreme habitats such as mining wastelands. Forming good vegetation
requires dozens of years, even hundreds of years. The plant
succession process slowly improves the soil matrix, allowing the number and type of plants within a polluted area to
eventually increase. This positive feedback loop uses both
the soil and vegetation to move the ecosystem into new
stages of succession and new community types. In essence,
vegetation restoration and rebuilding is the imitation of the
process of natural succession, which is also the promotion
process [24]. Hence, it is necessary to introduce by hand
plant species that can tolerate the extreme habitat. This
helps to create species diversity and a good percentage of
vegetation cover, and to eventually set up a well-adapted
ecosystem.
Heavy metals-tolerant species refers to the kind of
plants for which growth is not deterred by heavy metal content in soils, nor are they stunted by heavy metal toxicity;
these plants can grow normally, colonize, and even propagate under these conditions.
In our research, we used the BTC (Biological transfer
coefficient) to assess tolerance to heavy metals in different
species of plants [25]. BTC is equal to the concentration of
heavy metals in shoots (mg/kg) divided by the concentration of heavy metals in roots (mg/kg). Thus, the larger the
BTC, the stronger the plant’s ability to translocate heavy
metals from roots to shoots within the plant [23, 26]. Heavy
metals-tolerant species can not only endure high concentrations of heavy metals, they can also absorb and accumulate heavy metal, and then distribute and transfer it to
shoots. We sought plants that have this ability and that can
also adapt to harsh environmental conditions such as impoverished soil, water and soil losses, and wind erosion
[27]. Such plants are important biomaterials for reclaiming
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TABLE 7 - Biological transfer coefficient (BTC) of dominant plants in mining research area
Sorbaria sorbifolia (L.) A. Br.
Phragmites australis (Cav.) Trin. ex Steud
Artemisia lavandulaefolia DC
Pinus tabulaeformis Carr.
Rosa davurica Pall.
Salix matsudana Koidz
Larix gmelinii (Rupr.) Kuzen.
Ulmus pumila L.
Oenothera biennis L.
Artemisia sieversiana Ehrhart ex Willd
Carex parva Nees
Chenopodium glaucum
Nicandra physaloides
Nicandra physaloides

and revegetating mining wastelands in northeastern China,
and these plants were widely applied to the research area.
As shown in the above table, we drew the conclusion
that these dominant plants have a strong ability to tolerate
the toxic heavy metals in the tailing pond, the waste dump
and the reclaimed tailing pond with added domestic waste.
For instance, Rosa davurica Pall., Carex parva Nees and
Nicandra physaloides are the most capable of tolerating
copper; Rosa davurica Pall., Carex parva Nees and Nicandra physaloides are best at tolerating zinc; Sorbaria sorbifolia (L.) A. Br., Carex parva Nees and Nicandra physaloides are highly tolerant of lead. Rosa davurica Pall.,
Carex parva Nees and Nicandra physaloides are tolerant of
cadmium. Of species tested, the least tolerant of copper
was , Sorbaria sorbifolia (L.) A. Br., Larix gmelinii (Rupr.)
Kuzen. and Chenopodium glaucum. Least tolerant of zinc
are Sorbaria sorbifolia (L.) A. Br., Larix gmelinii (Rupr.)
Kuzen, and Chenopodium glaucum. Least tolerant of lead
are Phragmites australis (Cav.) Trin. ex Steud, Larix gmelinii (Rupr.) Kuzen, and Chenopodium glaucum. Least tolerant of cadmium are Pinus tabulaeformis Carr., Ulmus
davidiana Planch. var. japonica (Rehd.) Nakai, and Chenopodium glaucum.
Following this preliminary screening, selected plant
species were planted to test their abilities for achieving
phytoremediation. In the tailing pond, we applied Artemisia lavandulaefolia DC and Rosa davurica Pall. In the
waste dump, we planted Carex parva Nees and Artemisia sieversiana Ehrhart ex Willd. Nicandra physaloides
was selected for planting in the tailing pond covered with
domestic compost because our analysis showed its particular abilities to accumulate heavy metals were best suited
for the tailing pond environment.
Although Nicandra physaloides has a better ability to
accumulate and transfer heavy metals than does Chenopodium glaucum, the latter was selected as a pioneer species
for use in phytoremediation. The main reasons were: its
dominance index was higher than Nicandra physaloides; it
had many advantages such as strong, vigorous growth, and
the comprehensive capacity of its root to take up copper,
zinc, and cadmium was far higher than its shoot, or the

Cu
0.0951
0.1485
0.1795
0.1713
0.3184

Zn
0.3691
0.5063
0.6352
0.6802
1.4288

Pb
1.7075
0.3378
1.1652
0.3429
0.4901

Cd
0.3333
0.2887
0.1979
0.1409
0.9213

0.1288
0.4542
0.2811
0.3434
0.6763
0
0.0990

0.2073
0.3318
0.3328
0.7276
0.8433
0
0.7070

0.1561
0.4110
0.6252
0.2847
1.2249
0.0084
0.3889

0.1753
0.1674
0.3273
0.4000
0.4634
0.0022
0.7857

roots of other plants. The ability of its root to accumulate
lead approaches 6.170 mg/kg, which is the highest of all of
the dominant plants we sampled. This indicates that Chenopodium glaucum has an extremely strong tolerance
of and adaptability to heavy metals.
Other plants had a higher capacity to take metals into
their shoots than into their roots. Sorbaria sorbifolia (L.) A.
Br., Artemisia lavandulaefolia DC and Carex parva Nees
accumulated far more lead in shoots than in roots. In Rosa
davurica Pall, the weight within the shoot was greater than
the weight within the root for both lead and zinc. For these
four plants, their BTC were equal to 1.7075, 1.1652,
1.2249 and 1.4288 respectively, which shows that their
abilities to transfer lead and zinc are so strong that they
could be useful for phytoextraction of soils contaminated
with lead and zinc.
Any plants that have a value for both BAC and BTC
that is higher than 1 qualifies for the status of a potential
hyper-accumulator plant [28]. Therefore, several of the
plants we tested qualify for recognition as potential hyperaccumulators. However, despite these encouraging results,
our investigation and research did not identify any plant
that qualifies as an actual hyper-accumulator, based on
BAC and BTC values, Carex parva Nees was identified as
having the potential for phytostabilization of soils contaminated with copper (3610 mg/kg) and zinc (2570 mg/kg).
It was the best dominant plant in the waste dump, and is
worthy of popularizing and applying.

4. CONCLUSION
The results of this experiment validate our methods; we
have demonstrated a practical way to evaluate naturally-occurring local plant species to determine if any can be identified
that are resistant to heavy metals and if any have the potential
to meet the criteria to be designated as hyper-accumulator
plant species. In summary, our method is to measure plants
for BAC and BTC; the higher the BAC and BTC value, the
better the plant’s ability to absorb and tolerate heavy metals.
Trial plantings of optimal species are then applied in a vegetation restoration project within the mining area.
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According to the community succession theory, the
process of restoring vegetation on abandoned land in mining areas begins with the introduction of pioneer plants and
will eventually reach a mesophytic climax community state
after a series of successional stages. After careful evaluation, we have selected eight plant species to serve as pioneer species; these are potential hyper-accumulators in the
restoration of vegetation in the abandoned, mined land in
research areas in northeast China. The eight plants are: Artemisia lavandulaefolia DC, Rosa davurica Pall.,Sorbaria
sorbifolia (L.) A. Br.,Carex parva Nees, Larix gmelinii
(Rupr.) Kuzen., Artemisia sieversiana Ehrhart ex Willd,
Nicandra physaloides and Chenopodium glaucum.
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ABSTRACT
The olive oil industry is one of the driving sectors of the
agricultural economy of Mediterranean basin. Its production
was trembling from 1 million tonnes in 1958/1959 to around
3.6 million tonnes in 2012/2013. The agricultural sector has
an important role in Turkey, and also olive oil is one of the
most important product of civilization and culture like
Spain. Customers have expectations about environmentalfriendly and safe products. They play a certain role as standards or reference points used by consumers to evaluate the
performance of a company. The comparative olive oil efficiency analysis among Turkey and Spain was performed by
applying the production frontier methods. Each frontier was
estimated by Data Envelopment Analysis (DEA), and also
Metafrontier methodology was applied for the purpose of
considering two different countries. Three outputs and five
inputs were the main variables. The results show that olive
oil firms had a high technical efficiency level. The countries
are at a medium-high environmental and quality efficiency
level.

KEYWORDS: Olive oil, DEA, meta frontier, Delphi method, efficiency, environment, quality, Spain, Turkey

1. INTRODUCTION
The olive tree is amongst the oldest known cultivated
trees in the world. Expansion of olive tree cultivation was
followed by a consequent expansion and development of olive oil extraction processes. Since 5000 BC, people used to
gather and extract olives for olive oil. Olive oil production
begins by transforming the olive fruit into olive paste by
crushing or pressing. This paste is then malaxed to allow
the microscopic oil droplets to agglomerate. The oil is then
separated from the watery matter and fruit pulp with the
use of a press (traditional) or centrifugation (modern). The
* Corresponding author

grades of olive oil extracted from the olive fruit can be classified as extra virgin, lampante and refined. Extra virgin
olive oil, extracted from fresh and undamaged and properly
processed olive fruits, constitutes a key staple in the Mediterranean diet [1], due to its nutritional, therapeutic [2-4]
and sensory properties [5-7], and is highly appreciated by
consumers [8]. The traditional press and the continuous
centrifugation (modern) methods are used for the olive oil
extraction process and, as by-products, solid and liquid discharges as bagasse and olive mill wastewater (OMW) are
obtained. The demand for olive oil is rapidly increasing
world-wide and, because of this, the discharge of OWM
has become a growing concern, especially in the Mediterranean region [9]. OMW (olive mill waste) is a major pollutant because of its high organic load as well as phototxic
and antibacterial phenolic compounds, which resist biological degradation. Mediterranean countries are mostly affected by this serious environmental problem [10, 11].
The quality of olive oil depends on physical, chemical,
and biochemical reactions which occur during the extraction process, its storage, and its bottling [12]. The main factors affecting the olive oil quality include pedoclimatic
conditions, cultivars and fatty acid compositions, and although other minor organic and inorganic components [13].
The olive oil industry is one of the driving sectors of
the agricultural economy of the Mediterranean basin. Olive
oil has capitalized on world demand for healthy vegetable
oils in recent decades, its production trembling from 1 million tonnes in 1958/1959 to around 3.6 million tonnes in
2012/2013. Nowadays, production and consumption were
spread much more widely across the world than just two
decades ago, although these production rates are still the
highest in the EU. The International Olive Council (IOC),
an intergovernmental organization, is responsible for dealing out the International Agreement on Olive Oil and Table
Olives negotiated at United Nations commodity conferences, being responsible for making the designations and
definitions of olive oil [14].
Especially in terms of production facilities, high percentages of olive oil are produced in the countries which
are the biggest olive producers. The five countries in the
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first rows of olive and olive oil production, meet over 80%
of the world output. Spain leads the olive and olive oil production. Also Turkey, is a leading country in the production of olives and olive oil (Figs. 1 and 2).
The agricultural sector has an important role in Turkey, and also olive oil is one of the most important product
of civilization and culture like Spain [15, 16]. In terms of
of export value, Spain takes the first place with $ 2.5 billion, and Turkey ranks ninth behind Argentina with $ 13
billion [17]. The social, financial and environmental im-

portance of the olive sector in Spain and especially in Andalusia is a widely known and researched reality [18].
Nearly 90% of all olive production in this region [19] is
used to produce oil, which means that the future of the olive
sector is closely related to and conditioned by the future of
the extraction industry. In the production of olive oil in
Turkey, the Aegean region is the most important area like
Andalusia, and in terms of its share (47%) in total output.
Aydin, with a substantial percentage of Turkeys’ production (12%) and one fifth of Aegean regions’ production
(22%), is an important area of olive oil [20].

FIGURE 1 - Leaders in the olive production.

FIGURE 2 - Leaders in the olive oil production.
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In general, researchers acknowledge that customers
have expectations about environmental friendly and safe
products. They play a certain role as standards or reference
points used by consumers to evaluate the performance of a
company [21]. The power of using indexes as performance
measurement tools is highly reliable. One of the reliable
way of collecting the data, which are necessary to create an
index, is Delphi method [22]. The Delphi method is a systematic and interactive research technique to obtain the
judgement of a group of experts on a specific topic. Individual experts are requested to participate in two, or more
rounds of structured surveys [23, 24].
Many studies have been made on technical efficiency
and the factors affecting the efficiency of the olive oil
mills. In these studies, generally olive oil price, cooperative
membership, adoption of new technologies, accumulation
of skill and knowledge are indicated to improve the technical efficiency of the olive oil industry [25-35].
The aim of this paper is to determine the olive oil industries’ environmental, quality and technical efficienciency scores and the factors that affects these scores. in
Spain and Turkey. It is considered that this study will be a
reference for olive oil mills and policy makers to get more
share in the world market for Turkish olive oil.

2. MATERIALS AND METHODS
The comparative olive oil efficiency analysis among
Turkey and Spain was performed applying production
frontier methods. Each frontier was estimated by Data Envelopment Analysis (DEA) and also Metafrontier methodology was applied for the purpose of considering two different countries. Three outputs and five inputs were the
main variables. Output-oriented DEA model (because the
improvement of olive oil production, is the main objective)
is solved for 84 DMU in Aydin-Turkey and 86 DMU for
Andalusia-Spain. Olive oil extracting firms (mills) are considered as the decision making units (DMU). Quality and
environmental levels of the firms were also quantified and
evaluated by means of the two complex indexes.
To identify effective factors on efficiency levels of olive oil firms will also be interesting. With this purpose,
truncated regression models with bootstrap were estimated
where the efficiency score (truncated between 0 and 1) was
the endogenous variable. Five continuous and five binary
additional explicative variables regarding the firms performance were included in the models.
2.1 Data

The data were collected from a sample of olive oil
mills by face to face survey method for the 2012-2013 season in Aydin-Turkey and Andalusia-Spain. In Aydin-Turkey, there were totally 136 DMU, and 84 of them (works
in every season) were selected to make the survey, and in

Andalusia-Spain, 88 olive oil mill firms were selected to
make the survey which constitutes over 10% of all the
firms in this area.
The outputs and the inputs used in the efficiency analysis were as follows:
Outputs:
Olive Oil Production
Environmental Index
Quality Index
Inputs:
1. Skilled Labour (SL), which includes technical and
management jobs (total working hours).
2. Unskilled Labour (USL), which involves unqualified jobs (total working hours).
3. Olives milled (OM) (tonnes),
4. Floating capital (FLC) (US $) (adjusted with PPP),
taking into account operating and maintenance costs [36].
5. Fixed capital (FXC) (US $) (adjusted with PPP), by
subtracting the accumulated capital from gross capital
stock [36].
2.2 Quality and environmental complex indexes

Quality and environmental indexes were calculated for
each DMU in order to quantify the companies’ behaviour
regarding these two important aspects in the olive oil industry in Aydin and Andalusia. Two complex indexes, quality
and environmental behaviour, were independently carried
out by the following procedure. Firstly, the attributes that
capture aspects in relation to the subject were determined,
and also the variables that evaluate the attributes were measured (0 = absence, 100 = presence). Then, a weight for each
attribute was determined to give its relative importance: a
regular ranking on a Likert scale (0 null importance - 5 maximum importance) was applied to evaluate the attributes referring to the quality and environmental impact in the olive
oil industry. As a result, and after a two-round Delphi survey
[37, 38] to a group of 26 experts in Aydin and 16 experts in
Andalusia for the olive oil technological production process, the weights were determined. Finally, a powered mean
was calculated to assign an index score to each DMU [39].
This procedure was applied to calculate both quality and environmental indexes, and the variables considered in the
evaluations can be seen for both countries in Table 2. Also
Table 1 shows descriptive statistics of outputs and inputs.
DEA-based Metafrontier framework was used to estimate the technical efficiency of olive oil mill firms in Turkey and Spain. If the firms are using the same technology
in the same sector, efficiency can be estimated by means of
the frontier function methodology. In terms of this methodology, Data Envelopment Analysis is the most frequently used method. Primarily, an envelopment is determined, including the efficient firms in the sample. Companies, under the frontier (an envelopment), are inefficient.
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The radial distance from the inefficient firm to its target in
the frontier evaluate its technical efficiency score. However, if the firms are working in the same sector but under
different technologies, DEA Metafrontier methodology
must be carried out, because the DEA method is insufficient to analyze the data of different groups.
The Data Envelopment Analysis methodology is based
on a multi-output non-parametric model which was introduced by Charnes et al. (1978) [40], and has been developed after further researches [41, 42]. This model was extended by incorporating the attributes into the technology.
The environmental and the quality indexes were considered as attributes in the model. When we analyze T firms
which are using N inputs to produce M outputs and F attributes, ytm and atf are measures of the quantity of them,
mth output and fth attributes by the tth firm, xtn measures the
quantity of the nth input by the tth firm. The output reference
R is constructed from the observations as follows:
, ,

:

,

0,

0

The efficiency levels of the attributes can be gauged
assuming that the distance functions are multiplicatively
separable in attributes and inputs/outputs [43], i.e.:

D ( y , a , x )  A( a ) D ( y , x )
And it is also possible to perform the decomposition
by considering only one attribute al

D( y, a, x)  A(al ) D( y, a , x)
a represents the set of attributes in the model once atal

tribute has been removed.
This measure is calculated for each ai attribute by the
following expression for the Jth DMU:

A( al ) j ' 

AEf  1

A particular modelization was designed because of the
introduction of attributes that possess upper bounds. In this
case, the implementation of “constant returns to scale” is
unsuitable. Data were compared to the benchmarks with
superior attributes and the implementation of non-increasing returns to scale was established. They were formulated
with the limitation that the addition of the density variables
(z) was not superior to one.
2.3 Calculation of technical efficiency

The output measurement of technical efficiency is
computable for the Tth firm by solution of the following
linear programming problem:
,

,

St
,

D( y j ' , a j ' , x j ' )
D( y j ' , a j ' , x j ' )

Therefore, the attribute efficiency level is defined as
follows:

1, 2, … ,
1

1/

This measure evaluates the following feature:
1
,
,

2.4 The efficiency score of attributes

1, 2, … ,

,

1, 2, … ,
1

1, 2, … ,

1, 2, … ,

,

0,

1, 2, … ,

A(al )

This assesses the following condition:

0  AEf  1
In this instance, the quality and the environmental indexes are attributes of the model, and olive oil is the only
output.
Metafrontier methodology was developed by O’Donnel et al. (2008) [44], to estimate technical efficiency (TE)
while there are different groups that are producing with different technologies. This methodology contains estimating
the frontier of each partial group, which results in intergroup efficiency (TEK), and the efficiency level of each
DMU on account of the same technology. Moreover, the
metafrontier efficiency is estimated, taking into consideration all the firms, which represents the envelope of all production frontiers. From the above two measures, the Meta
technology Ratio (MTRj) measures how close each group k
is from the metafrontier, and is calculated for each DMUj
in group k as follows:

1, 2, … ,

,

2.5 Efficiency Factors
,

1, 2, … ,

Subsequent to estimation of the efficiency scores, the
next step is determining the potential impact of factors to
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find behavioral patterns among the most efficient firms.
Classic regression models have been widely criticized
when applied at this second stage [45], because the factors
may be correlated with output and inputs. For this reason,
truncated regression with bootstrapping (1000 replications), was performed, for each calculated efficiency score
following Simar and Wilson (2007) [46] methodology. In
each model, the dependent variables were an efficiency index, which were limited between 0 and 1. Independent variables are as follows:
Business Structure (cooperatives = 0, non cooperatives
= 1),
Specially Trained Workers (SPT) (No = 0, Yes = 1),
Being a member of a mills association (MASS) (No =
0, Yes = 1),
Being a member of a marketing association (MARASS) (No = 0, Yes = 1),
Doing an internet promotion (INTP) (No = 0, Yes = 1),
Quality index (QI) (continuous variable between 0-1),
Environmental index (EI) (continuous variable between 0-1),
Number of partners (NOP),
Number of permanent unskilled employees (NPUL),
Production experts’ years of experience (PME).

3. RESULTS
Table 1 shows descriptive statistics of the variables intervening in the frontier for the samples of the 84 Turkish,
86 Spanish and 170 olive oil mills studied, including the
quality and environmental indexes. The striking variance
differences which were caught for variables, reveal that all
types of mills are represented in the sample. It has been
achieved that, in some of the Turkish mills, just the skilled
or unskilled labour was employed. The environmental and

quality indixes show average values which means that all
firms have an intermediate level for both environmental
and quality susceptibility smilar to [32]. None of the firms
has fallen to the minimum level for both countries and in
both indixes. However, none of the Spanish firms had
reached the maximum EI and QI level. Correlations among
indixes for both countries were not significant. When the
capitals are considered, FLC and FXC were adjusted by
purchasing power parity (PPP) of the relative years [47]. In
Spanish firms, floating capital is much more higher than in
Turkish firms. The reason of this is that Turkish olive oil
mills are generally small-scaled. The properties of both calculated complex indixes and the weights applied by the experts during the Delphi analysis are shown in Table 2. Considering the experts, in both countries, the less interesting
point in terms of environmental management and product
quality is ISO standards. In Spain, the weight of the twophase extraction system is higher than in Turkey, and in
Turkey, the weight of the fuel pollution is higher than in
Spain. It can be seen that other weights are similar.
Partial productivities shown in Table 3, are important
for seeing differences between the two countries and in
terms of the requirement of the metafrontier model. The
results state that the partial productivities of Spanish mills
are higher than Turkish mills, according to olive oil, skilled
and unskilled labour, and fix capital.
Estimates of efficiency levels with respect to the metafrontier and the partial frontiers were obtained under the
assumption, that the meta-technology and group technologies all exhibit non-increasing returns to scale (NIRS). Environmental, quality and technical efficiency scores for
separated countries and meta-frontier are presented in Table 4. For partial country frontiers, relative efficiency values are determined by references within their own country.
Thus, to make a comparison between the countries in the
analysis with partial frontiers will not be very accurate.
Within their groups in the analysis, it can be seen that Turkish firms performed higher environmental, quality and

TABLE 1 - Descriptive statistics of inputs and outputs.
Turkey (n=84)
OM
(tonnes)
3232.07
6222.25
110.00
35000.00

SL
(hours)
2219.38
4012.05
0.00
23040.00

USL
(hours)
9035.98
9713.23
0.00
52800.00

FLC
FXC
(1000 US$, adjusted with PPP)
201.71
75.06
164.13
68.39
29.13
1.66
738.11
386.91

QI

EI

Mean
SD
Min.
Max.

OP
(tonnes)
562.38
732.03
60.00
4200.00

0.51
0.22
0.18
1.00

0.62
0.16
0.28
0.87

Mean
SD
Min.
Max.

1644.71
1304.62
186.02
5228.72

5529.97
5148.99
361.88
21481.51

2897.73
1636.79
1500.00
10500.00

Spain (n=86)
7981.53
5826.69
1500.00
33000.00

1572.43
1411.99
15.14
5748.74

110.43
92.78
11.04
502.40

0.50
0.07
0.32
0.68

0.62
0.08
0.39
0.83

Mean
SD
Min.
Max.

1011.74
1432.43
60.00
5228.72

4048.14
6712.45
110.00
35000.00

2516.74
3017.31
0.00
23040.00

All Firms (n=170)
8719.94
716.86
6817.73
1060.93
0.00
15.14
52800.00
5748.74

97.42
107.38
1.66
502.40

0.51
0.32
0.18
1.00

0.63
0.18
0.28
0.87
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TABLE 2 - The components that were used in the calculation of the quality and environmental indixes.
Weights*
Turkey
Spain
0.180
0.192
0.167
0.181
0.169
0.168
0.178
0.153
0.174
0.167
0.132
0.139

Environmental Index
Managing the waste disposal in an environmentally friendly way
Applying the two-phase extraction system
Having waterproof rafts for discharges
Use of less polluting fuel
Being located outside urban areas
Certificated by norm of ISO 14000
Quality Index
Classification of the olive at harvest and transport according to the variety and type
Controlling the production process in terms of cleanliness, timing and temperature
Checking of the critical control points
Product traceability
Managing of the production process by an experienced expert
Controlling features via laboratory analysis
Certificated by norm of ISO 9000
* Was calculated by the authors based on the survey results.

0.134
0.179
0.162
0.150
0.172
0.120
0.083

0.166
0.156
0.145
0.132
0.144
0.137
0.120

TABLE 3 - Partial productivities (ratios among output and inputs).
Olive (tonnes)

Skilled Lab. (hour)

Unskilled Lab. (hour)

Float. Cap. (US$)

Fix. Cap. (US$)

0.174
0.297
0.585

0.253
0.568
0.446

0.062
0.206
0.302

2.788
1.046
2.666

7.492
14.894
0.503

Turkey
Spain
TR / SP

TABLE 4 - Technical efficiency scores for partial groups and metafrontier.
Turkey
Partial Frontiers

QE

EE

TE

QE

EE

Mean
SD
Min.
Max.
%Efficient Firms
Correlation (TE-QE)
Correlation (TE-EE)
Correlation (QE-EE)

0.898
0.143
0.430
1.000
70

0.905
0.240
0.424
1.000
50
0.159
0.241*
0.109

0.869
0.145
0.514
1.000
65

0.844
0.065
0.648
1.000
56

0.861
0.058
0.581
1.000
57
0.196*
0.191*
0.305**

0.810
0.055
0.547
1.000
64

Mean
SD
Min.
Max.
%Efficient Firms
Correlation (TE-QE)
Correlation (TE-EE)
Correlation (QE-EE)

0,892
0,152
0,400
1.000
52

Meta Frontier

***

Spain

TE

TE

QE
0,717
0,187
0.121
1.000
39
0.135*
0.278*
0.133*

EE

TE

QE

EE

0,802
0,214
0.192
1.000
41

0,839
0,135
0,455
1,000
22

0,815
0,221
0.271
1.000
50
0.215*
0.313*
0.144*

0,870
0,234
0.215
1.000
53

Significant at level 0.01, **Significant at level 0.05, ***Significant at level 0.01

technical efficiency scores according to Spanish firms.
When the countries were analysed under a pooled frontier,
the distinctness in scores was explicit. The means of scores
for Turkey 0.80 (EE), 0.72 (QE), 0.89 (TE) and Spain 0.87
(EE), 0.82 (QE), 0.84 (TE) show that olive oil firms had a
high technical efficiency level similar to [25, 26, 29, 30,

33, 35]. As shown in this table, Spain performed higher
standards for environmental and quality efficiency than
Turkey. All correlations among the efficiency scores are
significant for Spain and Turkey. The percentage of efficient firms for TE is more than 50% for Turkey, and percentages of efficient firms for EE and QE are >50% for
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Spain. Olive oil firms are at similar scale in Turkey, and
similar management in Spain. The cooperative rates are 24
and 74% for Turkey and Spain.
The metatechnology ratio (MTR), shows the relative
proximity between the frontier of each system and the metafrontier, which acts as enveloping (Beltrán-Esteve and
Reig-Martínez, 2014 [48]). A high MTR is interpreted as
meaning that there is not much technological difference
compared to the most advanced technology in the group
[48]. MTR values are very high for both countries. As a
result, firms are approximately working in the same manner reaching advanced technology (metafronier) levels
(Table 5).
Subsequently, the efficiency estimate is achieved; it is
interesting to examine the magnitude of the slacks for each
output in order to find out the increase percentage that they
could accomplish if inefficiency was eliminated. Table 6
shows the means of the total slacks, as well as those corresponding to the decrease in inputs given for production orientation. As for inputs, it is relevant to highlight the mean

slack of skilled and unskilled labour in both countries. In
Spain, floating capital has a huge impact on efficiency. Inefficient firms must adjust their floating capital. Also, environmental and quality susceptibility must be improved at
inefficient firms in Turkey.
DEA scores may be affected by sampling variation,
and to build confidence intervals with the help of bootstrapping is the only way to certify scores provided by
DEA alone [49]. With a view to specify the most efficient
firms’ profiles, a study was conducted with bootstrapped
truncated regression. Efficiency factors considered a priori
as well as their basic statistics are presented in Table 7.
The truncated regressions estimated with bootstrap for
both separated country firms and all firms (Metafrontier)
environmental efficiency, quality efficiency and technical
efficiency scores shown at Tables 8, 9 and 10. In view of
the results for Turkey, we can conclude that NOP, NPUL
(contrary to [31]), PME, SPT and BS on technical efficiency, NOP, SPT and BS on environmental efficiency,
PME, SPT, BS on quality efficiency have a direct impact.

TABLE 5 - Meta technology ratios

Mean
SD
Min.
Max.

Turkey

Spain

MTR
TE

MTR
TE

0.979
0.148
0.423
1.000

0.984
0.121
0.542
1.00

TABLE 6 - Average improvement in variables (%).
OP
20,92
Turkey
(5.16)
11.21
Spain
(5.12)
*Values in parentheses are standard deviations

OM

SL

USL

FLC

FXC

QI

EI

4,48
(3.21)
3,94
(3.47)

9,41
(7.48)
5.16
(4.43)

14,12
(8.51)
8.51
(7.50)

3,35
(3.11)
8.48
(6.62)

3,03
(2.14)
2.38
(2.57)

10.08
(11.21)
5.14
(9.54)

8.50
(12.41)
6.74
(10.98)

TABLE 7 - Descriptive statistics of efficiency factors.

Continuous Variables
NOP
NPUL
PME
Binary Variables
(Yes%)
SPT
BS
MARASS
INTP

Min.

Max.

Turkey
Mean

1,00
1,00
2,00

847,00
24,00
40,00

96,23
4,12
15,72

39
24
5
16

Spain
SD

Min.

Max.

Mean

SD

165.78
4,44
10,43

1,00
0.00
2,00

1802.09
10,12
40,00

289.11
2.50
15,45

415.11
2,08
10,97

60
74
36
33
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Also for Spain, NPUL and BS have a direct impact on
technical efficiency, BS and MARASS have a direct impact on environmental efficiency, and SPT and MARASS
have a direct impact on quality efficiency. When pooled
frontier was examined, NPUL and BS had a negative impact on technical efficiency, BS had a positive impact on
environmental efficiency, and SPT had a positive impact

on quality efficiency. This result is similar to [34] but contrary to [28]. It states that noncooperative firms are 5.8%
more efficient than cooperative firms at technical and 7.3%
more efficient than cooperative firms at environmental efficiency. Also the firms which have a special trained product manager are 3.1% more efficient at quality efficiency
than the other ones.

TABLE 8 - Bootstrapped truncated regressions for Turkey1
Observed Coefficient

Bootstrap Std. Err.

P>|z|

TE
NOP
-2.11011
0.00891
0.0528*
NPUL
-1.87319
0.3333
0.0407**
PME
1.10143
0.02321
0.0088***
SPT
1.24047
0.03168
0.0054***
BS
-6.95783
1.2518
0.0044***
MARASS
0.05995
0.0583
0.3344
INTP
-0.04873
0.03652
0.2002
QE
NOP
-0.1458
0.0135
3.0088
NPUL
-1.1010
0.0147
0.6022
PME
1.5534
0.1890
0.0473**
SPT
2.3241
0.1550
0.0145**
BS
-1.0941
0.0620
0.0419**
MARASS
0.2199
0.0628
1.1000
INTP
-0.1079
0.0388
1.1066
EE
NOP
-1.0117
0.0184
0.0143**
NPUL
-1.1047
0.1142
2.1458
PME
1.6028
0.1370
3.1254
SPT
1.4680
0.1535
0.0187**
BS
-3.9832
0.3434
0.0334**
MARASS
0.0829
0.0598
0.1826
INTP
-0.1276
0.2120
0.6017
1
Observation number = 84; replications number = 1000; *P<0.1, **P<0.05, ***P<0.001

Normal-Based
(95% Confidence Interval)
Lower
Upper
-3.22011
1.00022
-3.1933
0.22957
-0.00396
1.56189
0.07843
2.0724
-13.7232
0.1925
-0.05445
0.17435
-0.12034
0.02288
-0.1723
-1.1413
0.0064
0.1360
-2.0275
0.0967
-0.1840

-0.0092
0.0064
2.9937
4.7422
0.2157
0.3431
-0.0317

-2.0358
-1.8829
0.2344
0.6688
-5.3101
-0.0343
-0.5432

0.0262
0.1354
1.8712
1.7611
1.6563
0.2002
0.2879

TABLE 9 - Bootstrapped truncated regressions for Spain1
Observed Coefficient

Bootstrap Std. Err.

TE
NOP
0.0041
0.0042
NPUL
-1.0174
0.5657
PME
0.0102
0.1190
SPT
1.2934
2.5039
BS
-4.7575
2.0734
MARASS
-2.0448
3.1588
INTP
0.7239
3.2546
QE
NOP
0.0035
0.0052
NPUL
-0.8589
0.5714
PME
-0.0047
0.1655
SPT
4.0134
2.2532
BS
2.9022
5.9004
MARASS
8.8273
5.1039
INTP
1.3689
4.7116
EE
NOP
0.0026
0.0074
NPUL
0.6458
0.9309
PME
0.1116
0.2643
SPT
0.8587
3.4437
BS
-10.6264
4.3334
MARASS
10.4669
5.2420
INTP
-3.6419
4.5535
1
Observation number = 86; replications number = 1000; *P<0.1, **P<0.05, ***P<0.001

4360

0.3260
0.0720*
0.9320
0.6050
0.0220**
0.5170
0.8240

Normal-Based
(95% Confidence Interval)
Lower
Upper
-0.0041
0.0124
-2.1263
0.0914
-0.2231
0.2435
-3.6141
6.201
-8.8214
-0.6937
-8.2360
4.1464
-5.6549
7.1029

0.4950
0.1330
0.9770
0.07005*
0.6230
0.0840*
0.7710

-0.0066
-1.9789
-0.3291
-0.4027
-8.6624
1.1761
-7.8656

0.0138
0.2610
0.3197
8.4296
14.4669
18.8308
10.6035

0.7190
0.4881
0.6732
0.8031
0.0141**
0.0462**
0.4241

-0.0118
-1.1786
-0.4064
-5.8909
-19.1198
0.1926
-12.5667

0.0172
2.4704
0.6297
7.6084
-2.133
20.7412
5.2828

P>|z|
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TABLE 10 - Bootstrapped truncated regressions for all firms (Metafrontier)1
Observed Coefficient

Bootstrap Std. Err.

P>|z|

TE
NOP
-1,0406
0,0065
0,1910
NPUL
-1,4403
0,4509
0,0565*
PME
0,5494
0,0717
0,4758
SPT
1,2672
1,2823
0,3087
BS
-5,8447
1,6674
0,0133**
MARASS
-1,0048
1,6268
0,4268
INTP
0,3421
1,6645
0,5158
QE
NOP
-0,0703
0,0093
1,7371
NPUL
-0,9785
0,2963
0,3648
PME
0,7652
0,1771
0,5176
SPT
3,1787
1,2164
0,0426**
BS
0,9276
3,0155
0,3359
MARASS
4,5742
2,6130
0,5860
INTP
0,6392
2,4027
0,9368
EE
NOP
-0,4986
0,0128
0,3708
NPUL
-0,2192
0,5274
1,3072
PME
0,8484
0,2014
1,8849
SPT
1,1598
1,8180
0,4155
BS
-7,3439
2,3619
0,0236**
MARASS
5,3360
2,6814
0,1136
INTP
-1,9054
2,4083
0,5119
1
Observation number = 170; replications number = 1000; *P<0.1, **P<0.05, ***P<0.001

4. CONCLUSIONS
Concerns about the environment and the quality of the
customers affect the demand. For the future of the olive oil
sector, the firms have to move their environmental and
quality awareness to a better level. In addition, increasing
the technical efficiency of the firms has the same importance as well. The weighting of the environmental and
quality indixes, presented in this study, were created by the
own experts of the countries. As seen, on a sectoral basis,
there are not so much differences between the expectations
of environmental and quality susceptibility. The experts of
both countries estimated that certification by the norm of
ISO standards has the minimum effect in terms of environment and quality. The impact of the standards of the ISO
9000 and ISO 14000 have to be studied as a subject of another research. Also the experts determined that OMW
management is the most important topic for the environmental index. When the technical efficiency scores are
considered, it may be said that the olive oil sector is in a
good position. However, technical efficiency may be increased by the improvement of the input levels. Especially
for Turkey, the skilled and the unskilled labour should be
decreased by 9 and 14%. In addition, as to Spain, the floating capital and the unskilled labour should be decreased by
9%. Correlations among the efficiency scores states that,
when a firm improves its environmental quality or technical efficiency, other efficiency scores will also be kept
pace. There is only one significant correlation between the
efficiency scores for the partial frontier of Turkey. So,
Turkish firms must improve their technical efficiency if
they want a better environmental grade. Business structure

Normal-Based
(95% Confidence Interval)
-1,5932
-2,6535
-0,1148
-1,7896
-11,2435
-4,1934
-2,9202

0,5005
0,1597
0,8949
4,1610
-0,2558
2,1837
3,6045

-0,0885
-1,5650
-0,1633
-0,1365
-5,3840
0,6427
-4,0700

0,0024
0,1352
1,6410
6,6076
7,4251
9,6957
5,3485

-1,0119
-1,5266
-0,0898
-2,6496
-12,2962
0,0805
-6,6257

0,0216
1,3166
1,2431
4,7191
-0,2606
10,5915
2,8147

has a remarkable effect on environmental, quality and technical efficiency at partial and metafrontier for Spain and
also for Turkey. Efficiency levels of non-cooperative firms
are better than cooperative ones. In particular, the effect of
business structure on efficiency scores in Turkey is very
high and this will be the subject of another study. In many
sectors, unity empowers the firms. Although the results are
the opposite, it is expected that better unity structures contribute to the olive oil sector positively. Expectations regarding environment and quality are forcing companies financially in Turkey because of their small scale. Especially, it is thought that the state should support the adaptation of the two-phase extraction system. As a result, in
terms of the olive oil sector, there is no remarkable difference in efficiency between Turkey and Spain. If Turkey
wants to play a role in marketing and export, as much as it
is in production in this sector, it must improve the sector's
environmental awareness.
These results might help policy makers for designing
strategies to improve the performance of olive oil sector
and meet the demands of the society regarding the environmental and quality functions of this production activity.
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FOOD PRODUCTION AND PESTICIDE USE:
A DILEMMA IN AGRICULTURE
Goksel Armagan* and Altuğ Özden
Adnan Menderes University, Faculty of Agriculture, Department of Agricultural Economics, Aydın, Turkey

ABSTRACT
The use of pesticides in the conventional agricultural
production is inevitable due to the necessity to meet the
food need of the increasing population. The problem of agrochemical residues, which threaten human health through
food produced by conventional methods, have revealed
with the increasing consciousness of society and the developments in detailed chemical analysis. In this study, indexes of food production and pesticide consumption of the
countries in leading agricultural production were compared
to the base of the data of Food and Agricultural Organization (FAO). Production and pesticide consumption indices
of investigating countries increased between 2004 and
2012. After 2008, the ratio of increase in the production
index tended to be decreased, which would be related to the
decrease in pesticide consumption index in 2008. Integrated pest management and sustainable production systems need to be supported to ensure sufficient agricultural
production, and also to decrease the amount of chemical
residues in agricultural production in the countries where
intensive agricultural production is carried on. In addition,
each country should develop standards, such as "Good Agricultural Practices”, to become more demand-driven need
to take priority in agricultural production.

KEYWORDS:
Food production, pesticide consumption, pesticide residues

1. INTRODUCTION
The world population increased from 6.39 to 7.02 billion between 2004 and 2012. The annual population growth
rate was 1.1%, with a minor decrease when compared to the
previous years [1]. The world is faced with many problems
caused by the population growth. As it is not possible to
increase the amount of land for agricultural production, the
increase needed in the food production, to meet the needs
of the increasing population, is attempting to meet through
the promotion and expansion of new technologies in agricultural production. For this reason, use of fertilizers and
* Corresponding author

pesticides has become compulsory in the agricultural production. Excessive use of pesticides has multiple adverse
effects with respect to the environment as well as the health
of people who are exposed to pesticides directly or indirectly [2]. Globally, each year, about three billion kg of
pesticides are used [3]. Although the increase in the pesticide consumption in the world has displayed a state of
standstill in recent years, it reached an increase rate of 17%
between 2004-2012.
Pesticide is the generic name used for any substance or
mixture of substances intended for preventing, destroying,
repelling, or lessening the damage of any pest. The use of
pesticides in agriculture is considered to be one of the
methods used to protect the products from diseases and
pests [4]. Some of the reasons for its wide use are as follows: Agrochemicals have a strong impact for agricultural
protection and effective results quickly; it is economical
when used in a conscious and controlled manner, and they
protect the food from organisms secreting toxins [5, 6]. Use
of pesticides in agriculture is now an obligation to meet the
food needs of the increasing world population by increasing the amount of agricultural production obtained per land
unit. Furthermore, pesticides have played an important role
in controlling plant pathogens, pests and weeds in agriculture, such as malaria and yellow fever, which caused mass
deaths in the history of human beings. Particularly, the use
of pesticides against flea and louse that caused serious
health problems in soldiers during the Second World War
constituted an important factor that expanded the use of agrochemicals, in general. 1948 Nobel Medicine Award was
given to Franz Müller, the Swiss chemist who discovered
the insecticide effect of DDT, and this award is accepted as
a milestone in the perception of the significance of agrochemicals.
On the other hand, the possibility that unconscious and
uncontrolled use of pesticides may create resistance in
pests and damage human health, and environment with residuals in the long-term should not be ignored. According
to a study which analyzed a total of 13,556 samples of 22
fruit and vegetable crops, rice, and beans within two Brazilian pesticide residue monitoring programs between 2001
and 2010l, pesticide residues were found in 48.3% of the
samples, and 13.2% presented some irregularity, mostly
non-authorized active ingredient use [7]. Another study,
which analyzed the effects of 130 types of pesticides on
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4404 food samples, between 2000-2001, in Denmark, 6%
of the fruits and 2% of the vegetables included residual pesticide amounts above the maximum limit of 2% [8]. In addition, according to the data provided by USA Agricultural
Ministry, 73% of the 25 thousand food samples produced
with conventional production methods included pesticide
residues [9]. In the 21st century, problem of pesticide residues has worsened and reached levels endangering human
health. Pesticides tend to accumulate in the environment
and reached the human body via the food chain [10-12].
Various laws have been put into act, in particularly USA
and EU states, in order to alleviate these risks [13-15].
The dilemma caused by the co-existence of the abovementioned benefits and the threat created by the pesticides
for human health, due to the residues, remains a problem
waiting for a solution in the near future. The objective of
this study is to compare the food production index and pesticide consumption index of the leading food producer
countries between 2004 and 2012.

2. MATERIALS AND METHODS
Major food and agricultural commodities and producers issued by FAO were used as a resource in selecting the
agricultural products [16]. The products were analyzed under two categories, including fruits and vegetables, and
field crops. There are 37 products in the fruit and vegetable
category, namely apples, apricots, bananas, beans dry,
beans green, cabbages, cherries, chestnuts, chilies and peppers green, citrus fruits, coconuts, coffee green, cucumbers
and gherkins, dates, eggplants, figs, fruit freshness, garlic,
grapes, groundnuts in shell, lemons and limes, lettuce,
mushrooms, olives, onions dry, oranges, peaches and nectarines, pears, peas dry, peas green, pineapples, sour cherries, spinach, strawberries, tomatoes, walnuts and watermelons. Field crops included 16 crops which are barley,
lentils, maize, millet, oats, potatoes, pulses, rice, rye, soybeans, sugar beets, sugar cane, sunflower, sweet potatoes,
tobacco and wheat.

TABLE 1 - Gross production index number for selected countries (2004 = 100).
2005
Argentina
103.24
Australia
108.00
Austria
100.87
Brazil
99.24
Bulgaria
91.31
China
100.08
Cyprus
97.77
Czech Republic
99.94
Denmark
100.83
Estonia
102.93
Finland
102.12
France
100.01
Germany
99.86
Greece
103.32
Hungary
98.64
India
99.83
Ireland
98.80
Italy
100.49
Latvia
104.86
Lithuania
105.97
Malta
96.90
Mexico
97.97
Netherlands
99.97
New Zealand
98.92
Pakistan
100.39
Poland
98.53
Portugal
96.55
Romania
94.91
Russian Federation
99.53
Slovakia
101.56
Slovenia
99.30
Spain
94.60
Sweden
100.34
Turkey
101.15
UK
100.32
USA
99.88
99.97
World
Source: http://www.fao.org [December, 2014]

2006
104.30
93.12
96.79
102.90
96.87
102.88
93.21
93.27
98.11
100.25
99.41
95.95
97.25
96.10
102.09
105.60
100.09
95.93
100.77
91.25
102.18
103.27
99.12
99.96
102.13
97.24
98.59
96.23
101.65
94.52
95.20
101.58
94.93
103.15
99.89
98.94
102.01

2007
114.16
95.46
99.75
110.26
74.73
107.47
91.25
96.54
100.58
111.93
101.60
95.14
99.18
90.63
107.93
114.89
100.45
94.62
111.42
107.17
98.30
104.60
101.90
102.42
106.00
102.35
95.05
77.00
102.75
89.14
93.03
101.12
96.62
99.01
98.02
102.97
105.32
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2008
111.37
100.73
102.22
117.22
101.74
113.48
87.21
101.97
101.69
107.80
100.35
96.76
103.50
91.88
109.78
116.44
98.54
98.03
114.46
110.24
105.86
106.45
104.77
101.41
110.14
102.90
99.08
92.83
109.86
102.46
95.55
100.76
97.81
102.78
102.01
103.59
109.36

2009
95.97
101.48
100.64
116.59
96.85
116.07
84.13
97.81
102.22
114.47
101.49
98.78
105.66
90.10
108.94
114.35
94.93
99.48
112.34
112.08
96.75
104.17
109.03
102.61
112.77
105.80
102.06
90.84
108.88
90.92
91.07
100.67
99.23
105.48
100.08
105.08
110.22

2010
115.71
100.33
99.55
122.14
105.42
119.65
83.43
90.83
101.18
110.20
93.87
97.23
102.47
82.24
110.19
124.66
100.89
95.25
109.19
99.12
98.53
107.70
111.19
104.01
110.47
101.08
104.26
90.97
93.93
83.10
91.91
103.21
94.09
109.85
101.83
105.63
112.80

2011
116.32
107.96
109.67
128.19
106.07
123.57
84.00
96.53
103.11
118.38
97.86
99.31
103.98
83.76
111.16
131.82
102.25
95.92
110.30
106.37
95.97
107.79
113.33
106.20
118.58
102.67
100.10
100.29
116.03
89.04
91.19
106.49
96.27
115.56
103.87
102.32
116.69

2012
106.53
117.17
101.40
126.56
98.77
126.83
83.27
88.76
102.44
124.63
94.23
98.31
104.61
85.92
115.02
129.94
96.68
86.62
127.97
121.29
90.43
113.61
111.51
112.59
119.27
107.03
99.30
78.98
108.46
82.20
83.57
89.87
95.72
121.92
98.58
101.59
116.94
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FIGURE 1 - Fruits and vegetables, field crops and total production index for selected countries (2004-212).
TABLE 2 - Total pesticide consumption index for selected countries (2004 = 100).
2005
109.63
Argentina
103.61
Austria
109.63
Brazil
102.63
Czech Republic
111.94
Denmark
94.97
Finland
102.89
France
104.39
Germany
107.37
Greece
94.02
Hungary
100.66
India
88.75
Ireland
101.37
Italy
101.43
Netherlands
189.16
Poland
97.12
Portugal
111.62
Romania
94.93
Slovakia
88.37
Slovenia
86.44
Spain
160.34
Sweden
139.89
Turkey
100.88
UK
94.96
USA
Source: http://www.fao.org [December, 2014]

2006
113.06
102.43
113.06
106.84
113.23
108.78
93.05
109.41
91.00
111.07
104.29
94.94
88.85
97.35
204.99
92.87
99.34
98.43
81.50
83.16
167.16
117.37
92.30
92.52

2007
142.88
105.61
142.88
118.48
116.77
97.87
100.19
115.43
100.10
110.22
100.43
105.31
97.14
111.75
234.00
95.37
93.15
98.88
73.67
81.74
162.97
157.60
108.72
98.42

The study attempted to select the leading food producer countries, which are given in Table 1. However, it
was not possible to reach the pesticide consumption data in
some countries. Thus, they were not included in calculating
pesticide consumption index among the list given by FAO
for production index.

2008
152.75
126.93
152.75
104.65
141.14
107.47
102.99
122.40
110.11
117.57
41.57
93.48
97.40
100.58
247.38
99.71
106.13
92.73
77.37
84.91
175.37
127.40
102.51
108.26

2009
106.22
104.04
106.22
92.25
93.48
111.83
85.49
107.08
121.12
104.54
82.66
79.00
87.23
86.80
220.08
76.54
96.61
103.99
74.36
73.20
145.00
120.99
101.04
119.08

2010
179.89
109.22
179.89
97.64
136.23
118.21
81.38
110.35
133.23
99.22
115.11
82.16
84.95
83.77
229.20
79.53
106.95
120.16
72.09
81.59
149.73
115.71
78.64
130.99

2011
168.37
120.15
168.37
101.05
150.59
114.21
89.51
116.35
146.55
82.23
126.62
125.74
84.33
92.15
262.22
82.22
97.12
84.84
71.76
89.75
134.86
127.28
76.54
144.09

2012
176.79
126.15
176.79
103.35
158.12
119.92
93.99
122.17
153.88
86.34
132.96
132.02
88.55
96.75
275.33
86.33
101.97
89.08
75.35
94.24
141.60
133.64
80.37
151.30

3. RESULTS
The countries with no increase in the production are
smaller countries who are not among the leading food producers. When the mean values of all countries were analyzed, it
was seen that there was a production index increase by 7.2%
in 2012, respectively. In general, the increasing ratios of pro-
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duction index are very similar in both the field crops and fruitvegetable groups (Fig. 1).
The pesticide consumption index was calculated for
24 countries which are having pesticides consumption data
on the FAO web-site. In 15 countries, there is an increase
in usage of pesticides, with significant differences among

these countries, but the use of pesticides was decreased in
the rest of the countries (Table 2). The calculation of the
pesticide consumption index showed that the increase ratio
of herbicides was in the first rank, followed by bactericides-fungicides, rodendicides and insectisides. The most
important point is the use of rodendicides tending to be decreased after 2006 (Fig. 2).

FIGURE 2 - Pesticide consumption index for selected countries (2004-212).
TABLE 3 - Average pesticide consumption in 2004-2012 (tons) and pesticide use (kg/ha).
Insecticides
(tons)
20760
Argentina
150
Austria
22836
Brazil
177
Czech Republic
35
Denmark
27
Finland
1806
France
1149
Germany
2758
Greece
1857
Hungary
16216
India
41
Ireland
12367
Italy
1702
Netherlands
792
Poland
430
Portugal
993
Romania
76
Slovakia
78
Slovenia
13290
Spain
41
Sweden
14109
Turkey
1142
United Kingdom
80172
United States
Source: http://www.fao.org [December, 2014]

Herbicides
(tons)
169880
1615
186868
2968
2635
1300
25374
16767
2641
4436
6495
2019
8794
3200
9473
1930
3748
999
291
10490
1650
7836
9829
192210

Bactericides &
Fungicides (ton)s
12975
1607
14272
1186
597
205
35357
9742
4864
2713
9548
582
47887
4270
5141
11178
2130
352
855
13758
238
14167
5807
20412

4367

Rodenticides
(tons)
6.125
0.800
6.738
0.000
0.000
0.000
32.000
135.451
0.000
0.000
343.310
0.000
37.750
0.326
19.874
0.560
0.000
0.503
0.000
0.000
0.000
157.105
0.000
11339.800

Total Pesticide
(tons)
203620
3373
223982
4331
3267
1532
62569
27794
10263
9006
32602
2642
69086
9173
15426
13539
6871
1428
1225
37538
1929
36269
16778
304133

Pesticide use
(kg/ha)
1.368
1.067
0.813
1.025
1.245
0.670
2.170
1.668
1.258
1.687
0.182
0.583
5.032
4.982
1.062
3.723
0.500
0.741
2.556
1.392
0.633
0.944
0.976
0.744
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TABLE 4 - Correlation coefficient for pesticide consumption (2004-2012) and production for developing and developed countries.
Average insecticide consumption
per capita (g/person)

Average herbicide consumption
per capita (g/person)

Average pesticide consumption
per capita (g/person)

Developing Countries *
Fruits and Vegetables Production
Field Crops Production
Total Production

-0,145
-0,238
-0,264

-0,268
-0,201
-0,251

-0,178
-0,214
-0,246

Developed Countries **
Fruits and Vegetables Production
Field Crops Production
Total Production

-0,299
-0,236
-0,303

-0,270
-0,285
-0,333

-0,251
-0,161
-0,223

Whole Countries
Fruits and Vegetables Production
Field Crops Production
Total Production

-0,198
-0,226
-0,261

-0,241
-0,246
-0,293

-0,194
-0,187
-0,225

Average insecticide consumption
per land (kg/hectare)

Average herbicide consumption
per land (kg/hectare)

Average pesticide consumption
per land (kg/hectare)

Developing Countries *
Fruits and Vegetables Production
Field Crops Production
Total Production

-0,150
-0,247
-0,273

-0,285
-0,210
-0,265

-0,187
-0,225
-0,259

Developed Countries **
Fruits and Vegetables Production
Field Crops Production
Total Production

-0,120
-0,116
-0,139

-0,263
-0,290
-0,335

-0,122
0,047
-0,004

Whole Countries
Fruits and Vegetables Production
Field Crops Production
Total Production

-0,118
-0,163
-0,180

-0,216
-0,224
-0,265

-0,139
-0,130
-0,158

* Developing countries are Argentina, Brazil, Czech Republic, Hungary, India, Poland, Romania, Russian Fed., Slovakia, Slovenia and Turkey; **
Developed countries are Austria, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain, Sweden, United Kingdom
and USA.

An analysis of the total pesticide use and pesticide consumption per hectare indicated that the values were very
high in the countries with intensive agricultural production.
The countries where the pesticide consumption per hectare
is in descending order, are Italy, Netherlands, Portugal,
Slovenia, France, Hungary and Germany (Table 3). Health
and environmental concerns are usually under mined in
pesticide consumption due to in come concerns of farmers
[17].
The correlation coefficient between production for all
developing and developed countries and all kinds of pesticide consumptions are found to be negative (Table 4). This
results may imply that environmental concerns are gaining
importance in agricultural production.

concept of "healthy food" was highlighted with the increasing consciousness of the society and the developments in
detailed chemical analysis. For this reason, countries
should take measures in order to decrease pesticide residues. Countries should improve their agricultural policies
in order to expand the use of integrated pest management
methods and support sustainable production systems, for
the purpose of arranging the supply chain. In addition,
countries should develop standards, such as "Good Agricultural Practices”, to become more demand-driven need
to take priority in agricultural production.
The authors have declared no conflict of interest.
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QUANTIFICATION OF HOT PM EMISSIONS
FROM URBAN TRANSPORT IN SKOPJE, MACEDONIA
Dame Dimitrovski*, Mile Dimitrovski and Vanja Djinlev
University of Ss. Cyril and Methodius, Faculty of Mechanical Engineering, Karposh 2 bb, Skopje, Macedonia

ABSTRACT
The emission of particulate matter from transport in urban areas is one of the main health concerns that governments and local authorities should focus on. Over the past
decades, Skopje, the largest and most inhabited city in FYR
of Macedonia, is facing a serious air pollution problem. The
aim of this paper is to quantify the hot particulate matter
emissions from each urban transport category in Skopje.
This paper is upgrading and adjusting the adopted 2013 European Environmental Agency’s “exhaust emissions from
road transport” guidebook as a base line to the transport
fleet and transport conditions in the city. The results show
that although the transport fleet is generally old and alternative low emission fuels are not well adopted, it is a part
of the city PM pollution yet is not the biggest contributor
to the winter time pollution.
KEYWORDS:
hot emission, PM, urban transport

1. INTRODUCTION
Skopje, the capital of FYR of Macedonia, is facing a
serious air pollution problem over the past few decades.
Being the largest city by territory and inhabitants, Skopje
is struggling with the high concentration of particulate matter emissions (PM 2.5 and PM 10), especially in the winter
periods. The hourly, daily and yearly concentrations of particulate matter are almost always above the critical value,

which can be seen in Fig. 1 [1]. The flat line at the bottom
of the graph represents the limit value while the other lines
represents the daily average concentrations in 5 measuring
stations spread across Skopje.
As urban transport stands for one of the main contributors in the urban air pollution, it has been in the focus of
many academics and scholars, especially the particulate
matter (PM) emissions, since many evidences confirm its
negative effects on human and environmental health [2]. In
the attempt to quantify and analyze Skopje’s urban
transport air pollution, a study has been undertaken to calculate the hot particulate matter (PM) emissions from the
urban transport on Skopje’s territory. For that purpose, the
2013 European Environmental Agency’s (EEA) “exhaust
emissions from road transport” guidebook [3] was used and
modified to the local conditions (transport fleet and urban
infrastructure), and the results are presented in this paper.
Furthermore, in order to better understand the composition of the urban transport and to fully calculate the hot PM
emissions, Skopje’s urban transport was divided into several
categories and sub-categories accordingly: passenger cars
(petrol and diesel engines), city buses (diesel and CNG engines), taxi vehicles (diesel and LPG engines), heavy-duty
vehicles (7.5 to 12 tons) and motorcycles (less and over 50
cm3). For every category and sub-category, the hot PM emissions (the sum of PM 2.5 and PM 10) were calculated according to their EURO emission standard complying with
the EEA exhaust emission guidebook. The speed categories
for all of the above vehicle categories were measured separately, and the values shown hereinafter correspond to the
mean values for a period of one month.

FIGURE 1 - Daily average concentrations of PM 10 in December 2013.
* Corresponding author
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TABLE 3 - PM emission factors and number of registered diesel passenger cars.

2. CALCULATION OF HOT PM EMISSIONS
2.1. Passenger cars

As the number of registered passenger cars is expected
to grow in the upcoming years [4], it is an irrevocable need
for quantifying the impact that this category has on the urban air quality. For the purpose of writing this study, the
number of registered passenger cars in Skopje was obtained from the Ministry of Interior of the FYR of Republic
of Macedonia [5], divided into categories by the production
year of the cars, which was further used in determining the
EURO emission standard the passenger cars have. The average daily mileage of 24.93 km/day was obtained by a survey of 147 active drivers, which for calculation purposes
was rounded up to 25 km/day.
2.1.1. Hot PM emissions from passenger cars with petrol engines

The EEA guidebook [3] offers constant emission factors for calculating hot PM emissions from passenger cars
equipped with petrol engines. Those factors are given in
Table 1. It is important to note that the EEA does not offer
any emission factor for pre-EURO vehicles and because of
that, the calculation of hot PM emission of that vehicle category was not performed in this study, and the final results
lack this category’s contribution to the air pollution.
TABLE 1 - PM emission factors
EURO emission standard

EURO emission factor 1 [g/km] [3]

EURO 1
EURO 2
EURO 3
EURO 4
EURO 5

0.00322
0.00322
0.00128
0.00128
0.00128

EURO
emission
standard
Pre-EURO
EURO 1
EURO 2
EURO 3
EURO 4
EURO 5

0.45-0.0086*V+0.000058*V^2
(1.14*(10-1)+(-2.33)*(10^-3)*V+2.26*(10^-5)*V^2)
(8.66*(10^-2)+(-1.42)*(10^-3)*V+1.06*(10^-5)*V^2)
(5.15*(10^-2)+(-8.8)*(10^-4)*V+8.12*(10^-6)*V^2)
(4.5*(10^-2)+(-5.39)*(10^-4)*V+3.48*(10^-6)*V^2)
(4.5*(10^-2)+(-5.39)*(10^-4)*V+3.48*(10^-6)*V^2)*0.05

2.2. Hot PM emission from urban city buses

The Skopje’s urban bus transportation consists of a
public and a private transportation company. The needed
data for hot PM emission calculation were obtained from
both companies, and the driving behaviour of the city buses
was monitored and is shown in Table 4. The calculations
were made according to a 0% slope of the terrain, since
Skopje has only a few uphill streets. Also, the daily passenger load was chosen to be 50% taking into account periods
of the day in which city buses are nearly empty. The number of buses divided in EURO emission categories for both
of the transportation companies is presented in Table 5, and
the emission factors are given in Table 6.
Table 7 represents the values of a, b, c, d and e, used
in calculating the emission factor from city buses and minibuses [2].
TABLE 4 - Speed categories and corresponding mile-ages for the urban bus companies in Skopje.

2.1.2. Hot PM emissions from passenger cars with diesel engines

Even though the number of petrol passenger cars is
higher than the number of diesel cars in Skopje, a constant
increasing trend of diesel passenger cars can be observed,
which stands as a serious air pollution problem, since particulate matter emission is the biggest problem with diesel
engines [6].
In spite of the constant emission factors for petrol engines, the calculation of hot PM emission from the passenger cars that use diesel engines is more complex, since the
vehicle speed directly influences the emission of particulate matter. According to the driving characteristics of all
participants in Skopje’s traffic, three speed categories with
three corresponding mile-ages were measured and adopted,
and the results are presented in Table 2. The hot PM emission functions are presented in Table 3.

Public transportation company
Speed [km/h]
Distance covered [km/day]
15
66.3
30
44.2
45
22.1
Private transportation company
Speed [km/h]
Distance covered [km/day]
15
85.9
30
57.3
45
28.7
TABLE 5 - Number of urban buses in Skopje.
EURO emission standard
Pre-EURO
EURO 1
EURO 2
EURO 3
EURO 5

Public transportation
company (buses/minibuses)
13/0
34/0
29/0
0/11
298/16

Private
transportation
company (buses/minibuses)
100/0
-

TABLE 6 - PM emission factors for urban city buses and minibuses

TABLE 2 - Speed categories and corresponding mile-ages for passenger cars in Skopje.
Speed [km/h]
15
35
55

Emission factor1 [g/km] [3]

Distance covered [km/day]
5.21
14.59
5.13

Buses

Minibuses
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EURO
emission
standard
Pre-EURO
EURO 1
EURO 2
EURO 5
EURO 3
EURO 5

EURO Emission factor 1 [g/km] [3]
((a*(b^x))*(x^c))
(a-(b*rxp(((-1)*c)*(x^d))))
((a*(b^x))*(x^c))
(((a*(x^3))+(b*(x^2))+(c*x))+d)
(1/(((c*(x^2))+(b*x))+a))
(((a*(x^3))+(b*(x^2))+(c*x))+d)
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TABLE 7 - Values for calculating the emission factor for city buses and minibuses.

Minibuses

Buses

EURO 3
EURO 5
Pre-Euro
EURO 1
EURO 2
EURO 5

a
1.039815925
-3.05192E-07
17.18303313
0.208818061
2.154894868
-4.77068E-07

b
0.283528708
5.66703E-05
1.005766065
-1.270585142
1.010949363
8.81365E-05

2.3. Hot PM emission from taxi vehicles

On the territory of Skopje, in 2013, there were exactly
2536 taxi vehicles using diesel and LPG, covering daily
distances of around 150 km. Since engines using LPG do
not produce particulate matter emissions, only the taxi vehicles using diesel were calculated. Namely, the diesel vehicles represent only 30% of all of taxi vehicles, or, 760
vehicles are divided evenly in two categories according to
their EURO emission standard: EURO 3 and EURO 4. The
emission factors of the taxi vehicles are the same as the
passenger cars described in section 2.1.2.

c
-0.002074065
-0.003507686
-1.010609638
0.129244417
-0.827310737
-0.005455304

d
0
0.091263477
0
0.824252109
0
0.138985251

e
0
0
0
0
0
0

the number of registered heavy-duty vehicles was divided
into three categories according to their EURO emission
standard and their driving characteristics represented by
speed categories and corresponding mile-ages (Table 8).
The particulate matter emission factors for heavy-duty vehicles are presented in Table 9. Table 10 shows the values
for a, b, c, d, and e, used in the EURO emission factors [2].
TABLE 8 - Speed categories and corresponding mile-ages for heavyduty vehicles in Skopje.
Speed [km/h]
15
30
45

2.4. Hot PM emission from heavy-duty vehicles

In 2013, on the territory of Skopje, there were 13090
registered heavy-duty vehicles operating in and out of the
FYR of Macedonia’s capital city. After conducting interviews with managers from several of the biggest transportation and construction companies, it was concluded that
heavy-duty vehicles cover daily distance of about 60 km.
In the attempt to accurately calculate the PM hot emissions,

Distance covered [km/day]
10
30
20

TABLE 9 - PM emission factors for heavy-duty vehicles.
EURO emission standard
EURO 1
EURO 2
EURO 3

EURO emission factor 1 [g/km] [3]
(a-(b*rxp(((-1)*c)*(x^d))))
(((a*(x^3))+(b*(x^2))+(c*x))+d)
(1/(((c*(x^2))+(b*x))+a))

TABLE 10 - Values for a, b, c, d, and e, used in the EURO emission factors [2].
EURO 1
EURO 2
EURO 3

a
0.017804947
-6.46315E-08
1.209598522

b
-2.488133675
3.69104E-05
0.283628091

c
0.609409887
-0.004360183
-0.001269011

2.5. Hot PM emissions from motorcycles

The calculations were made taking into account several factors that influence the air pollution from urban traffic hot PM emissions. Namely, reduction in the final results
was made in all of the urban transport categories taking into
account vacations, weekends and winter driving conditions. The obtained results are shown in Table 12 divided
by the urban transportation categories.

TABLE 11 - Number of motorcycles and emission factors by category.
Number of registered
motorcycles
2283
1142

e
0
0
0

3. RESULTS AND DISCUSSION

In 2013, 3425 motorcycles were registered in Skopje,
and the calculation is done under the assumption that the category with less than 50 cm3 engine displacement is twice
bigger than the category with more than 50 cm3 (Table 11)
which is justified by less registration expenses for motorcycles under 50 cm3. Also, an assumption has been made that
all motorcycles belong to the EURO 3 emission category.
The EEA guidebook [3] offers constant PM emission factors
which are presented in Table 11, along with the number of
registered motorcycles in 2013 for each category.

Engine displacement [cm3]
< 50
> 50

d
0.460879843
0.276906044
0

Emission
[g/km] [3]
0.018
0.012

factor

4372

TABLE 12 - Obtained results of hot PM emission for 2013.
Transportation category
Passenger cars
City buses
Taxi vehicles
Heavy-duty vehicles
Motorcycles
Total emission

PM emission
[t/year]
391.574
3.432
1.047
8.780
0.3600
405.193

PM emission
[kt/year]
0.3916
0.0034
0.0015
0.0088
0.0001
0.4052
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Due to the oro-graphic and meteorological attributes,
Skopje is exposed to constant episodes of winter smog occurrences [7], which poses as another reason to carefully
study, monitor and regulate every city polluter – whether
stationary or mobile. Another thing that influences and
lowers the presence of particulate matter in the air is the
wind [8], and unfortunately, Skopje lacks constant wind
occurrences. Even though the urban transport is not the biggest threat to Skopje’s air quality, it is surely an analysis of
the results by which we can easily conclude that the biggest
urban transportation air polluter is the passenger cars category, a more than expected fact, since 128,788 passenger
cars were registered in 2013, on the territory of Skopje [9].

[8]

Proias, G. T., Moustris, K. P., Larissi, I. K., Nastos, P. T. and
Paliatsos, A. G. (2012). Ambient PM10 Concentrations and the
Impact of Wind at an Urban Site in Central Greece. Fresenius
Environmental Bulletin: 21(7a), pp. 1935-1941.

[9]

State Statistical Office of the Republic of Macedonia. (2014).
Transport and other services. Downloaded from
http://www.stat.gov.mk/Publikacii/8.4.14.02.pdf

4. FUTURE RECOMMENDATIONS AND
CONCLUSIONS
Since the urban transport stands as a large contributor
to the air pollution on the territory of Skopje, certain steps
and measures have to be taken in order to ensure the air
quality. Fleet renewal and the use of new technologies have
a positive effect on the environment, but they are directly
connected to the purchasing power citizens have. On the
other hand, more rigorous measurement of exhaust emissions performed by the vehicles’ registration offices, constant monitoring of the air quality, and the promotion of
using the city’s bus transport are measures that will have
positive long-term effects on Skopje’s air quality.
The authors have declared no conflict of interest.
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