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SORPTION AND DESORPTION OF Pb2+
AND Cu2+ IN DIFFERENT TUNISIAN SOILS
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ABSTRACT
Sorption and retention are the major processes for the
accumulation of potentially toxic trace elements and its
study is of great importance to understand the fate of
trace elements in soils. Sorption and retention capacities of
five Tunisian soils and the soil mineral influence were
studied by Pb2+ and Cu2+ batch sorption experiments and
scanning electron microscope (SEM) analysis. It has been
shown that sorption and retention of Pb2+ are most influenced by cation exchangeable capacity (CECe), clay contents, Mn oxides and carbonate contents, whereas Cu2+
sorption and retention are most influenced by the total organic carbon (TOC) and carbonate contents. The alkalinity
of the majority of soils due to their carbonate contents lead
to increase of both Pb2+ and Cu2+ precipitation and high
sorption capacity. The sorption irreversibility is higher in
soils of highest alkalinity, TOC, CECe, and clay contents.
The Energy Dispersive Spectrometer (EDS) semi-quantitative analysis performed by SEM demonstrates that calcite
contents decreased when soils were treated with Pb2+ giving rise to a new crystalline phase and mostly amorphous
phases with high Pb2+ fixing capacity. Hematite and calcite
preferentially retain Cu2+.

KEYWORDS: Trace elements, sorption/retention capacity, hysteresis, SEM-EDS, Tunisia.

cumulation of trace elements in the long term affects the
topsoil. Studies of these soils are limited. Sorption and desorption are the most important processes controlling the
trace elements mobility on soil. Trace elements are adsorbed
on the surface of colloidal particles in soils, principally on
hydrous oxides, clays and carbonates [1]. Desorption is the
release of sorbed metal ions from soil.
As described by [2] sorption of Pb2+ and Cu2+ in soils
is affected by specific sorption to various solid phases, precipitation of highly stable compounds and formation of relatively stable complexes with soil components. However,
even researches done have been focused on the understanding of sorption of Pb2+ and Cu2+ in soils, there has been
little research done on their desorption [3]. Sorption and
desorption reactions are often not completely reversible
and this non singularity or hysteresis has been observed to
increase with increased aging of trace elements with soil
constituents [4]. Both hysteresis of Pb2+ and Cu2+ have
been observed in soils and minerals [5]. The processes of
sorption and retention of trace elements taking place in soil
are also critical in understanding and predicting the future
mobility of sorbed metals. Hence, scanning electron microscope (SEM) coupled and energy dispersive spectroscopy
(EDS) has been used for quantitative element analysis in
some trace elements sorption studies [6-8].
The objective of this study is to evaluate and compare
the sorption/retention capacity and hysteresis of Pb2+ and
Cu2+ in five Tunisian soils. SEM/EDS was used to assess
the Pb2+ and Cu2+ distribution.

1. INTRODUCTION
High carbonates and low organic matter contents are
common chemical characteristics of Mediterranean soils,
eventually Tunisian soils. Induced by water scarcity, non
conventional water as treated wastewater is used for irrigation. In spite the standard use of this water is respected, ac* Corresponding author

2. MATERIALS AND METHODS
Five soil surface samples varying widely in their origin
and characteristics were selected for this study. They are
representative of some soil orders from Tunisia. The soils
were classified as Vertic Xerochrepts (INCP1 and INCP2),
Vertic Chromoxerert (VER1 and VER2) and fersialitic
(FRS).
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All samples were air-dried, sifted through 2 mm-mesh
and homogenized prior to soil characterization and sorption and desorption studies. Soil pH was measured with a
glass electrode in 2:1 suspension of water to soil ratio [9].
Soil particle size distribution was determined following the
pipette method according to [10]. Clay mineralogy was determined by powder X-ray diffractometry with a SIEMENS
D-5000 diffractometer with crystalline powder [11]. Total
organic C was determined in a module for solid analysis
(SSM-5000, Shimadzu, Japan) coupled with a TOC analyzerV CSH/CSN Shimadzu apparatus. Effective cation exchange
capacity (CECe) was determined by extraction with 1M
ammonium acetate buffered at pH 7.0 [12]. The concentrations in the extracts were determined by inductively coupled
plasma atomic emission spectrometry (ICP-OES). The carbonate content was determined with a LECO-100 analyzer
connected to a LECO- CN-2000. Oxide contents were extracted with sodium hydrosulfite, sodium bicarbonate and
sodium citrate [13, 14] and the concentration of Fe, Al and
Mn was determined by ICP-OES as previously indicated.
2+

2+

Pb and Cu in soil solution were determined according to the method of [15] by extraction with 0.1M calcium
chloride solution. Available Pb2+ and Cu2+ were extracted
with diethylenetriaminepentaacetate (DTPA) as described
by [16]. Total concentrations of Pb2+ and Cu2+ were determined after extraction with a mixture of concentrated nitric, hydrochloric and hydrofluoric acids (1:3:3, v/v/v) and
placed in a microwave oven [17]. The concentration of the
metals in the extracts was also analyzed by inductively
coupled plasma optical emission spectrometry (ICP-OES)
in a Perkin Elmer Optima 4300 DV instrument.
The occurrence of mineral species was investigated by
means of Powder X-ray diffraction (XRD), using a Zeiss
ULTRA plus field emission scanning electron microscope
(FE-SEM) coupled with an Oxford energy-dispersive Xray (EDX) spectrometer [6, 7]. Table 1 shows the physical
and chemical characteristics of the studied soils.
Sorption isotherm assays for Pb2+ and Cu2+, were performed using the batch equilibrium technique as described
by [18, 19], as modified by [20]. Triplicate suspensions of
3 g soil samples were equilibrated with 50 mL of 0.01 M
NaNO3 (as background electrolyte) solutions containing
0.05, 0.1, 0.2, 0.4, 0.5, 1, 2, 3, 4 and 5 mmol L-1 of Pb2+ or
Cu2+ (as nitrate) in 100 mL polyethylene tubes (preweighed). The solutions were shaken in a rotary shaker for
24 h at 25 ºC. After equilibration, the samples were centrifuged at 4000 rpm for 5 min and the supernatant was filtered
through a Whatman 42 filter paper. The pellets were reserved for using in the desorption stage of the experiment.
Lead and Cu2+ concentrations in the supernatant were measured by ICP-OES as previously indicated. The amount of
Pb2+ and Cu2+ sorbed was calculated as the difference between the initial and final concentration in solution.
Desorption experiments were performed after the sorption experiments. Desorption isotherms were constructed
as described by [21]. Desorption isotherms were con-

structed using the pellets obtained in the sorption experiments. The pellets were dried at 45 °C for 24h, weighed
and resuspended in 100 mL of 0.01 M NaNO3 solution. Solutions were shaken in a rotary shaker for 24 h in polyethylene tubes at 25 °C and then were centrifuged at 4000 rpm
for 5 min. The supernatant was filtered through Whatman
42 paper and analyzed by ICP-OES in a Perkin–Elmer Optima 4300 DV apparatus.
The amounts of each retained metal on the soil sample
were calculated from the difference between the concentrations sorbed in the sorption experiments stage and the concentrations of the metal in solution following desorption
experiments. The capacity of the soil to sorb and retain Pb2+
and Cu2+ was evaluated using Kr parameter as indicated by
[22] and validated in several sorption researches [5, 23].
Therefore, soils sorption and retention capacities were
evaluated as the slope Kr of the regression equation
Cs,i=KrCp,i
where Cs,i is the quantity of sorbed metal i (μmol) per
gram of soil at equilibrium
Cp,i is potentially sorbable metal (μmol g−1 soil) (the
quantity of metal in the solution before contact with the
soil).
Kr is dimensionless and ranges from 0 -for a totally
non-sorbing soil- to 1, for an ideal sorbent that completely
releases metal i from solution [5, 22, 23].
In the same way, the retention capacity was calculated
by means of Kr, in this case the sorbed metal is substituted
by metal retained at equilibrium. A high Kr value indicates
high metal sorption or retention by the soil through chemical reactions, leading to low metal bioavailability. Similarly, a low Kr value indicates that a high metal quantity
remains in the solution [5, 22, 23].
Sorption irreversibility or hysteresis was calculated by
a hysteresis index (HI), defined as the ratio between the Kr
values calculated for retention and sorption [13]:
HI = Kr retention/ Kr sorption
HI is equal to 1 if sorption is completely irreversible,
and 0 if all of the sorbed metal is released.
The results were analyzed statistically using the software SPSS v. 19.0 for Windows. Statistical significance of
differences was determined by variance analysis (ANOVA)
and the least-significant difference (LSD) test. The influence
of soil properties on the metal sorption capacity was determined by bivariate correlation analysis.

3. RESULTS AND DISCUSSION
3.1 Characterization of the studied soils

The studied soils significantly differ in the majority of
their physical and chemical properties (Table 1) which are
expected to affect the sorption and retention of Pb2+ and
Cu2+.
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The two vertisols (VER1 and VER2) and inceptisols
(INCP1 and INCP2) are alkaline, the pH values range from
8.29 to 8.78. Nevertheless, the pH of fersialitic (FRS) is
slightly acidic (6.64, Table 1). The total organic carbon content ranges from 0.76 (FRS) to 3.57 (VER2). Fe, Al and Mn
oxides concentrations greatly differ between soils. In all the
studied soils, Fe oxide contents are the highest except in
INCP2 (Table 1). The effective cationic exchange capacity
(CECe) ranges from 1.45 in INCP1 to 9.44 cmol kg−1 in
FRS. The clay contents are significantly different in all soils
and range between 5% (INCP1) and 60% (FRS). Carbonate
contents are low in FRS (3%) and very high in VER1 (46%).
3.2 Sorption and retention isotherms

Lead and Cu2+ sorption and desorption experiments
were carried out to study the fate of metals on soil samples
with different composition. The sorption and retention isotherms of Pb2+ and Cu2+ onto soil samples are reported in
Figure 1 and 2.
The sorption isotherms of Pb2+ of INCP1 and FRS are
type L and even close to H as described by [24]. It is noted
that at low equilibrium concentration, the concentration of
the cation sorbed is proportional to that present in the solution. For higher concentrations, the Pb2+ isotherm of INCP1
reached a plateau (Figure 1a) indicating a maximum sorption
capacity of the soil since the saturation of sorption sites
happened.
In turn, the Pb2+ isotherms of INCP2, VER1 and VER2
are almost a vertical line, the slope is very high showing
that sorption of Pb2+ increases continuously as the concentration of the solution in the equilibrium does (Figure 1a).
Isotherms with similar shapes were often obtained for alkaline soils [25, 26] indicating an extraordinarily high affinity of Pb2+ for these soils. In turn, retention isotherms of
Pb2+ are similar to the corresponding sorption isotherms
except for INCP1. Eventually, the curve shape of INCP1
has changed for a near y-axis curve (Fig. 1b) showing that
after the desorption stage, the affinity of this soil for Pb2+
is higher than before.

Sorption isotherms of Cu2+ for INCP1, INCP2, VER1
and FRS (Figure 2a) show similar trends than those of Pb2+.
They reach a plateau after the rapid increase as the concentration of the equilibrium solution increases (Figure 2).
These isotherms are type L according to the classification
of [24], indicating a high affinity of Cu2+ for these soils.
The sorption of Cu2+ on these soils is a two-step process
since the isotherms show an initial linear part that indicates
sorption of the metal ions on the external surface followed
by the saturation of sorption sites.
However, the initial linear part for each curve differs
following soil affinities for Cu2+. The slope of this initial
linear part reflects trace element sorption on soils and has
been attributed to surface sites of high sorption affinity [4]
or to sites with high bonding strength with the metal [27].
INCP1 initially sorbed more Cu2+ than FRS and VER1,
which sorbed more Cu2+ than INCP2. In turn, VER2, with
the highest TOC content and oxides exhibits the highest affinity for Cu2+ compared to the other studied soils.
In the same way as those corresponding to sorption,
the retention isotherms of Pb2+ were a vertical line near yaxis for INCP1, INCP2, VER1 and VER2, whereas that for
FRS was H type indicating a high affinity of the soil for the
sorbate (Figure 1b).
Retention isotherm of Cu2+ on FRS is comparable to
type L characterized by a small initial inclination that does
not increase with the concentration of the solute in the solution (Figure 2b). Whereas isotherms of the alkaline soils
(VER1, VER2, INCP1 and INCP2) are comparable to type
C, indicating that Cu2+ is largely retained by these soils.
Two essentials factors are involved on the retention of Cu2+
[28] eventually pH and organic matter. These authors reported that the retention of Cu2+ increased with the increase
of pH, pointed out the important role that organic matter
plays in the retention of Cu2+ and suggested that the copper
was highly retained to organic matter rather than other soil
solids. The retention of Cu2+ on FRS was lowest than that
of VER1, VER2, INCP1 and INCP2 with more TOC and
alkaline pH soil.

TABLE 1 - Characteristics of the soils
INCP1

INCP2

VER1

VER2

FRS

pH (H2O)

8.78a

8.65 a

8.64a

8.29b

6.64c

TOC (%)

0.80d

1.54c

1.89b

3.57a

0.76d

Fe oxides (g kg-1)

3.1c

0.08d

8.4a

8.38a

6.58b

Mn oxides (g kg-1)

0.04c

0.07b

0.12a

0.11a

0.1a

Al oxides (g kg )

0.16d

0.04e

0.59c

1.1a

0.7b

CECe (cmol(+) kg-1)

1.45d

7.88c

8.1b

7.89c

9.44a

Clay (%)

5e

42d

46c

56b

60a

Silt (%)

4d

48a

47a

32b

22c

91 a

10 c

7d

12 c

18 b

-1

Sand (%)

13d
40b
46a
25c
3e
Carbonate contents (%)
TOC: total organic carbon, CECe: effective cation exchange capacity. Values of same parameter followed by different letters in each column differ
significantly with P<0.05
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(a)

(b)

FIGURE 1 - Sorption (a) and retention (b) isotherms of Pb2+.
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(a)

(b)

FIGURE 2 - Sorption (a) and retention (b) isotherms of Cu2+.
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3.3 Sorption and retention capacity

Sorption and retention capacity were estimated using
the parameter Kr defined by [22]. From the values of Kr, a
comparison between soils sorption and retention capacity
can be made. Table 2 shows the values of sorption and retention capacities for Pb2+ and Cu2+.
Except INCP1, the studied soils have a higher sorption
and retention capacities for Pb2+ than for Cu2+. Based on Kr
values, the sorption and retention capacities of Pb2+ for the
soils decreased in the following sequence of INCP2≈
VER2>VER1>FRS>INCP1. Similar selectivity sequences
for sorption and retention of Cu2+ were obtained (VER2>
INCP2> VER1>FRS>INCP1). For both cations, INCP1
exhibited the lowest sorption and retention capacity (Table
2). It seems that low TOC on INCP1 decreased Cu2+ sorption
and retention, ratifying results of some studies [29, 30] (Table 1).

that the INCP1 has relatively higher pH than FRS. This implies that merely a higher soil pH value may not support
greater Cu2+ sorption capacity. In other words, Cu2+ sorption capacity of a soil is likely to be controlled by a combination of soil characteristics as in this case are the clay content, organic matter and CECe.
The correlation analysis carried out between the soil
properties and components of studied soils and their sorption and retention capacities of Pb2+ and Cu2+ (established
by means of Kr) is shown in Table 3. It was found that Pb2+
sorption and retention are high and significantly correlated
with CECe, clay contents, Mn oxides and carbonate contents. The influence of carbonate contents on Pb2+ soil
sorption and retention has been also demonstrated by various authors, who confirmed that this component is the main
soil component, that fix Pb2+.

Kr values for INCP2, VER1, and VER2 are statistically
equal and they show the highest fixation capacity of Pb2+.
In addition of the alkaline pH, the properties of these soils,
such as high contents of clay and high CECe are the origin
of the high Pb2+ sorption observed (Table 1). These soils
also have the highest Mn oxides, total organic carbon and
carbonate contents that favor they fix more Pb2+ than
INCP1 and FRS.

Other soil components such as clays and oxides have
also a strong affinity for Pb2+ [22, 33]. In addition, [34, 35]
have found that Pb2+ reveal an especially strong affinity for
Mn oxides and exhibited the highest affinity for Pb2+ among
the most abundant oxides in soil [36]. For example, sorption
of Pb2+ by Mn oxides has been found to be up to 40 times
greater than that by Fe oxides [37]. On the other hand, Pb2+
bound to clay as inner-sphere complexes and, to a lesser extent, outer-sphere complexes at ion-exchange sites.

It should be noted that INCP1 and FRS have the lowest
TOC and could probably influence the low fixation capacity of Cu2+ as demonstrated by several authors [31, 32].
Even they are the soils with the lowest sorption capacity
for Cu2+, there are significant differences between the Kr
values of these two soils and FRS sorbed and retained more
Cu2+ than INCP1 (Table 2). It should be emphasized here

The sorption of Cu2+ is correlated with the total organic, Mn oxides and the carbonate contents (Table 3).
These results are in line with those of [38]. They indicate
that soil organic matter is the most important component
determining the sorption and mobility of Cu2+ since it can
provide high concentrations of sites for metal sorption [39].
The high degree of affinity shown by organic matter for

TABLE 2 - Sorption and retention capacity of Pb2+ and Cu2+ and hysteresis indices
Pb2+

Cu2+

Hysteresis

Sorption

Retention
Sorption
Retention
R2
Kr
R2
Kr
R2
Kr
R2
Kr
0.480c
0.801
0.481c
0.794
0.631 e
0.987
0.631 e
0.987
INCP1
0.999a
1
0.999a
1
0.928b
0.990
0.928b
0.990
INCP2
0.998a
1
0.998a
1
0.785c
0.995
0.785c
0,995
VER1
0.999a
1
0.999a
1
0.997a
1
0.997a
1
VER2
0.853b
0.996
0.828b
0.995
0.710d
0.968
0.664d
0.953
FRS
Values of same parameter followed by different letters in each column differ significantly with P<0.05.

Pb2+

Cu2+

0.999a
1a
1a
1a
0.971b

1a
1a
1a
1a
0.935b

TABLE 3 - Correlation coefficients between soil characteristics and Kr
CECe
Clay
TOC
Sorption
0.882(**)
0.837(**)
2+
Retention
0.857(**)
0.812(**)
Pb
Sorption
0.522(*)
0.556(*)
0.596(*)
Retention
0.623(*)
Cu2+
0.541(*)
Pb2+
Cu2+
0.679(**)
HI
**The correlation is significant at the level of 0.01. *The correlation is significant at the level of 0.05.

1914

Mn
0.759(**)
0.747(**)
0.488(*)
0.488(*)
-

Carbonate contents
0.599(*)
0.632(*)
0.577(*)
0.575(*)
0.707(**)
0.696(**)
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Cu2+ is caused by the formation of stable Cu–organic complexes particularly inner sphere complexes and often due
to a specific sorption [38].
Summarizing, the organic matter, clay minerals, as
well as Fe and Mn oxides are the most important components determining the sorption of metals in soils [40]. The
organic components form stable metal–organic complexes
with a variety of metals, while clay minerals and oxides
concentrate trace element ions through surface ion exchange and metal-complex surface adsorption. Different
authors [41] have indicated the similar behavior of Pb2+ and
Cu2+ in soils, especially the low mobility particularly in
soils with high clay contents and organic matter.
3.4 Hysteresis

Hysteresis indices are evaluated and depicted on Table 2.
The highest sorption reversibility corresponds to FRS. Despite the high hysteresis indices, FSR reveals the highest
mobility of Pb2+ and Cu2+ compared to the other studied
soils. In addition, and for both cations, the soils with the
highest hysteresis are also those with the highest capacity
for sorption and retention (INCP2, VER1 and VER2).
Hence, similarly to sorption and retention capacity, the
highest hysteresis is related to their characteristics that influence the low mobility such as alkalinity, highest CECe
values and highest TOC and clay contents. Contrariwise,
the lowest hysteresis (Table 2) occurred in the acidic and
sandy soils (Table 1).
The correlation analysis carried out between the soil
characteristics and the hysteresis indices (Table 3) shows
that the hysteresis of Pb2+ and Cu2+ is correlated with the
total organic carbon content (Table 3). This means that the
organic fraction of the soils influences the irreversibility of
the sorption of these two cations. Apart from this component, the carbonate one also correlates with the irreversibility of the sorption of Pb2+ and Cu2+.
3.5 Scanning electron microscope (SEM) and energy dispersive spectroscopy (EDS)

The aim of this part is to determine the mineralogical
characteristics of the soil by X-ray diffraction (XRD) and
the determination of Pb2+ and Cu2+ distribution inside soils

samples by SEM–EDS analysis. It is an alternative for semiquantitative microanalysis of the studied trace elements in
selected soils. This technique was used to provide information on the exact location of Pb2+ and Cu2+ in soil and to
identify the soil constituents to which these metals are associated.
For this propose, the mineral phases that most influence
the metal sorption in soils were mainly focused on, thus clay
minerals, oxides and carbonate particles. In addition, the
measurements were done on samples from the soils with the
highest sorption and retention capacity, i.e. VER2, INCP2
and FRS. Hence, the pellets obtained after desorption experiment at 5 mM concentration for each metal were air-dried and
characterized by scanning electron microscopy (SEM) using
energy dispersive spectroscopy (EDS) analysis. Table 4
shows the results of DRX analysis and typical SEM photographs are shown in Fig. 3, 4 and 5.
The three soils have quartz as principal mineral and
calcite has higher proportions in VER2 and INCP2 than in
FRS (Table 3). The occurrence of cerussite (PbCO3) in
VER2 and INCP2 is explained by the alteration of the crystalline phase of soils [42] since metals have been added
through the sorption solution with acidic pH.
On soil samples of VER2 and INCP2 treated with Pb2+
the content of calcite decreased and new amorphous phases
were formed (Table 4), mainly cerussites (PbCO3) as described on the reaction below, which are responsible for
fixing Pb2+. The cerussite has low solubility and if the content of calcite is high, it can contribute to the sorption and
retention of Pb2+ [43, 44]. This shows as it was previously
discussed in this paper, the close correlation between the
content of calcite in the studied soils and the amount of
Pb2+ sorbed.
CaCO3 + Pb2+ = PbCO3 + Ca2+
Moreover, Figure 3 displays the scanning image of the
distribution of Pb2+ on VER2. Nevertheless, cerussites,
with a high Pb2+ concentration, presented major regions on
calcite (circulated zones).
Figure 4 displays the scanning image of INCP2 contaminated with Pb2+. As observed on VER2, calcite content
has been altered forming cerussite (Table 4). Moreover, in
addition to cerussite, a spherical assembly of iron oxide

TABLE 4 - Mineralogical analysis of soils after desorption stage at 5mM
Ca
Q
Mcl
Ka
Alb
Cer
Ant
Cli
Soil/Mineral
42.58
38
6.35
5.85
3.75
4.03
VER2
40.8
40
5.5
4.9
1.6
2
4.2
VER2+Pb2+
42.8
40.5
9.9
6.8
4.9
2.8
VER2+Cu2+
59.48
8.18
24.43
4.53
1.9
7.15
FRS
55.4
12.4
30.7
1.4
FRS +Pb2+
57.4
10.29
27.5
1.9
FRS +Cu2+
48.58
37.73
4.9
4.33
3.03
INCP2
47.2
38.2
2
3.9
4.4
1.6
INCP2+Pb2+
47.8
37.9
3.4
4.11
3.7
INCP2+Cu2+
-: not detected Q: Quartz; Alb: Albite; Mcl: Microcline; Ka: kaolinite; Ca: Calcite; Cer: Cerussite; Hal: Halloysite; Ant: Anatase; Cli: Clinochlore.
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FIGURE 3 - Cerussite and EDS of amorphous gels Pb-Fe-Al-Si-Mg-Ca on VER2 (Cerussite is in the circled areas).

FIGURE 4‐ Spherical assembly of iron oxide and EDS of FRS.
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FIGURE 5 - Interaction of Cu2+ with hematite and calcite on FRS.

was formed around the calcite (hematite and magnetite),
mixed with aluminosilicates and gels composited with Ca.
The mixture contains about 2.5% of cerussite indicating
that the assembly of this mineral is associated with the
added Pb2+.
In turn to the contamination with Cu2+, Fig. 5 displays
an example of the scanning image of FRS. The areas indicated with arrows presented the altered amorphous minerals of calcite and the iron oxides covering the calcite, such
as hematite. These areas contain between 1.2 to 3.7% of
Cu2+. It should be noted that FRS is one of the soils with
the highest content of Fe oxide. This soil component has
high affinity for Cu2+. As it has been proved by several authors [45], these results seem to indicate that Cu2+ would
be preferentially associated to iron oxides, hematite and in
a smaller way to clay minerals in this soil sample. Moreover, [35] indicated that if oxy(hydr)oxides of Fe are associated with the clay fraction, they will have a high sorption
capacity of Cu2+.

contents, which displayed the greatest extent of metal binding of all the soils. FRS has the least metal sorption and
retention capacities and the least carbonate contents. Scanning electron microscope (SEM) showed that carbonate
contents, mainly calcite, decreased in treated soils. This
fact indicates the formation of new crystalline phases essentially cerussite which was the main component influencing Pb2+ fixation on soil surface. While treatment with
Cu2+ showed that it forms amorphous gels which sink essentially to hematite and calcite.
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4. CONCLUSION
The studied soils varied in their metal sorption and retention capacity. The soils with the highest CECe, clay
contents, Mn oxides and carbonate contents, are those
which have the highest sorption capacity of Pb2+. The sorption and retention of Cu2+ are most influenced by total organic content and Mn oxides. Among all soil properties in
our study, carbonate contents appeared to be the most important parameter in correlating with both Pb2+ and Cu2+
sorption and retention. The range of sorption was illustrated by comparison of VER1, with the greatest carbonate
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ABSTRACT
In this study, the mutagenic and recombinogenic effects of fungicides; cyprodinil and fludioxonil, widely used
in agricultural regions, were investigated using the somatic
mutation and recombination test (SMART) in Drosophila
wings. The viability and proliferation effects also tested on
a human immortalized embryonic kidney HEK293 cells
which is at the early stage of carcinogenesis were also examined with MTT and trypan-blue exclusion assays. For
the SMART assay, two different crosses were used: a
standard (ST) and a high-bioactivation (HB) cross, involving the flare-3 (flr3) and the multiple wing hairs (mwh)
markers. The HB cross involved flies characterized by an
increased cytochrome P-450-dependent bioactivation capacity, which permits the more efficient biotransformation
of promutagens and procarcinogens. In both crosses, the
wings of the two types of progeny, inversion-free marker
heterozygotes and balancer heterozygotes, were analyzed.
The results show that both fungicides were recombinogenic at the tested highest concentration, on the wing cells
of Drosophila. Furthermore, neither fungicide affected the
proliferation rate of the HEK293 cells but both induced cell
death at high concentrations.

KEYWORDS: Drosophila melanogaster; wing spot test; cyprodinil,
fludioxonil; genotoxic effect; cancer proliferation.

1. INTRODUCTION
Fungicides are one of the major pesticide groups that
used to protect fruit, leaf and grain diseases, such as pow* Corresponding author

dery mildew, blight and rust. Furthermore, they are also
used in paints, plastics, and leather against to fungi 1. It
has been estimated millions of kg synthetic fungicides are
used annually worldwide and it is generally accepted that
production and marketing of fruit and vegetables would be
not possible without their use.
In recent years the use of chemicals has increased consumer concern and their use is becoming more restrictive
due to environmental problems, residual toxicity problems,
carcinogenic effects, occurrence of microbial resistance
and high inputs 2.
Cyprodinil (an anilinopyrimidine) is a systemic fungicide used against board range of fungi 3. The biological
mode of action of anilinopyrimidine fungicides includes
inhibition of methionin biosynthesis and secretion of hydrolytic enzymes 3. Fludioxonil (a phenylpyrrole) is a
contact fungicide which is used against Botyritis cinerea
and is able to uncouple oxidative phosphorylation and to
inhibit electron transport in B. cinerea, inducing the formation of reactive oxygen species 4. Both fungicides are
considered as new generated fungicides and they are usually applied together 5,6.
The Drosophila wing SMART assay is fast, reliable,
easy to perform, can detects a wide spectrum of changes,
including point mutations, deletions, mitotic recombinations, chromosomal loss, and nondisjunction and also detects the activity of promutagens, using strains with a high
capacity to transform some carcinogens to their active metabolites 7. The MTT assay, which is simple, accurate,
and yields reproducible results in determining cell viability
and proliferation rates, can be used for this purpose. The
trypan-blue exclusion assay is another test that determines
cell viability and the proliferation rate.
This study was undertaken to determine the genotoxicity and cancer-related proliferative effects of two fungicides, cyprodinil and fludioxonil.
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and twin spots 8,13,14. On the inversion-heterozygous
(mwh/TM3) wings, it was only possible to find mwh single
spots, as the multiple inverted TM3 balancer chromosome
does not carry any other suitable marker mutation.

2. MATERIAL AND METHODS
2.1. Somatic Mutation and Recombination Test (SMART)
2.1.1. Chemicals

Cyprodinil (C14H15O3; CAS No: 121552-61-2, 99.9%
purity) and fludioxonil (C12H6F2N2O2; CAS No: 13134186-1, 99.9% purity), were obtained from Sigma-Aldrich
Chemicals Company. Both fungicides are less soluble in
water, were dissolved in a mixture of 10% ethyl alcohol +
3% Triton X-100. Four different concentrations of each
one of the fungicides were prepared just before use and
were administrated to 72±4 hours-old transheterozygous
larvae. Used concentrations in the SMART assay have been
determined 0,1-10 mM for cyprodinil, and 0,01-2 mM for
fludioxonil. These concentration values include a wide range
which also contains used concentrations in the farmlands.
Distilled water and solvent mixture were used as negative
controls; 1 mM of ethyl methane sulphonate (EMS), an alkylating agent, was used as a positive control.
2.1.2. Strains

The genotoxicity of cyprodinil and fludioxonil, were assessed using two versions of SMART: For the standard cross
(ST), flr3/TM3, BdS virgin females (flr3 (flr3/In(3LR)TM3, ri
pp sep l(3)89Aa bx34e e BdS) were mated to mwh males
and for the high bioactivation cross (HB), NORR/NORR;
flr3/TM3, BdS (flr3/In(3LR)TM3, ri pp sep l(3)89Aa bx34e
e BdS) virgin females were mated to NORR/NORR; mwh
males 7,8,9. NORR stocks were constructed by Pacella
10 similarly as described in Frölich and Würgler 11. For
detailed information on the genetic markers see Lindsley
and Zimm 12.
2.1.3. Experimental procedure

The wing spot test was performed according to Graf et
al. 9 (ST cross) and Graf and van Schaik 7 (HB cross).
Eggs were collected for 8h, and 72 ± 4 h later, the larvae
were floated off with tap water. They were then transferred
to plastic vials (2.6 cm diameter and 12 cm high) containing 4.5 g Drosophila Instant Medium (Formula 4-24, Carolina Biological Supply, Burlington NC, USA) rehydrated
with 9 ml freshly prepared test compounds. The larvae
were allowed to feed on this medium for 48 hours. All the
experiments were performed at 25 ± 1oC and at a 60% relative humidity. The surviving adult flies from both the ST
and HB crosses, were collected from the treatment vials
and stored in 70% ethanol. Their wings were mounted in
Faure’s solution and inspected under 400X magnification
for the presence of clones of cells showing malformed
wing hairs. On marker-heterozygous wings, two types of
spots could be observed: (i) single spots, either mwh and
flr3, which can be produced by somatic point mutation,
chromosome aberration as well as mitotic recombination,
and (ii) twin spots, manifest flr and mwh phenotypes in the
same clone, which are originated exclusively from mitotic
recombination. Three categories of spots were recorded:
small single spots (1-2 cells), large single spots (>2 cells)

2.2. Effects of cyprodinil and fludioxonil on proliferation and
viability of HEK293 cells
2.2.1. Cell line and culture conditions

Human embryonic kidney (HEK293) cells, which were
at the early stage of the carcinogenesis 15, were grown in
a 37oC, in 5% CO2 atmosphere and were routinely maintained in Dulbecco’s Modified Eagle Medium (DMEM) (ingredients: 1g/l D- glucose, L-glutamin, sodium pyruvate)
supplemented with 10% heat inactivated foetal bovine serum (Sigma F9665), 10 units/ml piperacillin (Tazocin, Wyeth, Serial No: 92841, USA) and 25 µg/ml Amphotericin B
(Sigma A2942, USA).
2.2.2. Preparation of fungicides

Cyprodinil and fludioxonil concentrations were determined as 1.5, 15, 150 µM for cyprodinil and 1.8, 18, 180 µM
for fludioxonil. Cyprodinil and fludioxonil were dissolved in
96% ethanol; diluted in DMEM and finally applied to
HEK293 cells. Additionally, HEK293 cells treated with
DMEM and DMEM + Ethanol mixture were used as a control.
2.2.3. Cell proliferation assay

The 3 (4.5 dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide (MTT) and trypan blue exclusion assays
were used to evaluate the effects of cyprodinil and fludioxonil on cell proliferation 16.
We used twenty five thousand cells per well and two
hundred microliter medium per well. HEK293 cells were
seeded and treated with 1.5, 15, 150 µM concentrations for
cyprodinil and 1.8, 18, 180 µM for fludioxonil for 8 days.
After the incubation period, 5 mg/ml MTT in 10 µL
amounts were added to the treated wells. Then, this multiwell plate was incubated in 37oC CO2 incubator for 5 hours.
After the incubation period 130 µL of medium were removed from all the treatment wells. Consequently, wells
were treated with 250 µL DMSO for dissolving blue formazan crystals. After 24 hours, absorbance at 570 nm test
wavelength and 630 nm reference wavelengths were measured and used for the proportion of surviving cells. For the
trypan blue exclusion assay, non-dyed cells were considered alive. Dead and alive cells were counted under the
light microscope and calculated for viability rate 17.
2.3. Statistical Analysis

Evaluation of the genotoxicity of cyprodinil and fludioxonil were based on the comparison of the frequencies of
the different categories of spots per wing in the treatment
groups to the concurrent negative control. The statistical
significance of the results was determined with a multiple
decision procedure that is based on two alternative hypotheses: (1) the mutation frequency in the treated group is not
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higher than the mutation frequency in the appropriate control, and (2) the induced mutation frequency in the treated
group is no less than m times as high as the observed spontaneous mutation frequency in the control group. Frei and
Würgler 18 give details on the statistical procedure. For
the statistical calculations, the conditional binomial test according to Kastenbaum and Bowman 19 was used, with
significance levels ==0.05. For the cell viability test differences between treatments groups were analyzed for variance analyze and concentrations were compared by Duncan Multiple Range Test. For MTT assay viability, range
of DMEM control group was regarded as 100%.

3. RESULTS AND DISCUSSION
The data from the wing spot analysis of the two fungicides are shown in Tables 1 and 2. The trypan-blue exclusion and MTT assay results are shown in Table 3. The Tables 1- 2 present the data obtained for each compound in
both the standard (ST) and high-bioactivation (HB)
crosses. For each cross, the wings of the two types of offspring were scored: those with the inversion-free marker-

heterozygous genotype, and those with balancer heterozygous genotype. The results of the balancer heterozygous
wing spot test were only added the highest concentration
of both fungicides, only the highest concentration was positive (Tables 1 and2). Since, negative or inconclusive results were observed for the other concentrations balancer
heterozygous wings were not evaluated. Eighty wings were
analyzed for each of four concentrations of cyprodinil and
fludioxonil.
In our study both cyprodinil and fludioxonil induced
significant increase in the frequency of mwh spots and total
spots only in the ST cross at the highest concentration.
Some of the chemicals are more reactive than their metabolic transformation products 20,21. Similarly, the lack
of response in the HB cross would indicate that its metabolic transformation would change its genotoxic potential.
There is few data on toxicity of the phenyl pyrrole and
anilinopyrimidine fungicides. In the literature survey, it has
been determined that most fungicides belonging to these
classes were not toxic substances. Pyrimethanil and fenarimol
(an anilinopyrimidine) are the most noticeable fungicides
in this regard. For example, according to the European

TABLE 1 - Results obtained with cyprodinil, in the Drosophila wing spot test
Concentration
(mM)

No. of
wings (N)

Small single
spots
(1-2 cells)
(m=2)

No. of spots (frequencies) / statistical diagnosisa
Large single
Twin spots
Total mwh
spots
(m=5)
spots
(>2 cells)
(m=2)
(m=5)

Total spots
(m=2)

Freq. of clone
formation per
105 cellsb

ST Cross
Marker heterozygous wings
Distilled water
78
24 (0.31)
6 (0.08)
0(0.00)
26 (0.33)
30 (0.37)
1.36
32(0.40)+
273(3.41)+
284(3.55)+
13.98
1 mM EMS
80
163(2.04)+
89(1.11) 
10% ethanol+3%
Triton X-100
72
0 (0.00) i
1.65
23 (0.31)
7 (0.09) 
29(0.40) 
30 (0.41) 
1 (0.01) i
1.12
0.1
80
22 (0.27) 
22 (0.27) 
17 (0.22) 
4 (0.05) 
1 (0.01) i
1.38
0.5
80
27 (0.34) 
27 (0.34) 
25 (0.31) 
1 (0.01) 
2 (0.02) i
1.22
2
80
24 (0.31) 
25 (0.31) 
20 (0.25) 
3 (0.04) 
2 (0.02) i
46 (0.60) +
48 (0.60) +
2.35
10
80
42 (0.52) 
4 (0.05) 
Balancer heterozygous wings
Distilled water
42
7 (0.16)
0 (0.00)
7 (0.16)
7 (0.16)
0.68
1 mM EMS
80
63(0.79)+
29(0.36)+
85(1.06)+
92(1.15)+
4.35
10% ethanol+3%
Triton X-100
80
0 (0.00) i
0.51
10 (0.12) 
10 (0.12) 
10 (0.12) 
c
0.1
80
11 (0.14) i
0 (0.00) i
11 (0.08) i
11 (0.08) i
0.56
0.40
0.5
80
0 (0.00) i
8 (0.12) 
8 (0.10) 
8 (0.12) 
2
80
11 (0.14) i
0 (0.00) i
11 (0.14) i
11 (0.14) i
0.56
10
80
13 (0.16) i
2 (0.02) i
15 (0.19) i
15 (0.19) i
0.76
HB Cross
Marker heterozygous wings
Distilled water
80
39 (0.49)
12 (0.15)
8 (0.10)
58 (0.72)
59 (0.72)
2.97
112(1.40)+
119(1.49)+
5.73
1 mM EMS
80
81 (1.01)+
30 (0.37)+
8 (0.10) 
10% ethanol+3%
Triton X-100
80
3.32
51 (0.64) 
12 (0.15) 
3 (0.04) 
65 (0.81) 
66 (0.82) 
2.76
0.1
80
1 (0.01) 
54 (0.74) 
55 (0.69) 
47 (0.59) 
7 (0.09) 
1.84
0.5
80
0 (0.01) 
36 (0.60) 
37 (0.46) 
28 (0.35) 
9 (0.11) 
2.20
2
80
1 (0.01) 
43 (0.75) 
44 (0.55) 
35 (0.44) 
8 (0.10) 
2.61
10
80
0 (0.00) 
51 (0.64) 
51 (0.64) 
45 (0.56) 
6 (0.07) 
a: Statistical diagnoses according to Frei and Würgler [18]: +: positive, i: inconclusive, : negative, m: multiplication factor, probability levels: α=β=0.05
b:Clone frequencies/fly divided by the number of cell examined/fly (24.400) gives an estimate of formation frequency per cell and per cell division in
chronic exposure experiment (Frei and Würgler [18]); c: Balancer chromosome TM3 does not carry the flr3 mutation
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TABLE 2 - Results obtained with fludioxonil, in the Drosophila wing spot test
Concentration
(mM)

No. of
wings (N)

ST Cross
Marker heterozygous wings
Distilled water
78
1 mM EMS
80
10% ethanol+3%
Triton X-100
72
0.01
80
0.05
80
0.5
80
2
80
Balancer heterozygous wings
Distilled water
42
1 mM EMS
80
10% ethanol+3%
Triton X-100
80
0.01
80
0.05
80
0.5
80
2
80

Small single
spots
(1-2 cells)
(m=2)

No. of spots (frequencies) / statistical diagnosisa
Large single
Twin spots
Total mwh
spots
(m=5)
spots
(>2 cells)
(m=2)
(m=5)

Total spots
(m=2)

Freq. of clone
formation per
105 cellsb

24 (0.31)
163(2.04)+

6 (0.08)
89(1.11) 

0(0.00)
32(0.40)+

26 (0.33)
273(3.41)+

30 (0.37)
284(3.55)+

0.87
13.98

23 (0.31) 
25 (0.31) 
18 (0.22) 
18 (0.22) 
42 (0.52) +

7 (0.09) 
3 (0.04) 
4 (0.05) 
2 (0.02) 
4 (0.05) 

0 (0.00) i
0 (0.00) i
0 (0.00) i
1 (0.01) i
1 (0.01) i

29(0.40) 
27 (0.23) 
22 (0.27) 
21 (0.26) 
47 (0.59) +

30 (0.41) 
28 (0.35) 
22 (0.27) 
21 (0.26) 
47 (0.59) +

1.65
1.38
1.12
1.07
2.40

7 (0.16)
63(0.79)+

0 (0.00)
29(0.36)+

7 (0.16)
85(1.06)+

7 (0.16)
92(1.15)+

0.68
4.35

10 (0.12) 
12 (0.15) i
15 (0.19) i
10 (0.12) 
15 (0.19) i

0 (0.00) 
0 (0.00) i
3 (0.04) i
2 (0.02) i
2 (0.02) i

10 (0.12) 
12 (0.15) i
18 (0.22) i
12 (0.15) i
17 (0.21) i

10 (0.12) 
12 (0.15) i
18 (0.22) i
12 (0.15) i
17 (0.21) i

0.51
0.61
0.92
0.61
0.87

c

HB Cross
Marker heterozygous wings
Distilled water
80
39 (0.49)
12 (0.15)
8 (0.10)
58 (0.72)
59 (0.74)
2.97
112(1.40)+
119(1.49)+
5.73
1 mM EMS
80
81 (1.01)+
30 (0.37)+
8 (0.10) 
10% ethanol+3%
Triton X-100
80
3.32
51 (0.64) 
12 (0.15) 
3 (0.04) 
65 (0.81) 
66 (0.82) 
2.61
0.01
80
0 (0.00) 
51 (0.74) 
51 (0.74) 
48 (0.60) 
3 (0.04) 
2.35
0.05
80
1 (0.01) 
46 (0.57) 
46 (0.57) 
38 (0.47) 
7 (0.09) 
2.76
0.5
80
0 (0.00) 
54 (0.67) 
58 (0.72) 
47 (0.59) 
11(0.14) 
2.97
2
80
2 (0.02) 
58 (0.72) 
58 (0.72) 
53 (0.66) 
3 (0.04) 
a: Statistical diagnoses according to Frei and Würgler [18]: +: positive, i: inconclusive, : negative, m: multiplication factor, probability levels: α=β=0.05
b:Clone frequencies/fly divided by the number of cell examined/fly (24.400) gives an estimate of formation frequency per cell and per cell division in
chronic exposure experiment (Frei and Würgler [18]); c: Balancer chromosome TM3 does not carry the flr3 mutation

TABLE 3 - Effects of fungicides on the viability of HEK293 cells.
Fungicides

Concentration (µM)

Cyprodinil

1.5
15
150
1.8
18
180

Fludioxonil

Trypane Blue Assay
Viability (%)
88
84
66
63
71
60

Food Safety Authority, although available studies show no
evidence of mutagenic, genotoxic or carcinogenic potential
of pyrimethanil, an increase in liver weight accompanied
by histopatological changes in liver and thyroid have been
observed in short-term toxicity studies in rats and mice
22. Furthermore, there are some findings on toxicity of
the other widely used fungicide fenarimol. This fungicide
has been suggested to be an aromatase inhibitor and therefore can affect estrogen/androgen levels in vivo in rodents,
delaying neurodevelopment 23, and can be cytotoxic
24. Castro et al. 25 have also suggested that fenarimol,

MTT assay
Viability (%)
94.54
90.8
31.27
95.19
94.38
22.9

is considered non or weakly genotoxic. However, its available toxicological data are controversial and incomplete.
On the web site of the Environmental Protection
Agency (EPA) 26, it is stated that cyprodinil appears to
pose relatively little human toxicity risk due to low use
rate, low risk to groundwater, low dietary risk and low
worker exposure 26. Therefore, results of the mutagenicity studies with cyprodinil included gene mutation assays
in bacterial and mammalian cells (Salmonella typhimurium, Escherichia coli, and Chinese hamster lung V79
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cells), a mouse micronucleus assay and in vivo unscheduled
DNA synthesis (UDS) assays, were negative in all studies,
with or without metabolic activation. It is also stated that Cyprodinil is a non teratogenic substance. EPA 26 suggested
that these results indicate that cyprodinil is unlikely to initiate cancer or cause heritable genetic defects. Also it has
not been determined that any carcinogenic effect of Cyprodinil up to 2000 ppm in male mice and rats and 5000 ppm
in females, using chronic toxicity /carcinogenicity tests 26.
However some side effects of cyprodinil, such as an incidence of focal and multifocal hyperplasia of the exocrine
pancreas in male mice, decrease in body weight of female
rabbits and decrease in the pup weights of mice have been
reported EPA 26. Also cyprodinil is a potential endocrine
disrupter and cellular physiological disrupter 27. Cytotoxicity of the mixture of cyprodinil and fludioxonil was compared using cell impedance assays. In this mixture, fludioxonil followed by cyprodinil appeared as the most toxic pesticides on HepG2-hPXR 28.
Fungicides, sprayed on the soil and washed off the
leaves, may end up in surface waters and presents potential
risks for aquatic flora. Alterations of the species composition of an aquatic community as a result of toxic stress may
affect the structure and the functioning of the whole ecosystem 29. It has been evaluated that procymidone, fludioxonil and pyrimethanil toxicity on non-target aquatic
plant, duckweed, Lemna minor and on algae Scenedesmus
acutus. Among the fungicides pyrimethanil has been found
the most toxic on L. minor. Nominal IC50 were found 46.16
mg L-1 for pyrimethanil and >100 mg L-1 for fludioxonil
and procymidone. In contrast, pyrimethanil has been appeared the least toxic for S. acutus at low concentration.
Nominal IC50 have been found 22.81, 4.85 and 4.55 mg L1
for pyrimethanil, fludioxonil and procymidone respectively. As a result the researchers suggested that the fungicides inhibited growth of two aquatic plants, thereby showing a potential toxicity against non-target species 29.
However, Frankart et al. 4 state that procymidone, pyrimethanil and fludioxonil seem to have no marked effects
on duckweed even at very high concentrations (50mg.L-1).
Cyprodinil also do not affect the stream macro invertebrate
drift at sublethal concentrations 30.
In conclusion, our results show that both fungicides,
cyprodinil and fludioxonil, were recombinogenic at higher
concentrations, 10 mM and 2 mM, respectively. The lack
of response in the HB cross would indicate that its metabolic transformation would change its genotoxic potential.
Furthermore, most of the data on toxicity show that these
fungicides have no or low toxicity. On the other part of this
study, neither fungicide affected the proliferation rate of
the HEK293 cells but both induced cell death at high concentrations in our study. But these effects can be change,
depending on the dose.
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INFLUENCE OF WEAK MAGNETIC FIELD ON HEAVY
METAL CATIONS REMOVAL BY ZERO VALENT IRON
Chao Wang, Zhongjin Xiao, Lei Wang and Junlian Qiao*
State Key Laboratory of Pollution Control and Resources Reuse,
College of Environmental Science and Engineering, Tongji University, Shanghai, PR China

ABSTRACT
Weak magnetic field (WMF) was proposed to enhance
heavy metals sequestration by ZVI in this study. The WMF
influence on the kinetics of Cu(II) removal by ZVI was investigated at pH 4.0 as functions of initial Cu(II) concentrations and Fe(0) dosages. The removal efficiencies of
various heavy metals including Cu(II), Zn(II), Ni(II),
Cd(II), Pb(II), Co(II), by ZVI at pH 5.0-7.0 with or without
WMF were also determined. The results showed that WMF
significantly enhanced Cu(II) sequestration by ZVI at different ZVI dosages and the reaction could be accelerated
by over 10-fold to achieve over 95% Cu(II) removal efficiency at various Fe(0) dosages due to WMF. The Cu(II)
removal efficiencies were improved from 85%, 12% to
96%, 98%, respectively at pH 5.0 and pH 6.0. WMF caused
a more markedly drop in ORP and more rapid generation
of Fe(II), which resulted in dramatically accelerated sequestration rate of Cu(II) by ZVI. The disappearance rate
of Cu(II) by ZVI reduced markedly with increasing initial
Cu(II) concentration without WMF but the removal rates
of Cu(II) were similar at different initial Cu(II) concentrations with WMF. The removal efficiencies of heavy metals
by ZVI at pH 5.0-7.0 follow this order: Cu(II) > Pb(II) >
Zn(II) > Ni(II) > Cd(II) ≈ Co(II) without WMF. Coupling
ZVI with WMF was only efficient for Cu(II) and Pb(II) removal but not for Zn(II), Ni(II), Cd(II), and Co(II), indicating the outstanding advantage of WMF in improving ZVI
reactivity. Employing WMF to enhance contaminants removal by ZVI is considered to be a promising technique in
future water treatment since it does not need extra energy
input and costly reagents.

KEYWORDS: Weak magnetic field; Zero valent iron; Heavy metal
cations; Corrosion

ties, mining operations, and tanneries.[1] Heavy metals are
not biodegradable and tend to accumulate in living organisms, which cause various diseases and disorders.[2] Copper, in trace level, is essential for living organism, but its
excessive intake would result in detrimental health effects,
thus, copper is reported to be among the priority pollutants
when groundwater-associated runoff problems are addressed.[3] Therefore, it is imperative to remove Cu(II) and
other heavy metal cations from wastewaters prior to discharge to the environment.
The currently technologies for heavy metals treatment
include chemical precipitation, membrane filtration, ion
exchange, adsorption and coagulation-flocculation [4-7].
However, all of these methods have some demerits. ZVI is
recognized to be a readily available, cost effective, moderately strong reducing agent and thus it has been widely employed in groundwater remediation and wastewater treatment. Thermodynamically reduction of Cu(II) to Cu(0) is
favorable as indicated by the positive value for the potential, E0 in eq 1, which indicating ZVI could be used as a
reducing agent in Cu(II) contamination treatment:
Fe C →
E0=0.777 V
(1)
Recently, it was reported that the introduction of an inhomogeneous weak magnetic field (WMF) (Bmax < 20 mT)
could significantly enhance Se(IV) removal by both pristine
ZVI and aged ZVI [8, 9] and greatly improve As(V) and
As(III) sequestration by ZVI at pHini 3.0-9.0 [10]. However,
the influence of WMF on removing metal cations by ZVI
has never been investigated. Therefore, WMF was proposed
to improve heavy metals (including Cu(II), Zn(II), Cd(II),
Pb(II), Ni(II), Co(II)) removal by ZVI in this study. The objectives of this study were to 1) explore the feasibility of enhancing Cu(II) sequestration by ZVI as functions of different
initial Cu(II) concentrations and Fe(0) dosages; 2) probe the
feasibility of improving Cu(II), Zn(II), Cd(II), Pb(II), Ni(II),
Co(II) by ZVI over the pH range of 5.0-7.0.

1. INTRODUCTION
2. MATERIALS AND METHODS

Heavy metal contamination exists in aqueous waste
streams of many industries, including metal plating facili-

2.1 Materials.

* Corresponding author

All chemicals were of analytical grade and used without further purification. Deionized (DI) water from a Milli-
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Q water system was used throughout this work. The stock
solutions were prepared by dissolving the corresponding
salts with DI water. The ZVI particles were supplied by Sinopharm Chemical Reagent Co., Ltd with D50 of 40.0 m.
All the other chemicals used, if not otherwise specified,
were provided by Shanghai Qiangshun Chemical Reagent
Company.
2.2. Batch experiments and chemical analysis

Kinetic experiments of Cu(II) removal by ZVI were
initiated by adding 1.0 g ZVI particles into a 1000 mL beaker
containing 50.0 mg L-1 Cu(II), 0.01 M NaCl and 0.1 M sodium acetate buffer (pH = 4.0). The experiments were performed at 25±1 oC and open to the air if not otherwise specified. Two neodymium-iron-boron permanent magnets were
used to generate the external inhomogeneous magnetic field
and the maximum magnetic field intensity beneath the reactor was determined to be around 20 mT. During reaction, a
mechanical stirrer (D2004W, Shanghai Sile Instrument Co.,
Ltd) was used to mix the solution at 480 rpm, which mitigated the aggregation of the ZVI induced by WMF (same
stirring intensity was used in tests without WMF). To investigate the influence of WMF on various heavy metal
cations removal by ZVI over the pH range of 5.0-7.0, the
experiments were triggered by adding 1.0 g L-1 Fe(0) to 1000
mL beaker containing 50.0 mg L-1 heavy metal cations and
0.01 M NaCl. 0.1 M sodium acetate, 0.1 M 2-(N-morpholino)
ethane-sulfonic acid (MES) and 0.2 M tris(hydroxymethyl)aminomethane (TRIS) were used as buffers to control
experiments conducted at pH 5.0, 6.0 and 7.0 ( ± 0.1). All
experiments were run in duplicates, and all points in the figures are the mean of the results.
Aliquots of 5 mL suspension were periodically sampled and filtered by a 0.22 μm pore diameter membrane.
The filtrate was then acidified with one drop of 65% HNO3
before subject to analyses of residual heavy metal cations
with Perkin Elmer Optima 5300 DV ICP-OES and Fe(II)
concentration with ferrozine method on a TU-1901
UV/visible spectrophotometer at a wavelength of 510 nm
[11]. The variation of Oxidation Reduction Potential (ORP)
was monitored throughout the reaction with an ORP sensor
connected to a PHS-3C pH meter.

3. RESULTS AND DISCUSSION
3.1 WMF effect on Cu(II) removal by ZVI at different Fe(0) dosages

Figure 1 shows the kinetics of Cu(II) removal, corresponding variation of solution ORP and Fe(II) concentration at pH 4.0 at different ZVI dosages. Without the presence of WMF, Cu(II) removal by ZVI generally increased
with increasing ZVI dosage. When 0.5 g L-1 Fe(0) was added,
only 46% of Cu(II) was removed at the end of 4 h. As the
Fe(0) dosage was increased to 1.0-2.0 g L-1, ~90% of Cu(II)
could be sequestered at the end of 4 h, however, when the
dosage of Fe(0) was further increased to 5.0 g L-1, it took
only 2 h to achieve 100% Cu(II) removal.

The application of WMF significantly enhanced Cu(II)
removal by ZVI at various ZVI dosages. When ZVI dosage
was 0.5 g L-1, 100% Cu(II) could be removed in 1 h with
the presence of WMF. When Fe(0) dosage was increased
to 1.0, 2.0, and 5.0 g L-1, the reaction durations necessary
to achieve ~100% Cu(II) removal were shortened to 30 min,
20 min and 10 min, respectively. With the application of
WMF, the reaction could be shortened by over 10-fold to
achieve over 95% Cu(II) removal efficiency at various
Fe(0) dosages, indicating the outstanding advantage of
WMF in improving ZVI reactivity toward Cu(II) removal
and thus provided a new potential option to remove contaminants from wastewater more effectively.
A close comparison of the solution ORP variation determined and Fe(II) generation during the reaction demonstrated that ORP variation and Fe(II) accumulation curves
generally coincided with those of the Cu(II) sequestration.
The sequestration of Cu(II) by ZVI is considered to be a
heterogeneous process which involves the oxidation and
dissolution of iron accompanied by the reduction of Cu(II)
and the release of Fe(II), which can be represented by Eq.
(2). ZVI will also react with the dissolved oxygen, which
can be represented by Eq. (3).
Fe
2Fe

C

→
2

(2)
→2

2

(3)

Therefore, the drop in ORP at different ZVI dosages
when ZVI was added could be ascribe to the quick generation of Fe(II) and rapid consumption of dissolved oxygen
by ZVI, since the ORP in this system mainly corresponded
with the Fe(II)/Fe(III), Cu(II)/Cu(0) and O2/OH- couples.
In the absence of WMF, the ORP dropped progressively
from 150-300 mV to 0-150 mV within 60 min, however,
ORP fell down sharply from 150-300 mV to -300~-350 mV
within 60 min with WMF. Obviously, the sharper drop in
ORP with WMF compared to the case without WMF corresponded with a greater rate of Cu(II) removal. Moreover,
the accumulation of Fe(II) with WMF appeared earlier
compared to the case without WMF when the dosage of
ZVI increased from 0.5 g L-1 to 5.0 g L-1. In summary, the
introduction of WMF cause more dramatic drop in ORP
and more rapid generate of Fe(II), which resulted in markedly accelerated corrosion of ZVI and sequestration rate of
Cu(II) by ZVI.
3.2 WMF effect on Cu(II) removal by ZVI at different initial Cu(II)
concentrations

Figure 2 depicts the influence of WMF on the sequestration of Cu(II) by ZVI at different initial Cu(II) concentrations at pH 4.0, the corresponding variation of ORP and
Fe(II) accumulation with and without WMF during the reaction. The sequestration rate of Cu(II) by ZVI decreased
markedly with increasing initial Cu(II) concentration without WMF. In the absence of WMF, it took 180 min to obtain ~99% Cu(II) removal efficiency when initial Cu(II)
concentration was 25.0 mg L-1 while ~99% , 46%, 33% in
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240 min, respectively, at initial Cu(II) concentration of
50.0, 100.0 and 200.0 mg/L. The superimposed WMF significantly enhanced Cu(II) removal at various initial Cu(II)
concentrations. About 95% of Cu(II) could be removed in
30 min and Cu(II) could be completely removed in 60 min
in the presence of WMF, independent on the initial Cu(II)
concentration.
In the absence of WMF, the ORP dropped progressively from 180-280 mV to 120-160 mV within 60 min
while ORP decreased sharply to around -300 mV when the
initial Cu(II) concentration was 25.0-50.0 mg L-1 and -600
and -100 mV, respectively, when the initial Cu(II) concentrations were 100.0 and 200.0 mg L-1 in the presence of

WMF. Moreover, the introduction of WMF significantly
accelerated the generation of Fe(II). The accelerated sequestration of Cu(II) induced by WMF was in accordance
with the more rapid ORP decrease and the greater generation rate of Fe(II), independent on the initial Cu(II) concentration, indicating that the significantly influence of WMF
on Cu(II) sequestration was closely associated with its influence on ORP and Fe(II) accumulation.
3.3 WMF effects on heavy metals removal at pH 5.0-7.0

The removal efficiencies of various heavy metals, including Cu(II), Zn(II), Ni(II), Cd(II), Pb(II), Co(II), by ZVI
at pH 5.0-7.0 with or without WMF are presented in Fig. 3.
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FIGURE 1 - Time courses of Cu2+ removal, variation of solution ORP and Fe2+ accumulation with and without WMF at different ZVI dosages.
All data from stirred, open batch reactors. Reaction conditions: [Cu2+]0 = 50.0 mg/L, Fe0 = 0.5-5.0 g/L, pH = 4.0, T = 25 oC.
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FIGURE 2 - Time courses of Cu removal, variation of solution ORP and Fe generation with and without WMF at different initial Cu2+
concentrations. All data from stirred, open batch reactors. Reaction conditions: [Cu2+]0 = 25.0-200.0 mg/L, Fe0 = 1.0 g/L, pH = 4.0, T = 25 oC.

Generally, the removal efficiencies of heavy metals by
ZVI follow this order: Cu(II) > Pb(II) > Zn(II) > Ni(II) >
Cd(II) ≈ Co(II).
With the absence of WMF, the removal efficiencies of
Cu(II) were 85%, 12%, respectively, at pH 5.0 and 6.0. After WMF was applied, the removal rates of Cu(II) were increased to 96% and 98%, respectively, at pH 5.0 and 6.0,
which should be associated with the enhanced ZVI corrosion rate in the presence of WMF. At pH 7.0, 100% Cu(II)
was removed with or without WMF, which should be due
to the precipitation of Cu(II) at this pH level. The removal
of Pb(II) by ZVI was minor at pH 5.0-6.0 without WMF

but 94% Pb(II) was removed at pH 7.0, ascribed to the precipitation of Pb(II). The superimposed WMF had negligible
influence on Pb(II) at pH 7.0 but it remarkably enhanced the
removal efficiencies of Pb(II) to 41% and 95%, respectively,
at pH 5.0 and 6.0. The removal of Zn(II), Ni(II), Cd(II), and
Co(II) by ZVI even in the presence of WMF was not effective over the pH range of 5.0 to 7.0 and the maximum removal efficiencies for Zn(II), Ni(II), Cd(II), and Co(II) observed were 77%, 37%, 23% and 19%, respectively, at pH
6.0. Therefore, the most significant WMF effect was observed at pH 6.0 for removing these heavy metals by ZVI.
Coupling ZVI with WMF was only efficient for Cu(II) and
Pb(II) removal but not for Zn(II), Ni(II), Cd(II), and Co(II).
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FIGURE 3 - Influence of WMF on various heavy metals removal by ZVI at pH 6.0. Reaction conditions: initial concentration of heavy metal:
50.0 mg/L, pH = 6.0, Fe0 = 1.0 g/L, reaction time = 6 h.
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cies and 4 subspecies of hydrophilids within two subfamilies have been recorded from Turkey [11].

ABSTRACT
Based on investigations conducted in 2012 and 2013,
a total of 64 species belonging to the families Chrysomelidae, Hydrophilidae, and Helophoridae (Coleoptera) were
recorded from Burdur province located in the southern part
of Turkey. Among the species 46 are (about 72% of whole
collected taxa) firstly reported from the study region. A
chorotype classification is presented for all species. Data
regarding material examined of each species are also given
together with a “remarks” section for some of them, referring more additional information.

KEYWORDS: Chrysomelidae,
chorotype, fauna, Turkey

Hydrophilidae,

Helophoridae is another important family of Hydrophiloidea classified into a single genus, Helophorus Fabricius, 1775. The genus includes about 200 species all over
the world and the generality of species (more than 150 species) occur in the Palearctic region. Turkish Helophoridae
fauna involves 48 species and 2 subspecies [11].
The aim of the present study is to add new contributions to the insect fauna knowledge of Burdur province
which is actually poorly known, especially in terms of
aquatic beetles.

Helophoridae,

2. MATERIAL AND METHODS
2.1 Study site

1. INTRODUCTION
Chrysomelidae, the leaf beetles, is a highly diverse
group of phytophagous insects comprising about 40.000
described species in all zoogeographical regions of the
world [1-3]. In Turkey there are at least 800 leaf beetle species (excluding Bruchinae) as provided with some recent
systematic studies [4, 5]. The Alticini, or flea beetles, constitutes the largest leaf beetle tribe [6] and based on the recent publications mentioned above, is now represented
with 343 species in Turkey [7].
Hydrophilidae, water scavenger beetles, represents the
largest group of the superfamily Hydrophiloidea including
about 172 genera and 2900 species in all over the world [810]. Only two subfamilies; Hydrophilinae and Sphaeridiinae
inhabit in the Palearctic region. Hitherto; 19 genera, 95 spe* Corresponding author

The study is based on Chrysomelidae, Hydrophilidae
and Helophoridae material gathered during 2012 and 2013
from various habitats in Burdur and adjacent areas. Burdur
has an average altitude of 1025 m and is situated in the
western Mediterranean region of Turkey, and in the central
part of the “Lakes Region” (Figure 1). Burdur is one of the
most important wetland areas of Turkey because it includes
a series of lakes of different sizes. In addition to the terrestrial habitats, the region presents opportunities because of
having many water sources including lakes, shallow and
stagnant waters, slow running waters and moist habitats
near water sources.
2.2 Sampling method

Samplings were performed monthly from May to September in both study years. Totally, 10 samplings (five in
2012, and five in 2013) were conducted in 11 different localities (including Burdur and its districts) presenting various aquatic and terrestrial habitats between the altitudes
ranging from 722-1332 m a.s.l.
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FIGURE 1 - Map of the study area showing the sampled localities

Aquatic beetle specimens were collected by using a
sieve, ladle or net with a diameter of 1-2 mm pore, from
shallow and stagnant waters, from the edge of waters, under the decomposing organic matter, and from the bottom
parts of emergent plants. Chrysomelids were collected
throughout the growing seasons from various plants by using sweep-net. All samples were killed by ethyl acetate or
70% alcohol solution (for aquatic beetles), and taken to the
laboratory for further analysis and dissection. The genitalia
were dissected out under a stereo microscope and exposed
in 10% KOH or NaOH solutions for 1-2 hours, if necessary.
The specimens were identified to species level using
the taxonomic keys and figures given by Čıžek and Doguet
[12], Warchalowski [13], Konstantinov [14] for chrysomelids; Gentili and Chiesa [15], Angus [16, 17, 18], Schödl
[19, 20] for aquatic beetles. Taglianti et al. [21] Löbl and
Smetana [2, 22] were used for the zoogeographical characterization and chorotype classification of the species.
Voucher specimens are deposited at the Biology Department of Süleyman Demirel University, Isparta.

3. RESULTS
As a result of this study performed in Burdur province,
totally 64 species of beetles belonging to 3 families, 3 subfamilies, and 15 genera have been recorded. These species
are listed below along with their updated world and Turkey
distributions. A “remarks” section is provided for some

species referring its morphology, habitat preference, abundance or distribution. The asterisk before listed species indicates its first report from Burdur region.
Hydrophilidae Latreille, 1802
Hydrophilinae Latreille, 1802
Helochares Mulsant, 1844
*Helochares lividus (Forster, 1771)
Material examined: Kemer, 1074 m, 05.VII.2012,
2♂♂, 3♀♀; Bucak, 973 m, 21.V.2013, 2♂♂; Ağlasun, 874
m, 11.08.2013, 1♂, 3♀♀.
Chorotype: Europeo-Mediterranean
Remarks: Head, pronotum and elytra reddish yellow;
apical segment of maxillar palpi darker than other two segments. Specimens live in polluted waters including human
waste.
*Helochares obscurus (Müller, 1776)
Material examined: Tefenni, 1332 m, 05.VII.2012,
6♂♂; Ağlasun, 1053 m, 21.V.2013, 3♂♂, 1♀; 874 m,
11.08.2013, 1♂, 1♀.
Chorotype: Sibero-European
Remarks: Upper surface of body brownish yellow; terminal segment of antennae shorter, not as long as wide.
Adults inhabit fresh and rich vegetated waters.
*Helochares punctatus Sharp, 1869
Material examined: Kemer, 1093 m, 05.VII.2012,
4♂♂, 1♀; Ağlasun, 874 m, 11.VIII.2013, 4♂♂, 3♀♀.
Chorotype: European
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Remarks: Dorsal surface of body reddish brown; elytra
sometimes accompanied with disordered longitudinal rows
of small black spots; terminal segment of antennae twice
as long as wide. The members of the species mainly prefer
stagnant waters.
Laccobius Erichson, 1837
Laccobius gracilis Motschulsky, 1855
Material examined: Tefenni, 1351 m, 05.VII.2012,
5♂♂; Çavdır, 1027 m, 10.IX.2012, 3♂♂, 4♀♀; Ağlasun,
874 m, 11.VIII.2013, 1♂, 4♀♀; Yeşilova, 1164 m,
28.V.2013, 3♂♂, 7♀♀.
Chorotype: Turano-Europeo-Mediterranean
Remarks: It is the characteristic species of subgenus
Microlaccobius. The species is distinguished with regular
serial punctures of elytra. They prefer shallow edges of
lakes and small deposits of rainwater as habitats.
*Laccobius obscuratus orchymonti Gentili, 1976
Material examined: Bucak, 860 m, 09.V.2012, 2♂♂,
1♀ ; Tefenni, 1351 m, 05.VII.2012, 5♂♂, 1♀; Çavdır,
1027 m, 10.IX.2012, 1♂, 4♀♀; Yeşilova, 1164 m,
28.V.2013, 6♂♂; 8♀♀, Karamanlı, 1060 m, 27.VI.2013,
3♂♂; 5♀♀; Ağlasun, 874 m, 11.VIII.2013, 1♂, 3♀♀.
Chorotype: SW-Asiatic
Remarks: Head, pronotum and scutellum dark, sometimes with green reflections; last three segment of antennae
and apical segment of maxillar palpi darker than other segments. Species live in muddy transition zones between water and land.
*Laccobius scutellaris Motschulsky, 1855
Material examined: Tefenni, 1332 m, 05.VII.2012,
4♂♂, 4♀♀; Yeşilova, 1164 m, 28.V.2013, 2♂♂, 2♀♀;
Ağlasun, 874 m, 11.VIII.2013, 1♂, 1♀.
Chorotype: Turano-Mediterranean
Remarks: Head and pronotum with bronze reflections;
serial punctures of elytra irregular. Adults live inside moss
and mud in the slow running waters with intensive eutrophication.
Laccobius syriacus Guillebeau, 1896
Material examined: Bucak, 860 m, 09.V.2012, 5♂♂,
1♀; Tefenni, 1332 m, 05.VII.2012, 1♂, 3♀♀; Çavdır, 1027
m, 10.IX.2012, 3♂♂, 4♀♀; Ağlasun, 874 m, 11.VIII.2013,
4♂♂, 4♀♀.
Chorotype: Turano-Mediterranean
Remarks: Head and pronotum dark; pronotum with a
typical dark pattern; elytra with irregular serial punctures.
Specimens live in muddy habitats.
Hydrobius Leach, 1815
*Hydrobius fuscipes (Linnaeus, 1758)
Material examined: Ağlasun, 1053 m, 21.V.2013,
4♂♂, 4♀♀.
Chorotype: Asiatic-European
Remarks: Body surface completely black; maxillar
palpi dark brown except for apical segment. Adults live in
poorly vegetated waterbodies.

Enochrus Thomson, 1859
*Enochrus bicolor (Fabricius, 1792)
Material examined: Tefenni, 1351 m, 05.VII.2012,
3♂♂; Ağlasun, 874 m, 11.VIII.2013, 5♂♂, 3♀♀.
Chorotype: Palearctic
Remarks: Dorsal surface of body reddish brown; maxillar palpi reddish yellow; pronotum with 4 small black
spots. Adults inhabit in well vegetated waters.
*Enochrus fuscipennis (Thomson, 1884)
Material examined: Burdur, 858 m, 23.V.2012, 6♂♂,
4♀♀; Bucak, 973 m, 21.V.2013, 2♂♂, 1♀; Ağlasun, 874
m, 11.VIII.2013, 3♂♂, 3♀♀.
Chorotype: Centralasiatic-European
Remarks: Pronotum reddish brown with a large median spot; maxillar palpi and antennae yellow except the
last three segments of antennae. The members of the species mainly prefer well vegetated fresh waters, and shallow
waters including high decomposing matter.
*Enochrus halophilus (Bedel, 1878)
Material examined: Kemer, 1074 m, 05.VII.2012,
5♂♂, 3♀♀; Ağlasun, 1053 m, 21.V.2013, 1♂; Yeşilova,
1164 m, 28.V.2013, 2♂♂, 2♀♀.
Chorotype: European
Remarks: Pronotum with a brown median spot in middle; maxillar palpi reddish yellow. Specimens prefer shallow waters and edges of salt marshes containing much leaf
residue.
Sphaeridiinae Latreille, 1802
Coelostoma Brullé, 1835
*Coelostoma orbiculare (Fabricius, 1775)
Material examined: Tefenni, 1332 m, 05.VII.2012,
2♂♂, 1♀; Ağlasun, 874 m, 11.VIII.2013, 3♂♂, 4♀♀.
Chorotype: Palearctic
Remarks: Body considerably convex and black. The
members of the species mainly prefer well vegetated shallow waters and the edges with decaying organic matter.
Helophoridae Leach, 1815
Helophorus Fabricius, 1775
*Helophorus aquaticus (Linnaeus, 1758)
Material examined: Burdur, 858 m, 23.V.2012, 11♂♂,
5♀♀; Ağlasun, 1053 m, 21.V.2013, 3♂♂, 3♀♀.
Chorotype: Sibero-European
Remarks: Body generally dark colored with green and
bronze reflections on patches. There is quite variation in
the size of aedeagophore and shape of parameres among
the specimens.
*Helophorus brevipalpis Bedel, 1881
Material examined: Çeltikçi, 861 m, 09.V.2012, 3♂♂,
2♀♀; Burdur, 858 m, 23.V.2012, 14♂♂; 18♀♀; Gölhisar,
992 m, 06.VI.2012, 3♂♂; 3♀♀; Ağlasun, 1053 m,
21.V.2013, 4♂♂, 6♀♀; Yeşilova, 1164 m, 28.V.2013,
6♂♂, 8♀♀.
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Chorotype: Sibero-European
Remarks: Pronotum with green, bronze and red reflections; elytra pale yellow with black spots towards to apex.
Individuals show considerable variation in the color of pronotum and in the shape of genital structures. The members
of the species mainly prefer edges of the small and stagnant
waters. It is the most common Helophorus species sampled
in the study area.
*Helophorus daedalus d’Orchymont, 1932
Material examined: Ağlasun, 896 m, 09.V.2012, 4♂♂;
Tefenni, 1332 m, 05.VII.2012, 3♂♂, 3♀♀; Bucak, 973 m,
21.V.2013, 1♂, 1♀.
Chorotype: SW-Asiatic
Remarks: The species can be easily recognized from
others by its rather small body. Head, pronotum and elytra
completely dark brown; pronotum sometimes with red,
green, or bronze reflections; the apex of elytra distinctly
yellowish. Specimens live in open areas and clean waters
where vegetation is relatively dense.
*Helophorus flavipes Fabricius, 1792
Material examined: Bucak, 860 m, 09.V.2012, 2♂♂,
2♀♀; Çeltikçi, 980 m, 23.V.2012, 5♂♂, 3♀♀; Karamanlı,
1138 m, 06.VI.2012, 1♂; Ağlasun, 1053 m, 21.V.2013,
1♀.
Chorotype: European
Remarks: Head, pronotum and elytra dark brown; pronotum with green and bronze reflections. The species
mainly prefer edges of the small and stagnant waters.
*Helophorus grandis (Illiger, 1798)
Material examined: Çeltikçi, 861 m, 09.V.2012, 3♂♂,
2♀♀; Bucak, 860 m, 09.V.2012, 5♀♀; Ağlasun, 1053 m,
21.V.2013, 12♂♂, 9♀♀; Bucak, 973 m, 21.V.2013, 4♂♂.
Chorotype: Europeo-Mediterranean
Remarks: The species is easily distinguished by its
characteristics last fixed abdominal sternite. This study
represents the third locality record for this species in Turkey.
*Helophorus hilaris Sharp, 1916
Material examined: Çeltikçi, 861 m, 09.V.2012, 2♂♂,
2♀♀; Ağlasun, 1053 m, 21.V.2013, 3♂♂.
Chorotype: Turano-European
Remarks: Body dark brown; pronotum with bronze reflections. The species is easily recognizable by its characteristic aedeagophore. Specimens live in open water areas.
*Helophorus liguricus Angus, 1970
Material examined: Ağlasun, 1053 m, 21.V.2013,
4♂♂, 3♀♀.
Chorotype: European
Remarks: Body generally light colored with green and
bronze reflections. The species is similar to H. grandis, but
easily separated with the teeth of seventh abdominal
sternite. Adults are found in shallow and clean waters. Burdur is the third locality record for this species in Turkey.

*Helophorus montenegrinus Kuwert, 1885
Material examined: Burdur, 858 m, 23.V.2012, 2♂♂,
2♀♀; Bucak, 973 m, 21.V.2013, 3♂♂.
Chorotype: European
Remarks: Body dark brown (similar but darker than
brevipalpis) with a mottled elytra. Pronotal grooves are
typical with green or bronze reflections.
*Helophorus syriacus Kuwert, 1885
Material examined: Çeltikçi, 861 m, 09.V.2012, 3♂♂,
2♀♀; Ağlasun, 1053 m, 21.V.2013, 4♂♂.
Chorotype: SW-Asiatic
Remarks: Dorsal surface of body pale yellow accompanied with bronze and green reflections on pronotum. Individuals generally prefer little puddles located in high altitudes.
Chrysomelidae Latreille, 1802
Galerucinae Latreille, 1802
Alticini (Newman, 1834)
Phyllotreta Chevrolat, 1837
*Phyllotreta atra (Fabricius, 1775)
Material examined: Burdur, 850 m, 23.V.2012, 5♂♂,
4♀♀.
Chorotype: Palearctic
Phyllotreta corrugata Reiche and Saulcy, 1858
Material examined: Altınyayla, 1271 m, 07.VI.2013,
5♂♂, 7♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
*Phyllotreta erysimi Weise, 1900
Material examined: Tefenni, 1300 m, 05.VII.2012,
7♂♂, 4♀♀; Altınyayla, 1271 m, 07.VI.2013, 2♂♂, 4♀♀.
Chorotype: Centralasiatic-Mediterranean
*Phyllotreta fornuseki Cizek, 2003
Material examined: Ağlasun, 896 m, 11.VIII.2013,
4♂♂, 2♀♀.
Chorotype: European
Remarks: This is a recently described flea beetle from
Moravia and Slovakia. Its record from Turkey by Aslan
and Gök [23] was the first announce outside the type localities. This is the second locality record of this species in
Turkey after Isparta [4].
*Phyllotreta maculicornis Pic, 1906
Material examined: Ağlasun, 1051 m, 09.V.2012,
3♂♂, 2♀♀.
Chorotype: SW-Asiatic
Remarks: The species is extending its distribution area
towards western parts of Turkey.
*Phyllotreta nigripes (Fabricius, 1775)
Material examined: Ağlasun, 1051 m, 09.V.2012,
4♂♂, 9♀♀; Tefenni, 1187 m, 05.VII.2012, 6♂♂, 10♀♀;
Karamanlı, 1138 m, 05.VII.2012, 4♂♂, 4♀♀.
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Chorotype: Centralasiatic-Europeo-Mediterranean
*Phyllotreta variipennis (Boieldieu, 1859)
Material examined: Burdur, 850 m, 23.V.2012, 4♂♂,
5♀♀; Çavdır, 1178 m, 10.IX.2012, 3♂♂, 4♀♀; Ağlasun,
896 m, 11.VIII.2013, 7♂♂, 3♀♀.
Chorotype: Turano-Mediterranean
*Phyllotreta vittula (Redtenbacher, 1849)
Material examined: Tefenni, 1187 m, 05.VII.2012,
7♂♂, 8♀♀.
Chorotype: Asiatic-European + Nearctic
Aphthona Chevrolat, 1836
*Aphthona pygmaea (Kutschera, 1861)
Material examined: Tefenni, 1300 m, 05.VII.2012,
4♂♂, 2♀♀; Çavdır, 1178 m, 10.IX.2012, 3♂♂.
Chorotype: European + Mediterraneo-Sindian
Longitarsus Latreille, 1829
*Longitarsus aeneicollis (Faldermann, 1837)
Material examined: Tefenni, 1300 m, 05.VII.2012,
3♂♂, 1♀; Çavdır, 1178 m, 10.IX.2012, 3♂♂, 1♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
Longitarsus ballotae (Marsham, 1802)
Material examined: Gölhisar, 1002 m, 06.VI.2012,
6♂♂, 5♀♀; Altınyayla, 1271 m, 07.VI.2013, 4♂♂, 4♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
*Longitarsus karlheinzi Warchalowski, 1972
Material examined: Tefenni, 1187 m, 05.VII.2012,
2♂♂, 3♀♀.
Chorotype: SW-Asiatic
Remarks: This study represents the third locality report
for this species in Turkey [4].
*Longitarsus longipennis Kutschera, 1863
Material examined: Ağlasun, 1051 m, 09.V.2012,
2♂♂, 2♀♀; Bucak, 722 m, 21.V.2013, 6♂♂, 3♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
Longitarsus luridus (Scopoli, 1763)
Material examined: Gölhisar, 1002 m, 06.VI.2012,
4♂♂, 3♀♀; Yeşilova, 1168 m, 28.V.2013, 7♂♂, 9♀♀.
Chorotype: Sibero-European + Nearctic
Longitarsus nigrofasciatus (Goeze, 1777)
Material examined: Ağlasun, 1051 m, 09.V.2012,
2♂♂, 2♀♀; Gölhisar, 1002 m, 06.VI.2012, 5♂♂, 3♀♀;
Çavdır, 1178 m, 10.IX.2012, 1♂, 4♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
Longitarsus obliteratus (Rosenhauer 1847)
Material examined: Gölhisar, 1002 m, 06.VI.2012,
7♂♂, 8♀♀; Çavdır, 1178 m, 10.IX.2012, 4♂♂.
Chorotype: Sibero-European

Longitarsus ochroleucus (Marsham, 1802)
Material examined: Bucak, 722 m, 21.V.2013, 1♂,
4♀♀; Yeşilova, 1168 m, 28.V.2013, 2♂♂, 3♀♀;
Altınyayla, 1271 m, 07.VI.2013, 2♂♂, 2♀♀.
Chorotype: West-Palearctic
Longitarsus parvulus (Paykull 1799)
Material examined: Gölhisar, 1002 m, 06.VI.2012,
2♂♂, 2♀♀; Çavdır, 1178 m, 10.IX.2012, 3♂♂, 4♀♀; Karamanlı, 1208 m, 27.VI.2013, 1♂; 4♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
Longitarsus picicollis Weise, 1900
Material examined: Gölhisar, 1002 m, 06.VI.2012,
3♂♂, 1♀.
Chorotype: Centralasiatic-European
*Longitarsus reichei (Allard, 1860)
Material examined: Bucak, 722 m, 21.V.2013, 5♂♂,
2♀♀.
Chorotype: European
Remarks: This is the third locality report for this species in Turkey after Antalya and Erzurum [4].
*Longitarsus succineus (Foudras, 1860)
Material examined: Tefenni, 1300 m, 05.VII.2012,
8♂♂, 13♀♀; Yeşilova, 1168 m, 28.V.2013, 3♂♂, 7♀♀;
Karamanlı, 1208 m, 27.VI.2013, 7♂♂; 9♀♀.
Chorotype: Holarctic
Altica Müller, 1764
*Altica ancyrensis (Weise, 1897)
Material examined: Altınyayla, 1271 m, 07.VI.2013,
1♂, 2♀♀.
Chorotype: SW-Asiatic
Altica oleracea (Linnaeus, 1758)
Material examined: Karamanlı, 1138 m, 05.VII.2012,
2♂♂, 1♀; Bucak, 722 m, 21.V.2013, 2♂♂, 3♀♀.
Chorotype: Sibero-European
Chaetocnema Stephens, 1831
*Chaetocnema arenaceae (Allard, 1860)
Material examined: Tefenni, 1187 m, 05.VII.2012,
3♂♂, 3♀♀; Yeşilova, 1168 m, 28.V.2013, 1♂, 4♀♀.
Chorotype: Europeo-Mediterranean
*Chaetocnema breviuscula (Faldermann, 1837)
Material examined: Yeşilova, 1168 m, 28.V.2013,
3♂♂, 6♀♀.
Chorotype: Asiatic- European
*Chaetocnema concinna (Marsham, 1802)
Material examined: Ağlasun, 896 m, 11.VIII.2013,
3♂♂, 3♀♀.
Chorotype: Holoarctic
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Material examined: Burdur, 850 m, 23.V.2012, 3♂♂,
1♀; Ağlasun, 896 m, 11.VIII.2013, 4♂♂.
Chorotype: Afrotropico-Mediterranean + Centralasiatic-European
*Chaetocnema coyei (Allard, 1863)
Material examined: Burdur, 850 m, 23.V.2012, 5♂♂,
7♀♀; Tefenni, 1187 m, 05.VII.2012, 6♂♂; Bucak, 722 m,
21.V.2013, 5♂♂, 5♀♀; Altınyayla, 1271 m, 07.VI.2013,
1♂, 1♀; Ağlasun, 896 m, 11.VIII.2013, 3♂♂, 4♀♀.
Chorotype: Centralasiatic-European
Remarks: It is a common species in Burdur province
showing some color variations, and is especially found in
moist meadows.
Chaetocnema hortensis (Geoffroy, 1785)
Material examined: Tefenni, 1187 m, 05.VII.2012,
4♂♂, 7♀♀.
Chorotype: Palearctic
Chaetocnema major (Jacquelin Duval, 1852)
Material examined: Burdur, 850 m, 23.V.2012, 4♂♂,
5♀♀; Karamanlı, 1138 m, 05.VII.2012, 2♂♂, 1♀;
Ağlasun, 896 m, 11.VIII.2013, 3♂♂, 2♀♀.
Chorotype: Asiatic- European
Remarks: The species is sampled from the habitats
near lake sides.
Chaetocnema scheffleri (Kutschera, 1864)
Material examined: Bucak, 722 m, 21.V.2013, 4♂♂,
3♀♀.
Chorotype: Turano-Europeo-Mediterranean
Chaetocnema tibialis (Illiger, 1807)
Material examined: Ağlasun, 1051 m, 09.V.2012,
8♂♂, 12♀♀; Burdur, 850 m, 23.V.2012, 6♂♂, 9♀♀; Karamanlı, 1138 m, 05.VII.2012, 4♂♂, 7♀♀; 27.VI.2013,
1208 m, 3♂♂; 5♀♀; Bucak, 722 m, 21.V.2013, 6♂♂,
8♀♀; Altınyayla, 1271 m, 07.VI.2013, 10♂♂, 4♀♀;
Ağlasun, 896 m, 11.VIII.2013, 9♂♂, 5♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
Remarks: This is the most abundant species recorded
from study region.
Dibolia Latreille, 1829
Dibolia rugulosa Redtenbacher, 1849
Material examined: Burdur, 850 m, 23.V.2012, 2♂♂,
4♀♀.
Chorotype: Turano-European
Psylliodes Berthold, 1827
Psylliodes chalcomera (Illiger, 1807)
Material examined: Burdur, 850 m, 23.V.2012, 2♂♂,
2♀♀; Bucak, 722 m, 21.V.2013, 3♂♂, 4♀♀.
Chorotype: Holarctic
*Psylliodes circumdata (Redtenbacher, 1842)

Material examined: Yeşilova, 1168 m, 28.V.2013,
4♂♂, 4♀♀.
Chorotype: Turano-Europeo-Mediterranean
*Psylliodes cuprea (Koch, 1803)
Material examined: Burdur, 850 m, 23.V.2012, 7♂♂,
11♀♀; Karamanlı, 1138 m, 05.VII.2012, 3♂♂, 3♀♀;
Bucak, 722 m, 21.V.2013, 4♂♂, 6♀♀.
Chorotype: Palearctic
Remarks: The specimens were collected from areas
dominated by various Brassicaceae.
Psylliodes instabilis Foudras, 1860
Material examined: Burdur, 850 m, 23.V.2012, 4♀♀;
Çavdır, 1178 m, 10.IX.2012, 5♂♂, 2♀♀; Yeşilova, 1168
m, 28.V.2013, 6♂♂, 5♀♀.
Chorotype: Europeo-Mediterranean
*Psylliodes isatidis Heikertinger, 1912
Material examined: Bucak, 722 m, 21.V.2013, 2♂♂,
3♀♀; Ağlasun, 896 m, 11.VIII.2013, 6♂♂, 8♀♀.
Chorotype: Sibero-European
*Psylliodes ozisiki Leonardi et Arnold, 1995
Material examined: Gölhisar, 1002 m, 06.VI.2012,
1♂, 3♀♀.
Chorotype: SW-Asiatic
Remarks: This is the second locality record for this
species in Turkey after Erzurum [4].
*Psylliodes tricolor Weise, 1888
Material examined: Burdur, 850 m, 23.V.2012, 1♂;
Yeşilova, 1168 m, 28.V.2013, 2♂♂, 2♀♀.
Chorotype: Centralasiatic-Europeo-Mediterranean
*Psylliodes vindobonensis Heikertinger, 1914
Material examined: Bucak, 722 m, 21.V.2013, 1♂, 1♀.
Chorotype: European
Remarks: This study represents the second locality
record for this species in Turkey after Konya [4].
Crepidodera Chevrolat, 1837
*Crepidodera aurata (Marsham, 1802)
Material examined: Ağlasun, 1051 m, 09.V.2012, 1♂,
2♀♀; Bucak, 722 m, 21.V.2013, 2♂♂, 3♀♀.
Chorotype: Palearctic
Podagrica Chevrolat,1836
*Podagrica malvae (Illiger, 1807)
Material examined: Burdur, 850 m, 23.V.2012, 2♂♂,
8♀♀; Ağlasun, 896 m, 11.VIII.2013, 3♂♂, 3♀♀.
Chorotype: Asiatic-European

4. DISCUSSION
Consequently; 43 species belonging to the family
Chrysomelidae (from the tribe Alticini), 12 species from Hy-
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FIGURE 2 - Chorotype classification according to the number of beetles recorded

drophilidae, and 9 species from Helophoridae were determined from the study area based on field surveys. Burdur is
a rather poorly studied region with regards to chrysomelids
and aquatic beetles. There are some Alticini records from
Burdur in the study of Gök and Aslan [24] which is based
on flea beetles associated with moist habitats in Isparta and
Burdur provinces. For the other two aquatic families, there
have been no detailed studies conducted in this region. Our
results also support this; among the listed chrysomelids 27
species are firstly reported from Burdur province. As for the
aquatic beetles, whole helophorids and hydrophilids except
the two Laccobius species (gracilis and syriacus), are first
records for aquatic beetle fauna of Burdur.

Here, 46 out of 64 mentioned beetles are firstly added to
the insect fauna of Burdur as a part of ongoing studies.

Totally, 16 chorotypes were presented; 10 different
chorotypes were listed for aquatic beetles including the hydrophilids and helophorids, and all the 16 for chrysomelids.
Classification of chorotypes follows as suggested by Taglianti et al. [21], except the two chorotypes identified for
two chrysomelid species: European + Mediterraneo-Sindian for Aphthona pygmaea (Kutschera) and AfrotropicoMediterranean + Centralasiatic-European for Chaetocnema conducta (Motschulsky). Among the listed chorotypes; Centralasiatic-Europeo-Mediterranean (9 species),
European (8 species), Sibero-European (7 species), SWAsiatic (7 species), Palearctic (6 species), and Asiatic-European (5 species) are predominate on the number of species with a percentage of about 65% among all others (Figure 2).
The present study provides a preliminary step to form
an inventory for Burdur province where there is a big lack
of faunistic investigations in terms of many insect groups.
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ABSTRACT
The soil near a mine tailing was effectively remedied
by electrokinetic method with different electrode materials
(graphite, stainless steel, titanium plate), and the variations
in removal efficiency and soil pH with treatment time were
determined. The removal efficiency of cadmium reached a
maximum of 63.16% when using a voltage gradient of 1
V/cm and a treatment time 48 h with the graphite electrode.
When using a stainless steel electrode, cadmium removal
efficiency was >43.46%, and 39.82% of total Cd could be
removed with a titanium plate electrode. The improved removal efficiency was attributed to the more active sites for
transfer of electrons provided by the graphite electrode,
compared to the stainless steel and titanium plate electrode.
KEYWORDS:
Electrokinetic remediation; electrode material; Cd; soil

1. INTRODUCTION
Soil pollution becomes more and more serious in recent years [1-4], and the risk of heavy metal poisoning via
consumption of food grown on contaminated soil has increased [5, 6]. Soil contaminated by heavy metals has become evident recently in Shaoguan city of Guangdong
province in China, along with the development of industry.
Cadmium is one of the common contaminant metals in soil
near mine tailings, which results in harm to human health
and the environment [7].
Over the past few decades, electrokinetic (EK) remediation was tested to be one of the most effective in situ or ex situ
soil decontamination methods. Numerous investigations have
shown its success in the degradation of soil contaminants
* Corresponding author

and the removal of heavy metals [8-10]. During EK remediation processing, electrode reactions take place on its surface, generating protons (H+) and hydroxyl (OH−) ions at
anode and cathode, respectively. The concentration of
these ions near the electrodes creates an acid front that
moves from anode to cathode, and a basic front that moves
from cathode to anode. [11, 12]. At the same time, the generation of OH- at the cathode leads to the precipitation of
heavy metals, and this is called the “focusing effect” [13].
This is the main barrier to EK remediation of heavy metalcontaminated soil [14, 15].
Many studies have been performed to control the soil
pH value and to enhance the capability of EK remediation
for metal removal, including the addition of strong complexing agents, such as EDTA (ethylene diamine tetraacetic acid)
into soil [16] and using of ion exchange membranes (IEM)
to control pH value and zeta potential [17]. These modified
techniques were complicated, and the additional chemicals
or devices resulted in secondary contamination [18, 19].
To enhance the EK remediation, many factors should
be considered. First of all, it is important to select a good
electrode material to increase the active sites because the
electrode directly interacts with the soil to carry heavy metals out into the pore solution. Therefore, the electrode material is related to the efficiency of EK remediation. In this
work, the effects of 3 different electrode materials on the
removal of cadmium-contaminated soil near a mine tailing
(Shaoguan, China) by EK remediation were studied in detail, with the purpose of improving the efficiency of EK
remediation.
2. MATERIALS AND METHODS
2.1. Soil preparation

Soil samples were collected near a mine tailing in
Shaoguan, China. The measured concentration of Cd was
97.412 mg/kg for the collected soil samples. Soil moisture
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content was approx. 9.1%, and initial soil pH was 6.51. The
electrical conductivity (EC) of the soil was 63.2 us/cm. For
each electrokinetic test, approx. 1 kg of dry soil sample was
loaded into the electrokinetic cell, and distilled water was
used as electrolysis solution.
2.2. Electrokinetic cell

EK remediation experiments were carried out in a rectangular translucent Plexiglas test cell with the following
dimensions: length = 26.0 cm, width = 10.0 cm, and height
= 10.0 cm, as depicted in Fig. 1. The soil was filled into the
cell up to a length of 20 cm. A constant voltage of 20 V (1 V
cm-1) was applied with a DC power source. Filter paper and
an O-ring were used between the electrode chambers and
the soil cell to avoid leakage. Both the anode and the cathode were graphite electrodes inserted into each electrode
chamber and connected with a DC power unit. Electrodes
with a surface area of 54 cm2 (3x9x2 cm) covered the whole
soil cross-section to provide electric current evenly. The
electrode chambers were filled with distilled water, which
was cycled by pumps to avoid concentration gradients
within the compartments.

The pH value of the soil was measured in 5 different
sections by a pH-meter (soil/water = 1/2.5). Samples were
air-dried and passed through a 100-mesh screen (mesh size
0.149 mm), and then digested with HF-HNO3-HClO4 for
determination of heavy metal concentration. An inductively coupled plasma-optical emission spectroscopy unit
(ICP-OES, Agilent) was used to determine the concentration of total Cd. The pH value and Cd concentration were
measured for 2 samples from each section, and 2 standard
soil samples (i.e., soil with a controlled concentration of
heavy metals) were analyzed for quality control. The EK
remediation experiments were repeated three times.

3. RESULTS AND DISCUSSION
3.1 Soil characteristics

The main physico-chemical characterization parameters
of the experimented soil (oil pH, texture, organic carbon, cation exchange capacity) are shown in Table 1. The soil was
composed of several kinds of minerals but 3 MgO4SiO2H2O
(formula 3.0 H2MgO7Si) was predominant and accounted
for 58.5% of the total mineral content. The tested soil of
the coastal plain displayed a sandy texture which, according to the USDA classification system, can be attributed to
silt loam. The soil was slightly alkaline (typical of Southern China). The mineralogy analysis by X-ray diffraction
(Fig. 2) indicated the presence of kaolinite clay (85%),
mica (14%), and quartz (1%).
TABLE 1 - Composition and properties of the experimental soil specimens.
Property
Texture(%)
Sand
Slit
Clay
Minerals (%)
Chlorite
Mica
Smectite
Kaolinite
Pinguite
Feldspar
Picrite
Initial pH
Cation exchange capacity (cmol.kg-1)
Total organic carbon (g.kg-1)
Moisture content (m%)
conductivity (us.cm-1)

FIGURE 1 - Schematicdiagramoftheelectrokineticlaboratoryapparatus (unit: cm).
2.3 Construction of polarization curves

Different electrode materials were analyzed by polarization curves with the purpose of choosing those appropriate to be used in EKR. All electrochemical measurements
were performed with a PGSTAT-30 workstation (Autolab,
Eco Echemie B.V. Company) in a 3-electrode electrochemical cell (working electrodes: graphite, stainless steel,
titanium plate), a large platinum net was used as counter
electrode, and a Hg/Hg2Cl2 electrode was used as reference
electrode. Their potentials were the values with respect to
this reference, evaluating the oxidation process at 298 K.
2.4. Methodology

The soil sample was divided into 5 sections within the
cell, named S1–S5 from anode to cathode. Different electrode materials were used as anodes or cathodes and, at the
same time, the solution was refilled. Analysis was carried
out in the same way.

Value
19.3
62.4
18.3
58.5
12.0
4.4
3.6
2.7
15.1
3.7
6.5
15.3
10.9
9.1
63.2

The low cation exchange capacity (about15.3 cmol.kg-1,
due to low organic matter and clay contents) suggests that
the Cd ions were not highly sorbed onto the soil particles,
and hydroxyl ions generated at the cathode migrated faster
into the soil [20].
3.2 Polarization curves

The current in the polarization curves represents the
electrode reaction rate. In general, the current is governed
by the rates of the following processes: (1) mass transfer,
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FIGURE 2 -Typical X-ray diffraction spectrum of an air-dried soil sample (D8 advance, Bruker, German).
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FIGURE 3 - Polarization curves of different electrode materials graphite, stainless steel and titanium plate in 0.1 M NaOH solution (scan rate:
2 mV/s).

(2) electron transfer at the electrode surface, (3) chemical
reactions preceding or following electron transfer, such as
protonation or dimerization reactions, and (4) other surface
reactions, such as adsorption or electrode deposition [21].
Polarization curves attributed to the oxidation process
were obtained for each electrode material (Fig. 3). The graphite showed the highest current density after applying 1.5 V,
which means that this material had more active sites for transfer of electrons, A possible explanation of this phenomenon is
that it is due to the hydroxyl radicals generated during the electrolysis on the electrode surface and the second one of stainless steel, whereas the current density of the Ti electrode
was the lowest, due to its low reactivity [11].

3.3 Current changes during the experiments

The electric current is an indication of the amount of ion
electro-migration. The changes in the electric current during
the treatments are shown in Fig. 4. During the EK remediation with the graphite electrode, much more current passed
through the system than that with a stainless steel or a titanium plate electrode, and the current intensity fluctuated periodically. Current density of the EK remediation with the
graphite electrode started at 4.63 mA/cm2, and then, it increased up to a maximum value of 6.27 mA/cm2. After reaching the maximum value, the current density decreased, then
increased again to 6.95 mA/cm2 at time of 26 h, due to precipitate re-dissolving, thus providing more ions for current
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FIGURE 4 -Variations of electric current intensity profile for the EK remediation with different electrode materials (graphite, stainless steel,
titanium plate).
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FIGURE 5 -Soil pH profile for the EK remediation with different electrode materials (graphite, stainless steel, titanium plate).

transport. Finally, the current density decreased and
reached a value of 6.2 mA/cm2 after 48 h of EK remediation. The maximum values of the current density for the
EK remediation with stainless steel and titanium plate were
4.72 and 2.12 mA/cm2, respectively. They were both lower
than the current density with the graphite electrode, attributed to the low reactivity of the stainless steel and titanium plate electrode material. In addition, the resistance in
the interface between electrodes and electrolyte might in-

crease due to concentration polarization and water dissociation [22].
3.4 pH variation

A low pH value in soil is necessary when most heavy
metals should be removed by EK remediation [23]. Figure
5 shows the pH variations in the soil profiles during EK
remediation with different electrodes. The soil pH was 6.51
before EK remediation treatment, and that close to the an-
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ode was 4.78 after EK remediation with the graphite electrode; it was significantly lower than that of other soil parts.
It can be seen that pH values in the soil bed dropped faster
with the graphite electrode than with the stainless steel or
titanium plate electrode. Therefore, Cdmigration capability
was enhanced with the graphite electrode under lower pH
conditions.
3.5. Total Cd concentration variation

The changes of total Cd concentration in the soil bed
during EK remediation are displayed in Figs. 6 and 7. C/Co
is represented for the proportion of Cd concentration after

EK remediation and before EK remediation. The concentration of Cd was 487.06 mg/kg before EK remediation,
then, Cd was removed from sections near the anode and
accumulated near the cathode. After remediation for 48 h,
the average concentration of Cd for S1-S5 region was 179.4
mg/kg with the graphite electrode, compared to 275.4 and
293.1 mg/kg with stainless steel and titanium plate electrode.
Consequently, 63.16% of total Cd was removed with the
graphite electrode, in contrast to 43.46 and 39.82% with
stainless steel and titanium plate electrode, respectively.
Therefore, the removal efficiency was enhanced with the
graphite electrode, showing a great improvement of electro-

Graphite
Steel
Ti

350

C(mg/Kg)

300
250
200
150
100
50
0
S1

S2

S3

S4

S5

Soil section
2+

FIGURE 6 -Cd concentration in soil after EK remediation with different electrode materials (graphite, stainless steel, titanium plate).
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FIGURE 7 - Cd2+ distribution in soil after EK remediation with different electrode materials (graphite, stainless steel, titanium plate).
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FIGURE 8 -Comparison of conductance of remnant Cd2+ for EK remediation with different electrode materials (graphite, stainless steel, titanium plate).

migration velocity. The improved removal efficiency was
attributed to the more active sites for the transfer of electrons with the graphite electrode than that with the stainless
steel and titanium plate electrode (physical configuration
of the graphite electrode was more loose).
The largest removal velocity of Cd concentration was
near the anode as shown in Fig. 7. It can be presumed that the
removal efficacy increased as more Cd ions desorbed from
the soil particles, as a consequence of pH decline (Fig. 5). Cd
can be mobilized from soil particles, and therefore, a low
pH value had significant influence on the removal efficiency improvement.
3.6. Electrical conductivity

The results of the electrical conductivity (EC) experiments are shown in Fig. 8. The electrical conductivity (EC)
of the soil was 63.2 us/cm. After EK remediation, the EC
values of the EK remediation with different electrode materials after the 48-h treatment were all lower for regions
S1-S5,since there were less H+ or OH- ions, and the EC was
higher for region S4 because the precipitates were re-dissolved due to higher concentrations of Cd2+ ions. The increase of H+ ion formation at the anodes as well as increased Cd2+ ions desorbed from the particles contributed
to the slight increase in system conductivity.
The EC of the EK remediation with the graphite electrode was higher than that with stainless steel or titanium
plate electrode, The migration of Cd2+ ionswith the graphite
electrode was higher, due to more active sites for transfer
of electrons with the graphite electrode, in comparison to
that with the stainless steel and titanium plate electrodes,
coinciding with the pH and Cd2+ distribution profiles
shown in Figs. 5 and 7.

4. CONCLUSIONS
The application of electrokinetic remediation with a titanium plate electrode yielded about 39.82% of total Cd
removal from a soil near to a mine tailing in Shaoguan city
of Guangdong province in China, after a 48-h treatment,
whereas only 43.46% could be removed with a stainless
steel electrode. An enhanced EK method with a graphite
electrode improved the removal efficiency of Cd2+ to
63.16% after a 48-h treatment. The improved removal efficiency was attributed to the more active sites for transfer
of electrons with the graphite electrode, compared to that
with the stainless steel and titanium plate electrode. An increased production of H+ ions at the implemented anodes
via water electrolysis resulted in more Cd ions desorbed
from the soil particles, Therefore, the EK remediation with
the graphite electrode is an effective and economical
method for Cd-contaminated soil remediation.
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1. INTRODUCTION

ABSTRACT
As a highest composition of dye wastewater, organic
chemical, which has a harmful effect on the environment,
can be successfully removed by using native magnetic active
carbon nanoparticles or apolaccase loaded magnetic active
carbon nanoparticles. In this study, the nano magnetite
(FeO.Fe2O3), immobilized on active carbon and modified
using apolaccase, will be used for removal of Basic Red 9
(BR9) from industrial wastewater. The nano magnetite
(FeO.Fe2O3) was immobilized on active carbon and modified with apolaccase. Thus, Fenton and other procedures
similar to Fenton were used. The surface varying of the active carbon was presented with SEM, FTIR, XRD and
EDX. Numerous features such as pH of the reaction (3-9),
temperature (20-80 oC), contact time (0-180 min), initial
BR9 concentration (0-50 ppm), and adsorbent concentrations (0-0.2 g were explored respect to their properties on
BR9 removal. The adjusted parameters are found as follows: pH:6, temperature: (40-60 oC), contact time: 15 min,
initial BR9 concentration: 50 ppm, and adsorbent concentration: 0.1 g, respectively. These results have shown that
magnetic active carbon nanoparticles (MAC-NPs), (81.3 %
yield) or apolaccase modified magnetic active carbon nanoparticles (MAC-NPs-Apolac) (84.13 % yield) could be
using with the Fenton and Fenton like procedures for removing BR9 from industrial waste water. Furthermore, these experiments have revealed that adsorbent is a re-operational,
inexpensive, bio friendly, easy to prepare, safe (Nano magnetite, H2O2 and active carbon) and insoluble material for
Fenton reaction with apolaccase and without enzyme.

KEYWORDS:
Apolaccase (ApoLac), Basic red 9 (BR9), Decolorization, Fenton,
Active carbon nanoparticles (MAC-NPs), Wastewater,
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Basic red 9 (BR9), a triarylmethane dye, was selected
as the typical compound to conclude the networks between dye and Apolaccase loaded magnetic Active carbon
nanoparticles (MAC-NPs) or native MAC-NPs [1-2]. BR9
is a poisonous dye, which is also used as a biological dye
and a dye for textiles (silks and acrylics), leather, fur, paper,
automobile antifreeze solutions, carbon paper, plastics,
glass, polishes, soaps, cosmetics, drugs, anodized aluminum, high-speed photoduplicating inks, ink-jet computer
printers and photo-imaging systems [3].
The use of large amounts of BR9 materials during the
dyeing steps of textile-manufacturing process is the goal of
such environmental impurity [4]. In addition to the visual
problems involving to dyed waste, dyes also powerfully
absorb sunshine; thus, they cause delay in the photosynthetic action of aquatic plants and very violent the whole
environment [5]. BR9 decomposes into carcinogenic aromatic amine above anaerobic circumstances and release of
this dye bearings sewage into water bodies, which can be
the reason of damaging effects such as allergic dermatitis,
skin irritation, mutations and cancer [1].
Consequently, physical and/or chemical controlling
methods have to be used for decolorization, or to partially
reduce the dyes in wastewater to make them extra obliging
to a secondary biological controlling [6-9]. Some methods
such as chemical oxidation, photo-catalytic degradation, ozonation, ion exchange, coagulation / flocculation,
solvent extraction, Active Carbon (AC) adsorption and reverse osmosis have been annoyed by many investigators
for the management of dyes polluting water [10].
Thus, much attention has been spent to the progress of
water management systems that lead to comprehensive destruction of the dye particles. The most often used active oxidation progress (AOPs) containing heterogeneous photo
catalytic oxidation [11-16], ozonation combined with hydrogen peroxide (H2O2), ultraviolet (UV) light, or together [1719], H2O2/UV, Fenton and photo-Fenton chemicals [20]. Fenton technology is widely studied and defined as an amazing
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method for the organization of industrial wastewater having
non-biodegradable organic pollutants [21].

method, it was thought that the iron atoms connected with
AC surface increase the speed of Fenton reaction.

Between all the methods suggested, adsorption and enzymatic removal of dyes is an effective and eco-friendly
method for color removal from wastewaters due to its simple applicability, easy procedure and its efficiency to remove a wide variety of compounds. However, the efficiency of adsorption process depends on properties of the
adsorbents such as up-taking capacity and surface characteristics. AC is regarded as a current adsorbent due to its
high surface area, pore structures and up-taking capacity.

In this study, the decolorization of the BR9 by heterogeneous Fenton and Fenton like process using MAC-NPs
and modified with ApoLac catalyst have been investigated.
The effects of optimum immobilized Nano magnetite concentration, optimum contact time, optimum pH value, optimum temperature and decolorization of the process were
discussed.
2. MATERIALS AND METHODS

In the recent researches, AC was produced by using particular low-cost lignocellulose biomasses such as de-oiled
soya, industrial sludge’s, cellulose , sunflower stalks etc. and
they have used modified AC in order to remove the carcinogenic BR9 mentioned from aqueous solutions [22].
The laccase (Lac) (E.C. 1.10.3.2) is a metalloenzyme
and it has three copper ions [23-27]. When the metal ions of
enzyme are removed within structure, it becomes apolaccase
(ApoLac). Thus, enzyme could connect with iron atoms in
the matrix material. Therefore, a complex of Lac and nanomagnetite was formed. It was thought that this complex
could be prevented to wash-off from aqueous medium, so
ApoLac enzyme was immobilized to the AC surface, which
was non-toxic and water-insoluble. Since it is a combined

2.1 Chemical and reagents

BR9 (Table 1) (CAS number: 569-61-9), ABTS (CAS
number: 30931-67-0), DEAE- sephadex (CAS number: 39455-31-7), CH3COONa (CAS number: 127-09-3),
ammonium sulphate (CAS number: 7783-20-2), Na2HPO4
(CAS number: 7558-79-4), AC (CAS number: 7440-44-0),
dipicolinic acid (CAS number: 499-83-2), magnetic nano
particles Fe3O4 (Iron I, II oxide) (CAS number:1317-61-9)
[28] (De Castro et al. 2001) and hydrogen peroxide (30%
w/w) (CAS number: 7722-84-1) were purchased from Fluka
and Sigma-Aldrich. The pH of the solution was adjusted by
0.1 M HCl (CAS number: 7647-01-0) or 0.1 M NaOH (CAS
number: 1310-73-2). All of the chemicals used were analytical grade.

TABLE 1 - General characteristics of magnetic nanoparticles Fe3O4 and BR 9.
Chemical formula

Chemical structure

Fe3O4

Chemical formula
C19H18ClN3

Chemical structure

Molar mass

Surface Area

Particle Size

231.53 g/mol

>60 m2/g

50-100 nm

Molar mass

Color index number

λmax

323.82 g/mol

42500

545 nm
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TABLE 2 - The purification folds of laccase from Russulaceae (Lactarius volemus).
Enzyme Fraction
Crude extract
(NH4)2SO4(
DEAE-Sephadex (40-60%)
Sephacryl S 200

Volume
mL
100
95
40
30

Activity
EU/mL
135±1.31
85±0.11
78±1.11
63±0.33

Total Activity
EU
%
1.35x104
100
8.08 x103
59.9
3.12 x103
23.1
1.89 x103
14.0

Protein
(g/mL)
187±0.32
55±1.25
8.2±2.31
0.85±1.10

Specific Activity
EU/mg
0.72
1.55
9.51
74.11

Purification
Fold
2.15
13.21
102.93

2.2 Nano-magnetite immobilized on AC surface

2.5 Modified matrix surface characterization

For the synthesis of immobilized Nano particle, 0.03 M
Fe3O4 was prepared by dispersing in100 mL of deionized
water. Afterwards, 25 gr of active carbon was added into
reaction mixture. The resultant mixture was mixed for
24 hours by using a stirrer (500 rpm, 25 oC). The mixture
was centrifuged at 5.000 rpm for 20 minutes. Then, it was
washed three times with distilled water to remove the residual Fe3O4. The wet paste was dried in an oven at 40 oC
for 72 hours. The immobilized surface was grinned before
use in the experiments.

Chemical and mineralogical compositions of MACNPs were determined by scanning through electron microscopes (SEM). Images of the MAC-NPs, MAC-NPs-BR9
and MAC-NPs-apolac-BR9 were magnified 5000 times by
Metek, Apollo prime, Active area 10 mm2, Microscope inspect S50, SE detector R580. The same machine was also
used for the EDX spectra analysis in order to determine the
elemental composition of the powdered MAC-NPs.

2.3 Purification of Lac and preparation ApoLac enzyme

Lactarius volemus were picked on April-May nearby
the county of Hasankale, in Erzurum City, located in the
eastern region of Turkey. The classes were recognized by
a botanist and samples were held at -40 oC to avoid any
damage. Herb (10 g) was grounded in liquid N2, then mixed
homogenously with 50 ml of 1 M KCl in a mixer and centrifuged at 5000  g for 60 minutes. Lac, existing in the supernatant, monitored the methods of Nadaroglu and Tasgin
[29] which involved ammonium sulfate precipitation in the
array from 60% to 80% and anion exchange chromatography. The purification folds were calculated to as 102.93fold purification to be completed (Table 2). The protein content of chromatographic eluates was measured (Beckman
Coulter Du 730 Life Science UV/VIS) spectrophotometrically by Warburg and Bradford method [30, 31].
100 mg of Lac was dissolved in 5 mL of 0.2 M phosphate buffer (pH: 7.0), which contains 0.075 M of dipicolinic acid. The solution, which was put into a dialysis sack,
was dialyzed in 1 L of same buffer for 5 hours. After these,
it was dialyzed for 18 hours against deionized water by
changing the solution for 5-6 times. Following these steps,
the buffer was changed after dialyzing it for 5 hours against
0.01 M of acetate buffer (pH 5.0), which was used for
measurement of the activity. Almost 100% pure apoenzyme was obtained by these chemical processes [32, 33].
100 mg of Lac was used to make ApoLac enzyme. Afterwards, the measurement of activity has shown that almost100% pure apoenzyme was created.

In addition, the FTIR analyses were carried out to identify functional groups and molecular structure including with
or without ApoLac modified MAC-NPs. FTIR spectra that
were recorded by the Mattson 1000 FTIR spectrometer.
XRD pattern of the adsorbent was determined by
XRD (Rigaku D-Max 2000) and analyzed with CuKα
0.154 nm) radiation with 2, 5o-100o (with a step size
of 0.1).
2.6 Remediation study

The enzymatic and Fenton reactions were carried out
in a 100 mL Erlenmeyer flaks filled with BR9 (50 mg/L)
and added 1 g MAC-NPs (as a source of Fe2+ and Fe3+and for
bounding ApoLac), separately. The pH value was adjusted to
the desired value by using 0.1 M of NaOH or 0.1 M of HCl.
For enzymatic reaction, Fenton reactions were initiated by
adding 100 mL of 3 % H2O2 (w/w) solution to the flaks.
Then, both reactions were placed in a shaker at the room
temperature. The agitation was provided as 200 rpm [36].
The samples were taken out from the flaks periodically by
using a micropipette. Thereafter, the reaction mixtures
were centrifuged at 5000 rpm for 10 minutes. Upper solutions were filtered by using 0.45 nm filters. The concentration of BR9 was measured by using a Beckman Coulter Du
730 Life Science UV/VIS spectrophotometer at 545 nm.
In all the runs of the study, as described above, other
parameters were kept stable and samples were taken at regular time basis for the analysis.
The decolorization efficiency (DE) of BR9 was defined as:

2.4 Assay of Lac Activity

For determination of laccase activity, the ABTS reagent was used as a substrate. One activity unit (U) has calculated that 1 μmol of oxidized ABTS min-1 and enzyme
activity was expressed in U L-1 [34, 35].
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[BR9C]0 is the initial concentration of Basic Red 9
(mg L-1), and

in the concentration of BR9 were measured as the decolorization study using a spectrophotometer at 545 nm.

[BR9C]t is the concentration of Basic Red 9 (mg
L-1), at reaction time, t (min).

2.9 Determination of optimum temperature

2.7 Contact time

The relationship between the amount of dye removed
and contact time was analyzed and presented.

Temperature is known to have a profound effect on
various chemical processes. The effect of temperature influencing adsorption has been studied within the range of
20-80 °C. Reduction of the concentration of BR 9 was
measured by using a spectrophotometer at 545 nm.

2.8 Determination of optimum pH

3. RESULTS

The effect of initial pH on adsorption of removing the
BR9 was determined at different pH values (3–9). The pH
values of reaction mixtures were adjusted by drop wise addition of 0.1 M HCl and 0.1 M NaOH solutions. Changes

The enzyme was purified by using a modified method
developed by Nadaroglu and Tasgin [29]. For this determination, ammonium sulfate (NH4)2SO4 fractionation, an ex-

FIGURE 1 - EDX images of reactions (A: MAC-NPs, B: MAC-NPs-BR9, C: MAC-NPs-BR9-ApoLac).

1950

© by PSP Volume 24 – No 5b. 2015

Fresenius Environmental Bulletin

tensively used technique in enzyme purification, was employed as the first purification step. The collapse of laccase
enzyme was performed at 40-60% (NH4)2SO4 concentration in an ice-bath. Then collapsed protein was subjected
to anion exchange chromatography and gel filtration chromatography. Gel filtration chromatography has shown a
good purification degree for the enzyme. For each purification steps, protein amount and enzyme activities were
calculated. According to the results obtained, the purification fold was found as 102.93 (Table 2). Then, purified laccase was changed to ApoLac with dipicolinic acid for easily bounding to surface of AC.

ture. The AC matrix with MAC-NPs, MAC-NPs-ApoLac
and MAC-NPs-ApoLac-BR9, when the BR9 was bound to
the AC surface structure, it was observed in the FTIR difference. In particular, connecting BR9 completely changed
the structure of fingerprint region of the MAC-NPs-ApoLacBR9 structure, which indicates that the paint is attached to
the surface of NPs modified AC matrix. When nanomagnetite and ApoLac were bound to AC surface, some changes
occurred on the surface are shown in Figure 3. In particular,
after connecting BR9 dye to MAC-NPs-ApoLac surface, the
structure of the fingerprint region was determined by the
differences (Figure 3).

Chemical and mineralogical compositions of MACNPs were determined for using to attach the enzyme to
solid face MAC-NPs at room temperature. EDX, SEM,
FTIR were used to examine the surface of adsorbent. The
same machine was also used for the EDX and SEM spectra
analyses in order to determine the elemental composition of
the powdered MAC-NPs, MAC-NPs-BR9 and MAC-NPsApoLac-BR9. The elemental composition changes were observed after Fenton and enzymatic Fenton reactions. The increased amount of carbon and iron had shown that enzyme
and nanomagnetite was bonded to the surface of AC matrix
(Figure 1).

The XRD diffractograms of AC matrix with MACNPs, MAC-NPs-BR9 and MAC-NPs-ApoLac-BR9 are
shown in Figure 4. The diffractogram was recorded shortly
after extrusion showing a diffuse pattern predominantly,
which was a typical MAC-NPs system with a sharp peak
centered at around 2<35. In addition, it has shown a diffuse pattern predominantly, which were typical MAC-NPsBR9 and MAC-NPs-BR9-ApoLac systems with a sharp
peak centered at around (2<36). In the Figure 4, significant peaks (2<36) were related to adsorption of BR9 in
the diffractograms acquired shortly after extrusions shown.

Images of AC matrix with MAC-NPs, MAC-NPs-BR9
and MAC-NPs-ApoLac-BR9 were magnified by SEM
spectra (Figure 2). The SEM spectra had shown some differences at the surface after Fenton and enzymatic Fenton
reactions. Apparently, according to AC matrix with MACNPs, MAC-NPs-ApoLac had considerable numbers of pores
where, there was a good possibility for dyes to be trapped
and adsorbed into these pores (Figure 2A-C). Based on the
analysis of the images taken by SEM before and after the
dye Fenton process, high heterogeneous pores within AC
with MAC-NPs-ApoLac particles were observed. After BR9
dye treatment, the pores were packed with dyes.

It was observed that the removal of BR9 increases in
first 30 minutes of the contact time at room temperature,
with 500 rpm. Basically, the removal of BR9 was fast at
the beginning, and then it gradually decreased within the
time past until it has reached the equilibrium value. These
results indicated that the concentration of BR9 in the solution was decreased rapidly within 15 minutes and the removal was virtually completed within 30 minutes of the
contact time (Figure 5).

In addition, the FTIR analyses were carried out in order to identify the functional groups and molecular struc-

The XRD diffractograms of AC matrix with MAC-NPs,
MAC-NPs-BR9 and MAC-NPs-ApoLac-BR9 are shown in
Figure 4. The diffractogram was recorded shortly after extrusion showing a diffuse pattern predominantly, which was
a typical MAC-NPs system with a sharp peak centered at

FIGURE 2 - SEM Images of reactions (A: MAC-NPs, B: MAC-NPs-BR9, C: MAC-NPs-BR9-ApoLac).
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FIGURE 3 - FTIR images of reactions (A: MAC-NPs, B: MAC-NPs-BR9, C: MAC-NPs-BR9-ApoLac).
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FIGURE 5 - Effect of contact time on the removal of BR9 by MAC-NPs and MAC-NPs-ApoLac.

around 2<35. In addition, it has shown a diffuse pattern
predominantly, which were typical MAC-NPs-BR9 and
MAC-NPs-BR9-ApoLac systems with a sharp peak centered at around (2<36). In the Figure 4, significant peaks
(2<36) were related to adsorption of BR9 in the diffractograms acquired shortly after extrusions shown.
It was observed that the removal of BR9 increases in
first 30 minutes of the contact time at room temperature,
with 500 rpm. Basically, the removal of BR9 was fast at
the beginning, and then it gradually decreased within the
time past until it has reached the equilibrium value. These

results indicated that the concentration of BR9 in the solution was decreased rapidly within 15 minutes and the removal was virtually completed within 30 minutes of the
contact time (Figure 5).
This dye removing process could be at neutral pH levels, which eliminates the harmful effects. The data were illustrated in Figure 6. The results observed during the study
are consistent with results of the previous studies [38]. Furthermore, the Fe2+ /3+ complex made on the area of support
can reply with H2O2; thus, permitting iron ions to join in
the Fenton catalytic cycle [36].
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at near-neutral pH levels. The purpose of the earlier research was exploring the efficacy of Trypan Blue dye using
photo-Fenton reaction at neutral pH [39]. These results
were approximately the same with our data.
Since the classical Fenton reaction was generally performed at pH 3, the present process might be termed as a
modified Fenton reaction. A mechanism and rate model
had been proposed, which were very much novel for Fenton reaction at neutral pH. In general, Fenton reactions
were carried out at pH ≤ 3 levels. However, it wasn’t
wanted to impart an additional acidity to the wastewater
that needs neutralization before discharging to the surface
water. Moreover, there is an increase in the cost due to the
acid-resistant equipment and the processes of acidification
and neutralization; hence, the reactions can be performed

The effect of MAC-NPs was studied by varying temperatures within the range of 20-80 oC. The effect of temperature on both of enzymatic and Fenton decolorization
reactions was shown in Figure 7. It was observed that the
degree of decolorization was increased in parallel with increasing temperature. The maximum decolorization of
BR9 was obtained at 40-60 °C for two processes. Effectiveness of the processes at higher temperatures was an advantage for industrial discharge, since higher temperature
values were used in industrial discharges.
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FIGURE 6 - Effect of pH on the removal of BR9 by MAC-NPs and MAC-NPs-ApoLac.
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FIGURE 7 - Effect of temperature on the removal of BR9 by MAC-NPs and MAC-NPs-ApoLac.
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FIGURE 8 - Representative dye concentration on the removal by MAC-NPs and MAC-NPs-ApoLac.

The decolorization effects without apolaccase and apolaccase modified Fenton processes were shown in Figures 8.
The removal of BR9 had been achieved by the Fenton process without ApoLac at a rate of 81% and modified with
ApoLac at a rate of 87 %, respectively. It was observed
that decolorization effects were increased with increasing
values of dye concentration. This optimization of the process
condition had ensured the low cost and the efficiency of removal of the dyes. Therefore, the optimum time, pH, temperature, dosages reagents were calculated (dye and adsorbent).

4. DISCUSSION
The enzyme Lac is a commercial enzyme, which was
widely used for the removal of toxic dyes in different areas
including textile industry. In our study, this apoenzyme
was attached to AC matrix for enhancing the Fenton reaction activity and it was reactivated with nanoFe2+/3+ ions.
Then, Fenton reaction was done by using this enzyme and
it was observed that the efficiency of the Fenton reaction
was increased. The removal of BR9 has been achieved by
the Fenton process without ApoLac at a rate of 81% and
modified with ApoLac at a rate of 87 %, respectively. Sivarajasekar and Baskar used only AC by adsorption for removing BR9 from water. The results of their experiment
have indicated that high uptake of the dye was observed as
86.32, 79.46, 78.47, 74.87 and 71.63%, respectively (pH:
12.0 and 40˚C) [22]. However, results of our research have
shown not only BR 9 removing from water, but also elimination of BR9 by oxidation from water.

AC represents a substrate for nanomagnetite immobilization [40]. The iron has unknown toxic effects and it can be
found everywhere. Therefore, many industries use metallic
iron to remove waste before it is released to the environment [9]. The Fenton process was used for the removal of
toxic organic substances for a long time; even the decolorization of dye from waste water was relatively a new
method. The reaction rate of Fenton process was increased
with the increased temperature values and neutral pH level.
pH level of the aqueous solution was an important operational parameter in the decolorization process as it had effected solubility of the dye, concentration of counter ions
on the functional groups of adsorbent and degree of ionization of adsorbate during reaction [41]. On the other hand,
the uptake and percentage removal of dyes from the aqueous solution were strongly affected by pH level of the solution [42-44]. Normally, Fenton reaction was resistant to
lower pH levels [5, 45-47].However, in our research, it was
determined that the pH level was good up to 6 for best dye
removal. The higher pH stability of Fenton reaction was
raised by AC matrix with modified NPs-ApoLac.
However, the degradation of dyes to water and oxygen
has decreased the reaction rate after 50 oC. Our research
has shown that higher temperatures have not affected the
reaction rate of MAC-NPs and ApoLac modified MACNPs. In the meantime, there are several reports on Fenton
treatment of wastewater in acidic medium; but the number
of the reports focusing on the work carried out in neutral
medium is very few. The novelty of this work was laid in
the near-neutral pH of the reaction mixture [39]. This is an
excellent advantage for fabric, which is released into the
waste water at high temperatures [48, 49].

The Fenton process has achieved higher efficiency for
decolorization. Being inexpensive and widely available,
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ABSTRACT
The objective of the present study was to evaluate the
oxidative stress potential of mercury (Hg) exposure with the
modulatory effect of selenium (Se) in the brain and kidney tissues of Oreochromis niloticus. The fish were exposed to 0.01 and 0.1 mg/L Hg, 0.01 mg/L Hg+0.1 mg/L Se,
and 0.1 mg/L Hg+1.0 mg/L Se, for 7 and 14 days. The activities of total glutathione (tGSH), malondialdehyde
(MDA) and catalase (CAT), glutathione S-transferase
(GST), and acetylcholinesterase (AChE) were measured
from samples of the tissues. The results indicated that all
concentrations of Hg caused a time-dependent increase in
CAT, GST activity, whereas AChE activity and tGSH content were decreased in brain and kidney tissues. MDA levels in tissues of fish exposed to Hg+Se mixtures were lower
compared to those exposed to Hg only. Selenium application in combination with mercury provided an alleviation
of the toxic effects of mercury in the investigated tissues
for biochemical parameters.

KEYWORDS: Oreochromis niloticus, mercury, selenium, antioxidant parameters, oxidative stress

1. INTRODUCTION
The aquatic environment is the last destination of pollutants distributed around the world. Hg, a non-essential
metal, is a ubiquitous contaminant in the environment and
* Corresponding author

comes from geological emissions and anthropogenic activities, such as fuel burning, mining, smelting operations, and
the chlor-alkali industry [1]. Hg often poses a high ecotoxicological risk for aquatic organisms due to its high toxicity,
bioaccumulation, and other deleterious effects on biota, including genetic effects and mutagenicity [2]. Selenium (Se)
is an essential trace element, and potentially protective
against the toxic effects of Hg [3]. It is also a structural
component of several enzymes involved in antioxidant defence including glutathione peroxidase (GSH-Px) and thioredoxine [4]. Some investigations showed that Se may offer protective effects against Hg-induced toxicity through
several mechanisms, such as sequestration of Hg, antioxidative effect, GSH synthesis, increased GSH peroxidase (GPx)
activity, and high selenoprotein levels [5].
Metal toxicity causes an increase in ROS (reactive oxygen species), such as hydrogen peroxide, hydroxyl and superoxide radicals leading to oxidative stress in fish [6]. Oxidative stress occurs when the balance between oxidants and
antioxidants is broken down [7], producing lipid peroxidation, DNA damage, and protein oxidation [8]. The most
widely used assay for lipid peroxidation is MDA formation
as a secondary lipid peroxidation product, and it is a good
indicator for the extent of lipid peroxidation, induced by
heavy metal pollution in aquatic organisms [9].
Antioxidant systems, such as GST and GSH, are of
great importance in an oxidative stress system to cope with
ROS formation leading to several defects [10]. GST represents a group of multifunctional enzymes with a predominant cytosolic defense systems responsible for the protection
of cellular components against various toxic effects and oxidative stress [11], and catalyzing the nucleophilic attachment
of glutathione (GSH) to molecules presenting an electro-
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philic carbon, nitrogen, or sulphur atom [12]. GSH plays a
central role in protecting eukaryotic cells from oxidative
stress as an antioxidant [13]. CAT (EC 1.11.1.16) decomposes H2O2 to water and molecular oxygen, and plays a crucial role in reducing reactive oxygen-free radicals [14].
AChE (EC 3.1.1.7) plays a significant role in neurotransmission at cholinergic synapses by the rapid hydrolysis of neurotransmitter acetylcholine to choline and acetate [15]. It
was investigated that this enzyme is sensitive to environmental contaminants, such as metals, and could provide
useful information about the toxic impact of Hg [16].
Biochemical constituents, like antioxidant systems, lipid peroxidation and AChE are the potential biomarkers of
pollutants exposure in different organisms [17, 18]. The antioxidants investigated in the present study included CAT,
GST and GSH. The oxidative damage was evaluated by
determining lipid peroxidation, and was measured by
malondialdehyde (MDA) content.
The aim of the present investigation was to determine
the protective effect of Se supplementation against Hg toxicity in the oxidative stress capacity of kidney and brain
tissues of O. niloticus. The changes in activities of GST,
CAT, and AChE with GSH and MDA levels were determined. Hg-induced changes in the antioxidant and AChE
enzymes, as well as lipid peroxidation content, were evaluated in the kidney and brain tissues.

2. MATERIALS AND METHODS
2.1 Experimental protocol

Freshwater fish O. niloticus (56.5±2.1 g and
15.9±1.8 cm) were obtained from Çukurova University
Fish Culture Farm, and transferred to the laboratory where
they were acclimatized for 2 months in 120-L glass aquariums containing dechlorinated and gently aerated tap water
at 25±1 °C, the temperature of the experimental conditions.
The properties of water were as follows: dissolved oxygen
7.25±0.72 mg/L, pH 8.4±0.8, temperature 23.1±0.5 oC, alkalinity 184.5 ± 4.4 mg/L as CaCO3, and total hardness
278.2 ± 8.7 mg/L as CaCO3 at acceptable levels. The fish
were maintained under a 12-h light/12-h dark illumination
period. The control and experimental fish were fed once
daily with commercial food pellets (Pinar Feed, Turkey),
approx. 3% of their body weight.
After the period of acclimatization, experimental fish
stocks have been randomly divided into 3 groups each containing 18 fish. The first group was held in tap water as control, and the other groups were exposed to Hg and Hg+Se
mixtures for 7 and 14 days. Three replicate groups of fish
were used for each exposure. All the experimental solutions
were completely replaced every other day by newly prepared
stock solutions to reduce the ammonia content in water.
There was no fish mortality during the experiments.
Prior to analysis, 6 fish were taken out from the
aquaria, and fish were killed by transaction of the spinal
cord (cutting nerves); then, kidney and brain tissues were

dissected separately on an ice-cold plate. Tissues were then
washed in ice-cold physiological saline solution, blotted
dry, weighed, and stored frozen at -80 °C until analyses.
All chemicals and reagents were purchased from Merck
and Sigma-Aldrich Chemical Corporation.
Tissues were homogenized in ice-cold buffer containing 0.05 M phosphate buffer, 0.25 M sucrose (pH 7.4), with
a ratio of 1/10 at 9500 rpm for 2-3 min. Homogenates were
centrifuged at 9500 ×g for 30 min. All processes were carried out at +4 °C. The supernatants were collected for determination of CAT, GST, and AChE activities as well as
total protein, GSH, and MDA levels.
2.2 Biochemical tests

GSH contents in the supernatants were determined using a recycling reaction of the GSH with 5,5’-dithiobis-(2nitrobenzoic acid) (DTNB) in the presence of excess GR
[19]. The incubation medium contained 143 mM sodium–
potassium buffer (Na-K Fosfat (containing 6.3 mM EDTA,
pH 7.5), 0.3 mM NADPH, 6 mM DTNB, and 50 units of GR.
DTNB formation was monitored continuously at 412 nm for
3 min.
CAT activity was determined spectrophotometrically
by measuring the decomposition of H2O2 (10 mM solution)
at 230 nm using the method of [20].
GST was measured according to Habig et al. [21] using 1-chloro-2,4-dinitrobenzene (CDNB) as substrate. The
reaction mixture consisted of 100 mM tris buffer (pH 7.4),
1 mM GSH and 1 mM CDNB (1-chloro-2,4-dinitrobenzene). Enzyme activity was determined by monitoring the
changes in the absorbance at 340 nm, which reflects the
rate of CDNB conjugated with the GSH at 25 oC for 2 min.
Lipid peroxidation was estimated by measuring MDA
contents with the method of Ohkawa et al. [22]. MDA levels were determined after incubation at 95 °C and pH 3.4,
with thiobarbituric acid as an indicator of lipid peroxidation. MDA concentrations were analyzed by measuring the
pink colour produced at 532 nm The reaction medium contained 8.1% of SDS, 20% of acetic acid, pH 3.4, 0.8% of
TBA, and a mixture of n-butanol/pyridine (14:1).
Acetylcholinesterase activity was determined by the
method of Ellman et al. [23] at 30 °C. Enzymatic activity
was spectrophotometrically determined by measuring the
increase in absorbance of the sample at 412 nm. Acetylthiocholine iodide and dithiobisnitrobenzoic acid were used
as substrates.
The protein concentrations were measured by the
method of Lowry et al. [24]. Protein content was expressed
in mg/g wet weight of the tissue. Samples were treated with
Folin-phenol reagent and the absorbance was measured at
750 nm. Bovine serum albumin was used to prepare the
standard graphics.
2.3 Data analysis

All parameters were expressed as means ± standard error. The data were statistically analyzed by a series of Stu-
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cant reduction in GSH level was recorded at 0.1 mg/L
Hg, 0.1 mg/L Hg+1.0 mg/L Se, and 0.01 mg/L Hg, 0.01 mg/L
Hg+0.1 mg/L Se for the groups in brain (25, 21, 45, 13%)
and kidney (57, 23, 59, 32%), compared to control, respectively, for a period of 14 days.

dent Newman Keul’s tests and SPSS statistical package
programs to identify any differences among tissues and experimental period. Data shown with different letters are
significant at the P < 0.05 level.

CAT and GST activities in brain and kidney tissues increased, in response to Hg exposures when compared to
control during 7 and 14 days. At the end of the exposure
period, elevation in these enzyme activities of fish exposed
to Hg was higher when compared with Hg+Se-treated
groups. There was no statistical significant difference between the exposure time in brain and kidney CAT activity,
except for 0.1 mg/L Hg-exposed fish. CAT activity at high
Hg and Hg+Se concentrations showed 8-4 (brain) and 2-1.5
(kidney)-fold increase after14 days, compared with control
groups (Figs. 1B, 2B). Kidney GST activity, at low Hg concentration, indicated a significant increase after14 days, according to that at 7 days (Fig. 2C). GST activity was increased by 115 and 65% in brain as well as 65 and 39% in
kidney, at high exposure concentrations and exposure duration when compared to control values (Figs. 1C, 2C).

3. RESULTS
In the present investigation, there were significant
(p<0.05) alterations in the GSH and MDA levels, CAT,
GST, and AChE activities, in brain and kidney of O. niloticus exposed to Hg concentrations, observed for different
concentrations and exposure periods.
The exposures to Hg and Hg+Se caused a decrease in
GSH levels in the searched tissues, in relation to the control
levels. This decline was higher for exposure to Hg alone
than in the presence of Se with Hg, at the end of the period.
Kidney GSH showed a significant reduction at low Hg concentration, with respect to the high Hg concentration, for a
period of 14 days (Fig. 2A). Considerable differences did
not occur in GSH levels of tissues between the exposure
times (P>0.05). As shown in Figs. 1A and 2A, a signifi-
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TABLE 1 - Brain AChE activity (U/mg protein) in O. niloticus exposed to metals for 7 and 14 days.

Metal concentrations (mg/L)

7 days

14 days

0.0
0.01 Hg
0.01 Hg+0.1 Se

0.576±0.022ax
0.344±0.027bx
0.423±0.011cx

0.521±0.059ax
0.277±0.040bx
0.347±0.012by

0.0
0.1 Hg
0.1 Hg+1.0 Se

0.576±0.022ax
0.332±0.034bx
0.430±0.026cx

0.521±0.059ax
0.290±0.027by
0.401±0.176aby

Values are expressed as means ± standard error (N=5). Letters a, b and c indicate differences among concentrations, and letters x and y indicate statistical
differences among tissues at the Pb<0.05 level.

TABLE 2 - Kidney AChE activity (U/mg protein) in O. niloticus exposed to metals for 7 and 14 days.

Metal concentrations (mg/L)

7 days

14 days

0.0
0.01 Hg
0.01 Hg+0.1 Se

0.055±0.003ax
0.040±0.001bx
0.042±0.003bx

0.057±0.002ax
0.035±0.003bx
0.048±0.003cx

0.0
0.1 Hg
0.1 Hg+1.0 Se

0.055±0.003ax
0.034±0.006bx
0.042±0.005abx

0.057±0.002ax
0.029±0.005bx
0.046±0.004ax

Values are expressed as means ± sStandard error (N=5). Letters a, b and c indicate differences among concentrations, and letters x and y indicate
statistical differences among tissues at the P<0.05 level.

MDA contents in all tissues of fish increased significantly with increasing concentrations of Hg in the exposure
medium and with long treatment durations. MDA levels in
tissues represented a significant rise in all treatments when
compared with control values, and this increase was much
higher after14 than 7 days. Particularly higher MDA levels
were observed from control, at each time of exposure during 4 and 21 days, in brain and kidney, respectively. MDA
levels exhibited an increase of 32, 18, 37, and 12% in brain
as well as 123, 67, 194, and 144% in kidney, in relation to
the reference Se concentrations of 0.1 mg/L Hg, 0.1 mg/L
Hg+1.0 mg/L Se, and 0.01 mg/L Hg, 0.01 mg/L Hg+0.1
mg/L Se, respectively, for a period of 7 days (Figs. 1D,
2D).
AChE activity was inhibited in brain and kidney under
the effects of metals. The important inhibition of AChE
was recorded to be 46, 33, 44, and 23% in brain as well as
39, 16, 49, and 19% in kidney, for 0.1 mg/L Hg, 0.1 mg/L
Hg+1.0 mg/L Se, and 0.01 mg/L Hg, 0.01 mg/L Hg+0.1 Se
concentrations, as compared to control groups (Tables 1
and 2). AChE activity in brain at 0.1 and 0.1 mg/L Hg+1.0
mg/L Se concentrations were decreased significantly after14 days, with respect to those at 7 days, showing no statistically significant differences between the exposure periods in kidneys. AChE activity observed in kidneys after
7 days and in brain after14 days was close to that of the
control group at 0.1 mg/L Hg+1.0 mg/L Se concentration.

4. DISCUSSION
At all concentrations, the tested tissues of O. niloticus
showed the effects of the treatments above in enzym activities as well as MDA and GSH levels. Se is remarkably
protective against toxic effects of Hg in fish species [3-25].
This protective effect seems to be a result of the formation
of Se-Hg complexes [26].
GSH is important in the antioxidant defense, and its depletion may reduce the cellular ability to scavenge free radicals [27]. In this investigation, GSH content in the tissues
decreased with increasing Hg, Hg+Se concentrations, and
exposure periods. Decreasing GSH may be due to direct
binding of the metal to GSH through its SH group, or enhanced oxidation of this thiol [28]. Exposure to Hg caused a
significant decrease in GSH levels but increase in CAT and
GST activities in tissues of Brycon amazonicus [29].
GST catalyzes the synthetic conjugation reactions of
xenobiotics to GSH, and thus, this function protects fish
tissues from oxidative stress [12]. CAT is responsible for
the conversion of H2O2 to water [14]. After Hg and Hg+Se
treatments, in this study, GST and CAT activities in brain
and kidney were promoted significantly, depending on Hg
concentrations and exposure periods. The increase in CAT
activity was probably due to continuous production of O2•−
into H2O2, as a result of oxidative stress.
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Elia et al. [28] concluded that exposure to Hg resulted
in increased GST activity and decreased GSH level in the
liver of Ictalurus melas. Dabas et al. [30] observed that
GST activity and lipid peroxidation increased in liver, kidney and gill, whereas CAT activity increased in liver but
was decreased in kidney and gill of Cd-exposed Channa
punctatus. Results might reflect that tissue GST activity
could be induced to neutralize the metal toxicity, as forming part of an adaptive response to metal stress. Therefore,
increasing GST activity suggested that the detoxification
processes were increased.
Lipid peroxidation has been used as a biomarker of oxidative damage in aquatic organisms exposed to various
compounds [31]. The outcomes of the present study indicate that contents of MDA in the tissues decreased in the
presence of Se. Our results are in agreement with the findings of other investigations who found that Hg induced lipid peroxidation in tissues of fish [32, 33]. Orun et al. [34]
demonstrated that exposure to Cd and Cr resulted in increased MDA levels in tissues; however, Se exposure with
metals decreased MDA levels. On the other hand, Hg may
lead to alterations in brain activity, motor development,
and neuro-psychological action [35]. The results demonstrated an AChE inhibition in tissues after 7 and 14 days of
exposure. Several studies also showed that AChE activity
could be inhibited by Hg exposure [32-36]. In a similar
study, Richetti et al. [37] observed that Hg significantly decreased AChE activity and antioxidant competence in
zebrafish brain. However, in our study, inhibition of this
enzyme was much higher in the Hg medium, compared to
Hg+Se mixtures. In addition, Sen et al. [36] revealed that
Se could activate the AChE activity which was inhibited
by Hg exposure in fish brain. Inhibitions of AChE could be
suggested to be an expression of Hg neuro-toxicity. This
study demonstrated that AChE activity can be used as a biomarker in fish exposed to polluted environmental conditions.

5. CONCLUSION
The results revealed that tissues were significantly affected, particularly for long treatment durations and higher
exposure concentrations. Exposure to Hg and Hg+Se resulted in inhibition of AChE and depletion of GSH, finally
resulting in oxidative damage to lipids, accompanied with
elevated of MDA levels and induction of antioxidant enzymes in brain and kidney tissues. Alterations in these parameters are presumably a response against increased ROS
generation under Hg toxicity, and Se was able to antagonize the toxic effects of Hg, as a result of the antioxidant
ability of Se, or the formation of a Se-Hg complex. So, we
concluded that Se is protective against toxic effects of Hg.
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ABSTRACT
Assessing the concentration of potentially harmful
heavy metals in the case of soils in urban parks and squares
that are used for leisure, sporting or recreational activities
is imperative in order to evaluate the potential risks to residents and tourists. The concentrations of heavy metals (Pb,
Cr, Cu, Ni, Zn, and Cd) in urban soils of 7 parks and 5
squares of Changchun, Northeast China, were measured
based on different functional areas. The median concentrations of Pb, Cr, Cu, Ni, Zn and Cd in the investigated urban
soils are 52.26, 63.00, 31.40, 16.02, 118.05 and 0.084 mg kg1
, respectively. The values of Pb, Cu and Zn are significantly
higher than their background values of Changchun topsoil
that average 20.46, 17.96 and 59.47 mg kg-1. The integrated
pollution index (IPI) of these six metals ranged from 1.17 to
3.65, with the highest IPI in the recreation area of the Children's Park. The results of multivariate statistical analysis
(principal components analysis and hierarchical cluster analysis) indicated that Cr and Ni concentrations were mainly of
natural origin, while Pb, Cu, Zn and Cd were derived from
anthropogenic activities. The findings presented here show
that the difference of functional areas in parks and squares
is an important factor in determining the extent of heavy
metal, and the level of pollution in some soils of recreation
areas in parks and outside areas in squares was very high.
KEYWORDS: Heavy metal; Pollution index; Source identification;
Urban park and square

1. INTRODUCTION
The urban environment quality is of vital importance
as most people now live in cities. Human health in cities is
strongly dependent on the status of urban soils [1]. In contrast to agricultural soils, urban soils might have a direct influence on public health since pollutants in the soils can eas* Corresponding author

ily be transferred to humans [2-4]. Furthermore, even though
urban soils are rarely used for food production, they receive
higher than normal loads of contaminants from traffic and,
in heavily industrialized cities, industrial activity [5].
Heavy metal pollution has become increasingly the
world wide environmental problem [6-9]. Urban soils
worldwide have elevated concentrations of (potentially)
toxic metals [10, 11]. Because of the proximity to large human populations, urban soils contaminated with heavy
metals can pose significant human health risks due to oral
soil ingestion [12], inhalation of volatiles and fugitive particulates [13, 14], and dermal contact [15], especially in the
public parks and squares [16]. Parks and squares on urban
soils are part of developed land usually found within cities
that provide opportunities for relaxation, sports and recreational activities [17]. But the soil of a park or a square acts
as a sink for many pollutants due to their large exposed areas, and heavy metal pollutants in the soils can have a serious impact on human health. Children are the most sensitive target group to exposure [4, 18]. Due to their higher
sensitivity, as well as characteristic behaviors (outdoor activities, hand–mouth activity, deficient hygienic habits,
etc.), children are at greater risk of exposure to the toxic
elements from contaminated soils than adults [19]. Bearing
in mind that children are more susceptible to metals, since
they are in the early stages of development, determining
the heavy metal contents in playground soils is of particular
importance.
Heavy metals (HMs) derived from vehicular exhausts,
incinerators, industrial wastes, atmospheric deposition, and
other activities have continuously contributed to the burden
of contaminants in the urban soils [11, 20-22], and, indeed,
increasing research has focused on heavy metals in urban
soils [2, 23-25]. The metal contamination in urban areas is
specific and varies with local conditions [25], and that increased levels of heavy metals in urban soil was related to
the intensity of human activities and traffic volume [26].
The investigation of soil heavy metal concentrations in urban parks in Beijing, China, indicated that the location and
the age of the park are important factors in determining the
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extent of heavy metal, particularly Cu and Pb, pollution [2].
However, differences among functional areas of parks or
squares including intensity of human activities and recreation facilities could have a large impact on the findings of
individual studies. Moreover, little information is available
on heavy metal concentrations in soils of urban parks and
squares located in old industrial bases.
As the first heavy industrial base since the establishment of the People's Republic of China, Changchun has
made great contributions to the economic development of
China. However, the rapid economic development in
Changchun over the last two decades has led to significant
release of waste into the urban environment and placed
great pressure on the local environment, including heavy
metals contamination of urban soils, such as Cd, Cu, Pb
and Zn [27, 28]. However, the heavy metal concentrations
and subsequent soil pollution levels in Changchun’s urban
parks and squares remain unknown. The purposes of this
study were (1) to determine the concentration of heavy
metals in park and square soils of Changchun; (2) to identify the possible sources of heavy metals; and (3) to assess
the heavy metal contamination in urban soils.

2. MATERIALS AND METHODS
2.1. Study Site

The study site is located in an urban area of Changchun
(43°17′~44°5′N, 125°3′~125°34′E), which is the capital of
Jilin Province and an important social-economic center of
northeastern China located in the hinterland of the Northeast Plain. The city occupies an area of 20604 km2, with
4906 km2 classified as urban areas. The climate is dominated by northerly continental monsoons, characterized by
long and cold winter and generally short and warm summer. The average annual temperature is 4.8°C with the highest
temperature in summer is 39.5℃, the lowest temperature in
winter is -39.8℃, and the average annual rainfall is 569.6 mm.
The geology of this region consists of Quaternary alluvial-diluvial deposits and the natural soil types in the study area are
mainly black soil, dark brown soil and meadow soil according to the Classification and codes for Chinese soil (National
standard, GB/T 17296–2009) recommended by General Administration of Quality Supervision, Inspection and Quarantine of the P.R.C. (AQSIQ, 2009). The 12 locations (7 public
parks and 5 squares) investigated in this study are major sites
in Changchun that frequently welcome a large number of
visitors for free and provide opportunities for a wide range
of leisure, sporting and recreational activities. Some of the

TABLE 1 - Brief description of the parks and squares investigated in Changchun
Name(Abbr.name)

Victory Park(SLP)

South Lake Park(NHP)
Peony Park(MDP)
Children's Park(ETP)
Chaoyang Park(CYP)
Labor Park(LDP)
Changchun Park(CCP)
Station Square(ZQS)
People's Square(RMS)
Xinmin Square(XMS)
South Lake Square(NHS)
Cultural Square(WHS)

Sites
SLP1
SLP2
SLP3
NHP1
NHP2
NHP3
NHP4
NHP5
MDP1
MDP2
ETP1
ETP2
CYP1
CYP2
CYP3
LDP1
LDP2
CCP1
CCP2
CCP3
ZQS1
ZQS2
RMS1
RMS2
XMS1
XMS2
NHS1
NHS2
WHS1
WHS2
WHS3
WHS4

History
(years)
98

80
80
80
79
77
13
106
80
80
80
17

Functional area
Recreation area
Leisure area
Fitness area
Leisure area (bathing place)
Leisure area
Leisure area
Recreation area
Leisure area (main entrance)
Leisure area
Leisure area
Leisure area
Recreation area
Fitness area
Recreation area
Leisure area
Leisure area
Leisure area
Leisure area
Fitness area
Leisure area
Leisure area (outside)
Leisure area (inside)
Leisure area (outside)
Leisure area (inside)
Leisure area (inside)
Leisure area (outside)
Leisure area (inside)
Leisure area (outside)
Leisure area (outside)
Leisure area (outside)
Leisure area (inside)
Leisure area (outside)

1967

Area(ha)

23

238
6.56
18.07
57
12.5
65
1
7
2.7
2.7
20.5
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FIGURE 1 - Sampling sites of urban park and square soils in Changchun city, Northeast China.
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parks and squares, such as the South Lake Park, South Lake
Square, Xinmin Square, People's Square, Peony Park, Victory Park, Children's Park and Station Square, were built
more than 80 years ago (Table 1).
2.2. Sampling and analysis

Soil samples were taken from 12 locations of public
parks and squares in the urban parts of Changchun in June
2013. A total of 32 topsoil samples (depths 0-5 cm) were
collected from different main functional sections in 7 parks
and 5 squares (Fig. 1). To avoid effects due to the differential uptake of metals by vegetation, sampling was carried
out where plants with superficial roots are not present. At
each sampling site, 6 sub-samples, with a 1 m×1 m surface,
were collected using a stainless steel spade and then mixed
to obtain a bulk sample. Each sample weighed approximately 1 kg. All of the sample sites were recorded using a
hand-held global positioning system (GPS).
After removal of grass and pebbles, the samples were
air-dried and crushed to pass through a 2 mm polyethylene
sieve and mixed again. A portion of each sample was then
further ground and homogenized with an agate mortar to
pass through a 0.15 mm polyethylene sieve. All handling
procedures were carried out without contacting any metals
to prevent potential cross-contamination of the samples.
The soil samples were digested in triplicate with HNO3 and
H2O2 using the Method 3050B suggested by USEPA [29].
In brief, 1g of sample was accurately weighed into 250 ml
flask for digestion on hot plate with 10 ml of 1:1 HNO3
without boiling (at 95 ). It was then refluxed with repeated additions of conc. HNO3 until no brown fumes were
given off by the sample. After cooling, 2 ml of deionized
water and 3 ml of 30 percent H2O2 (maximum 10 ml) was
added slowly without allowing any losses. The mixture was
refluxed with 10 ml of conc. HCl at 95 for 15 min. After
cooling, digestate was filtered, transferred into a 100 ml volumetric flask, and diluted to the mark with deionized water.
Solutions were stored in high density polyethylene vials at
4 until instrumental analysis. Concentrations of Pb, Cr,
Cu, Ni and Zn in the digestion solution were determined by
flame (air-acetylene) atomic absorption spectroscopy (FAAS)
with the exception of the samples for Cd, which were determined by graphite furnace atomic absorption spectroscopy
(GFAAS), the equipment was made by Shimadzu (Kyoto,
Japan).
The standard reference material (GBW 07405 (GSS5)) obtained from the Center of National Standard Reference Material of China was used in the digestion and determination as part of the quality assurance (QA) protocol.
Reagent blanks and analytical duplicates were included to
ensure the accuracy and precision of analysis. The recoveries for the six observed metals were between 90% and
110%. In addition, to avoid the contamination as far as possible, all chemicals used for metal measurements were
guaranteed reagents, and all of the containers used during
the analysis procedure were washed with detergent, acidsoaked and then rinsed thoroughly with deionized water.

2.3. Statistical analysis

Statistical analysis including principal components
analysis (PCA) and hierarchical cluster analysis (HCA)
were performed using SPSS 16.0 for Windows. PCA with
varimax rotation was performed on log-transformed data.
HCA was undertaken according to the Ward-algorithmic
method to classify heavy metals from different sources on
the basis of similarities in their chemical properties, and the
data normalization method was Range 0 to 1. Results are
shown in a dendrogram where steps in the hierarchical
clustering solution and values of the distances between
clusters (squared Euclidean distance) are represented. To
assess the soil environment quality, a pollution index (PI)
of each metal and an integrated pollution index (IPI) of the
six metals were attributed to each sampling site. The PI was
defined as the ratio of the HM concentrations in this study
to the natural background values of soils in Changchun
[30]. The PI of each metal was calculated and classified as
either low (PI ≤ 1), middle (1 < PI ≤ 3), or high (PI > 3).
The IPI of the six metals for each park and square was defined as the mean value of the metal’s PI [2], and was then
classified as low (IPI ≤ 1), middle (1 < IPI ≤ 2), or high (IPI
> 2). Spatial analysis by GIS was also used to graphically
and digitally present the distribution of the studied trace
metals. The heavy metal distribution maps were created using Arc Map 10 software.

3. RESULTS
3.1. Heavy metal contamination

Descriptive statistical results are reported in Table 2,
including the means, medians, ranges and standard deviations (SD) of heavy metals in urban topsoils from Changchun city.
We found that there was a distinct change in the contents of heavy metals among the sampling soils, Ni levels
were comparable with the BC, while Pb, Cr, Cu, Zn and Cd
exhibited higher concentrations than the BC, particularly
Pb, Cu and Zn, which had about 1.8-, 0.8- and 1.2-fold
higher levels, respectively. The highest concentrations of Pb,
Cr, Cu and Zn, 127.24, 118.33, 78.53 and 235.65 mg/kg,
found in ETP2 of Children's Park, were 5.2-, 1.4-, 3.4- and
3.0-fold higher than the BC, respectively, and the highest
concentration of Cd, 0.359 mg/kg, found in SLP3 of Victory Park, was 3.2-fold higher than the BC. Based on the
mean concentration, the components in soils were arranged
in the following decreasing order: Zn > Pb > Cr > Cu > Ni
> Cd, and the contents of heavy metals in parks were higher
than squares.
3.2. Hierarchical cluster analysis (HCA)

In order to discriminate distinct groups of heavy metals
as tracers of natural or anthropic source, an explorative
HCA was performed on the available dataset (Fig. 2). The
distance cluster represented the degree of association between elements. The lower the value on the distance clus-
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TABLE 2 - Heavy metal concentrations in the soils of urban parks and squares in Changchun (mg kg-1)
Metal
Minimum
Maximum
Mean
Parks
Pb
37.33
127.24
61.43
Cr
51.10
118.33
65.85
Cu
20.13
78.53
32.49
Ni
13.13
27.21
16.90
Zn
74.33
235.65
130.74
Cd
0.031
0.359
0.128
Squares
Pb
34.37
68.78
52.45
Cr
46.69
67.99
61.43
Cu
21.58
49.03
33.21
Ni
10.97
20.52
14.61
Zn
89.04
200.65
125.68
Cd
0.039
0.251
0.107
All urban soils
Pb
34.37
127.24
58.06
Cr
46.69
118.33
64.19
Cu
20.13
78.53
32.76
Ni
10.97
27.21
16.04
Zn
74.33
235.65
128.84
Cd
0.031
0.359
0.120
BC Background concentrations in the soils of Changchun [30].

SD

Median

23.53
13.36
13.19
2.87
41.43
0.108

54.36
63.35
30.34
16.60
126.64
0.084

10.63
5.45
8.62
3.46
30.75
0.066

51.10
62.93
32.79
13.11
118.05
0.085

19.97
11.16
11.54
3.25
37.34
0.094

52.26
63.00
31.40
16.02
118.05
0.084

BC

20.46
50.17
17.96
23.07
59.47
0.086

Rescaled Distance Cluster Combine
5

10

15

20

25

Pb
Zn

Subgroup I
Group I

Cu
Cr

Subgroup II

Ni

Group II

Cd

FIGURE 2 - Hierarchical clustering results (dendrogram) of the heavy metal concentrations in urban park and square soils of Changchun.

ter, the more significant was the association. The results of
the HCA indicated that the elements comprised two main
groups. The Group I was subdivided in two subgroups: Pb,
Cu and Zn clustered in one subgroup and Cr and Ni in the
other subgroup. The Group II consisted of Cd only. The
presence of Pb, Cu and Zn in Subgroup I is commonly considered as a strong indication of soils enrichment by these
metals due to anthropogenic activities [31-33]. This is in
line with their higher concentration observed in this study
compared to their local background values. The metals of
the Subgroup II, Cr and Ni, seemed to be controlled by parent material. This was confirmed by the Principal component analysis (PCA) in the previous study, Cr and Ni were
closely associated with the first principal component (PC1)
and showed low concentrations. Although the average concentration of Cd in the Group II was close to its background
value, several locations showed high levels of Cd indicating that anthropogenic activities had obviously effects on
these areas.

3.3. Principal components analysis (PCA)

Principal component analysis (PCA) was performed
for the dataset of topsoils so as to explore the relationship
between the six metals as variables, and to assign related
variables into principal components. In the analysis, two
principal components were considered, which account for
over 80% of the total variance (Table 3), and the eigenvalues of two extracted factors were higher than 1. The rotated
component matrix indicated that Cu, Zn and Cd were
closely associated, displaying high values in the first component (F1). Pb, Cr and Ni showed greater values in the
second component (F2) and Pb was also partially represented in F1 (Table 2). The results imply that Pb, Cu, Zn
and Cd can be defined as anthropogenic components and
may originate from similar pollution sources such as the
precipitation of aerosol particles released by traffic and industrial activities [2, 34-36], and that the parent materials
of the soils may control the concentrations of Cr and Ni and
Pb in part.
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TABLE 3 - Total variance explained and component matrix for heavy metals in the soils
Component

Initial eigenvalues
% of
Cumulative
variance
(%)
1
3.564
59.405
59.405
2
1.260
20.999
80.404
3
0.428
7.127
87.531
4
0.370
6.166
93.697
5
0.305
5.079
98.776
6
0.073
1.224
100.000
Metal
Component matrix
PC1
Pb
0.835
Cr
0.699
Cu
0.921
Ni
0.592
Zn
0.836
Cd
0.692
Extraction method: principal component analysis.
Total

Extraction sums of squared loadings
Total
% of
Cumulative
variance
(%)
3.564
59.405
59.405
1.260
20.999
80.404

Rotation sums of squared loadings
Total
% of
Cumulative
variance
(%)
2.638
43.972
43.972
2.186
36.432
80.404

Rotated component matrix
PC1
PC2
0.571
0.621
0.199
0.861
0.781
0.500
0.042
0.883
0.944
0.167
0.878
0.021

PC2
0.119
0.540
-0.108
0.657
-0.469
-0.540

TABLE 4 - Statistical results of pollution index (PI) and integrated pollution index (IPI) of heavy metals in the urban soils of Changchun.
PI
Mean
Min
Max
SD
Low
Middle
High

All urban soils (n=32)

Number of samples
IPI

High (IPI > 2.0)
Sites
ETPS-2
SLPS-3
ZQSS-1
NHPS-3
LDPS-1
MDPS-1

IPI
3.65
2.41
2.26
2.20
2.05
2.04

Pb
Cr
2.84
1.28
1.68
0.93
6.22
2.36
0.96
0.22
0
1
25
31
7
0
Middle (1.0 < IPI ≤ 2.0)
Sites
IPI
SLPS-1
1.99
NHSS-2
1.97
CYPS-1
1.93
NHPS-4
1.86
MDPS-2
1.82
NHPS-5
1.79
XMSS-2
1.76
RMSS-2
1.74
RMSS-1
1.74
CCPS-2
1.67
ZQSS-2
1.67
ETPS-1
1.64
WHSS-4
1.54
XMSS-1
1.42
WHSS-2
1.40
CYPS-3
1.36
CYPS-2
1.34
NHSS-1
1.28
CCPS-1
1.27
CCPS-3
1.26
WHSS-1
1.26
SLPS-2
1.25
NHPS-2
1.22
WHSS-3
1.21
LDPS-2
1.20
NHPS-1
1.17

3.4. Assessment of the environmental quality for the soils of
urban parks and squares

The PI, calculated according to the natural background
values of heavy metals in soils of Changchun, varied considerably across the different metals (Table 4). For Cr and
Ni, the mean PIs were 1.28 and 0.70, respectively, and all

Cu
1.82
1.12
4.37
0.64
0
31
1

Ni
0.70
0.48
1.18
0.14
31
1
0
Sites

Zn
2.17
1.25
3.96
0.63
0
29
3
Low (IPI ≤ 1.0)

Cd
1.39
0.35
4.16
1.09
16
13
3
IPI

of the samples had low or mid-level PIs, indicating that the
concentrations of Ni and Cr in the soil samples were comparable with the natural background values of Changchun
and there was no obvious pollution of Ni and Cr in the soils
of the parks and squares.
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The PIs of Pb, Cu, Zn and Cd were much higher since
all of the samples contained high PIs, ranging from 1.68 to
6.22 for Pb, 1.12 to 4.37 for Cu, 1.25 to 3.96 for Zn and
from 0.35 to 4.16 for Cd, respectively. The results demonstrated that the Pb, Cu, Zn and Cd pollution is widespread
in the parks and squares of Changchun. The maximal PI for
Pb was 6.22 and 22 % of soil samples were classified as
High PI. Thus, it was likely that many of the park and
square soils in Changchun were highly polluted by Pb. The
PIs of three samples for Cd were classified as High, but
50% of the samples were classified as Low PI, indicating
the absence of problematic Cd pollution of soils in Changchun parks and squares.
The IPIs of six elements in urban soil samples varied
from 1.17 to 3.65 with an average of 1.70 (Table 4). All the
parks and squares exhibited moderate to high IPIs, and 19
% of soils investigated had high pollution levels. In particular, the recreation area (ETP-2) of Children's Park demonstrated an IPI of 3.65, indicating the presence of serious
heavy metal pollution. Thus the soil quality of Changchun’s urban parks and squares has clearly been impacted,
particularly those areas visited by large crowds of people,
such as ETP-2, SLPS-3 and ZQSS-1.

4. DISCUSSION
4.1. Location of the urban soils and the extent of pollution

In this study, the assessment of the soil environment
quality suggests that heavy metal pollution varied greatly
across the different functional areas in the parks and
squares. Different locations of soils are associated with differences in the density of human activities and traffic.
Parks were mainly classified into three functional areas: leisure area (F I), fitness area (F II) and recreation area
(F III) for providing opportunities for relaxation, sports and
recreational activities. According to earlier discussion, Cr
and Ni seemed to be controlled by parent material, so the Cr
and Ni in parks were less affected by human activities. The
mean values of Pb, Cu and Zn in the area of F III were all
much greater than those in the area of F I and F II (Fig. 3 a).
The concentrations of Pb, Cu, Zn and Cd for F I were lower
than that for F II and F III. Therefore, in this study the functional area of park was related to the amount of heavy metal
accumulation found in the soil samples, particularly for Pb,
Cu, Zn and Cd.
The recreation area is the most popular place in parks
with a large quantity of visitors every year, expecially for
children, for providing various kinds of recreational activities, such as bumper cars, roller coaster, merry-go-round
and so on. As we know, children are at greater risk of exposure to the toxic elements from contaminated soils than
adults [19]. The high concentrations of metals in the F III
will increase the toxicological health effects on children.
For example, the Children's Park is a popular park located
in the Changchun and accommodates a large numbers of
visitors every year with more than 50 varieties of recreation

facilities for children. However, the recreation area (ETP-2)
of the Children's Park demonstrated an IPI of 3.65, indicating the presence of serious heavy metal pollution. Thus appropriate measures are badly in need for protecting children’s health when they are playing in the recreation area
of parks.
According to the location, all squares investigated
were classified into two groups: the area inside the square
(L I) or the area outside the square (L II). Based on the previous results, Cr and Ni for squares were also from natural
sources and less affected by the location of samples at a
regional scale. The mean values of Pb, Cu, Zn and Cd in
the samples of L II were all much greater than those in the
samples of L I (Fig. 3 b). Therefore, there were significant
correlations between the location of the samples in the
squares and the concentrations of Pb, Cu, Zn and Cd.
The squares (except for WHS ) in Changchun are not
only the place for providing rest and leisure, but also as a
roundabout for relieving traffic pressure. Thus traffic is an
important factor determining the extent of heavy metal accumulation in L II of squares indicating that the squares are
not suitable for leisure, expecially the area outside the
squares. In the study, L II of ZQS has the highest IPI value
among the squares. Station Square has a high customer
traffic throughout the day, and many of the passengers take
a rest here, so the heavy metal pollution of the square will
be a threat to their health. Cultural Square, constructed in
1996 in the centre of Changchun, is one of the largest city
leisure squares of China. The study showed that there was
no obvious pollution of heavy metals in WHS, and that
might be related to its relatively short time of establishment.
As was mentioned, different areas of parks and squares
has different contents of toxic elements, and the density of
human activities and traffic is likely to accelerate accumulation of heavy metals in the soils.
4.2. Analysis of the pollutant sources

We did not find Cr and Ni pollution in the soil samples
of the urban parks and squares. Parent material and pedogenic processes are major factors in the amounts and distribution of Cr and Ni [37, 38]. In this study, the Ni concentrations in the samples were comparable with the background
values of Changchun topsoil and a little higher for Cr.
The concentrations of Pb, Cu, Zn and Cd in the soil
samples from most of the urban parks and squares of
Changchun exceeded the background values of Changchun
topsoil and, indeed, serious soil pollution was found in
some sites. Anthropogenic sources may contribute to this
elevation of Pb, Cu, Zn and Cd concentrations in the soils.
The content of these metals in urban soils has been readily
affected by anthropogenic factors [34, 35, 39]. Pb, Cu, Zn
and Cd can come from organic fertilizers [40], organic and
inorganic fertilizers [41], and some pesticides [42], respectively. However, the major emission source of these elements is likely to be traffic emission and industrial activities. It had been found that Pb derived from car exhausts
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FIGURE 3 - Mean concentrations of heavy metals in the soils of parks and squares.

does not extend appreciably beyond 30 m from the road
[43], but lead aerosols, industrial fumes and coal burning
exhausts can be carried over longer distances [37], and atmospheric deposition is the main source of Pb [44], such
as industrial production and traffic activities. Although petrol with lead additives has been banned in Changchun for
several years, lead pollution may continue to affect the soil
environment for years to come. The normal activity and
deterioration of vehicles on the roads can emit heavy metals into the air, especially Cu [21, 39]. Thus, the various
traffic densities can influence the amount of Cu emitted by
local vehicles. In the present study, soil concentration of
Zn was also found to be correlated with the level of human

activities[34, 35] and Cd may be associated with industrial
activities [45].
In general, Pb, Cu, Zn and Cd were consistently from
anthropogenic sources, while Cr and Ni were from natural
sources with low concentrations. Atmospheric deposition
of heavy metals is considered to be a significant factor in
soil pollution.
5. CONCLUSION
It is concluded that a significant degree of metal pollution exists in some soils within the parks and squares of
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Changchun, particularly for Pb, Cu and Zn, and its concentrations varied among different functional areas. All of the
parks and squares had middle or high PIs of Pb, Cu and Zn,
indicative of pollution from these metals, particularly the
recreation area of parks and outside area of squares, such
as the F III of Children's Park and the L II of Station
Square. Therefore, more attention should be paid to heavy
metal pollution of parks and squares in Changchun city. Cd
concentration in the soil samples exceeded background
concentrations, but the soil pollution of Cd was low. The
Cr and Ni concentrations in the urban park soils samples
were low and seemed less affected by human activities,
thus the pollution problem of Cr and Ni was not evident.
All of the sites of parks and squares had middle or high
IPIs. Therefore, the soil quality in most of the urban parks
and squares in Changchun has deteriorated. These findings
indicate that appropriate measures should be taken to effectively control heavy metal levels of park and square
soils in Changchun and thus protect human health. Urban
parks and squares are used for leisure, sporting or recreational activities and have close relations with residents and
tourists. So it is imperative to evaluate the potential risks
of pollutants in the public places.
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THE ENZYMATIC ACTIVITY AND PLASTID PIGMENT
CONTENT IN MEDICAGO X VARIA T. MARTYN TREATED
WITH AN EXOGENOUS GROWTH REGULATOR
Jacek Sosnowski
University of Natural Sciences and Humanities, Institute of Agronomy, ul. B. Prusa 14, 08 -110 Siedlce, Poland

ABSTRACT
The study focused on determining the effect of an exogenous growth regulator on the activity of nitrate reductase and the content of plastid pigments in lucerne. In March
2014, a pot experiment was conducted to grow Medicago x
varia T. Martyn in a growth room under controlled conditions (temperature 24±2/16±2ºC, photoperiod 16/8 h, light
intensity of 200 µmol·m-2·s-1 achieved through the use of
high-pressure sodium lamps, humidity 40%). The experiment was carried out in 40 pots, four pots for each variant
and 3 plants in each pot. The experimental factor was an
own preparation (exogenous growth regulator) protected by
the Polish Patent Office (number of invention: P/407/790).
The regulator contained synthetic auxin, cytokinin and titanium in a form of chelate. Depending on the experimental
variant, spraying with the regulator was applied at the sixth
true leaf stage and at the first flower bud stage. The control
plants were treated with distilled water. The best results were
obtained after spraying plants with the regulator twice: at the
sixth true leaf stage and at the first flower bud stage. Only in
the case of nitrate reductase activity in the roots and the ratio
of total chlorophyll content to carotenoids, the highest values
were obtained after using the regulator once.

50% of the applied mineral nitrogen is lost [4]. Thus, there
arises a question of very low efficiency of such fertilisation
[5]. Moreover, studies conducted by Ilieva and Vasileva [6]
indicate weakening of some physiological processes of lucerne under the influence of mineral nitrogen fertilisation.
In this context, growth regulators based on exogenous auxins and cytokinins become an alternative. Numerous literary references [7-14] indicate positive effects of using regulators of this type in crops of many plant species. These
effects include improving the plant vigour and resistance
to adverse environmental conditions as well as diseases.
The aim of the study was to evaluate the effectiveness
of the growth regulator based on exogenous auxin and cytokinin with the addition of titanium in a form of chelate
on the nitrate reductase activity and plastid pigment content
in the biomass of lucerne. The experiment was to demonstrate whether spraying with the regulator, applied in various stages of lucerne growth and development, triggers nitrate reductase activity in lucerne leaves, stems and roots,
and whether it influences the content of chlorophyll a and
b, as well as carotenoids in lucerne leaves.

2. MATERIALS AND METHODS
KEYWORDS: growth regulator, synthetic auxin, synthetic cytokinin, lucerne, nitrate reductase, plastid pigments

1. INTRODUCTION
Lucerne is considered the main plant source of protein
in the production of protein extracts for animal feed [1].
The question of the meaning of nitrogen fertilisation of lucerne is widely discussed in the scientific literature. According to some authors [2], nitrogen fertilisation contributes to the increase in yield of this plant, therefore it should
be implemented. On the other hand, others [3] argue that
mineral nitrogen inhibits the growth and development of
lucerne root nodules. Furthermore, it is believed that 30 to

In March 2014, a pot experiment was conducted to
grow Medicago x varia T. Martyn ‘cv. Kometa’ in a growing room at the Faculty of Natural Sciences of the Siedlce
University of Natural Sciences and Humanities. The experiment conditions were: temperature 24±2/16±2°C; photoperiod 16/8 hours; light intensity of 200 µmol·m-2·s-1
achieved through the use of high-pressure sodium lamps;
and humidity 40%. The experiment was completely randomised, with four replications with the control subject.
The pots were filled with 5 kg of soil each. The soil used
in the experiment was composed of loamy medium sand,
III soil valuation class, taken from the arable topsoil level.
It was marked by a very high content of assimilable phosphorus and magnesium, a high content of potassium, copper and zinc, and a medium content of boron, manganese
and iron (Table 1).
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TABLE 1 - Chemical composition of soil
pH in KCL
Humus [%]
6.3
3.0
Content of mineral N
[mg·kg -1 DM ]
N-NO3
N-NH4
1.4
60.9
B
2.3

Mn
191

Corg [g·kg-1]
Dry matter [%] Humidity [%]
17.1
86
12
Total content of macroelements
[g·kg -1 DM]
P
K
0.48
0.13
Total content of microelements
[mg·kg -1 DM]
Cu
Zn
8.7
22.3

Lucerne seeds were sown in mid-March to a depth of
2-3 cm. After the seeds germinated, 3 representative plants
in each pot were left for further research. During the lucerne growth, the factors: growth regulator and spray period were introduced (depending on the stage of growth
and development of plants). The applied growth regulator
was the researcher’s own preparation protected by the
Polish Patent Office (number of invention: P/407/790).
The preparation contained synthetic auxin (concentration
of 35 mg·dm-3) and cytokinin (35 mg·dm-3). Moreover, it
included titanium in a form of chelate (concentration of 1
mg·dm-3). The plants were sprayed until dip-off with 20
dm3 of spray liquid per pot. Spraying was applied at two
stages of lucerne growth and development: the sixth true
leaf stage and at the first flower bud stage.
Experimental design subjects:
 Control – spraying with distilled water at both stages
of lucerne growth and development,
 AF1 – spraying with the regulator at the sixth true leaf
stage, and with distilled water at the first flower bud
stage,
 AF2 – spraying with distilled water at the sixth true leaf
stage, and with the regulator at the first flower bud
stage,
 AF1,2 – spraying with the regulator at the sixth true leaf
stage and the first flower bud stage.
All variants of the experiment were performed in four
replications.
After withering of the plants, the collection and fractionation of biomass for roots, leaves, stems and inflorescences was conducted. In stems, leaves and roots nitrate
reductase activity was determined with the in vivo method
according to Jaworski [15]. Moreover, plastid pigment
content was marked in leaves. Chlorophyll a and b were
marked with the method by Arnon et al. [16] as modified
by Lichtenthaler and Welburn [17], and the content of carotenoids – using the method by Hager and MayerBerthenrath [18]. Plant material for the marking was collected from each plant at the full flowering stage (50% of
open flowers). As for the pigments, the optical density of
the obtained supernatants was determined with the Marcel
Mini spectrophotometer with wavelengths: 440, 465 and
663 nm. Next, the results were calculated according to the
following formulas:

Mg
0.10
Fe
1570

- chlorophyll a content: [12.7(E 663) - 2.69(E645)] x w/v;
- chlorophyll b content: [22.9(E645) - 4.68(E663)] x w/v;
- chlorophyll a+b content: [20.2(E645) + 8.02(E663)] x w/v;
- carotenoid content: [4.16(E440) - 0.89(E663)] x w/v;
where:
E – extinction at a particular wavelength;
v – amount of 80% acetone [cm3] used for extraction;
w – sample weight [g].
The obtained results were statistically analysed using
the analysis of variance and LSD0.05 (least significant differences), according to Tukey’s test.

3. RESULTS AND DISCUSSION
The main source of nitrogen for crops are nitrate ions.
Nitrates are absorbed by plant roots on the basis of active
transport, involving three types of protein transport systems. Absorbed nitrates are reduced to ammonia which is
then incorporated into organic compounds. At the first
stage, the nitrate reductase enzyme reduces two-electron
nitrate (V) to nitrite (III). At the second stage, nitrate reductase transforms nitrite into ammonium ions. This reaction stage requires six electrons from the reduced ferredoxin. Nitrate reductase catalyses this reaction, therefore
such a great role is attributed to this enzyme in the process
of forming plant metabolites [19, 20].
The study showed (Table 2) that the nitrate reductase
activity in the control plants was 32.1 µmol NO2- g-1 fresh
weight in leaves, 8.40 µmol NO2- g-1 fresh weight in stems
and 4.20 µmol NO2- g-1 fresh weight in roots, and it was
lower than the values obtained for variants with the regulator. The highest nitrate reductase activity occurred in
leaves, and after double spraying with the growth regulator
it was higher than the control subjects by 92.2%. After applying the regulator at the sixth true leaf stage, the nitrate
reductase activity amounted to 50.7 µmol NO2- g-1 fresh
weight, and after spraying lucerne only at the first flower bud
stage, the nitrate reductase activity value was 56.2 µmol
NO2- g-1 fresh weight. This tendency was also observed in
studies by other authors [3, 6, 21, 22]. In the case of stems,
the highest enzyme activity (15.0 µmol NO2- g-1 fresh
weight) was also observed for the plants sprayed twice.
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TABLE 2 - Nitrate reductase activity in leaves, stems and roots of lucerne, depending on the regulator and development stage of plants
Leaves
Objects

-

-1

µmol NO2 g
fresh weight

Stems
+, -, %

-

-1

µmol NO2 g
fresh weight

Roots
+, -, %

-

-1

µmol NO2 g
fresh weight

Control
32.1
─
8.4
─
AF1
50.7
+ 57.9
13.4
+ 59.5
AF2
56.2
+ 75.1
11.9
+ 41.7
AF1,2
61.7
+ 92.2
15.0
+ 78.6
LSD (P=0.05)
6.89
2.1
+, -,% – increase, decrease to the control A – regulator, F1 – sixth true leaf stage, F2 – first flower bud stage

+, -, %

4.2
5.2
5.0
5.1
0.7

─
+ 23.8
+ 19.0
+ 21.4

TABLE 3 - The content of chlorophyll a and b in lucerne leaves, depending on the regulator and plant development stage

Objects

Plastid pigments [mg 100 g-1 fresh weight]
chl.a

+, -, %

chl.b

+, -, %

Control
108.0
─
80.4
─
AF1
239.0
+ 121.0
108.0
+ 34.3
AF2
201.0
+ 86.1
101.0
+ 25.6
AF1,2
284.0
+162.9
117.0
+ 45.5
LSD (P=0.05)
33.8
14.5
+, -,% – increase, decrease to the control A – regulator, F1 – sixth true leaf stage, F2 – first flower bud stage

In chloroplasts there are two types of pigments: chlorophyll (a and b) and carotenoids. Chlorophylls are the
most important photosynthetic pigments that have the ability to absorb the light energy and enter an “excited” state.
It determines the flow of electrons in the light-dependent
stage of photosynthesis, and production of compounds necessary in the later stages of this process, i.e. ATP and
NADPH. In contrast, carotenoids (carotenes and their derivatives containing one or more oxygen atoms – xanthophylls) act as auxiliary compounds in the process of absorbing the light energy at different wavelengths and transferring it to the chlorophyll (light harvesting complex).
These include: β- carotene, lutein, neoxanthin and violaxanthin. Moreover, they capture free oxygen radicals, thus
protecting chlorophyll against photo-oxidation (photo-protective system). Here we should mention: violaxanthin, antheraxanthin and zeaxanthin – VAZ [23, 24].
The study showed (Table 3) that spraying plants with
the regulator triggered an increase in the content of chloro-

ch.a+b

+, -, %

188.0
347.0
302.0
401.0
43.2

─
+ 84.6
+ 60.6
+ 213.0

phyll pigments as compared to the control. The best results
were obtained by applying the preparation twice. The content of chlorophyll a for these objects increased by 162.9%
and amounted to 284 mg 100 g-1 fresh weight, chlorophyll
b by 45.5% and amounted to 117.0 mg 100 g-1 fresh weight,
and the total chlorophyll content increased by 213%, giving 401.0 mg 100 g-1 fresh weight. It is worth noting that
regardless of the type of chlorophyll pigment, the use of the
regulator at the sixth true leaf stage gave better results than
spraying the plants at the first flower bud stage. A similar
tendency occurred for the total chlorophyll.
In the case of carotenoids, the highest increase of their
content (Table 4) was also obtained after double spraying
with the regulator. The content of these pigments increased
from 23.5 mg 100 g-1 fresh weight for the control to 41.7 mg
100 g-1 fresh weight for the variants AF1,2. In addition, more
carotenoids in lucerne leaves were obtained after using the
regulator at the sixth true leaf stage (34.7 mg 100 g-1 fresh
weight) than at the first flower bud stage (27.2 mg 100 g-1

TABLE 4 - The content of carotenoids in lucerne leaves and the ratio of total chlorophyll to carotenoids, depending on the regulator and plant
development stage
Objects

Pigments [mg 100 g-1 fresh weight]
carotenoids

+, -, %

chl.a+b/carotenoids

Control
23.5
─
8.0
AF1
34.7
+ 47.7
10.0
AF2
27.2
+ 15.7
11.0
AF1,2
41.7
+ 77.7
9.0
LSD (P=0.05)
9.10
1.1
+, -,% – increase, decrease to the control A – regulator, F1 – sixth true leaf stage, F2 – first flower bud stage
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+, -, %
─
+ 25.0
+ 37.5
+ 12.5
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fresh weight). It should be noted that the ratio of total chlorophyll to carotenoids was the highest (11.0 on average) for
the plant material treated once with the growth regulator,
but only at the first flower bud stage.
When plants from the Fabaceae family age, chlorophyll and carotenoid content in tissues decreases [25]. According to Downs et al. [26], the use of exogenous cytokinin may increase the content of chlorophyll in senescent
leaf tissues, because it slows down chlorophyll degradation
and delays the aging process. In their studies on the effects
of BAP on cabbage, Costa et al. [27] found that this substance slows the degradation of total chlorophyll compared
to the control plants. Simultaneously, the authors demonstrated a significant drop in the activity of enzymes taking
part in chlorophyll degradation (chlorophyllase and magnesium chelatase) as a result of treatment with plant hormones. Czapla et al. [28], using two types of synthetic auxins – IBA and NAA (1-naphthaleneacetic acid) and their
mixtures (all with a concentration of 20 mg·dm-3), observed the highest effects when using IBA. On the other
hand, Nahar and Ikeda [29] sprayed soybean plants with
auxin (ethyl-5-chloro-3-indazolyl acid) and found an average of 23% increase in the analysed features compared to
the control. The positive effect of plant hormones on plants
was also reported by Nowak et al. [30], Barcley and McDavid [31], and Czapla et al. [28].

4. CONCLUSIONS
Regardless of plant parts (leaves, stems, roots), the use
of the growth regulator contributed to the increase of nitrate reductase activity compared to the control plants. In
the aboveground biomass, the highest activity of this enzyme was observed after double spraying of plants with the
regulator. Spraying plants with the regulator caused the increase of the plastid pigment content in lucerne leaves. The
highest content of these pigments was obtained by using
the regulator at the sixth true leaf stage and the first flower
bud stage. The best ratio of total chlorophyll to carotenoids
was obtained for plants grown on the premises where
spraying was applied at the first flower bud stage.
The authors have declared no conflict of interest.
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HEAVY METALS CONTENT IN AMANITA PANTHERINA IN
A VICINITY OF THE THERMO-ELECTRIC POWER PLANT
OSLOMEJ, REPUBLIC OF MACEDONIA
Emri Murati*, Slavcho Hristovski, Ljupcho Melovski and Mitko Karadelev
Institute of Biology, Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius University, Skopje, Republic of Macedonia

ABSTRACT
The results of the heavy metals analyses (Ni, Cu, Fe,
Zn, Mn, Pb and Cd) in the fruiting body of Amanita pantherina (DC.) Krombh. 1846, a poisonous wild-growing
mushroom are presented. Samples of A. pantherina and
soils were collected from Kichevo area (Republic of Macedonia) at different distances (~0.5, ~2.5; ~7.5 km) from
the Thermo-electric power plant Oslomej in 2012 and
2013. The total concentration of heavy metals was analyzed by wet digestion and atomic absorption spectrometry
(Agilent 55A).
Very high concentrations of Cd were recorded in all of
the samples indicating the bioaccumulation potential of
Amanita pantherina for Cd. We found out that the Cd concentration in Amanita pantherina was significantly correlated to its total concentration in the soil (p<0.05; r=0.48).
The impact of the TEPP Oslomej was evident in the
case of Cu and Zn for which a significant correlation was
found between the distance from TEPP Oslomej and its
concentration in Amanita pantherina (p<0.05). Furthermore, the combination of distance from TEPP Oslomej and
total soil concentration of Mn gave significant multiplicative model (p<0.10) to explain the concentration of Mn in
Amanita pantherina.

KEYWORDS: Amanita pantherina, mushroom, heavy metals,
Thermo-Electric Power Plant.

1. INTRODUCTION
Fungi in general are known to be potent accumulators
of heavy metals from soils and thus were used as indicators
for heavy metal pollution [1-4]. Compared to green plants,
mushrooms can build up large concentrations of some heavy
metals, particularly Cd, Hg, Cu and Pb. This suggests that
mushrooms possess a very effective mechanism that enables
them readily to take up heavy metals from soil [4].
* Corresponding author

Heavy metals pollution is a serious problem in the Republic of Macedonia. The heavy metals concentration in
Kichevo area is mainly a result of natural processes and of
the impact by Thermo-Electric Power Plant Oslomej
(TEPP Oslomej) based on lignite combustion [5, 6].
The heavy metals composition of Amanita pantherina
(DC.) Krombh. 1846 (Panther cap) and other fungi of the
genus Amanita have been studied in clean and polluted environments [7, 8]. The potential for accumulation of Cd in
A. pantherina and A. muscaria has also been stressed [8, 9].
The aim of this work is to determine the heavy metal
concentration in soils and in the fruiting bodies of A. pantherina and to assess the potential impact of the TEPP
Oslomej.

2. MATERIALS AND METHODS
Study area. Kichevo valley is situated in south-west
Macedonia, surrounded by Bistra and Suva Gora mountains. Kichevo is an important industrial center in this part
of Macedonia, due to the iron mine in Tajmište (closed at
the moment), the coal mine Oslomej and the TEPP Oslomej.
TEPP Oslomej provides for about 9% of the total electrical
energy production in the Republic of Macedonia.
Field collection of wild mushrooms. The samples
were collected from Kichevo area at various distances from
TEPP Oslomej in the period of 2012 and 2013 (exclusively
from spring to autumn). In total, 19 samples of A. pantherina from 11 localites at different distances (~0.5, ~3
and ~7.5 km) and orientations (north, west, east and south)
from TEPP Oslomej were collected (Tab. 1). All of the
samples were collected in Italian and Turkey oak forests
(Quercetum frainetto-cerris Horvat, 1954). Soils from
these localities at depth of 5-15 cm were also collected (in
two replicates). Dried samples were kept in the Macedonian Collection of Fungi (MCF).
Analytical methods. All samples of A. pantherina
were ground and wet digested with HNO3 and H2O2. Sample of 0.5 g was measured on analytical balance (0.0001 g)
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and transferred into digestion flask. Immediately, 8ml of
HNO3 were added followed by the addition of 4 ml of H2O2
(1 ml in one-hour intervals). The samples were digested on
temperature of 160˚C during 24 hours.
The concentration of heavy metals in soils was determined by wet digestion of approximately 1 g dry soil sample in 10 ml of digestion solution HNO3:HCLO4:H2SO4=
10:2:1 [10].
All of the analyzed heavy metals were determined by
flame atomic absorption spectrometry on Agilent 55A. The
concentration of heavy metals was calculated and corrected
by subtracting the blanks.

3. RESULTS AND DISCUSSION
The concentration of heavy metals in soils of 11 sampling
localities around TEPP Oslomej is presented in Table 1. Concentrations of 19 elements were studies in a extensive study
based on 52 soil samples from Kichevo valley [6]. The values for Mn (Table 1) are lower than the ones reported [6];
all of the other elements are comparable between these two
studies.
Analyses of the heavy metals concentrations in the
fruiting body of A. pantherina showed considerable variations between localities, especially for Fe (Figure 1).

Distance

Orientation

TABLE 1 - Total (T) and available (A) concentration (mg·kg-1) of heavy metals in soils of 11 sampling localities around TEPP Oslomej.

0.5-0.8

N

4.6

0.032

4.2

0.15

11.3

0.05

4726.9

6.3

72.2

1.7

17.6

0.06

0.17

0.003

Oslomej - W

0.5

W

10.3

0.102

7.7

0.16

24.1

0.07

8780.7

4.4

142.0

2.9

19.8

0.14

0.05

0.004

Oslomej - S

0.5

S

8.9

0.052

5.5

0.09

19.2

0.08

4691.6

4.3

105.9

5.1

18.1

0.21

0.05

0.005

Gorica

3.25

N

8.7

0.021

5.1

0.08

17.0

0.04

9399.0

3.2

171.3

1.8

17.3

0.05

0.05

0.002

Stragomishte

3-3.5

W

15.5

0.044

23.7

0.14

37.0

0.03

7590.7

3.4

110.8

3.8

16.8

0.23

0.05

0.002

Locality

Zhubrino

Ni
T

Cu

Zn

Fe

A

T

A

T

A

T

Mn
A

T

Pb
A

Cd

T

A

T

A

3

S

19.1

0.100

13.3

0.13

39.9

0.10

6315.6

3.1

102.7

5.4

16.9

0.10

0.10

0.006

Zadel-Srbica

2.5-3.0

E

16.1

0.029

20.1

0.12

32.7

0.05

9455.2

2.6

160.7

0.9

39.2

0.02

0.12

0.003

Jagol-Dolenci

7-7.5

N

9.5

0.015

5.1

0.05

15.6

0.02

4792.3

2.0

111.4

5.7

17.4

0.05

0.05

0.001

Zajas

7-7.5

W

34.2

0.104

21.5

0.12

43.2

0.18

4085.9

3.8

101.3

1.1

17.2

0.12

0.07

0.002

Krushino

7-7.5

S

9.3

0.041

10.1

0.17

25.6

0.15

9376.4

3.1

177.4

4.3

19.3

0.06

0.05

0.003

Novo Selo

7-7.5

E

3.3

0.053

3.0

0.09

10.1

0.07

3690.7

4.9

54.5

2.5

16.8

0.14

0.07

0.003

Crvivci

500
mg·kg-1

392,0

400
300
200
100

67,6
7,3

16,1

Ni

Cu

28,1

6,2

4,1

Pb

Cd

0
Zn

Fe

Mn

FIGURE 1 - Concentration of analyzed heavy metals in the fruiting body of Amanita pantherina (vertical bars represent standard errors).
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The concentration of Cd was high (4.1 mg·kg-1 in average) with a maximum of 10.05 mg·kg-1. Even higher Cd
concentrations of 12.3±3.58 mg·kg-1 have been reported in
four different areas in Hungary [8]. Similar results have
been published for A. muscaria [9]. In other edible mushroom
species in Kichevo area lower values were found [11].
The concentration of Ni was also high (7.3 mg·kg-1 in
average) compared to one study in Hugary where average
value of 1.92 mg·kg-1 for Ni in A. pantherina was reported
[8]. High values for Ni in Kichevo are probably due to the
high concentration of Ni in the soils (Table 1). The concentration of Ni and Fe in soils is high and predominantly a
result of the natural lithologic composition [6]. This is further supported by very high value of Fe in A. pantherina
(Figure 1), especially compared to the results of other studies [8, 10].
The concentrations of Zn and Cu in A. pantherina from
Kichevo area (Figure 1) are lower than the values reported
in other studies [8, 10].
We found significant correlation between the distance
from TEPP Oslomej (Kichevo, Macedonia) and concentration of Cu in the fruiting body of A. pantherina (Figure 2;
p<0.05, r=0.76). This provides evidence of the pollution
impact of TEPP Oslomej with Cu although its soil concentration was regarded as mainly dependent on natural lithology [6]. However, high values of Cu (enrichment factor >
2) were reported in the lignite from Oslomej coal mine [5].
The correlation in the case of other heavy metals was not
statistically significant. Multiple regression analyses
showed that the concentration of Cu in A. pantherina is
both dependent on the soil concentration and distance from
TEPP Oslomej (p<0.05).

Cu and Zn (mg·kg-1)

120
100

As in case of Cu, the concentration of Mn in A. pantherina was dependent on both the soil concentration and
distance from TEPP Oslomej (p<0.1).
12
Cd (mg·kg-1)
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6
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2
0
0,00

0,10

0,20

0,30

0,40

Cd in soils (mg·kg-1)
FIGURE 3 - Correlation between concentration of Cd in soils and in
the fruiting body of Amanita pantherina.

4. CONCLUSIONS
The study on the impact of Thermo-Electric Power
Plant Oslomej in Kichevo area (Republic of Macedonia) on
the heavy metals concentration in Amanita pantherina
showed that:


The concentration of Cd is very high as a result of
natural potential of this species for accumulation of
Cd. However, the accumulation of Cd was dependent
on the soil concentration of Cd;



The concentration of Ni and Fe was also high and this
is probably a result of the high soil concentration (natural lithology);



The impact of the pollution of TEPP Oslomej was evident in the case of Cu and Zn, although the natural
soil concentration of Cu is an important factor.
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ABSTRACT
The aim of the present study was to assess the hematological alterations induced by Zn and Cd individually or in
combination in Nile tilapia (Oreochromis niloticus). Fish
were exposed to 0.5 and 5.0 mg/L Zn, 0.1 and 1.0 mg/L Cd,
and 0.5 mg/L Zn + 0.1 mg/L Cd and 5.0 mg/L Zn + 1.0 mg/L
Cd mixtures for 7 and 28 days. Significant changes in all hematological parameters were found to be either dose or time
dependent. The exposure of O. niloticus to metals resulted
in decreases in red blood cell, hemoglobin, hematocrit,
and white blood cell, which shows the anemic state of the
fish and the weakening of the immune system. Our work
showed that hematological parameters are sensitive indicators
to monitor physiological and pathological changes induced
by metals.
KEYWORDS:
Oreochromis niloticus, Zn, Cd, hematological parameters

1. INTRODUCTION
Increased discharge of both essential and non-essential
metals into natural aquatic ecosystems can expose aquatic
organisms to unnaturally high levels of these metals [1].
Fish live in very intimate contact with their environment,
and are therefore very susceptible to physical and chemical
changes [2].
Hematological indices are very important parameters
for the evaluation of fish physiological status under metallic
stress [3]. A number of hematological indices such as red
blood cell (RBC), hemoglobin (Hb), hematocrit (Hct) and so
on, are used to assess the functional status of the oxygen carrying capacity of the bloodstream and have been used as an
indicator of metal pollution in the aquatic environment [4].
In fish exposed to metals, several hematological studies have
been reported anemia and white blood cell (WBC) counts
changes due to a response of the major hematopoietic organs.
* Corresponding author

Most studies of the effects of metals on the hematology
of fish have focused on a single metal [3-5]. Few studies
have investigated the effects of metal mixtures, despite the
fact that fish are normally affected by a combination of
metals in their natural environments [6, 7]. Nile tilapia
(Oreochromis niloticus) is a tropical freshwater fish and cultured extensively for its economic importance [8]. Due to its
easy handling, culture and maintenance in the laboratory,
and because it responds promptly to environmental alterations, it is also a well-established model for toxicological research [9-11]. As hematological parameters are effective and
sensitive indicators to monitor physiological and pathological changes induced by environmental stressors, alterations
in the hematology in response to metal exposures may provide important information about the general physiology
and health status of the organism as well as water quality.
Therefore, in this study, the effects of single and combined
Zn and Cd on RBC, WBC, Hb, and Hct of O. niloticus have
been investigated to elucidate the cause-effect relationship
between metals and hematological responses. Also, Zn or
Cd levels in blood of fish exposed to metals were measured.

2. MATERIALS AND METHODS
2.1 Test Animal and Metal Treatment

O. niloticus (80.5 ± 0.9 g, 17.1 ± 0.8 cm, as mean ±
S.E.) obtained from Cukurova University Fish Culture
Farm, were transferred to the laboratory. Fish were acclimatized to laboratory conditions in glass tanks for one month
before exposure. The laboratory was illuminated for 12 h
with fluorescent lamps (daylight 65/80 W). Experimental
tanks contained 120 L of dechlorinated and gently aerated
tap water: temperature 21.1 ± 0.2 °C, pH 8.1 ± 0.1, dissolved oxygen 7.4 ± 0.1 mg/L, alkalinity 203 ± 6.1 mg/L
CaCO3 and total hardness 349 ± 2.2 mg/L CaCO3.
Fish were divided into seven groups each containing
10 fish. Group I was held in tap water as control and other
groups were exposed to 0.5 and 5.0 mg/L Zn (ZnCl2); 0.1
and 1.0 mg/L Cd (CdCl2·H2O), or 0.5 mg/L Zn + 0.1 mg/L
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Cd and 5.0 mg/L Zn + 1.0 mg/L Cd for 7 and 28 days. The
Zn and Cd concentrations were selected based on 96-h
LC50 values (60 mg/L for Zn and 16 mg/L for Cd) of O.
niloticus [12]. Throughout the experiments, control and experimental fish were fed daily with a commercial fish food
(Pinar Yem, Turkey), at approximately 3% of their body
weight. The test media were changed every two days to
minimize decreases in the metal concentrations.
2.2 Preparation of Samples and Biochemical Determinations

After each test period blood samples were taken from
the caudal vein of each fish that is the best place to obtain
fish blood [13] into tubes containing 0.072 mL of 7.5%
K3EDTA (Vacuette EDTA, Greiner Bio-One GmbH,
Kremsmünster, Austria) as anticlotting agent. Some of the
whole blood was used immediately to determine the levels
of hematological parameters. The RBC, WBC, Hb and Hct
were analyzed using a Beckman Coulter LH 750 hematology analyzer (Beckman Coulter Inc, Miami, FL).
Metal levels in remaining whole blood after hematological analysis were measured according to Ince and Kunc
[14]. Blood digested with H2O2 (30%) and concentrated nitric acid (1:1 v/v) at 100 oC for one hour. After digestion
the volume was made up to 2.5 mL with redistilled water,
Zn and Cd concentrations of the tissue were measured by
atomic absorption spectrophotometer (Perkin Elmer AS
3100, Waltham, USA).
2.3 Data Analysis

Statistical analysis was carried out using One-way
analysis of variance (ANOVA) followed by Student Newman-Keul’s Test using SPSS 10.0 statistical software
(SPSS Inc., Chicago, IL, USA). Differences were considered significant if P < 0.05.

3. RESULTS AND DISCUSSION
The individual and combined effects of metals, except
in their lower concentrations at 7 days, caused a decline in
RBC and WBC counts at both exposure periods (Figure 1A
and B). Although no significant change in Hb content of
fish in response to single and combined Zn and Cd exposure was observed at 7 days, it decreased at the end of the
exposure period in all tested concentrations of metals except in lower concentration of Zn (Figure 1C). There was a
decline in Hct value of fish exposed to concentrations of
Cd and Zn+Cd combination for 28 days, while O. niloticus
exposed to Zn showed an increase in its value at 7 days
followed by a return to control levels at the end of the exposure period (Figure 1D).
The results of our study showed that effects of heavy
metals caused the alterations in hematology of O. niloticus
and those significant changes in all hematological parameters were found to be either dose or time dependent. A reduction in hematological values observed in the present
study may be attributed to erythropoiesis, hemosynthesis

and osmoregulatory dysfunction or to an increase in the
rate of erythrocyte destruction in hematopoietic organs due
to heavy metal toxicity. The our results are in agreement
with the findings of Maheswaran et al. [5] who found that
RBC, Hb and Hct decreased in Clarias batrachus following mercuric chloride exposure. Previous studies [15-17]
reported that the hematology disturbances induced by metals may be due to were associated with an the inhibition of
iron absorption, defective iron metabolism shortening the
life span in erythrocytes, the decline in activity of ALA-D
catalyzed the metabolic synthesis of the heme group and
the osmotic changes resulting in hemodilution or hemoconcentration.
The count of RBC is quite a stable index and the fish
body tries to maintain this count within the limits of physiological standards, using various physiological mechanisms of compensation, especially under stress [3]. The decline in RBC count of O. niloticus is attributed to either a
direct action of metals on these cells causing hemolysis or
impaired erythropoiesis due to an indirect effect of metals
on hematopoietic centers (kidney/spleen). It was observed
that the exposure to the heavy metals resulted in a decrease
in RBC count of fish [5, 18].
The use of immune system parameters to assess alterations in fishes experiencing heavy metal exposure and interest in defense mechanisms stem from the need to develop healthy management tools to support a rapidly growing aquaculture industry [19]. WBC, the major cells component involved in immune responses, can be used as indicator of health status in fish. Alterations in WBC count of
fish may probably be attributed to the activity of the spleen,
which sequesters and store blood cells under resting conditions and releases them into circulating blood during contraction associated with various states of stress [20], and to
the gradual repairment of damaged hemopoietic tissues
[21]. The decreased number of WBC of O. niloticus may
be the result of bioconcentration of the metals in the spleen
and kidney, which shows the weakening of the immune
system. The reduction in WBC was observed in Tilapia
zilli [22] and Cyprinus carpio [23] following Cd exposure.
Hb concentrations reflect the supply of an organism
with oxygen and the organism itself tries to maintain them
as much stable as possible [24]. The decline in Hb content
of O. niloticus may be due to increased rate of destruction
or reduction in the rate of formation RBC. This premise is
supported by reported low of RBC in the fish exposed to
metals. Maheswaran et al. [5] suggested that the reduction
in Hb content following metal exposure may be attributed
to a decreased rate of production of RBCs or an increased
loss of these cells. In addition, the lower Hb levels of
treated fish in the present study may be a result of the disruption of the iron synthesizing machinery. Shah [25] reported that Hb decreased due to a direct action of metal on
the pathway of hemoglobin synthesis.
Measurement of Hct is a commonly used assay for
monitoring hemolysis [26]. The Hct depends on the varia-
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FIGURE 1 - RBC (A), WBC (B), Hb (C) and Hct (D) levels of O. niloticus exposed to metals for 7 and 28 days. Data are expressed as
mean±standard error (N=5). Different letters indicate significant differences among groups at the same time (P<0.05). # shows significant
differences between time for the same exposure group (P<0.05).

tion in plasma volume, the rate of erythrocyte productionand destruction, dehydration, toxins, and direct blood loss
as a result of injury [27,28]. A reduction in Hct of O. niloticus may be a result of the hemadilution or the decline in
count of blood cells. Similarly Kori-Siakpere and Ubogu
[29] concluded that the decrease in Hct value following
metal exposure in fish, Heteroclarias sp (Clariidae) might
be an indication of hemodilution.
Our results indicated that metal exposure of O. niloticus induced an anemia following reducing of the RBC

count, Hb content and Hct value. Vutukuru [3] suggested
that anemia in fish is an early manifestation of acute and
chronic intoxication of metal. The anemia may be probably
due to the inhibition of erythropoiesis and hemosynthesis
and to an increase in the rate of erythrocyte destruction in
hemopoietic organs.
Zn level in the blood of all Zn and Zn + Cd groups
increased compared to control group during 7 and 28 days
(Table 1). Zn level of fish exposed to Zn only was much
higher when compared with Zn + Cd group. Significant el-
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TABLE 1 - Zn level (µg/mL) in blood tissue of O. niloticus under Zn and Zn+Cd exposures
Period
Metal Concentrations (mg/L)
0.0
0.5 Zn
5.0 Zn

7 days

28 days

77.4±1.4 ax
100.3±0.9 bx
148.9±1.2 cx

80.9±1.9 ax
138.3±3.1 by
211.3±1.6 cy

0.0
77.4±1.4 ax
80.9±1.9 ax
0.5 Zn+0.1 Cd
88.3±2.2 bx
110.8±0.3 by
5.0 Zn+1.0 Cd
110.7±2.3 cx
142.5±2.3 cy
Values are expressed as mean±standard error ((N=5).
Letters a, b and c show the differences between groups at the same time and letters x and y show differences between time for the same group (P<0.05).

TABLE 2 - Cd level (µg/mL) in blood tissue of O. niloticus under Cd and Zn+Cd exposures
Period
Metal Concentrations (mg/L)
0.0
0.1 Cd
1.0 Cd

7 days

28 days

N.D.
0.102±0.002 ax
0.212±0.001 bx

N.D.
0.198±0.029 ay
0.357±0.037 by

0.0
N.D.
N.D.
0.5 Zn+0.1 Cd
0.090±0.003 ax
0.125±0.002 ay
5.0 Zn+1.0 Cd
0.188±0.002 bx
0.285±0.001 by
Values are expressed as mean±standard error (N=5).
Letters aand b show the differences between groups at the same time and letters x and y show differences between time for the same group (P<0.05).
N.D.: Not Determined

evations in blood Cd levels occurred in all concentrations
tested Cd and Zn + Cd mixtures (Table 2). In both exposure
concentrations, Cd levels of fish exposed to Zn + Cd combinations for 7 and 28 days were lower when compared
with Cd group. Zn and Cd level in the blood of O. niloticus
increased with increasing exposure periods in all concentrations tested.
In the present study, there was increasing level of the
metals in the whole blood with increasing concentrations
of Zn, Cd individually or in combination in the exposure
medium, and with increasing duration of exposure. Different authors have demonstrated that metal levels increased
in blood of fish exposed to heavy metals [30,31]. We observed that when fish were exposed to the mixtures of Zn
and Cd, concentrations of these metals in their blood were
lower than in fish exposed to individual metals. It is possible that one metal blocks or even antagonizes the gill epithelium absorption of the other and thereby limits the distribution of the metal in blood.

anemic state of the fish and the weakening of the immune
system. The present study confirmed that hematological
parameters are sensitive indicators to monitor physiological and pathological changes induced by metals.
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ABSTRACT
The Fen River is an important tributary of the Yellow
River. And the water body was affected by various human
activities. To fully understand the heavy metal pollution in
the river, water samples in the riverbed soil of the typical
section along the Fen River were collected and the concentrations of Cr, Cd and Pb in all samples were determined.
Based on data analysis, this paper evaluated the state of migration and characteristics of accumulation, and analyzed
the distribution and the content variation in the riverbed
soil. According to the research results, the maximum Pd,
Cr and Cd contents in soil around the Fen River respectively reach to 21.2, 8.0 and 2.0 mg/kg. Compared to the
background value of the heavy metal contents in soil (Pb
=14.7 mg/kg, Cr=55.3 mg/kg, Cd=0.1 mg/kg) in Shanxi
Province, the Cd pollution is very serious. On basis of the
distribution of Cd, therefore, a feasible renovating plan is
proposed.

KEYWORDS:
Fen River; Heavy metal; Riverbed soil

1. INTRODUCTION
Heavy metals pollution had become a major concern
worldwide because of their toxicity, abundance and persistence, and subsequent accumulation in aquatic habitats.
Heavy metal residues in contaminated habitats may accumulate in microorganisms, aquatic flora and fauna, and
then affect human health through food chain [1-3]. Cadmium (Cd), lead (Pb) and Chromium (Cr) are classified as
the priority pollutants, because these metals are not required
for metabolic activity and can be toxic even at quite low concentrations [4].
Heavy metals discharged into the aquatic environment
by natural or anthropogenic sources are usually distributed
in several ways as follows: water-soluble species, colloids,
* Corresponding author

suspended forms and sedimentary phases [5]. Large quantities of the heavy metals are deposited in the sediment because of adsorption, hydrolysis and co-precipitation process [6-9]. It is estimated that between 30 and 98% of the
heavy metals entering into rivers can be transported in a
sediment-associated form [10]. Metalliferous sediments
should be deposited on the channel banks, bed or adjacent
floodplain, which have the potential to serve as future
sources of pollution.
The Fen River is the second largest tributary of the
Yellow River in china, which flows from the north to the
south through Taiyuan city, and it has many confluent
streams. Heavy metal was used widely in production and
people’s life, and formed several kinds of heavy metal pollution sources, which polluted the Fen River for a long
time. Therefore, investigating the transformation and distribution mechanisms of the heavy metal in sediment becomes necessary.
The aim of this study is to assess the extent of heavy
metal pollution resulting from industrial discharges in the
Fen River, Shanxi Province. In order to evaluate the extent
of heavy metal contamination in the sediments of the Fen
River, sediment samples were taken at three sampling locations and the metals (Cr, Cd and Pb) concentrations were
determined.

2. MATERIALS AND METHODS
2.1 Study area

The Fen River has been an important river throughout
history and is one of the main water sources of the Taiyuan
city in Shanxi province. The Fen River drains the center of
Shanxi Province, China. It rises in the Guancen Mountains
of Ningwu County in northeast Shanxi, flows southeast
into the basin of Taiyuan, and then south through the central valley of Shanxi before turning west to join the Yellow
River west of Hejin. The Fen and the Wei Rivers are the two
largest tributaries of the Yellow River. The river is 694 km
long and drains an area of 39,417 km2, 25.3% of the area
of Shanxi Province. The Fen River is the longest river in
Shanxi province, northern China. It is also the second
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FIGURE 1 - Fen River location

FIGURE 2 - The schematic diagram of typical cross section soil profile stratified and sampling position distribution

longest tributary of the Yellow River (Fig.1). The Fen
River in Taiyuan city is throughout from north to south, the
length of Fen River in Taiyuan City is 100 kilometer and
occupies one seventh of the entire Fen River.
2.2 Sampling sites

Previous investigations indicated that the surface water
quality stood at inferior class V in midstream and downstream of the Fen River [11]. The situation has improved
to some extent because of the efforts to curb the basin-wide
environmental pollution by the local governments and relevant sectors [12]. It was also necessary to discuss the relevant environmental variations and analyze the spatial disparities of Pb, Cd, Cr in river channel along the river. The
sediment samples were collected from three sites along the
Fen River. The sampling sites were chosen to assess the
heavy metals distribution and migration in Fen River chan-

nels. Thus, heavy metal and nutrient concentrations in water column and sediments at the sites upstream and downstream were compared.
Site-1 is located in the midstream of the Fen River
(Qingxu County, Taiyuan City, Shanxi Province). Site-2 is
located at the downstream of the river channel (Yaodu District, Linfen City, Shanxi Province). Site-3 is situated at the
section Yellow river estuary (Wanrong County, Yuncheng
City, Shanxi Province). These settings provide us an ideal
place for studying the transformation and distribution mechanisms of the heavy metal in sediment of the Fen River.
2.3 Sampling collection and chemical analysis

The typical cross section soil profile stratified and
sampling position distribution are shown in Fig. 2. Typically, at each sampling site, five stations were set up along
the traverses to channel at intervals of 30 m. Seven sedi-
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ment samples were collected at each station along the vertical profile to the underground water level at intervals of
40 cm. The sediment samples were taken by using a custom-made Luoyang spade and they were stored according
to the GB-standard [13]. After sampling, the sediment samples were dried at room temperature and crushed to a particle
size less than 0.15 mm. Then they were immediately transported to the laboratory for further analysis. The heavy metal
content was determined with an atomic adsorption spectrophotometer (TAS-986, China). Total nitrogen (TN) was determined by the semi-micro Kjeldahl method [14] and soil
total phosphorus (TP) was determined colorimetrically [15].
Samples went through wet digestion with H2SO4+HClO4
[16].

2.4 Study equipments

Fig. 3 is the self-made soil water infiltration device for
the soil column experiments. The device consists of a water
supply system (Markon barrel) and a seepage soil column
which is composed of water supply room, seepage soil column and water output room.

3. RESULTS AND DISCUSSION
3.1. TN and TP concentrations

The TN and TP concentrations in sediments of the Fen
River are shown in Table 1. As shown in Table 1, the TN
concentrations in the sediment ranged from 0.864-0 mg/kg,
while TP concentrations varied from 11.207-2.146 g/kg.
The data shows that the soil nutrient element content of Fen
River is in the medium level, which indicates that the nutrient content has certain influence on the soil environment
of this region. In addition, the TN and TP content in soil is
lower than the background value of soil element in the
Shanxi Province, and is lower than the national soil quality
specification, which indicate that the soil environment of
the Fen River basin is less eutrophication.
3.2. Traverses distribution of heavy metals in sediment

To investigate the traverses distribution of heavy metals in the Fen River, Site 1 Five sediment samples of site 1
was chosen as the present research subjects. According to
analytical results of measured data, as shown in Fig. 4, the

FIGURE 3 - The schematic diagram of the test equipment

TABLE 1 - TN and TP contents of the sediment in Fen River
No.

Distance(m)

Sation 1

0

Sation 2

30

Sation 3

60

Sation 4

90

Sation 5

120

Depth(cm)

0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200

Qingxu site

Wangrong site

Yaodu site

TN

TP

TN

TP

TN

TP

0.045
0.287
0
0.133
0.759
0.141
0.094
0.574
0.049
0.549
0.72
0.488
0.162
0.108
0.101
0.864
0.074
0.058
0.179
0.484
0.304
0.661
0
0.666
0.097

9.455
6.095
8.793
5.546
8.751
9.445
7.59
10.479
2.146
9.48
10.427
3.789
10.705
8.936
10.824
7.45
9.528
9.155
6.284
10.181
9.622
9.634
8.359
7.646
4.277

0.728
0.169
0.684
0.062
0.253
0.033
0.016
0.013
0.03
0.034
0.033
0.016
0.013
0.03
0.034
0
0.096
0.058
0
0.119
0.853
0.728
0.674
0.478
0.304

7.313
5.663
6.120
6.263
6.518
11.07
11.20
9.745
9.82
10.32
8.733
7.84
8.125
6.13
6.283
6.883
6.643
6.264
5.958
7.123
10.506
10.394
8.665
9.93
6.96

0.325
0.125
0.11
0.03
0.798
0.303
0.34
0.67
0.484
0.473
0.401
0.651
0
0.109
0.556
0.162
0.145
0
0.164
0
0.043
0.068
0.027
0.037
0.01

9.87
9.553
7.754
9.07
9.47
3.924
5.033
7.109
8.328
6.656
7.46
11.207
10.988
10.184
8.683
11.15
10.291
9.218
10.249
10.524
4.78
9.008
9.835
10.126
6.55
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Qingxu Site
FIGURE 4 - Traverses distribution of heavy metals in Fen River

concentration of heavy metals (Pb, Cr and Cd) in sediment
decreased as distance away from the fen river main channel. Adopting the heavy metal contents in soil of Shanxi
Province are as the background value (Pb =14.7 mg/kg, Cr=
55.3 mg/kg, Cd=0.1 mg/kg) [17]. As compared to the background value of Pb, the soil was affected by the heavy metal
pollution of Fen River in the 100 m range from the channel.

18

Concentration (mg/kg)

15

Data shows that the Cr content in the sediment at different sampling points was lower than the soil background
value of Shanxi Province, which indicated that the Cr content has a tiny effect to the soil. The results showed that the
concentration of Cd in the sediment are higher than the background value of Shanxi Province, indicated that the Cd content has an potential ecological risk to the ecology system.

Concentration (mg/g)

14
12

Pb
Cr
Cd

10
8
6
4
2
0
0-40

40-80

80-120

120-160

Depth (cm)

Wanrong Site

160-200

6

0-40

40-80

80-120

120-160

160-200

Depth (cm)

Yaodu Site

The dates of the station 1 in site 1 were collected to
investigate the vertical distribution of heavy metals in the
sediment. As shown in Fig. 5, the change in depth of the
Pb, Cr and Cd concentrations suggests that the deposition
rate decrease with distance from the channel.

16

9

3

3.3 Vertical distribution of heavy metals in sediment

18

Pb
Cr
Cd

12

FIGURE 5 - Vertical distribution of heavy metals in Fen River

The sediment can be divided into three layers: the soft
black ooze layer, the brown mud layer and the sandy layer
according to the sampling observation. The black ooze
layer is obviously in a flow state with a peculiar smell, the
brown layer contain more water but not flow with smelly.
The third layer is sandy layer and is wet with little smelly.
Combined with the characters of initial station sectional
soil layer, the black ooze layer is formed from the sedimentation and accumulation of mineral, sediment and contaminant that carried by the river ford. The soil layer is rather
rough, the particles are bigger, the soil pore space is a little
bit bigger. In the saturated state, the pores are filled with
water and the average pore velocity of soil water movement is larger, and the convection velocity of the soil solutes is faster, and the exchange between the pollutants and
the soil surface layer is very quick. The contaminants in
river water directly affects the contaminant contents of
black ooze layers. Due to the long-term contamination of
the Fen River, the lead content level is the highest in this
layer. The heavy metal Pb, Cr and Cd in the brown soil
layer is mainly come from the Pb, Cr and Cd vertical migration in the black ooze layer and the accumulation of Pb,
Cr and Cd infiltration with the river water, so, in this layer,
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TABLE 2 - Heavy metals contents of the sediment in Fen River

NO.

Distance
(m)

Station 1

0

Station 2

30

Station 3

60

Station 4

90

Station 5

150

Depth
(cm)
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200
0-40
40-80
80-120
120-160
160-200

Yaodu Site
Heave Metals
Pb
Cr
18.4
5.6
17.6
3.2
15.8
2.8
15.0
2.4
14.8
1.9
21.2
8.0
19.2
6.0
16.4
5.4
18.8
5.0
18.6
4.6
16.8
4.6
16.4
4.2
16.0
3.8
15.8
3.6
15.6
3.4
16.2
5.4
14.8
5.0
14.6
4.4
14.4
4.2
14.2
4.2
19.4
4.8
18.0
4.0
14.6
4.2
14.4
4.0
14.2
4.0

the content of heavy metals take second place. The sandy
layer locates the lowest in this soil picking depth, the pollutant transport path is long, so pollution level is the minimum, and the concentration of heavy metals is the least.
3.4 The distribution of heavy metals along Fen River

As shown in Table 2, the highest heavy metal concentrations were recorded at site 3 (Qingxu County). This may
be due to the industrial and domestic sewerage discharged
from the Taiyuan city and the sewerage carried from Jinzhong city which emptied into the Fen River.
The heavy metal content in site 2 (Yaodu County) is
relatively low though located in the downstream of Fen
River. It can be attributed to the input of the surface runoff
from the Linghuo mountain gorges. The soil quality in the
Wanrong county area was obviously worse compared to
the Yaodu area. It can be attributed to the lower water velocity and sewage collected from the Yuncheng and Linfen
area. The selected sample sections were representation for
reveal the diffusion and distribution of heavy metals in sediment along the Fen River.
As is shown in Table 2, the heavy metals concentrations along the Fen River reach maximum at 30m in the
boundary of riverbed. The possible reasons are as follows:
in the range of 0-30m, the concentrations of the heavy metals in the soil are affected by the Fen River’s water convection and molecular diffusion. Beyond 30m, the influence of
the Fen River water convection on the concentrations of the

Cd
1.4
1.2
1.2
1.0
0.8
1.4
1.2
1.0
1.0
0.8
1.6
1.1
0.8
0.6
0.4
1.2
1.0
0.8
0.6
0.6
1.2
0.8
0.8
0.6
0.6

Wanrong Site
Heave Metals
Pb
Cr
17.8
8.2
17.2
7.6
16.2
7.2
15.6
6.8
15.4
6.7
18.2
7.2
16
7.0
14.2
6.6
13.2
6.2
11.8
6.2
16.4
6.2
14.2
5.4
12.8
5.4
12.6
5.0
12.6
4.8
17.0
4.6
15.2
3.6
14.2
3.4
13.6
3.1
13.4
3.0
12.2
5.8
12.0
5.4
11.6
5.2
11.4
4.6
11.0
4.2

Cd
2.0
1.6
1.4
1.2
1.2
1.2
1.0
1.0
0.8
0.8
2.0
1.4
1.2
1.2
0.8
1.0
0.8
0.5
0.3
0.2
1.4
1.2
1.2
1.0
1.0

Pb
19.4
16.8
16.0
15.4
15.3
22.8
21.4
19.2
18.4
17.6
21.8
20.8
19.8
18.8
16.4
23.2
21.8
21
20.6
20.4
19.2
16.0
14.8
14.6
14.3

Qingxu site
Heave Metals
Cr
9.2
7.4
5.2
3.8
3.2
9.6
7.2
5.4
5.4
4.6
10.6
8.4
7.2
6.8
6.6
4.0
3.8
3.6
3.4
3.4
5.2
4.8
4.4
4.2
4.0

Cd
1.4
1.2
1.0
1.0
0.8
1.6
1.2
1.0
0.8
0.8
1.4
1.2
1.0
1.0
0.8
1.6
1.4
1.0
0.8
0.8
1.4
1.0
0.8
0.6
0.5

heavy metals gradually reduces, resulting in the moisture
content of the soil is reduced, which changes from saturated to unsaturated soil. Consequently, the main influence
factors for the heavy metals concentrations are the molecular diffusion and atmospheric precipitation. Therefore, the
pollution of the heavy metals at the point of 30m from the
riverbed and water boundary is the most serious area; especially the concentration of Cd exceeds the standard of
Class III (1.0 mg/kg) of the soil environment quality
(GB15618-1995, National Standard of the People’s Republic of China). As the soil of the Fen River is weakly alkaline, and polluted heavily by cadmium which exists in refractory state, it is suggested to be taken the following
measures for prevention:
1. We should increase the intensity of environmental
monitoring, control the industrial waste water and emissions strictly, and be reasonable mining and smelting [18].
2. To plant cruciferous fixing blue food or willow
within the scope of the Fen River along [19]. other area can
be changed into non-agricultural construction land based
on needs.

4. CONCLUSIONS
Sediment samples were collected from three sites in
the Fen River system and tested for nutrient (TN and TP)
and heavy metal contamination (Pb, Cr and Cd). The re-
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sults show that the heavy metals content decrease with the
increase of horizontal distance from the main channel in
the horizontal direction along the transverse section.
The characteristic of vertical distribution of heavy
metals (Pb, Cr and Cd) suggests that the deposition rate decrease with distance from the channel, and the correlation
analysis between the characteristics of soil and the content
of heavy metals were studied. This study indicates that the
riverbed sediment was polluted with nutrient and heavy
metals. The results demonstrate the pollution has an ecological risk and need of the development of an efficient
strategy to reduce local pollution and contamination.
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GLOBAL ENVIRONMENTAL INPUT–OUTPUT RESEARCH
TRENDS DURING 1900–2013: A BIBLIOMETRIC ANALYSIS
Jingqing Zhou, Zhen Wang*, Beibei Niu and Song Hong
School of Resource and Environmental Sciences, Wuhan University, Wuhan 430079, China

ABSTRACT
This article applied a bibliometric analysis on the input–output analysis of environmental issues in the SCIE
and the SSCI databases during 1900–2013. The results
showed that the number of articles increased annually,
reaching a total of 3,532. Environmental Science & Ecology and Energy Policy were the most productive Web of
Science category and scientific journal, respectively. The
USA, the UK, and China were ranked as the three most active countries in this field and served as the center of three
geographical research aggregation areas: North America,
Western Europe, and East Asia. Other researchers in this
field were mostly from developed countries located in
these areas. Developed European countries played an important role in international cooperation, which could significantly raise the impact factor of articles published by
authors in developing countries. Keyword analysis indicated that the hot spots in this field were climate change,
international trade, energy consumption, and CO2 emissions. China became a hot study region of environmental
input–output in the last 5 years. A co-word analysis revealed that the transfer of energy and environmental pressure in the process of international trade have attracted increasing attention.
KEYWORDS: Environmental input–output; Bibliometric; Research
trend; International collaboration; Research hotspot

1. INTRODUCTION
Input–output analysis is a practical method of economic analysis, first introduced by Leontief [1, 2]. It is
used to study the interdependent relationships between sectors in an economic system, and to systematically analyze
the internal complex transactions among various industries. Environmental input–output (EIO) is formed by adding environmental factors (including energy, environmental pollution) to the conventional input–output tables based
on the proportional relationship between pollutant output
and material input in one industrial sector [3]. EIO has been
* Corresponding author

used in many aspects of resource and environment, such as
environment, ecology, geoscience, and agriculture. To
some extent, these studies have transformed environmental
impact assessment from a traditionally production-oriented
way to a consumption-oriented way, which has profoundly
influenced policies regarding world trade, energy, greenhouse gas emissions, etc. Despite the growing application
of EIO, existing studies are dedicated to specific fields,
such as the relationship of embedded energy and carbon
emission [4, 5], environmental impact generated by trade
[6], and the method’s principles, application fields, and advantages and disadvantages [3]. These studies have investigated past and current research qualitatively. There is no
holistic review on the past EIO studies.
Bibliometrics is a technique for the analysis of literature that uses mathematical and statistical methods to quantitatively summarize research trends in a particular area [79]. Conventional bibliometrics has focused on changes in
the volume of published scientific papers and the publication outputs of different countries, institutions, authors, research fields, and journals [10, 11]. Recent bibliometric
studies have focused on cooperation between countries, institutions, and authors and on the role of citations in characterizing the influence of a paper [12, 13]. Co-word analysis is also widely employed in bibliometrics [14-16].
The objective of this study was to quantitatively determine the research status of EIO, as a supplement to previous reviews, and to inform subsequent research. In this paper, we present a bibliometric analysis of published EIO
studies during 1900–2013.

2. MATERIALS AND METHODS
We collected literature data from the Science Citation
Index-Expanded (SCIE) and the Social Science Citation
Index (SSCI) databases covering 1900–2013. The search
term “input–output” or “input and output” was used to
identify all papers containing either of these keywords in
their title, keywords, or abstract. To restrict our study to the
field of resource and environment according the EIO concept mentioned in the Introduction, we refined the subject
categories to fifteen relevant Web of Science categories
and they were environment, energy & resources (Environ-
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mental Sciences, Environmental Studies, Energy Fuels,
Engineering Environmental, Water Resources, Soil Science, Meteorology Atmospheric Sciences), ecology (Ecology), geoscience (Geography, Oceanography, Geosciences Multidisciplinary), agriculture (Agronomy, Agriculture Multidisciplinary, Agricultural Engineering, Agricultural Economics Policy), respectively. Then we retrieved
the relevant scientific papers on EIO published during
1900–2013. The information extracted included publication type, publication year, author name and affiliation,
subject category, citations, journal name, keywords, etc.
We then built a bibliometric dataset containing the extracted
information for subsequent analysis. First, some of the data
were preprocessed to avoid confusion. For the authors’ addresses, England, North Ireland, Scotland, and Wales were
replaced by the United Kingdom (UK). We treated publications from Mainland China, Hong Kong, Macau, and Taiwan separately. Characteristics of publication outputs, the
distribution of subject categories and journals, and a conventional analysis of countries and keywords were compiled using Microsoft Excel 2010. Collaborative networks
between countries and co-word analysis were processed in
Ucinet 6. The addresses of authors were geocoded by
CiteSpace [17], and Arcgis10.0 was used to map the
global geographic distribution of authors.

3. RESULTS AND DISCUSSION
3.1 Characteristic of publication outputs

A total of 3,532 EIO papers were identified in the
SCIE and SSCI, among which there were 13 different types
of document. Articles (3,009) accounted for the largest
share, with approximately 85% of the total productions.
Proceeding papers (263) had the next largest share, comprising 7.4% of the total, followed by reviews (95; 2.7%),
book reviews (69; 2.0%), meeting abstracts (32), notes
(19), editorial materials (18), letters (14), corrections (6),

discussions (4), book chapters (2), and one software review. In common with other bibliometric studies, only articles were used for further study, as they reflected the focus of the research. The first EIO paper was published in
1940, but the field of study did not emerge until the 1980s.
Its prominence has increased dramatically in the past two
decades. We focused on research published during 1994–
2013 as the number of articles increased from 51 in 1994
to 303 in 2013, with a 9.8% average annual growth rate. The
standardized number of articles on EIO, which is defined as
the ratio of the number of EIO articles to the total number of
articles in the SCIE and SSCI databases, increased from
0.00558% in 1994 to 0.0166% in 2013, which indicated a
general trend of increasing interest in EIO research.
3.2 Subject categories and journal distribution

The annual growth in the number of articles in the five
most productive Web of Science categories (see FIGURE 1)
indicated a growing annual trend. Environmental Science
& Ecology was the most productive category, with a total
of 1,470 (56%) articles, increasing from 30 in 1994 to 168
in 2013, with an average annual growth rate of 3.0% in the
first decade and 11.5% in the second decade. The largest increase found in this category reflected increasing concerns
around sustainability and climate change, which involves a
complex interaction between the economy and the environment that can be investigated using EIO models. Engineering was the second most productive category, with 693 publications, and 67.0% of these appeared simultaneously with
Environmental Science & Ecology. Articles pertain to Energy & fuels displayed rapid growth after 2008. Prior to
2008, the number of articles in this category was small and
basically unchanged. A dramatic rise in energy prices began
from 2008, and efforts to reduce carbon dioxide emissions
may explain the increasing interest in energy input–output
analysis. The numbers of articles in the Agriculture and
Business & Economics were 397 and 353 respectively, and
both exhibited small but steady annual growths.

FIGURE 1 - The growth of the five most productive subject categories

1997
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EIO articles were published in 519 journals during
1994-2013. Table1 showed the 10 most active journals.
These 10 (1.9%) out of the 519 journals published 744
(28.5%) out of the 2613 articles. The 5-year impact factor
(IF-5) of the journals was obtained from the 2012 Journal
Cited Report (JCR) and was used to evaluate the academic
influence of each journal [18-20]. We also used the average
citations per article in the journal (ACA) to characterize the
influence of the articles, and we calculated the ratio of EIO
articles in a journal to the total journal publications
(TA/TJP) to characterize the journal’s coverage of EIO. As
seen in TABLE 1, Energy Policy published 147 (5.6%)
EIO articles, being followed by Ecological Economics
(140). Environmental Science & Technology was the third
most productive journal, publishing 86 articles, but its IF5 was ranked the first place, which suggested that this journal had the largest influence on EIO research. The Journal
of Industrial Ecology gave the largest coverage to EIO
studies, as evidenced by its largest TA/TJP ratio (10.4%),

followed by the International Journal of Life Cycle Assessment (5.0%) and Annals of Regional Science (4.7%).
3.3 Geographic distribution and international collaboration

The affiliations of authors were used to conduct a collaboration analysis. There were 2,383 (79.2%) articles affiliated with independent countries/territories, and 588 articles involving international collaboration. No address information was given for the authors of 38 articles. Geocoded CiteSpace analysis, shown in FIGURE 2, demonstrated that the authors were clustered in North America,
Western Europe, and East Asia. The USA contributed the
most publications in the North America region. The cluster
in Western Europe was dominated by authors from the UK,
the Netherlands, Spain, Germany, and France. Eastern
China and Japan were the main locations for the authors of
EIO-related publications in Asia. These clusters of authors
were consistent with the fact that these regions are developed
economies that have a large number of academic institutions.

TABLE 1 - The 10 most active journals in environmental input-output research
TA/TJP(%)
IF-5
TA
TA(%)
TC
ACA
5.6
2375
2.1
3.382
147
16.2
5.4
3005
3.5
3.732
140
21.5
3.3
2169
0.4
5.865
86
25.2
2.9
899
1.4
4.107
76
11.8
2.7
953
10.4
3.424
70
13.6
2.1
704
5.0
3.550
55
12.8
1.8
567
1.8
3.587
46
12.3
1.7
295
4.7
1.155
45
6.6
1.6
796
0.8
2.399
43
18.5
1.4
1828
0.5
3.448
36
50.8
TA: total published articles in corresponding journal; TA(%): the percent of articles in corresponding journal out of total published articles; TC: total
citations during 1994-2013; ACA: average of citations per article in corresponding journal during 1994-2013; TJP: total journal publications during
1994-2013; TA/TJP(%): the ratio of EIO articles to total publications in the journal.
Journal
Energy Policy
Ecological Economics
Environmental Science & Technology
Energy
Journal of Industrial Ecology
International Journal of Life Cycle Assessment
Journal of Cleaner Production
Annals of Regional Science
Ecological Modelling
Water Resources Research

FIGURE 2 - Global geographic distribution of authors and the article output of different countries
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The top 20 most active countries/territories were
listed in TABLE 2. Among these, 12 came from Europe,5
from Asia, 2 from North America, and 1 from Oceania.
Most of them were developed countries, except China, India, and Iran. Norway ranked first in the average citations
per article (ACA, 24.8), although articles authored in Norway (73) ranked just thirteenth, and the Netherlands ranked
second in average citations. In contrast, although China had
the third highest publication record, its average number of
citations was only 7.6, which was lower than most listed
countries. The top 10 countries in respect to ACA were all
developed countries and had average ACAs of 20.46 and
18.28 for single-country publications and internationally
co-authored publications, respectively. Statistical testing

revealed no significant difference between single-country
publications and collaborative publications (p = 0.1294, >
0.05) for the top 10 countries. However, significant growth
in the ACA, from 10.19 to 12.93 (p < 0.01), was found in
publications based on international collaboration compared
with single-country publications for the next 10 countries.
It indicated that international collaboration was a feasible
way for these countries to improve their influence in this
field.
The number of internationally co-authored articles has
grown annually, as shown in FIGURE 3. However, the percentage of internationally co-authored articles declined in
1998 and again in 2007–2008. This may be linked to the two

TABLE 2 - The 20 most productive countries/territories
Single-country
Internationally-collaborated
SA
SA(%)
TC
ACA
CA
CA(%)
TC
ACA
USA
897
30
645
72
13039
20.2
252
28
4226
16.8
UK
279
9.3
174
62
2574
14.8
105
38
1917
18.3
China
271
9.0
167
62
1276
7.6
104
38
887
8.5
Netherlands
175
5.8
99
57
2616
26.4
76
43
1498
19.7
Australia
160
5.3
93
58
1489
16
67
42
1377
20.6
Japan
149
5.0
102
68
907
8.9
47
32
403
8.6
Spain
139
4.6
98
71
905
9.2
41
29
500
12.2
Germany
137
4.6
82
60
932
11.4
55
40
907
16.5
Canada
130
4.3
74
57
907
12.3
56
43
715
12.8
France
107
3.6
59
55
1151
19.5
48
45
909
18.9
Italy
101
3.4
68
67
713
10.5
33
33
494
15.0
India
96
3.2
78
81
760
9.7
18
19
221
12.3
Norway
73
2.4
36
49
1116
31
37
51
694
18.8
Turkey
73
2.4
64
88
1137
17.8
9
12
97
10.8
Taiwan
70
2.3
59
84
674
11.4
11
16
139
12.6
Iran
67
2.2
56
84
348
6.2
11
16
175
15.9
Sweden
60
2.0
35
58
636
18.2
25
42
493
19.7
Switzerland
48
1.6
19
40
421
22.2
29
60
466
16.1
Austria
47
1.6
19
40
351
18.5
28
60
648
23.1
Finland
46
1.5
34
74
501
14.7
12
26
179
14.9
SA: single-country articles; SA(%): percentage of single-country articles out of TA; ACA: average of citations per article; CA: internationally-collaborated articles; CA(%): percentage of internationally-collaborated articles
Country/territory

TA

TA(%)

FIGURE 3 - Annual growth of single-country and internationally collaborative papers
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with China (49), the UK (36), the Netherlands (26), and Australia (20). Therefore, the USA held a central position in the
collaboration network. The USA’s largest partner, China,
cooperated less with other countries/territories, such as Japan (18), the UK (11), and Canada (11). FIGURE 4 (b)
showed the average citation of each country in collaborative
publications. The Netherlands, France, Austria, Switzerland,
Norway, Italy, and Germany had important roles in highquality collaborative articles. For example, the ACA of articles involving collaborative work by the USA with the UK,
the Netherlands, France, Norway, and Austria were 21.69,
27.61, 21.07, 28.55, and 34.67, respectively, higher than that
for the USA’s single-country articles (20.2). A similar improvement in the ACA was also found between China and
these European countries.

global economic crises in these periods. The lack of available funds hindered international collaboration, and concerns about energy use and CO2 emissions spurred singlecountry research on EIO, which enabled resource and energy flows in various economic sectors to be tracked. Over
the whole period, the proportion of collaborative articles
still increased, from 14% in 1994 to 23% in 2013.
International collaboration networks of the 20 most
productive countries/territories were present in FIGURE 4.
The size of nodes in FIGURE 4 (a) and (b) represented the
amount and the ACA of internationally co-authored articles
for each country/territory, respectively. The thickness of
lines in FIGURE 4 (a) and (b) represented the amount and
the ACA of two connected countries/territories. FIGURE 4
(a) showed that in terms of participating in international collaboration, the USA published a larger share of articles than
did other countries/territories, followed by the UK, China,
the Netherlands, and Australia. The USA cooperated closely

3.4 Hot spots

Author keywords reflect the focus of a paper’s contents [21, 22]. They can be used to track hot spots and re-

(a)

(b)
FIGURE 4 - Collaborative networks of the 20 most active countries/territories in (a) number of articles and (b) average citations

2000
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search trends. There were 6,452 keywords in the 3,009 articles. However, 5,319 keywords appeared only once, and
947 keywords appeared two to five times. The 20 most frequent keywords were separated into four periods of fiveyears duration each (1994–1998, 1999–2003, 2004–2008,
and 2009–2013) to analyze their percentages and frequencies in each period (see TABLE 3). A co-word analysis of
these 20 frequently used keywords was also conducted, as
depicted in FIGURE 5.
Considering the methodology associated with EIO,
the hottest spot was “life cycle assessment”. Input–output

analysis as a method of environmental life cycle assessment, called economic input–output life cycle assessment
(EIO-LCA), was mainly used to analyze the environmental
impact of a product or service chain [23, 24], e.g., the calculation of greenhouse gas emissions that were implicit in
international trade [25]. Another hot spot was neural networks, including the terms “artificial neural network” and
“neural network”. Neural network model can optimize input–output systems. There were also some frequent keywords regarding specific research methods used in input–
output models, including “sensitivity analysis”, “structural
decomposition analysis”, and “ecological footprint”.

TABLE 3 - The 20 most frequently used author keywords
1994-1998
1999-2003
2004-2008
A
A(%)
A
A(%)
A
A(%)
input-output
398
15
22
7.03
42
11.08
119
17.42
life cycle assessment
92
3.5
0
0
9
2.37
22
3.22
artificial neural network
68
2.6
3
0.96
10
2.64
22
3.22
industrial ecology↑
57
2.2
0
0
0
0
10
1.46
model
48
1.8
3
0.96
5
1.32
16
2.34
China↑
47
1.8
0
0
1
0.26
8
1.17
47
1.8
2
0.64
1
0.26
13
1.90
CO2 emissions↑
neural network
45
1.7
0
0
7
1.85
19
2.78
energy↑
39
1.5
3
0.96
4
1.06
9
1.32
nitrogen
38
1.5
3
0.96
8
2.11
16
2.34
sustainability
32
1.2
8
2.56
5
1.32
2
0.29
international trade↑
32
1.2
0
0
3
0.79
8
1.17
ecological footprint↑
31
1.2
1
0.32
3
0.79
9
1.32
sensitivity analysis
29
1.1
0
0
2
0.53
11
1.61
phosphorus
29
1.1
4
1.28
7
1.85
8
1.17
climate change↑
27
1.0
0
0
3
0.79
6
0.88
agriculture
26
1.0
1
0.32
3
0.79
9
1.32
energy efficiency↑
25
0.96
0
0
1
0.26
1
0.15
energy consumption
23
0.88
2
0.64
0
0
3
0.44
structural decomposition analysis
22
0.84
1
0.32
1
0.26
2
0.29
TA: total articles; %: the percentage of articles; A/A(%): articles /percentage in the study period; ↑: the upward trend in rank
Author keywords

TA

%

FIGURE 5 - Collaborative networks of the 20 most frequently used author keywords

2001

2009-2013
A
A(%)
215
17.37
61
4.93
33
2.67
47
3.80
24
1.94
38
3.07
31
2.50
19
1.53
23
1.86
11
0.89
17
1.37
21
1.70
18
1.45
16
1.29
10
0.81
18
1.45
13
1.05
23
1.86
18
1.45
18
1.45
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Sensitivity analysis studied the impact of inputs and
outputs data changes on effectiveness of decision making
unites in the multi-inputs and multi-outputs system[26, 27].
Structural decomposition analysis, in the respect of inputoutput, was mainly used in studies of energy utilization
structures and/or CO2 emissions change in economic systems [28-31]. Ecological footprint analysis was used to calculate the ecological footprint of specific environmental
impacts caused by industries on the regional-scale [32], national-scale [33] or international-scale [34, 35] from the
perspective of land use and energy consumption [35].
With regard to the application of an EIO model, “industrial ecology” ranked the hottest (57 times total), having
emerged in recent decades. Inter-industry interactions and
the interaction between industries and the environment
were the two major foci of EIO studies [36, 37]. The keyword “China” did not emerge in EIO articles until 2003.
However, it is the only country listed in the top 20 keywords, growing from a single article in 1999–2003 to 38
articles in 2009–2013. Due to its size, rapid economic
growth, and increasing environmental pressure, China has
struggled to mitigate its energy consumption and to reduce
environmental impacts during the economic transition process [38, 39]. These efforts could be seen in FIGURE 5,
where “China” was linked with “CO2 emission”, “international trade”, “climate change”, and “energy consumption”. The percentage composition and occurrences of
these linked keywords increased in the last two decades
and became hot spots in EIO research. Energy had a central
position in the application of EIO, including structural
changes in industrial energy efficiency [31], the relationship between energy consumption and international trade
[40], and the embodied carbon from energy consumption
[41, 42]. Due to the close relationship between energy and
CO2 emissions, CO2 emissions [43] and the related topic of
climate change [44] also became popular in recent years.
The high pairwise frequency of appearance of these keywords was shown in FIGURE 5, indicating that studies of
the relationship between energy consumption and carbon
emissions, and the transfer of energy and environmental
pressure in the process of international trade [45] were the
research hotspots.

mental science & ecology, engineering, energy & fuels, agriculture, and business & economics were the top five most
productive categories. Energy Policy contained the most
EIO related articles, whereas Environmental Science &
Technology had the highest influence in this field.
On the national scale, 103 countries/territories conducted EIO research. The authors were clustered in North
America, Western Europe, and East Asia. Developed countries, especially the USA and Western European countries,
were very active and influential in this field. The proportion of articles with international collaboration increased in
the past two decades. International collaboration clearly
enhanced the influence of an article, and it should be encouraged in countries such as China and India. The USA
was the leading country in terms of both single-country research and international collaboration. The developed European countries had an important role in international collaboration, which significantly improved the average citations per article.
The EIO model was usually combined with life cycle
assessment, neural network analysis, and structural decomposition analysis. It was widely applied in the areas of climate change, international trade, energy consumption, and
CO2 emissions. China became a hot study region in the last
5 years. The transfer of energy and environmental pressure
in the process of international trade was a topical hotspot.
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SUBJECT INDEX
A

M
active carbon nanoparticles (MAC-NPs)
Amanita pantherina
antioxidant parameters
Apolaccase (ApoLac)

1947
1981
1958
1947

mercury
mushroom

1958
1981

nitrate reductase

1976

Oreochromis niloticus
Oreochromis niloticus
oxidative stress

1958
1985
1958

plastid pigments
pollution index

1976
1966

research hotspot
research trend
riverbed soil

1996
1996
1990

selenium
SEM-EDS
soil
sorption/retention capacity
source identification
synthetic auxin
synthetic cytokinin

1958
1909
1940
1909
1966
1976
1976

Thermo-Electric Power Plant
trace elements
Tunisia
Turkey

1981
1909
1909
1932

urban park and square

1966

wastewater
weak magnetic field
wing spot test

1947
1926
1920

Zero valent iron
Zn

1926
1985

N

B
Basic red 9 (BR9)
bibliometric

1947
1996

cancer proliferation
Cd
Cd
chorotype
Chrysomelidae
corrosion
cyprodinil

1920
1940
1985
1932
1932
1926
1920

decolorization
Drosophila melanogaster

1947
1920

O

C
P

R

D
S

E
electrode material
electrokinetic remediation
environmental input–output

1940
1940
1996

fauna
Fen River
Fenton
fludioxonil

1932
1990
1947
1920

genotoxic effect
growth regulator

1920
1976

heavy metal
heavy metal
heavy metal cations
heavy metals
Helophoridae
hematological parameters
Hydrophilidae
hysteresis

1966
1990
1926
1981
1932
1985
1932
1909

International collaboration

1996

lucerne

1976

F
T

G

H

U

W

Z

I

L

2005
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AUTHOR INDEX
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Andrade, María Luisa
Aslan, Baran
Aslan, Ebru G.
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1932
1932

Qi, Yu
Qiao, Junlian
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1926

Sahraoui, Hamdi
Savaş, Burhan
Sosnowski, Jacek

1909
1920
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Tarhouni, Jamila
Topcuoğlu, Ş. Fatih

1909
1920

Van Doren, Jeremiah
Vega, Flora Alonso

1940
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Wang, Chao
Wang, Lei
Wang, Yang
Wang, Zhen

1926
1926
1966
1996

Xiao, Zhongjin
Xing, Lidan

1926
1940

Yılmaz, Ayçin
Yüzereroğlu, Tüzin A.

1932
1958

Zhou, Jingqing
Zou, Mingying

1996
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Bayram, Fatma
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Cai, Zongping
Celebi, Neslihan
Chen, Dongrui
Çoğun, Hikmet Y.
Covelo, Emma F.

1940
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1940
1958
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Fan, Guisheng
Fang, Zhanqiang
Fırat, Özge
Fırat, Özgür
Fırat, Özgür
Firidin, Beran
Firidin, Gülbin

1990
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1958
1958
1985
1958
1958
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Gungor, Azize Alayli

1947

Hachicha, Mohamed
Hong, Song
Hristovski, Slavcho

1909
1996
1981
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Karadelev, Mitko
Karadeniz, Asuman
Kargın, Ferit
Kargin, Ferit
Kaya, Bülent

1981
1920
1958
1985
1920

Li, Weishan
Liu, Jingshuang
Liu, Qiang

1940
1966
1966

Ma, Jun
Melovski, Ljupcho
Murati, Emri

1990
1981
1981

Nadaroglu, Hayrunnisa
Niu, Beibei

1947
1996

Oliveira, Luis Felipe Silva
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