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EFFECTS OF DO ON NITROGEN RELEASE AND TRANSITION
FROM SEDIMENTS TO WATER OF THE JIALU RIVER
Li Wang1,2+, Kun Dong3+, Chuan-Yu Geng4, Jin-Rong Li2, Lu-Ji Yu2*, Chi Xu5 and Hai-Liang Zhu3*
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ABSTRACT
The release of nitrogenous compounds from river
sediments to the interstitial and overlying water with high
dissolved oxygen (DO) levels was studied in three apparatuses which were operated under intermittent aeration for
20, 10 and 5 hours respectively. The process with low
DO levels was also evaluated. Water and sediment samples were collected from the Jialu River of Zhengzhou
City of China and studied through a large number of simulation experiments which lasted for 55 days thoroughly.
This study indicates that under high DO levels (DO=7～
8 mg L-1), nitrification and denitrification are the principal
processes and the removal rate of ammonia nitrogen can
reach approximately 100%. Besides, shortcut nitrification-denitrification and aerobic denitrification is also
discovered during this process. While under low DO
levels (DO=2～3 mg L-1), the concentration of nitrite
nitrogen is only about one fifth of that of high DO levels
because nitritation is weak. The removal rate of ammonia
just reaches approximately 50%.
KEYWORDS: aerobic denitrification, DO, nitrogen removal, river,
sediments, shortcut nitrification –denitrification.

1. INTRODUCTION
Many ecological researches and engineering projects
have focused on the removal of nitrogen of water in the
mainland of China recently [1-3] because the concentration of nitrogenous compounds is an important limit of
whether water ecological restoration is up to scratch or
not. High concentration of nitrogen of water may, in many
cases, be harmful to some species of fish and other aquatic organisms of aquatic ecosystems and may eventually to
the human beings through the effect of food chain. The
main toxic action of nitrate is due to the conversion of
+

The two authors contributed equally to this work and should be considered as co-first authors.* Corresponding author

oxygen-carrying pigments to forms that are incapable of
carrying oxygen [4]. Nitrite, a transient intermediate of
the nitrification process, is highly toxic to aquatic organisms [5] and the operation of the wastewater treatment
plant would be more complicated, time-consuming and
costly for the concentration in the effluent must be kept
low [6]. However, previous works on the removal of
nitrogen are often confined to lakes, while removal process of rivers is seldom mentioned.
In this experiment, we choose DO as the only variable because of its heavy weighting affecting the behavior
of nitrogen concentration and transition [7-9]. The investigation aimed to evaluate the performance of nitrogen of
water under different DO levels so that we can better improve the water quality and restore the ecological functions of ecosystem of rivers.
2. MATERIALS AND METHODS
2.1 Sediments and overlying water

Representative surface sediment samples were collected with a special grab sampler in the Jialu River.
Seeking out debris, the sediments were kept in a portable
ice chest at 4℃. Care was taken to avoid any contamination during their transport to the laboratory where they
were stored in a refrigerating cabinet at -20℃ after being
homogenized for the bench-scale simulation research
within 24h [10].
The water used in the experiment was taken from the
same sampling sites of sediments. All sampled water was
filled into polyethylene bottles and transported to laboratory in a portable ice chest. These water samples were
kept at 4℃, and then mixed together and stored in the
refrigerating cabinet at -20℃ for the simulation experiment within 24h [11].
2.2 Experimental apparatuses

Four identical experimental apparatuses each containing an organic glass measuring cylinder with a height of
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100 cm and a diameter of 20 cm (Fig. 1) and an aeration
device attachment were used in the experiment. Four
sampling outlets were set on each cylinder whose mutual
interval is 20cm between two neighboring outlets. A serial numbers 1, 2, 3 and 4 were designated to these outlets
from top to bottom and outlet4 was 20cm higher than the
bottom of the cylinder. We used 1-1, 1-2, 1-3 and 1-4 to
represent the four sampling outlets on experimental apparatus 1 and so were the remaining sampling outlets on the
other three experimental apparatuses. In this experiment,
outlets 1, 2, and 3 were represented by the outlets of the
overlying water and outlet 4 was on behalf of the outlets
of the interstitial water.

tively every day in the whole research process. These
water samples were sent for detection after filtration with
0.45 um glass fiber filter membrane.
2.4 Chemical-physical tests

The chemical properties of sediments as ammonia nitrogen (NH4+-N), nitrite nitrogen (NO2--N) and nitrate
nitrogen (NO3--N) were determined according to the
standard methods for soil analysis[12]. NH4+-N was determined according to the method of Nessler’s reagent
spectrophotometry. Nitrite nitrogen (NO2--N) was analyzed using the methods with N-(1-naphthyl) ethylenediamine. Nitrate nitrogen (NO3--N) in water was detected
by the method of Thymol (also known as 2-isopropyl-5methylphenol, IPMP) Spectrophotometry [13]. Dissolved
oxygen (DO) in water and sediments was measured by a
DO meter (YSI 55/12FT, USA) and pH was measured by
a pH meter (Sartorius PB-10, Germany) [14].
3. RESULTS AND DISCUSSION
3.1 Nitrogen in the overlying water with high DO concentration
3.1.1 Releasing effect and ammonification

Analysis showed that DO concentration was not significantly different among the first three reactors, so we
just designated one of these three reactors (Reactor No.1)
to show the changes of concentrations of ammonia nitrogen both in the overlying water and the interstitial water.
FIGURE 1 - Schematic of the experimental apparatus
2.3 Experimental methods

Sediment samples were filled on the bottom of the
four cylinders uniformly for 30cm and settled still for
1 day. Then each cylinder was filled with 60cm deep
mixed sampling water upon the surface of the sediment by
a siphon slightly along the column wall of the top of the
reactor so that the sediment could not be disturbed by the
process of water injection. The lower half of the water
column was covered by drapes. The cylinders were incubated at 25℃ and given 12hr illumination from fluorescent
lamps daily. All these setup were for simulating the field
conditions. Let these apparatuses stand still for at least 1 day.
The simulation experiment should not be started until
the status of sediments and water was relatively static.
No.1, 2 and 3 experimental apparatuses were operated under intermittent aeration for 20, 10 and 5 hours respectively with a micro air pump each day. The experiments in these three groups were focused on investigating
the nitrogen transitional effects of different DO concentrations in water. No.4 experimental apparatus was under no
aeration condition. The whole experimental process was
operated at room temperature for 50 days.
100 ml water samples for analyzing were collected
from four outlets of each experimental apparatus respec-

As shown in Fig.2, the changes between 1-3 and 1-4
were similar, both concentrations increased steadily in the
early time of the experiment and then started to fall before
its end, which was suggested in the two curves of NH4+-N
concentrations of overlying water and interstitial water in
1-3 and 1-4. The concentration of ammonia nitrogen got a
maximum increase of 6.96 mg L-1 in the interstitial water
during the first 24 days of the experiment but only 3.71 mg
L-1 in the overlying water. According to the analysis of the
previous chemical-physical tests of attributes of the sediments, ammonification was much stronger in the sediments
because lots of ammonification bacteria existed. Besides,
ammonia nitrogen was released from sediments to the interstitial water due to its high concentration in the sediments. Both these two factors resulted in the increase of
concentration of ammonia nitrogen in the interstitial water. Then ammonia nitrogen can diffuse from the interstitial water to the overlying water slowly because of the
concentration gradient of ammonia nitrogen between
them. As to the decrease of it in the end of this experiment we can see from the curves in Fig.2, it mainly depends on other transition processes with high DO conditions which we will explain in the following passages.
3.1.2 Nitrification

In the whole experimental process, the overlying water of Reactor 1, 2 and 3 was in the intermittent aeration.
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FIGURE 2 - NH4+-N concentration of overlying water and Interstitial water in 1-3 and 1-4

FIGURE 3 - NH4+-N concentration of overlying water in 1-1, 2-1 and 3-1

As shown from the curves of ammonia nitrogen in
Fig.3, the contents of ammonia nitrogen rose in the
early-stage and began to drop from the mid-term to an
average concentration of 0.6 mg L-1 in the late-stage of
the experiment. The concentrations of ammonia nitrogen
of Reactor 1, 2 and 3 all increased in the first 25 days,
which mainly resulted from the releasing effect and am-

monification of the organic nitrogen in the sediments.
During this period, nitrifying bacteria had not good activity and were still a small population, although they were
detected in sediments. As the operation of intermittent aeration, nitrifying bacteria grew and multiplied constantly and reached the maximum growth rate on day 25 of the
experiment. Ammonia nitrogen transformed to nitrite
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nitrogen and nitrate nitrogen through nitrification under
aerobic condition so that the concentration of ammonia nitrogen in the overlying water started to drop. Nitrification
happened at this period could be testified by the concentra-

tion curves of nitrite nitrogen and nitrate nitrogen (Fig.4
and Fig.5). Furthermore, we can come to the conclusion
that the process of nitrification went thoroughly and the removal rate of ammonium nitrogen is about 100%.

FIGURE 4 - NO2--N concentration of overlying water in 1-1, 2-1 and 3-1

FIGURE 5 - NO3--N concentration of Overlying water in 1-1, 2-1 and 3-1
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In addition, the curves of NH4+-N concentration of
overlying (Fig.3) indicate that the trends of transition
differed a little; that is to say, Reactor 1 and 2 shared a
relatively similar trend of changing concentration of ammonia nitrogen both in range and direction. However, the
trend in Reactor 3 only sustained for the first 8 days and
the concentration had risen 5.56 mg L-1 higher from day 8
to day 24, compared to that of the Reactor 1 and 2, which is
probably because the DO level differed significantly in
Reactor 3. The experimental method, with the shortest
aerated acclimation period (5 h/d) and the relatively low
aerated content (DO=7.1 mg L-1) in Reactor 3, promoted
the occurrence of ammonification, resulting in a significant increase of ammonia nitrogen and a relatively longer
sustainable time of nitrification in Reactor 3 at the same
time. The concentration of ammonia nitrogen of Reactor3
dropped to zero mg L-1 on day 39 of the experiment,
which was 7 days delayed than Reactor 1 and 2 as the
latters finished this process on day 32.
As shown in the curves of concentration of nitrite nitrogen of overlying water in Reactor1, 2 and 3 (Fig.4), the
fluctuant trends of concentration of nitrite nitrogen were
basically similar in Reactor1 and 2, both graphs of which
appeared containing a wave peak. The concentration of nitrite nitrogen closed to nearly zero mg L-1 in the first 20
days of the experiment, and then started to rise from day
21 and rose quickly from day 25. The increase of nitrite in
the overlying water was negatively correlated with the
decrease of ammonia nitrogen. The concentration of nitrite reached its peak value on day 29 of the experiment.
The concentration of nitrite in Reactor1 raised up to 15.87
mg L-1 while Reactor2 rose up to 14.59 mg L-1. Then both
concentrations began to decline and reached zero mg L-1 on
day 39. The concentration of nitrite in Reactor 3 dropped
stably on about zero mg L-1 during the first 24 days of the
experiment and then increased from day 24 and reached
12.135 mg L-1 on day 29. Then the concentration of nitrite
began to fluctuate from day 29 to day 35 because of the
instability of unstable nitrification due to the fluctuation of
the DO levels in the experimental systems whose lowest value fell to 5.1 mg L-1 during this period. The peak
value of nitrite reached up to 13.15 mg L-1 appearing on
day 36 after which the concentration declined and reached
zero mg L-1 on day 16 of the whole experiment. In general, the time points when the concentration of nitrite in
the overlying water increased at first and decreased to zero
mg L-1 were lagging behind that of Reactor1 and 2,
which was related closely with the previous analysis of
the relative lag of the nitrification in Reactor3.

of nitrate nitrogen of Reactor1 and 2 just increased from
day 32 with the highest level of 2.96 mg L-1 on day 42
and 1.66 mg L-1 respectively, followed by a decrease time
to day 50 with the concentration of 0.9 mg L-1 both of the
two reactors. However, it raised from day 42 to 1.79 mg L-1
on day 47, followed by a decrease to 1.2 mg L-1.

3.1.3 Denitrification

According to the detected DO levels in the interstitial
water of Reactors 1, 2 and 3, of which Reactor1 had an
average DO concentration of 4.19 mg L-1, Reactor2
owned an average DO concentration of 4.71 mg L-1 and
3.68 mg L-1 of Reactor3, these three reactors were not
under anaerobic condition which resulted in a serial environmental behaviors of nitrogen. High DO levels in the
interstitial water can be explained by the diffusion from

The curves of concentration of nitrate nitrogen of
overlying water in Reactor1, 2 and 3, are presented in
Fig.5. As noted, the concentration of nitrate nitrogen of
these three reactors maintained at about zero mg L-1 sustaining for more than the first half of the whole experimental time and increased relatively low during the second half. As shown in the curve graph, the concentration

The changing of concentration of nitrate nitrogen in
the overlying water indicates that nitrite nitrogen can
transform to nitrate nitrogen under aerobic condition, but
generally only just part of them finish this process. It has
been testified by some researches that ammonia nitrogen
can transform to nitrite and nitrate nitrogen under aerobic
condition, but nitrite nitrogen is unstable in aerobic environment resulting in short existing time of itself and very
strong tendency to transform into nitrate nitrogen or other
compounds. However, we can see from this research that
the concentration of nitrite nitrogen was relatively high in
all the three reactors, of which the retention time was able
to achieve for about 20 days (Fig. 4). Besides, the concentration of nitrate nitrogen was much lower in all these three
reactors (Fig. 5), which suggests that it is not a conventional case of nitrification. We conclude that the nitrate attenuation was reinforced because of the shortcut nitrification-denitrification [15, 16], that is, nitrite nitrogen which
is produced by ammonia nitrogen turns into nitrogen
through denitrification. Finally, nitrogen escaped from the
apparatuses in this experiment according to these reactions
and its reaction conditions.
The curve of nitrate nitrogen concentration of overlying water in Reactor1, 2 and 3 (Fig. 5) also reveals that the
time when the concentration of nitrate nitrogen increased is
corresponding basically with the time when the concentration of nitrite nitrogen decreased while the difference lies
only in the different starting time points of the increase of
nitrate nitrogen concentration. It results in producing a
lagging time between Reactor 3 and Reactor 1, 2 for the
former was behind.
The research also demonstrates that aerobic denitrification [17, 18] happened in the three reactors, through
which nitrate nitrogen turned into nitrogen when aerobic
denitrifying bacteria used nitrite or nitrate nitrogen as
electron acceptors and transformed them into nitrogen or
other nitrogen-oxidizing gases. The result can be suggested by the declining of the concentration of nitrate nitrogen
in late-stage experiment due to the curve of nitrate nitrogen concentration yet under the aerobic condition.
3.2 Nitrogen in the interstitial water with high DO concentration
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the overlying water with a higher DO level existing under
its intermittent aeration condition to the interstitial water
because of the concentration gradient which has been
discussed previously.

The research reveals that the transition proceeding in
the interstitial water was much similar to the process in the
overlying water. Analyzing concentrations of ammonia nitrogen, nitrite nitrogen and nitrate nitrogen, we come to

FIGURE 6 - NH4+-N concentration of Overlying and Interstitial water in 4-1 and 4-4

FIGURE 7 - NO2--N concentration of Overlying and Interstitial water in 4-1 and 4-4
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the conclusion that nitrogenous compounds in the sediments transform into ammonia nitrogen because of the
releasing effect and ammonification of nitrogen by ammonification bacteria. Then ammonia nitrogen changes
into nitrite and nitrate nitrogen because of nitrification
under aerobic condition. Through denitrification under
aerobic condition they transform into nitrogen and other
nitrogen-oxidizing gases and escape from water at last.
(We don’t show the curve graphs here because the trends
of them are very similar to the curve in the overlying
water.)
3.3 Nitrogen in water with low DO concentration

As shown in Fig.6 and Fig.7 describing the ammonia
nitrogen concentration of overlying water and interstitial
water in Reactor4 with low DO levels, ammonia nitrogen
rose in the early-stage of the experiment because of ammonification and diffusion of nitrogen from sediments to
the interstitial water and the overlying water to keep a
balance of nitrogen in the environment. In the middle and
late stages, ammonia dropped slightly to a level of approximately 9 mg L-1 because of low DO concentration in
water. That is to say, nitrification was attenuated in the
system resulting in incomplete transition of ammonia
nitrogen to nitrite and nitrate nitrogen whose removal rate
was only about 50%. Besides, the trend of concentration of
nitrite nitrogen in the overlying and interstitial water
(Fig.7) also suggests that nitrification happened to ammonia slightly so that the summit value of nitrite nitrogen in
low DO content was just 3.4 mg L-1, which accounted for
about one-fifth of the value 15.9 mg L-1 of high DO content. Furthermore, the nitrate nitrogen concentration maintained below 0.04 mg L-1 of Reactor 4 in the whole experimental period due to its denitrification of low DO level,
which reveals that high concentration of nitrate nitrogen
cannot be detected under high DO conditions.

so that the removal rate of ammonia can only reach about
50%. Ammonia nitrogen diffuses from the interstitial water
to the overlying water for its concentration gradient of
water.
4. The research also reveals that aerobic nitrification
proceeds when the DO level is high, but it needs further
studies to make sure which kind of bacteria it is.
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4. CONCLUSIONS
The release of nitrogenous compounds from river sediments to the interstitial and overlying water both with high
DO levels was studied in three apparatuses which were operated under intermittent aeration for 20, 10 and 5 hours respectively. The process with low DO levels was also evaluated. The main conclusions are summarized as follows:
1. DO is an important factor affecting the environmental behavior of nitrogen of the Jialu River.
2. When the DO concentration of water is relatively
high (DO=7～8 mg L-1), environmental behaviors of
nitrogen contain ammonification, diffusion, shortcut nitrification-denitrification and aerobic denitrification, of
which nitrification and denitrification are the principal
processes and nitrification proceeds completely with a
nearly 100% removal rate of ammonia nitrogen.
3. When the DO concentration of water is relatively
low (DO=2～3 mg L-1), nitrification is not strong enough
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ABSTRACT
As one of the major disinfection by-products, humic
acids are hazardous to natural water bodies. In this study, we
investigated the removal of low concentrations of humic acids by UV, O3, H2O2 and UV/O3/H2O2 process. The parameters, such as reaction time, humic acid concentration and solution pH were investigated. The results showed that, with
humic acid concentration of 20 mg/L, the best ozone output
was 190 mg/h. The optimal UV lamp’s power was 15 W,
with H2O2 concentration of 20 mg/L, a reaction time of 10
min, pH of 8.5, UV254 and TOC removal was 89.33% and
30.89%, respectively. From the experimental results, we
can know that pH does not show a high influence on the
removal rate. The concentrations of organics and aromaticity, after being processed by UV/O3/H2O2 method, were analyzed. The process of oxidation was inferred by ultraviolet
spectrum and Fourier transform infrared (FT-IR) analysis.
The results showed that after UV/O3/H2O2 treatment, the
molecular weight of humic acid and unsaturated bonds decreased while small molecules of aldehydes, ketones and
acids increased.

KEYWORDS: Humic acids (HA), combined process, advanced
oxidation processes, UV/O3/H2O2

1. INTRODUCTION
Humic acids (HA), a class of refractory natural organic
matter (NOM) [1, 2] formed by the complex biodegradation of animal and plant matter [1]. They exist widely in
aquatic environments. HA is a complex polymer with a variety of active functional groups [3], and usually has an uncertain structure with one or more aromatic ring cores. It is
known as an important precursor for disinfection by-products (DBPs) [2, 4, 5]. During the chlorine disinfection, humus will form a lot of toxic DBPs, such as trihalomethane
(THMs) [5] and haloacetic acids (HAAs), which pose a serious threat to human health [4-7]. Physical treatments, like
enhanced coagulation sedimentation [8, 9],
* Corresponding author

activated carbon adsorption [3, 10, 11] and membrane technology [12, 13] are the commonly used to remove HA, but
these methods simply transfer HA from one phase to another, rather than completely eliminating it.
Advanced oxidation processes (AOPs) have been
proven to be effective in removing various organic contaminants from drinking water and wastewater [14-17]. AOPs
have advantages over safety, efficiency and non-byproducts [4, 5, 14, 16, 17].
So far, AOPs have been studied mostly on dealing with
pharmaceutical, printing and dyeing wastewater [18-21],
and individual processes like UV, O3 and H2O2 and the
combined O3/H2O2, UV/O3, UV/H2O2 treatments have
been applied to remove HA. The combined process of
UV/O3/H2O2 was reported in treating phenol and dyes,
which exhibit good eco- and cost-effectiveness [22]. However, very few researches studied treating HA by UV/O3/H2O2
combined process, and the oxidation mechanism of HA by
UV/O3/H2O2 was seldom reported.
In this study, low concentrations of HA in aqueous solution were used as the target pollutants. The individual
(UV, O3, H2O2) and combined advanced oxidation processes (UV/O3/H2O2) as well as their influence factors (reaction time, concentration and pH value) were investigated. Besides, the oxidation process of HA was studied by
UV spectra and FT-IR analysis. This result will be helpful
to select a proper treatment and parameters for low concentrations of HA, and will be favorable for understanding the
degradation of HA by advanced oxidation process.
2. MATERIALS AND METHODS
2.1 Materials and reagents

1 g humic acids (chemical pure, Beijing Chemical
Reagents Company) was added to 100 ml NaOH solution (0.1 mol/L) to prepare 1000 mg/L solutions. The mixture was stirred for a few min and dissolved for 24 h at
room temperature. Then, the solution was transferred to a
1-L volumetric flask and diluted to volume with deionized
water as stock solution (1000 mg/L). The water sample was
diluted with deionized water from the stock solution. H2O2
(chemically pure, 30% w/w, Chengdu Kelong Chemical Re-

2017

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

Agent Factory) was subsequently added to the reaction
mixture to provide various concentrations of H2O2. All
chemicals were used without further purification.
2.2 Experimental methods

Experiments were carried out in the reactor, as shown
in Fig. 1. The reactor was made of glass with a volume of
about 1 L (6 cm diameter×35 cm height). A quartz diffuser
at the bottom of the reactor was used to produce a myriad
of tiny air bubbles, so as to increase the gas-liquid contact
area, thus improving the mass transfer efficiency. In the experiment, the ozone was produced from an ozone generator
(Model QD-D5A-Y, Guangdong Qida Ozone Equipment
Company. Ltd.) with amounts of 190, 118, and 60 mg/h;
the power was 160 W, and the concentration of ozone was
determined by an iodometric method [25]. The UV lamp
was a high boron UV germicidal lamp (Qidong Fluorescent
Lamp Factory, China), and its power was 6, 10 and 15 W
(main wavelength 253.7 nm).
For the degradation of HA, 200 ml HA sample (20 mg/L)
was treated with individual UV, O3, H2O2 and UV/O3/H2O2
combined processes, respectively. In the individual process, the intensity of UV source (6, 10, 15 W), concentration of H2O2 (5, 10, 20, 40, 80 mg/L) and amount of O3 (60,
118, 190 mg/h) were investigated separately, all carried out
under initial pH of 8.5. The process duration was 60 min in
UV and H2O2 process, 30 min in O3 process, and a 2-ml
sample was taken every 5 min. In the UV/O3/H2O2 combined process, we studied the impact of reaction time, concentration of HA and pH of the solution on the removal of
humic acids. The stock solution was diluted to 5, 10, 20, 30
or 50 mg/L with deionized water, and the initial pH of the
solution was adjusted to 4, 5.5, 7 or 8.5 with either diluted
NaOH or H2SO4. The test duration was set at 10 min and a
2-ml sample was taken every 2 min for measurements. Hydrogen peroxide solution was added to the water sample in
advance, and UV light and ozone generator were opened at
the same time, if used. All experiments were conducted at
room temperature.

2.3 Analytical methods
2.3.1 Total organic carbon (TOC)

The extent of mineralization of the HA was evaluated
by TOC (elementar liquid TOC, Germany) [3].
2.3.2 Ultraviolet spectrum analysis (USA)

The concentration of HA was UV-measured (UV-1100,
Shanghai mapada Instruments Co., Ltd) at 254 nm and
marked as UV254. The UV absorbance at 254 nm mainly represents unsaturated organic compounds with conjugated
structure or aromatic structure. So UV254 value can be used
as an alternative substitution parameter for evaluating TOC,
DOC, and precursors of trihalomethanes (TMHFP) [23].
Therefore, this paper chose the UV254 removal rate to represent mainly the removal of humic acids. The samples
were measured in 1 cm quartz cuvettes at room temperature, and deionized water was measured as blank sample.
2.3.3 Fourier transform infrared (FT-IR) analysis

FT-IR analysis was used to determine the change of
functional groups in humic acids (Thermo Electron, USA).
The samples were measured after freeze-drying (Christ
ALPHA 1-2 LD plus Freeze Dryer, Germany). Before the
measurement, the FT-IR sample was prepared as follows:
50 mg KBr was added to the freeze-dried sample powder,
then tabletted, blow-dried, and finally tested (resolution
4 cm-1, measurement range 4000 to 400 cm-1).
3. RESULTS AND DISCUSSION
3.1 The loss of HA by aeration

When the HA solution is aerated with air, the HA could
be lost due to air-stripping, auto-decomposition, oxidation
by oxygen in the air, or photolysis by visible light [24]. In
order to determine the loss, the change in HA concentration
due to aeration was measured firstly.
The HA solution with various acidic/alkaline conditions was aerated for 10 min, and HA solution with pH 8.5
was further bubbled with air for 60 min. The results
showed that the loss of HA and TOC was less than 1%,
indicating the negligible air aeration effect. So, in the next
experiments, we ignored the effect of air aeration.
3.2 Individual oxidation process

The individual oxidation process was UV-investigated
with 200 ml of a 20 mg/L HA solution (6, 10, 15 W, H2O2
5, 10, 20, 40, 80 mg/L), or O3 (60, 118, 190 mg/h) separately under initial pH of 8.5. The results of UV254 removal
and TOC removal are shown in Figs. 2 and 3, respectively.

FIGURE 1 - The reactor used for removing humic acids with
UV/O3/H2O2 process (1-ozone generator, 2-ozone aerator pipe, 3-reaction solution, 4-inner quartz tube, 5-UV lamp).

As can be seen from Fig.2, UV254 removal rate increased gradually with increasing light intensity. Under the
power of a 15 W UV lamp, the process time was 1 h and
HA removal rate can only reach 25.61%. As Fig.3 shows
the changes in concentrations of TOC, the removal rate was
only 3.00%. The oxidation capacity of a single UV irradiation to humic acids in liquid phase was limited, and the
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most likely reason was that UV radiation at 253.7 nm (photon energy 4.88 eV) did not have sufficient energy to break
the O=O double bonds of oxygen molecules in solution
(5.12 eV), or the H-OH single bonds of water molecules
(5.21 eV) [25].
As shown in Figs. 2 and 3, with the increase of H2O2,
humic acids degradation rate was gradually rising, but the
trend of increment was weak. For 80 mg/L H2O2, the highest
removal efficiency of UV254 was only 5.66% after 1 h of
treatment. Under the same conditions, the degradation rate
of HA for 20 mg/L H2O2 could reach 2.26%, and the TOC
removal was 0.80%. The H2O2 was partly dissociated in the
solution and broken down into HO2- instead of •OH radicals
[26], thus leading to the low removal efficiency. The result
indicated that the oxidizing ability of H2O2 is limited, and it
was not suitable to be used for the degradation of HA solely.
HA degradation by ozone oxidation was obvious.
Many researchers have reported that ozone reacts with
aqueous organic pollutants via two different ways: one is
ozone directly reacts with organic compounds which is
highly selective; the other one is ozone decomposes via a
chain reaction to form hydroxyl radicals (·OH), which is
efficient and non-selective in degrading the organics [1921, 27, 28]. As shown in Fig. 2, with the increase of ozone
production, the removal efficiency was increasing evidently. When ozone production was 118 mg/h and process
time 30 min, UV254 removal rate reached the highest value
(80.59%). For 190 mg/h, the degradation was more effective, and the UV254 removal rate can reach 74.39% within
10 min and TOC degradation rate was 16.04%.

Compared with UV oxidation and H2O2 oxidation, the
O3 oxidation has significantly higher degradation efficiency
for humic acids. In these 3 separate approaches, the former
two hardly produce hydroxyl radicals, whereas ozone oxidation will generate ·OH [26]. Besides, ozone can oxidize the
unsaturated structure of aromatic, alkene and alkyne groups
in humic acids directly to small molecular organic compounds with simple saturated structure. Thus, the process
changed the structure of humic acids, and the representation
of unsaturated structures or aromatic substances (UV254) was
prominently reduced. From more separate oxidation experiments, as can be seen from Fig.2, the power of UV strongly
affected the removal of humic acids, and higher power results better removal rate. The concentration of H2O2 solution
does not affect the degradation efficiency very much, as
Singer [26] reported that if H2O2 concentration is too high,
the excess H2O2 in the solution would react with the hydroxyl radical (·OH) and generate peroxide hydroxyl radical
(HO2-), thus inhibiting oxidation reaction. Therefore, the
concentration of H2O2 should be controlled. In addition, the
ozone production could determine the oxidation degree of
the combined process. Hence, in the combination of the oxidation process, UV lamp power was 15 W, H2O2 concentration was 20 mg/L, and ozone production was 190 mg/h.
3.3 Combined process

The ozone oxidation is obviously of advantage for HA
removal, but its TOC removal is relatively low. In contrast,
relative to the poor HA degradation of H2O2, the UV process have a considerable reduction of the TOC. This conclusion is consistent with other reports [17, 22, 24, 29].

FIGURE 2 - Comparison of UV254 removal by UV, O3, H2O2 and UV/O3/H2O2 treatments (from left to right: UV (6, 10,15 W), H2O2 (5, 10, 20,
40, 80 mg/L), O3 (60, 118, 190 mg/h), UV/O3/H2O2 (UV 15 W, H2O2 20 mg/L, O3 190 mg/h); initial HA concentration: 20 mg/L; pH: 8.5; reaction
volume: 200 ml; process duration: UV and H2O2 60 min, O3 30 min, UV/O3/H2O2 10 min).
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FIGURE 3 - Comparison of TOC removal by UV, O3, H2O2 and UV/O3/H2O2 treatments (from left to right: UV 15 W, H2O2 20 mg/L, O3 190
mg/h, UV/O3/H2O2 (UV 15 W, H2O2 20 mg/L, O3 190 mg/h); initial HA concentration: 20 mg/L; pH: 8.5; reaction volume: 200 ml; process
duration: UV and H2O2 60 min, O3 30 min, UV/O3/H2O2 10 min).

FIGURE 4 - The UV254 removal rate of oxidation time with UV/O3/H2O2 process (UV 15 W, H2O2 20 mg/L, O3 190 mg/h; initial HA concentration: 20 mg/L; pH: 8.5; reaction volume: 200 ml).
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FIGURE 5 - The UV254 removal rate of oxidation time with UV/O3/H2O2 process under different initial HA concentrations (UV 15 W, H2O2 20
mg/L, O3 190 mg/h; pH: 8.5; reaction volume: 200 ml).

Consequently, a combination of these methods was proposed in order to enhance the HA removal and TOC reduction.
3.3.1 The effect of reaction time

Figure 4 represents the change of the removal rate
of UV254 humic acids (20 mg/L, pH 8.5) over time
by UV/O3/H2O2 process (UV 15 W, H2O2 20 mg/L, O3
190 mg/h). It‘s obvious that HA removal rate increased almost linearly in the previous 2 min, while the increment
after 6 min is less than 5% and reaches its maximum
(89.33%) at 10 min. The similar trend was obtained for
TOC removal, but the TOC removal rate was relatively
low, with the highest value of 30.89%.
Compared with the individual oxidation processes, the
combined process has obvious advantages not only with
regard to the removal rate but also on degradation efficiency, especially that for the TOC degradation.

As shown in Table 1, the initial HA concentration
strongly affected the TOC removal. In contrast to the UV254
removal, TOC removal efficiency of low initial HA concentrations is lower. The TOC removal rate of 5 mg/L HA
is 11.10%, while that of 50 mg/L is 30.26%. Figures 4 and
5 demonstrate that the combined process can degrade HAs
with concentration of 5-50 mg/L to small molecules within
4-10 min. However, it is hard to achieve a complete mineralization of HA in solution by UV/O3/H2O2 process.
TABLE 1 - TOC removal rates of different initial HA concentrations
by UV/O3/H2O2 process.
Initial HA concentration (mg/L)
TOC removal rate (%)
5
11.10
10
17.72
20
30.89
30
22.96
50
30.26
UV 15 W, H2O2 20 mg/L, O3 190 mg/h; pH: 8.5; reaction volume: 200
ml; process duration: 10 min.

3.3.2 The effect of initial concentration of humic acids

Figure 5 presents the differences of UV254 removal
rates among different initial concentrations of HA (pH 8.5)
with UV/O3/H2O2 process (UV 15 W, H2O2 20 mg/L, O3
190 mg/h). It is implied that with the increase of initial HA,
lower removal rate was achieved. For lower concentration
of HA, the shorter time is needed to reach their maximum
removal rate. When initial HA concentration is 5 mg/L, the
maximum removal rate of 80.33% was reached after 4 min.
However, with initial HA concentration of 50mg/L, UV254
removal rate is lower.

3.3.3 The effect of solution pH

Figure 6 reveals the comparison of UV254 and TOC
removal rates among different pHs in UV/O3/H2O2 treatments (HA concentration 20 mg/L, UV 15 W, H2O2
20 mg/L, O3 190 mg/h). As we can see from Fig.6, the pH
of the solution impacts the oxidation slightly, and alkaline
condition is slightly favored for HA removal over acidic
condition. This could be due to the fact that ozone and its
combined process produce more hydroxyl ions under alkaline conditions [26, 30]. But even so, the removal rates under
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neutral conditions are 87.47 and 22.96%. So, there is no need
for adjusting the pH in water treatment process.
3.4 The degradation process of humic acids by UV/O3/H2O2
process
3.4.1 Ultraviolet spectrum analysis (USA)

Figure 7 shows the comparison of different reactiontimes in the wave spectrum of UV/O3/H2O2 process. The
longer the reaction time is, the stronger intense absorption
appears at the wavelength range of 200-250 nm, and finally reaches 218 nm, whereas the absorbance at ≥250 nm
was reduced.
According to the connection between absorption peak
and organic structure [23], the intense absorption at 220250 nm indicates the existence of conjugated double bonds
like in conjugated dienes, aldehydes and ketones; if the absorption at 250-350 nm is at low intensity, the carbonyl or
conjugated carbonyl groups may exist. The moderate absorption at 250-290 nm demonstrates the existence of the
benzene ring, and high strength absorption at ≥300 nm
shows the existence of a large conjugated system.
Therefore, after being treated by UV/O3/H2O2 process,
large conjugated systems, carbonyl groups or conjugated
carbonyls, benzene rings, conjugated double-bonds (conjugated dienes, aldehydes, ketones) in the humic acids samples could be broken down into small molecules.
3.4.2 Fourier transform infrared (FT-IR) analysis

Figure 8 shows the results of FTIR analysis for the
HAs processed by UV/O3/H2O2 at different times. The

bands at 3540-3360 cm-1 have been attributed to the hydroxyl groups’ stretching vibration of carboxylic acids and
alcohols [31]. The movement of O-H stretching vibration
peak indicates the change of its existing way. After 10-min
UV/O3/H2O2 oxidation process, the aliphatic methyl and
methylene bands at 2920 and 2850 cm-1 reached a stable
band height that demonstrates the decrease of the symmetric and anti-symmetric C-H in the aliphatic carbon chain.
The band at 1740 cm-1 indicates the C=O stretching vibration in carbonyl compounds like aldehydes, ketones and
esters, and the band at about 1640 cm-1 can be assigned to
the C=C vibration of alkenes and aromatic components as
well as to the C=O vibration of amides and carboxylates.
The change of their stretching vibration shows the destruction to unsaturated C=C and the production of C=O in the
samples, caused by the oxidation process. The bands at
about 1425, 1160 , and 1117 cm-1 can be attributed to polysaccharide C-OH groups, and the vibration at 1033 cm-1
represents the existence of C-O groups.
The oxidation process of humic acids can produce a lot
of carboxyl groups. The strong vibration peak at 850 cm- 1
shows the existence of carbonate [32], which could be the
evidence of inorganic salt mine, due to humic acid degradation in the oxidation process.
According to the results of the FT-IR analysis, the
chemical structure of the humic acids changed a lot after
the advanced oxidation process (UV/O3/H2O2). Especially
the unsaturated C=C decreased considerably, whereas, the
C=O and C-O increased a lot.

FIGURE 6 - The bar chart of UV254 removal rate with UV/O3/H2O2 process under different pH values (UV 15 W, H2O2 20mg/L, O3 190 mg/h;
initial HA concentration: 20 mg/L; reaction volume: 200 ml; process duration: 10 min).
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FIGURE 7 - The comparison among different times in the wave spectrum of UV/O3/H2O2 process (UV 15 W, H2O2 20 mg/L, O3 190 mg/h;
initial HA concentration: 20 mg/L; pH: 8.5; reactionvolume: 200 ml).

FIGURE 8 - The FT-IR analysis of humic acid samples treated with UV/O3/H2O2 process (UV 15 W, H2O2 20 mg/L, O3 190 mg/h; initial HA
concentration: 20 mg/L; pH: 8.5; reaction volume: 200 ml).

3.4.3 The degradation process

From UV spectrum and FT-IR analysis before and after humic acid sample treatment, we can speculate the
mechanism of the combined advanced oxidation process of

humic acid degradation as followings: (1) Firstly, ozone
mainly methylates unsaturated links of humic acids, and
(2), the breaking of large humic acid molecules leads to
changes of HA molecular structure and production of small
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molecules, and (3), substances generated by oxidation with
electron-donating groups, such as aromatic compounds, aldehydes and ketones, alcohols and phenols, are oxidized to
acids and esters by hydroxyl radicals. Some small molecules could even be further mineralized to CO2 and H2O.
4. CONCLUSIONS
The combination process of UV/O3/H2O2 is effective
for treating low concentrations of humic acids. When the
hydrogen peroxide concentration is 20 mg/L, ozone output
is 190 mg/h, the UV power is 15 W, the maximum removal
rate of HA within 10 min is 89.33% under alkaline conditions. Higher concentrations of HAs resulted in lower removal rates. Both H2O2 concentration and solution pH
value do not show high impact on HA degradation. With
20 mg/L H2O2, 190 mg/h O3 production, 15 W UV light
and a reaction time of 10 min, we can get the highest TOC
removal rate with 30.89%.
By comparing UV and FT-IR analysis results, we can
infer the mechanism of HA oxidative degradation by
UV/O3/H2O2 process: firstly, the unsaturated bond is methylated by ozone, then bond breaking happens, molecules
structure changes, and small molecular compounds are
produced. Finally, hydroxyl radicals can further oxidize
HA into acids and esters, individual small molecular substances, or even mineralized into CO2 and H2O.
The authors have declared no conflict of interest.
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ABSTRACT
Agave tequilana Weber leaves and fiber were studied
as substrates for laccase production by Pleurotus ostreatus
in a submerged culture, in order to take advantage of these
agro-industrial wastes, which are generated during agave
harvesting for tequila production. The optimal conditions
for laccase production in submerged fermentation were
met by a substrate concentration of 1% (w/v) at 120 h, producing 276.36 and 169.25 U L-1 for leaves and fiber, respectively. The addition of glucose did not significantly
(p>0.05) affect enzyme production. A medium consisting
of only water and agave leaves was the best culture broth
for enzyme production, and this medium was selected for
the study with the fluidized bed bioreactor scale. The specific activity for kinetic studies in a flask (50 ml working
volume) was 14.68 U mg-1. In the reactor, the specific activities were 10.78, 1.09 and 1.74 U mg-1 for the first, second
and third cycles of operation, respectively. Thus, the leaf residues of A. tequilana generated by the tequila industry can
be used as a substrate by P. ostreatus for laccase production
without co-substrate addition.
KEYWORDS: Pleurotus ostreatus, laccase, Agave tequilana Weber, submerged fermentation

1. INTRODUCTION
Laccase (EC 1.10.3.2) is a multi-copper extracellular
oxidase that is widely distributed in plants, insects and bacteria; however, the most important source of this enzyme
are white-rot fungi [1, 2]. Laccase plays a role in various
biological processes, such as sporulation, pigment production, rhizomorph formation, pathogenesis, the formation of
fruiting bodies, and lignin degradation [3]. This enzyme
* Corresponding author

also catalyzes the oxidation of various aromatic compounds
(particularly phenols), diamines and aromatic amines by single electron transfer using molecular oxygen as the electron
acceptor; this process leads to the reduction of oxygen to water [1, 4].
The main biotechnological applications of laccases
have traditionally been in the textile industry for effluent
treatment and in the paper industry for the bleaching process. However, the use of laccase has more recently spread
to the areas of food, nanotechnology, and the detoxification
of wastewater. One of the specific uses of laccase is that as
a biosensor for the detection of aromatic compounds that
exhibit affinity for this type of enzyme [5, 6].
Although only a small percentage of all white rot
fungi, including P. ostreatus, has been studied for the laccase production, it is known that a single species may express distinct iso-forms of extracellular laccase. The particular iso-form expressed depends on the fungal growth conditions, such as temperature, pH, agitation, amount of inoculum, trace mineral concentration, carbon and nitrogen
concentrations, medium composition, use of inducers, and
type of fermentation [5, 7, 8]. Therefore, the expression of
a given laccase iso-form is determined by environment factors during growth, including the fungal species, and each
isoform exhibits different molecular properties [9, 10].
Currently, compounds that have the ability to function
as inducers of laccase synthesis are being studied in relation to several species of fungi. For instance, the synthesis
of extra-cellular laccase by the fungus Coriolus hirsutus
was induced with 0.11 µM syringaldazine; an increase i
n enzyme activity of close to 1,000% was reached, and
two isoforms (I1 and I2) with molecular weights of 69 and
67 kDa were obtained [4]. Sonden and Dobson [11], for
their part, used various aromatic compounds (ferulic acid,
veratrum acid, 2,5-xylidine and hydroxybenzotriazole) and
copper as inductors for P. sajor-caju, leading to an expression of the lac genes Psc 1, 2, 3 and 4. The results showed
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that ferulic acid and 2,5-xylidine increased the transcription of Psc 1, 2 and 4, whereas the Psc 3 gene was expressed constitutively.
Inducing the white-rot fungi P. ostreatus [12, 13],
Trametes trogii [14], Trametes hirsute [15] and Trametes
versicolor [16] with copper has been found to increase laccase production. Palmieri et al. [8] also reported that the
production of laccase isoforms is regulated by the presence
of copper ions in P. ostreatus. The few studies that have
reported laccase activity when conjugating the inducers,
2,5-xylidine and copper ions, [17, 16] found that laccase
production was increased from 190 to 360 U L-1 using
0.075 mmol L-1 copper sulfate and 0.030 mmol L-1 2,5-xylidine, respectively. Adding inducer compounds to cultures
of some species initiates an extra-cellular biosynthesis that
results in new forms of laccase, indicating that constitutive
forms are continuously produced [17].
The agricultural industry is the main source of lignocellulosic materials, such as roots, stems, leaves and other
plant parts; these materials are usually a by-product of agricultural processes and represent a source of contamination in fields [18]. Approximately one million tons of A.
tequilana Weber plant material are produced and processed
annually for tequila production. During this process, the
leaves, which are removed while harvesting the stem (the
structure used to produce tequila), are left in the fields; the
leaves, therefore, represent a waste product of tequila manufacturing [19].
Currently, several agro-industrial residues, such as
straw (from wheat, barley, rice and rye), crop (including
corn and beans), bagasse (from sugar cane) and coffee
pulp, are used as substrates for laccase production. The lignocellulosic composition of these residues induces the production and secretion of ligninolytic enzymes which, in
turn, cause the degradation of lignin, leading to its complete mineralization and the production of carbon dioxide
and water [20, 21].
Because of the composition of A. tequilana Weber
leaves (64.8% cellulose, 5.1% hemicellulose, 15.9% lignin, 14.0% extract) [22] and the ecological problems resulting from the large amounts of leaves discarded during
the agave harvest, the use of A. tequilana Weber leaves and
fiber is proposed herein for the first time as a natural substrate for laccase production. In this way, agave residues
that currently represent a burden for the tequila industry,
could be used productively.

bran (Maxilu), 10 g L-1 glucose (J.T. Baker), 5.0 g L-1
casein peptone (Bioxon), 2.0 g L-1 yeast extract (Bioxon),
0.1 g L-1 KH2PO4 (Mallinckrodt), 0.05 g L-1 MgSO4·7H20
(Mallinckrodt), 0.076 g L-1 MnSO4 (Mallinckrodt), 18.0 g
L-1 bacteriological agar (Bioxon), and 0.1 g L-1chloramphenicol (Merck) at 29 °C for 8 days.
2.2 Preparation of fungal inoculum

The inoculum was obtained by seeding one P. ostreatus mycelial plug, which was taken from colonies
grown on wheat bran extract agar using a sterile cork borer
(5 mm diameter) on a wheat bran extract agar plate incubating it at 29 °C for 8 days [23].
2.3 Conditioning of Agave tequilana Weber leaves

A. tequilana Weber leaves were collected from 8-yearold plants grown in Tequila, Jalisco, Mexico. The leaves
were washed, cut into squares (0.5 x 0.5 cm), dried at
60 °C in an oven to constant weight, and then packed in
polyethylene bags. The remaining leaves were used for fiber production according to a traditional method, which
consists of removing the fleshy part of the leaves using a
sharp instrument to expose and remove the fiber. The fiber
was then rinsed and dried in the sun [5], cut into small
pieces (0.5 cm long), and packed into polyethylene bags.
The bags with the leaves and the bags containing fiber were
both sterilized using gamma irradiation (60Co) at a dose of
21 to 38 kGy [24], at the Instituto Nacional de Investigaciones Nucleares of Mexico (ININ).
2.4 Chemical analyses of the A. tequilana Weber leaves

The reducing sugar contents of the A. tequilana leaves
were characterized using the 3,5-dinitrosalicylic acid technique [25]. Total nitrogen [26], total phosphorus [26] and
humidity [26] were also assessed.
2.5 Laccase activity

Laccase enzymatic activity was assayed by measuring
the oxidation of ABTS (2,2-azino-bis [3-ethylbenzothiazoline-6-sulfonic acid]) (Sigma A1888) at 436 nm for
3 min in a reaction volume of 1 ml [27]. The assay mixture
contained 0.1 ml of 100 mM sodium acetate buffer (pH
4.5), 0.8 ml of enzyme extract and 0.1 ml of 5 mM ABTS.
One unit of laccase activity was defined as the activity required to oxidize 1 µmol of ABTS per min and 1 L of extract.
2.6 Protein concentration determination

2. MATERIALS AND METHODS
2.1 Fungal strain

The P. ostreatus strain used was kindly donated by the
Laboratory of Applied Biotechnology at the Pontificia Universidad Javeriana of Colombia. The fungus was reactivated on Rose Bengal Agar plates (J.T. Baker) at 29 °C
for 8 days, and then maintained on solid medium with
wheat bran extract agar containing 175 g L-1 natural wheat

Protein concentration was determined using the Bradford method, for which a standard curve was constructed
(100 to 1,000 µg ml-1) using bovine serum albumin as a
standard [28].
2.7 Laccase production in submerged fermentation
2.7.1 Laccase production kinetics

Submerged fermentation (SmF) was carried out in
250-ml Erlenmeyer flasks by adding 1 g of fiber or leaves,
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2.5 g L-1 glucose and 10 mycelial plugs to 50 ml of sterile mineral medium (SMM) containing 2.0 g L-1KH2PO4, 0.03 g L-1
NH4Cl, 0.5 g L-1 MgSO4·7H2O, 0.1 g L-1 CaCl2·2H2O, 0.1
g L-1 thiamine, and a trace element solution (10 ml L-1 of
medium) comprising 0.5 g L-1 MnSO4, 0.1 g L-1 FeSO4·7H2O
and 0.1 g L-1 ZnSO4·7H2O [29]. The flasks were incubated in
the dark on a rotatory shaker (120 rpm) at 29 °C for 168 h,
and enzyme activities and protein concentrations were
measured every 24 h. A control sample was processed under the same conditions, but using the fungus as free biomass and without agave. The experiments were carried out
in triplicate.
The time that yielded the highest laccase production
was considered for the following experiments.
2.7.2 Effect of agave concentration on laccase production

The effect of agave concentration on laccase production was studied in 250-ml Erlenmeyer flasks by adding
50 ml of SMM and 2.5 g L-1 glucose to 0.2, 0.6, 1.0, 2.0
and 3.0% w/v suspensions of fiber or leaves and incubation
at 29 °C and 120 rpm for 120 h. Laccase activities and protein concentrations were measured at the end of the incubation period. The control experiment was processed under
the same conditions, but using the fungus as free biomass
and without agave. The experiments were conducted in triplicate, and the concentration that induced the highest enzyme
activity was used for the following experiment.
2.7.3 Effect of medium composition on laccase production

A study of the effects of agave fiber and leaves as substrate and medium composition (adding sterile distilled water or SMM to the culture medium) was carried out according to the experimental design presented in Table 1. The
glucose concentration was 2.5 g L-1 for treatments 1 and 4,
and the concentration of fiber and leaves used in all cases
was 1.0% (w/v). In treatments 3 and 6, sterile water was
used as the culture medium instead of SMM, and 1% w/v
of fiber or leaves was employed as the substrate. The controls used for this test were as follows: fungus used as free
biomass including glucose in the SMM and without agave

(treatment 7), fungus used as free biomass without including glucose in the SMM and without agave (treatment 8),
dead biomass including glucose in the SMM and without
agave (treatment 9), leaves without including glucose in
the SMM and without inoculum (treatment 10), and fiber
without including glucose in the SMM and without inoculum (treatment 11). All of the treatments were performed
at 29 °C and 120 rpm for 120 h. Enzyme activities and protein concentrations were measured as previously described,
and the experiments were conducted in triplicate. The results of this experiment were considered when scaling up
laccase production.
2.8 Scale up of laccase production in a fluidized bed bioreactor

This test was performed using two fluidized bed bioreactors (1.0 and 1.5 L) with an effective volume of 50%.
The working conditions were as follows: 20 mycelial plugs
in100 ml of medium, agave leaves as substrate (1% w/v),
sterile distilled water at 29 °C as medium, a saturation pressure of 4 kg/cm2 and an air flow-rate of 1 ml min-1. There
were 3 fermentation cycles of 120 h each. At the end of
each cycle, triplicate samples were taken, and enzyme activity and protein concentration were determined in each.
2.9 Statistical analysis

Analyses of variance and Tukey comparison of means
(p≤0.05) between treatments were performed using SAS®
statistical software, version 8.0 (SAS Institute, Cary, USA).
3. RESULTS AND DISCUSSION
3.1 A. tequilana Weber leaf composition

Agave leaves contained 4.40% reducing sugars (w/w),
0.0014% total nitrogen (w/w) and 0.260% (w/w) total phosphorus (dry matter). Therefore, these leaves were a rich source
of nutrients, mainly reducing sugars; due to their organic
nature, and these sugars are easily metabolized by microorganisms, resulting in a more economical process [6].

TABLE 1 - Experimental design used to determine the effects of the medium composition on laccase production by P. ostreatus using Agave
tequilana Weber waste as substrate.
Treatment
1
2
3
4
5
6
Controls
7
8
9
10
11

Substrate
Fiber
Fiber
Fiber
Leaves
Leaves
Leaves

Medium
With glucose in the SMM
Without glucose in the SMM
Sterile water
With glucose in the SMM
Without glucose in the SMM
Sterile water

Fungus with glucose in the SMM and without agave
Fungus without glucose in the SMM and without agave
Dead biomass with glucose in the SMM and without agave
Leaves without glucose in the SMM and without biomass
Fiber without glucose in the SMM and without biomass
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composition, carbon source, pH, temperature, particle size
and aeration can be controlled to increase enzyme production [1, 31]. However, not all agricultural wastes are efficient substrates for laccase production.

FIGURE 1 - The production of laccase (a) and protein content (b) by
P. ostreatus using Agave tequilana Weber waste in solid-state fermentation (
fiber,
leaves; T= 29 °C).
FIGURE 2 - The production of laccase (a) and protein content (b) by P.
ostreatus using Agave tequilana Weber waste in submerged fermentation
(
free fungus,
fiber,
leaves. T= 29 °C; 120 rpm).

3.2 Laccase production in submerged fermentation
3.2.1 Laccase production kinetics

The time required for the production of maximum laccase activity in this culture system when using either fiber
or leaves as substrate was 120 h; the maximum activities
were 306.21 and 217.91 U L-1 for fiber and leaves, respectively. After this time, enzyme activity decreased sharply.
For example, at 168 h, laccase activities were 190.41 and
148.89 U L-1 for fiber and leaves, respectively (Fig. 2a). In
contrast, the treatment with the fungus as free biomass and
without agave exhibited 17.38-fold lower activity than the
treatment when using fiber as the substrate, and exhibited
12.37-fold lower activity than when using the treatment
with leaves as the substrate. These values indicate that
agave is a suitable substrate that can induce high enzyme
activity.
Commercially, the mostly used natural substrate to culture P. ostreatus is wheat straw [30]. However, given the
broad scope that has been proposed for the possible uses of
laccases, other natural wastes, such as coffee pulp, straw,
cotton, or barley straw could also be employed. In each
case, fermentation factors such as medium or substrate

Guillen et al. [32] evaluated the production of ligninolytic enzymes obtained from P. ostreatus using SmF in a
reactor using a synthetic medium including yeast extract and
glucose (0.5 g L-1). The values for laccase activity obtained
were similar to those obtained herein when using agave fiber. In the aforementioned study, an activity of 307 U L-1
was observed at 85 h of incubation, compared to an activity
of 306.21 U L-1 after 120 h of incubation with fiber found
herein.
For P. ostreatus strain 494, the maximum activity (256 U
l-1) was observed in a submerged culture after 120 h of fermentation using only mandarin orange peel as substrate
[33]. This value is similar to that achieved in this investigation using the same fungal species but a different waste
as substrate.
On the other hand, laccase activity obtained with rice
bran in a liquid medium was 222 U l-1 after 360 h of cultivation, whereas activities obtained with wheat bran, glucose and rice straw meal in liquid media were 90.0, 10.0
and 10.0 U l-1, respectively [1]. These values are lower than
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those obtained in the present study at 120 h using fiber or
leaves, indicating that the expression of laccase by fungi is
influenced by the culture conditions, including the nature
of the carbon source used [34].
The particle size is an important factor influencing ligninolytic enzyme production. Indeed, enzymatic action on
the substrate depends mainly on the following factors: particle size, material properties, accessible area, surface area,
and porosity [31]. This could explain the lower enzyme activity found when using leaves (217.91 U L-1) rather than
fiber (306.21 U L-1) as a substrate, because leaves have a
larger particle size and their geometry is more complex,
leading to lower enzyme activity.
Thus, lignin molecules might be exposed in the fiber
particles, which were washed during the production process. If true, this means that laccase induction would be favoured [31]. As expected, in the culture using the fungus
as free biomass without any lignin available, the amount of
enzyme induced was significantly lower (p≤0.05), reaching
a maximum protein concentration of 6.93 mg L-1 at 72 h
(Fig. 2b). Considering that the production achieved in SmF
was better than that obtained with SSF, all further experiments were carried out using the former system.
3.2.2 Effect of agave concentration on laccase production

One of the factors leading to increased enzyme production is the use of high concentrations of lignocellulosic materials as substrates and the subsequent reduction of glucose. According to the present results, enzyme activity increases with fiber concentration. Conversely, maximum
laccase activity was reached at 1% (w/v) with agave leaves.
The enzyme activities achieved with 0.0, 0.2, 0.6, 1.0,
2.0 and 3.0% fiber were 17.61, 25.41, 105.28, 169.25,
279.96 and 541.71 U L-1, respectively, whereas the activities achieved with leaves were 17.61, 156.05, 202.88,
276.36, 187.00 and 256.92 U L-1 at the same percentages
(Fig. 3a).
Some authors have evaluated the effects of 0.5, 1.0 and
2.0% (w/v) of rice bran in liquid medium on laccase production by the fungus Coriolus versicolor and found that
the productivity of laccase per g substrate was higher at 1%
w/v (17.0 U g-1) than that obtained when using 2% w/v of
substrate (9.5 U g-1) [1]. In the present study, laccase production using 1% w/v of leaves as substrate was 62.52% higher
than that found when using 1% w/v of rice bran, whereas laccase productivity with 2% w/v of leaves was 1.58% less than
that achieved when using 2 % w/v of rice bran.
In contrast, there was no significant difference (p>
0.05) in enzyme production between using either 1 or 3%
w/v of fiber; therefore, the concentration achieving maximum use of the substrate was 1% w/v.
3.2.3 Effect of medium composition on laccase production

Another important factor for laccase expression is the
concentration of the carbon source used as the primary sub-

FIGURE 3 - The production of laccase (a) and protein content (b) by
P. ostreatus using various Agave tequilana Weber waste concentrations
in submerged fermentation (
fiber,
leaves, T= 29 °C,
120 rpm).

strate. Thus, to obtain effective laccase expression, it is essential to optimize all culture conditions, including medium composition, to facilitate the most economical design
of the full-scale fermentation operation system [4, 34].
In previous studies, the carbon source used in the medium for the production of ligninolytic enzymes has been
found to be important [33]. Mansur et al. [35] showed that
the use of fructose rather than glucose resulted in a 100fold increase of specific laccase activity in basidiomycetes.
Likewise, in the present study, the enzyme activity was significantly different (p≤0.05) when glucose was added to
the culture medium, regardless of whether fiber or leaves
were used as substrate. With fiber, a 29.90% increase in
laccase activity was observed when glucose was added
(treatments 1, 2), whereas with leaves, a 46.19% increase
was observed (treatments 4, 5).
It should be noted that the conditions that prevailed in
treatment 4 (leaves and glucose in the SMM) promoted the
highest enzyme activity (Fig. 4a). The reducing sugars contained in the leaves (4.4% w/w) as well as the carbon
source supplied by adding glucose to the medium probably
aided in the accumulation of biomass in the culture medium, positively affecting laccase production [36].
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Interestingly, when leaves were the sole carbon source
suspended in sterile distilled water (treatment 6), enzyme
production was not significantly different (p>0.05) from
that in the medium that contained fiber, glucose and minerals (treatment 1). These results suggest that reducing sugars and minerals are released from the leaves during the
first hours of fermentation, and that both of these elements
are probably used by the fungus as easily assimilated nutrients for the production of biomass and laccase [37].
For P. ostreatus, Guillen et al. [32] found an enzyme
activity of 307 U L-1 after 85 h in SmF using a culture medium comprising yeast extract and glucose (5 g). This level

of activity is slightly greater than that obtained herein, most
likely because the glucose concentration was twice that
employed by us.
Stajic et al. [33] showed that the highest level of laccase
activity in P. eryngii was obtained when using dry ground
mandarin orange peels as the carbon source after 7 days of
SmF cultivation (999.5 U L-1), whereas a low level of laccase activity was obtained when using glucose as the carbon source after 7 days of cultivation (4.4U L-1). However,
significant levels of laccase activity were evident when using xylan and D-gluconic sodium salt on the 5th day of cultivation (134.4 and 121.5 U L-1, respectively).

FIGURE 4 - Effect of medium composition on the production of laccase (a) and protein content (b) by P. ostreatus using Agave tequilana Weber
waste in submerged fermentation (DB: dead biomass; F: fungus; SW: sterile water as medium; WF: using fiber as substrate; WG: using
glucose in the SMM; WL: using leaves as substrate; WOA: without using agave; WOB: without using biomass; WOG: without using glucose
in the SMM).
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Similarly, P. ostreatus strain 494 showed high laccase
production in SmF with mandarin orange peels on the 5th
day of cultivation (256 U L-1), whereas laccase was produced in amounts of 45.4 U L-1 using glucose and 46.6 U
L-1 using mannitol as carbon source (after 7 days in both
cases) [33].
Elisashvili et al. [38] achieved the highest laccase activity in P. ostreatus by cultivation on a mannitol-containing medium. Ardon et al. [39] showed that P. ostreatus cultures treated with cotton stalk extract exhibited both increased laccase activity and enhanced lignin mineralization. Controls (treatments 7 to 11) confirmed that sterilized
leaves and fiber did not show any laccase activity.
In the medium with fiber as substrate, the protein produced by the fungus was increased from 14.30 to 31.60 mg
l-1 when using sterile distilled water (treatment 3) rather
than SMM (treatment 2) as the liquid medium (Figure 4b).
In contrast, when leaves were used as substrate, the protein
content was 4-fold higher in the medium with added minerals (treatment 5) than in the medium with only sterile distilled water (treatment 6).
Although the fungus released high amounts of protein
to the medium in the treatment with fiber and sterile distilled water (treatment 3), the laccase activity was lower,
indicating that the available carbon sources could induce
the production of enzymes other than laccase [1]. Based on
these results, laccase production using agave waste depends on culture conditions.
Lastly, the highest specific laccase activity (14.68 U
mg-1; p≤0.05) was achieved when P. ostreatus was cultivated with leaves and sterile distilled water (treatment 6).
Hence, the scaled up production of laccase at the bioreactor
level was performed using only sterile distilled water as the
liquid medium and leaves as the substrate.
3.3 Scale up of laccase production in a fluidized bed bioreactor

P. ostreatus growth and laccase production in a bioreactor gave similar results to those found on a small scale
(Table 2). However, only the first cycle of fermentation
provided a high enzymatic yield of 127.42±1.73 U L-1, a
value close to that obtained in flasks with a working volume of 50 ml (156.00±2.50 U L-1). In the second cycle, the
enzyme activity decreased significantly (p≤0.05) and was
11.64-fold less than that in the first production cycle, suggesting that enzymes other than laccase were produced due
to changes in the substrate composition [1]. The protein
content was similar in both cycles.

yield is 11.91 mg L-1, and the specific activity is 10.69 ±
1.27 U mg-1.
TABLE 2 - Enzyme activity and protein concentration of P. ostreatus at
various cycles of production in a fluidized bed bioreactor with submerged fermentation using Agave tequilana Weber leaves as substrate.

1

Laccase
activity
(U L-1)
127.42 ± 1.73

Protein
concentration
(mg L-1)
11.91 ± 1.25

Specific
activity
(U mg-1)
10.69 ± 1.27

2

10.94 ± 0.46

10.05 ± 0.63

1.09 ± 0.10

3

2.28 ± 0.34

1.31 ± 0.00

1.74 ± 0.26

Cycle
(5 days)

Hence, the fermentation of A. tequilana Weber leaves
is an effective way to valorize residues from the tequila industry for laccase production.
4. CONCLUSIONS
A. tequilana Weber waste was shown to be an efficient
natural substrate for laccase production by Pleurotus ostreatus using a 120-h submerged fermentation with sterile
distilled water as the culture medium and agave leaves as
the substrate. Scaling up in a bioreactor produced favourable and reproducible results and yielded laccase with a high
specific activity.
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For the third cycle, both enzyme activity and protein
concentration fell sharply: enzyme activity decreased from
127.42 to 2.28 U L-1, whereas protein concentration decreased from 11.91 to 1.31 mg L-1. Activity changes between fermentation cycles have been explained by differences in the fungal growth phase [32].
These results show that it is feasible to produce laccase
using agave leaves as substrate in a fluidized bed bioreactor
in a single 120-h cycle. Under these conditions, the protein
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ABSTRACT

2. MATERIAL AND METHODS

This study evaluates fertility variation among individuals based on cone and seed fertility and its effect on
status number; in a clonal seed orchard of Scots Pine
(Pinus sylvestris L.). Fertility variation and status number
were estimated based on the cone and seed production observed on top, middle and bottom portions of tree crown.
The different portions of crown had similar cone productivity (average number of cones= 71) with an estimated number of 5551 filled seeds per tree at a mean of
78 seeds/cone. Fertility variations estimated in terms of
sibling coefficient was quite low (1.02) in all portions for
both cone and seed productions. The status numbers estimated based on the total fertility was 29.4 (98% of census
number).
KEYWORDS: Cone, effective number of parent, gene diversity,
seed, sibling coefficient.

1. INTRODUCTION
Fertility variation estimated based on reproductive
characters have an important role in selection and management of gene conservation areas, and sustainable forestry. Estimation of fertility is one of the important tools
for tree breeding, gene conservation and seed production
programs [1, 2], in evolution and genetic management of
populations [3]. Scots pine (Pinus sylvestris L.) is one of
the most important forest tree species in Europe and Mediterranean region, and hence included in the “National
Tree Breeding and Seed Production Programme of Turkey” [4]. Estimation of fertility and related parameters is
used as an important tool to guide the Tree Breeding and
Seed Production Programme. Many studies have been
carried out on fertility variation based on strobili production in Scots pine recently [5-11]. While cones, flowers,
pollen, fruits and seeds have been used to estimate fertility
in plants [12, 13, 14], fertility variation estimates based
on cone and seed production are very limited.
* Corresponding author

The seed orchard of Scotch pine taken up for the
study originated from plus trees, which were selected
from the base population at Kars-Sarikamis (latitude 38º 34ʹ41º 48ʹ N, longitude 28º 00ʹ - 43º 05ʹ E, altitude 2150 m) was
established at Erzurum (latitude 3954’ N, longitude
4115’ E, altitude 1850 m), eastern part of Turkey in 1990.
Grafts were planted at spacing 7 m x 7 m, and the seed
orchard is composed of 30 clones (total of 1130 ramets)
[15]. Number of cones were counted and collected from
nine ramets, chosen randomly from each clone separately
from three regions top (CONET, 1/3), middle (CONEM,
1/3) and lower (CONEL, 1/3) portions of the crown at the
end of 2012. Three cones were collected from the three
portions of sampled graft. The cones were stored (at about
20 °C) indoor for drying followed by seed extraction. Extracted seeds were floated to determine empty and filled
seeds. Extracted seeds were also tested by germination test.
Numbers of filled seeds were determined for top (SEEDT),
middle (SEEDM) and lower (SEEDL) portions at the beginning of 2013.
Fertility was defined as the relative proportion of fertile individuals (i.e., contribution) to the entire population
[16]. Cone (ΨCONE) and filled seed (ΨSEED) fertility were
estimated as [17, 18]:
N

Ψ CONE  N  CONEi
i 1

N

Ψ SEED  N  SEEDi

2

;

2

i 1

where N is the census number, CONEi is the cone
fertility of the ith individual, SEEDi is the seed fertility
of the ith individual.
The zygotic status number for cone (NCONE), and
filled seed (NSEED), based on census number (N), and cone
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(ΨCONE) and filled seed (ΨSEED) fertility were estimated
for the unrelated and non-inbred clones as [19]:

N CONE 
N SEED 

N
 CONE

;

N
 SEED

The relative status number (Nr) was in comparison
compared to the census number as: NCONE(r) = NCONE/N;
NSEED(r) = NSEED/N
3. RESULTS AND DISCUSSION
3.1 Cone and seed production

The average number of cone and filled seed on top,
middle and bottom portions of clone and crown portions
was similar (Table 1). These results are well in accordance with the results reported for filled seeds [20], while
50% of cones were reported from the middle part of the
orchard tree. Location of cones, measured as height above
ground is the most important factor influencing the harvest cost of seed orchard seed in Scots pine [21]. Top por-

tion had the highest cone and seed production. Percentage
of filled seeds were 95%, 94%, and 95% in top, middle
and lower portions, respectively. However, germination
percentages were 86% for top, 85% for middle and 91%
for low portions. The average percentage of filled seeds in
the present study was higher than an earlier report (63%)
[20].
The coefficient of variations (CV) of cone and filled
seed production showed that there was only a small difference among clones, and among (Table 1). However,
there were large differences among ramets within clone.
The cone numbers were 53 and 82 in polled portions. The
number of filled seeds ranged from 4074 to 6741 (Table 1).
Earlier reports for three seed orchards of the species were
between 72 and 156 for number of cones and between 36
and 93 in [20]. However, the variation among clones was
smaller than that commonly observed in many other studies. Large reproductive differences among clones, among
populations and within population are reported in forest
tree species [22-26]. In the present study, data on cone
and seed productions were collected from only one year.
Therefore, it is needed to collect more data on fertility
variation to draw accurate discussion. It is known that
there could be many environmental or genetical effects
causing these differences. For instance, good seed year of
the species in natural stands was once in two or three years.
Age, elevation and crown closure are important factors
influencing seed yield [27].

TABLE 1 - Average, range, and coefficient of variation (CV) of number of cone and filled seed for the tree portions

Average
Range
CV

CONEL
24
17-29
0.141

CONE
CONEM
CONET
23
25
15-27
17-32
0.141
0.141

Total
71
53-82
0.141

SEEDL
605
405-836
0.141

SEEDM
584
371-769
0.141

FIGURE 1 - Parental-balance curves in the orchard

2036

SEED
SEEDT
662
428-1016
0.141

Total
5551
4074-6741
0.141
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In the seed orchard the most abundant six clones
(20%) produced 23% of both cone and filled seed. Parental-balance curves are shown in Figure 1 by means of
cumulative gamete contribution.
There was a positive and significant (p≤0.05) correlation between number of cones and filled seeds (r=0,786).
This result was well in accordance with an earlier report
[20]. It was also reported in Pinus halepensis [28] and in
Pinus contorta [29].
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3.2 Fertility variation and status number
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4. CONCLUSIONS
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number emphasized that position of harvested of seed and
cone on the tree did not influence gene diversity of orchard
crop. But, it could be further investigated for seed and cone
morphology. More data on fertility would however be
needed to draw accurate conclusion.

ACKNOWLEDGMENT

[10] Kamalakannan R, Varghese M, Bilir N, Lindgren D (2006).
Conversion of a progeny trial of Eucalyptus tereticornis to a
seedling seed orchard considering gain and fertility. Conference of Low Input Breeding and Conservation of Forest Tree
Species, 9-13 October, Antalya, 93-99.
[11] Kamalakannan R, Varghese M, Lindgren D (2007). Fertility
variation and its implications on relatedness in seed crops in
seedling seed orchards of Eucalyptus camaldulensis and E.
tereticornis. Silvae Genetica, 56:253-259.
[12] Roeder K, Devlin B, Lindsay BG (1989). Application of maximum likelihood methods to population genetic data for the
estimation of individual fertilities. Biometrics, 45:363-379.
[13] Xie CY, Knowles P (1992). Male fertility variation in an openpollinated plantation of Norway spruce (Picea abies). Canadian Journal of Forest Research, 22:1463-1468.
[14] Savolainen O, Karkkainen K, Harju A, Nikkanen T, Rusanen
M (1993). Fertility variation in Pinus sylvestris: a test of sexual
allocation theory. American Journal of Botany, 80:10161020.

Authors acknowledge administrative support from The
Research Directorate of Forest Tree Seeds and Tree Breeding of Turkey.

[15] Anonymous, 2001. The State of Seed Orchard in Turkey, Annual Report, Forest General Directorate, Ankara, 62p.

The authors have declared no conflict of interest.

[16] Gregorius HR (1989). Characterisation and analysis of mating
system. Ekopan Verlag, Germany.
[17] Kang KS, Lindgren D (1999). Fertility variation among clones
of Korean pine (Pinus koraiensis S. et Z.) and its implications
on seed orchard management. Forest Genetics, 6: 191-200.
[18] Bilir N (2011). Fertility variation in Wild rose (Rosa canina
L.) over habitat classes.International Journal of Agriculture
and Biology, 13:110-114.

2037

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

[19] Lindgren D, Gea L, Jefferson P (1996). Loss of genetic diversity monitored by status number. Silvae Genet., 45: 52-59.
[20] Bilir N, Prescher F, Lindgren D, Kroon J (2008). Variation in
cone and seed characters in clonal seed orchards of Pinus sylvestris. New Forests, 36:187-199.
[21] El-Kassaby YA, Prescher F, Lindgren D (2007). Advanced
generation seed orchards as affected by breeding advance, timing of seed crop, and cost components with special reference
to Scots pine in Sweden. Scandinavian Journal of Forest Research, 22:88-98
[22] Kjaer ED (1996). Estimation of effective population number
in a Picea abies (Karst.) seed orchard based on flower assessment. Scand. J. For. Res. 11: 111-121.
[23] Keskin S (1999). Clonal variation in flowering and cone characteristics in a Pinus brutia seed orchard. SAFRI Technical
Bulletin No.9, Antalya, 96 pp.
[24] Nikkanen T, Ruotsalainen S (2000). Variation in flowering
abundance and its impact on the genetic diversity of the seed
crop in a Norway spruce seed orchard. Silva Fenn., 34: 205222.
[25] Kang KS (2001). Genetic gain and gene diversity of seed orchard crops. Ph.D Thesis. Swedish University of Agricultural
Science, Umeå, Sweden.
[26] Bilir N, Kang K, Ozturk H (2002). Fertility variation and gene
diversity in clonal seed orchards of Pinus brutia, Pinus nigra
and Pinus sylvestris in Turkey. Silvae Genetica, 51:112-115.
[27] Eler U (1990). Seed yield in Calabrian Cluster pine (Pinus brutia Ten.) by age. Forest Research Institute, Technical Bulletin
No.225, Antalya, 78 pp.
[28] Matziris D (1998). Genetic variation in cone and seed characteristics in a clonal seed orchard of Aleppo pine grown in
Greece. Silvae. Genet., 47:37-41.
[29] Ying CC, Murphy JC, Andersen S (1985). Cone production
and seed yield of lodgepole pine grafts. For. Chron. 61:223228.

Received: November 10, 2014
Revised: January 13, 2015
Accepted: February 05, 2015

CORRESPONDING AUTHOR
Halil Barış Özel
Bartin University
Faculty of Forestry
Department of Silviculture
74100 Bartin
TURKEY
E-mail: halilbarisozel@yahoo.com
FEB/ Vol 24/ No 6/ 2015 – pages 2035 - 2038

2038

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

INFLUENCE OF TREATED SEWAGE SLUDGE
APPLICATIONS ON TOTAL AND AVAILABLE HEAVY
METAL CONCENTRATION OF SANDY LOAM SOIL
Sezai Delibacak* and Ali Rıza Ongun
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ABSTRACT
The objective of this study is to determine influence
of treated sewage sludge (TSS) rates on total and available heavy metal concentrations in a sandy loam soil.
The experiment was conducted in the experimental fields
of Ege Agricultural Research Institute during 2011-2012
in Menemen-İzmir. Study area is in the Western Anatolia region of Turkey (38°56′87.96″-38°56′91.02″N;
27°03′57.52″-27°03′58.61″E). The field study was conducted in 20 plots in a randomized-block design with four
replications and five different applications including control, mineral fertilizer, treated sewage sludge 12.5 Mg.ha-1;
25.0 Mg.ha-1; 37.5 Mg.ha-1 as dry matter. The plots dimensions were 3 m width and 3 m length. Corn (Zea mays) was
planted as the first crop. On the other hand, wheat (Triticum
vulgare) was planted as the second crop. During the experiment, soil samples were taken five times in two years. Increasing TSS applications to this soil resulted in significantly increased concentrations of total Zn in soil as average of 5 sampling periods . However, concentrations of total Cu, Cd, Cr, Ni and Pb in soil did not significantly change.
Total heavy metal concentrations in soil were found under
threshold values for all sampling periods in this study. Increasing treated sewage sludge aplications were significiantly increased available (diethylenetriaminepentaacetateDTPA-extractable) Cu, Ni and Zn concentrations in soil as
average of 5 sampling periods when compared with control. However, available Cd, Cr and Pb concentrations in
soil did not change significantly.
KEYWORDS: Available heavy metals, Total heavy metals, Treated
sewage sludge, Temporal variations, Sandy loam soil

1. INTRODUCTION
The influence of organic matter (OM) on soil biological and physical fertility is well known. OM affects crop
* Corresponding author

growth and yield either directly by supplying nutrients or
indirectly by modifying soil physical properties, such as
stability of aggregates and porosity, that can improve the
root environment and stimulate plant growth [1]. Agricultural recycling of organic wastes is an interesting solution
since it enables a reduction of the quantities of mineral fertilizers applied and an improvement of OM content of soil.
Nevertheless, it is fundamental to control and limit the environmental impact of these practices since they can result
in organic or inorganic contamination of natural resources.
Among the pollutants, heavy metals have been critically
examined since they can be toxic to humans, animals and
plants [2]. Treated Sewage Sludge (TSS) is an ultimate product of municipal wastewater treatment plant and highly enriched in OM. It may be deposited in landfills, in the sea
(ocean disposal), under the soil surface, or (to a certain extent) in the air as a consequence of incineration. In addition,
TSS can be recycled in various ways, including its use as
fertilizer, as a soil conditioner in farmland, in forests and
in home gardens [3]. The long-term land application of
TSS and compost from waste materials may be limited by
accumulation of harmful heavy metals and pathogens in
soil. To eliminate the pathogens, increase of the pH in sewage sludge above pH 11 by the addition of lime, or by thermal drying of sewage sludge [4]. TSS contains macronutrients, trace elements and heavy metals. These attributes
potentially make TSS an excellent fertilizer at very low
cost for agricultural land in Turkey which is generally rich
in lime, low in OM. The positive effect of sewage sludge
on soil properties has been evidenced in numerous papers
by researchers [5-7]. Municipal sewage sludge is also a
source of micronutrients. However, special care should be
taken with respect to micronutrients and heavy metals so
as not to introduce excessive amounts of these elements,
which could have an adverse effect on the environment, especially when soil is acidic [7-9]. The purpose of this work
has been to evaluate the effect of municipal TSS doses on
the concentration of total and available forms of Cu, Cd,
Cr, Ni, Pb and Zn in a sandy loam soil during five different
periods in two years (1st, August 3, 2011-3 weeks after
sowing of corn; 2nd, December 15, 2011-after corn harvest; 3rd, July 11, 2012-after wheat harvest; 4th, August 7,
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2012-3 weeks after sowing of second year corn; 5th, November 23, 2012- after corn harvest of second year).
2. MATERIALS AND METHODS
2.1 Experimental site

The experiment was conducted at the research field of
Aegean Agricultural Research Institute in Menemen plain, Izmir, Turkey (38°56′87.96″-38°56′91.02″N; 27°03′57.52″27°03′58.61″E). The experimental site is in the Western An-

atolia region of Turkey (Figure 1), where the Mediterranean
climate prevails with a long-term mean annual temperature
of 16.8 °C. Long-term mean annual precipitation is 542 mm,
representing about 75% of rainfalls during the winter and
spring, and the mean relative humidity is 57%. Long-term
mean annual potential evapotranspiration is 1,570 mm [10].
The investigated soil is characterized by sandy loam texture
with slightly alkaline reaction and classified as a Typic
Xerofluvent [11]. Some selected properties and total heavy
metal concentrations in the experimental soil and TSS used
in the experiment are given in Table 1 and 2.

FIGURE 1- Location of study area
TABLE 1 - Some selected properties and total heavy metal concentrations of experimental soil
Sand
Silt
Clay
Texture
Salt
CaCO3
Org. matter

(%)
(%)
(%)
(%)
(%)
(%)

55.84
31.44
12.72
Sandy loam
0.085
4.56
1.80

pH
Pb
Cu
Zn
Cd
Cr
Ni

(Saturation paste)
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

7.61
10.81
52.42
49.64
0.51
25.62
40.78

TABLE 2 - Some selected properties and total heavy metal concentrations of treated sewage sludge used in the experiment
EC
CaCO3
Org. matter
Org. C
N1
P1
K1
Ca1
Mg1
Na1
1

dS/m
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)

16,35
10,24
70,32
40,79
5,33
1,33
0,68
3,74
0,68
0,59

Fe
Cu
Zn
Mn
B
Co
Cd
Cr
Ni
Pb

Total

2040

%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

1,14
268,8
1335
298,6
035,2
014,2
004,1
250,6
115,4
199,4

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

2.2 Field experiment

The field study was conducted in 16 plots in a randomized-block design with four replications, during 20112012. The plot dimensions were 3 m width and 3 m length.
The TSS used in the experiment was obtained from the
wastewater treatment plant of Metropolitan Region, Izmir
city. It may produce around 600 Mg (moist basis) sewage
sludge per day. Calcium oxide was added to raise the efficiency of the dewatering process of sewage sludge. In addition, the SS produced presented a pH varying between 10
and 13, what increased the pathogen control and decreased
the heavy metal availability by added calcium oxide. TSS
was added only once during experiment to the soil under
investigation at the rates of 12.5 Mg.ha-1; 25.0 Mg. ha-1;
37.5 Mg.ha-1 as dry matter on July 8, 2011. Also 150 kg N,
150 kg P2O5, 150 kg K2O ha-1 (1000 kg ha-1 15.15.15. composed fertilizer) were applied to the only mineral fertilizer
plots at the same time and mixed with soil to 15 cm depth.
Corn seeds were sown with seeding machine on rows 18 cm
and in rows 70 cm apart. Drop irrigation was provided when
required. Harvest of corn was done by hands on December
15, 2011. Wheat seeds were sown with seeding machine on
December 22, 2011 to 5 cm of soil depth as second crop.
Also 80 kg N and 80 kg P2O5 ha-1 (400 kg ha-120.20.0. composed fertilizer) were applied to the only mineral fertilizer
plots at the same time and mixed with soil to 15 cm depth
before wheat seeding. Wheat was harvested with machine
on July 10, 2012. Second year, without applying any TSS
(for determination of its second year effect), corn seeds
were planted with seeding machine on July 18, 2012. Also
150 kg N, 150 kg P2O5, 150 kg K2O ha-1 were applied to
the only mineral fertilizer plots at the same time and mixed
with soil to 15 cm depth before corn seeding. Harvest of
second year’s corn was done by hands on November 23,
2012.
2.3 Soil sampling and analyses

During the experiment, soil samples were taken from the
center of each plot in five different periods (1st, August 3,
2011-3 weeks after sowing of corn; 2nd, December 15,
2011-after corn harvest; 3rd, July 11, 2012-after wheat harvest; 4th, August 7, 2012-3 weeks after sowing of second
year corn; 5th, November 23, 2012- after corn harvest of
second year). The samples were air-dried and sieved using

2-mm sieve. The macronutrients (N, P, K, Ca, Mg and Na)
and heavy metal (Fe, Cu, Mn, Zn, Cd, Cr, Ni and Pb) concentrations of soil were determined. Particle size distribution of experimental soil was determined by the Bouyoucos
hydrometer method [12]. Total salt, OM concentration,
CaCO3, pH, total N, P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn, Cd,
Cr, Ni and Pb concentrations of soil samples and TSS were
all determined according to Page et al. [13]. Available P in
soil was determined by the Mo blue method in a NaHCO3
extract [14]. Available Ca, Mg, K and Na were analyzed
with 1N NH4OAc extract method. Ca, K and Na were determined by flame emission spectrometry and Mg was determined by flame atomic absorption spectrometry (AAS)
[15]. Mn, Zn, Cu, Cd, Cr, Ni and Pb were extracted using
DTPA (diethylenetriaminepentaacetate) solution [16]. The
concentrations of these elements in the extracts were determined by AAS [17].
2.4 Statistical analysis

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS) version 17 [18]. One-way analysis of variance was performed to determine the effects of
TSS rates on temporal variations of total and available
heavy metal concentrations of sandy loam soil. Tukey test
was used to find if differences in the treatments were significant at P≤0.01 or P≤0.05.
3. RESULTS AND DISCUSSION
Influence of treated sewage sludge applications on total Cu, Cd, Cr, Ni, Pb and Zn (mg/kg) concentrations of
sandy loam soil were given on Table 3.
According to the results, the average total Cu, Cd, Cr,
Ni and Pb concentrations of the soil samples taken at 5 different periods in 2 years from the experimental soil did not
show statistically significant changes with increasing doses
of treated sewage sludge applications when compared with
control. In other words, total Cu, Cd, Cr, Ni and Pb concentrations of the experimental soil were not increased by
the application of treated sewage sludge doses. These insignificant increases in soil can be attributed to the low levels of these heavy metals in TSS. On the other hand, the
average total Zn concentration of the soil samples taken at

TABLE 3- Influence of treated sewage sludge (TSS) applications on total Cu, Cd, Cr, Ni, Pb and Zn (mg/kg) concentrations of sandy loam soil
Total Cu Tukey:P≤ 0,01
Applications

Soil sampling periods

Average of
5 periods
1

1

2
2

3

4

5

Control

55.14 a

56.13 a

A

56.66 a

A

58.75 a

A

53.71 ab

A

50.46 a

A

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

53.67 a
59.54 a
56.58 a
57.32 a

54.60 a
53.77 a
51.91 a
55.88 a

A
A
A
AB

51.88 a
56.22 a
61.28 a
60.16 a

A
A
A
AB

55.18 a
61.00 a
63.00 a
67.31 a

A
A
A
A

54.74 ab
65.68 a
54.99 ab
46.36 b
**

A
A
A
B

51.93 a
61.05 a
51.71 a
56.86 a

A
A
A
AB
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Total Cd Tukey:P≤ 0,01
Applications

Soil sampling periods

Average of
5 periods

1

2

3

4

5

Control

0.48 a1

0.53 a

AB2

0.53 a

AB

0.62 a

A

0.33 a

B

0.41 a

AB

**

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

0.47 a
0.51 a
0.54 a
0.55 a

0.51 a
0.54 a
0.55 a
0.56 a

AB
AB
AB
AB

0.51 a
0.52 a
0.69 a
0.70 a

AB
AB
AB
A

0.60 a
0.74 a
0.73 a
0.72 a

A
A
A
A

0.29 a
0.31 a
0.29 a
0.32 a

B
B
C
C

0.46 a
0.45 a
0.45 a
0.44 a

AB
B
B
B

**
**
**
**

Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letter in column for applications, 2capital
letter in row for periods.

Total Cr Tukey:P≤ 0,01; P≤ 0,05
Applications

Soil sampling periods

Average of
5 periods
1

1

2
2

Control

29.87 a

25.17 a

C

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

29.42 a
30.37 a
31.77 a
30.77 a

25.90 a
26.84 a
25.50 a
25.91 a

B
A
B
B

3

4

5

27.17 a

BC

32.63 ab

AB

34.53 a

A

29.86 a

ABC

**

27.44 a
24.66 a
28.76 a
29.24 a

AB
A
B
B

32.11 b
34.75 ab
38.22 a
37.38 ab
*

AB
A
A
A

33.68 a
35.75 a
36.93 a
32.75 a

A
A
A
AB

27.99 a
29.84 a
29.43 a
28.57 a

AB
AB
B
B

**
**
**
**

Total Ni Tukey:P≤ 0,01
Applications

Average
of 5 periods

Soil sampling periods
1

2

3

4

5

Control

46.39 a1

41.70 a

B2

45.33 a

AB

50.58 a

A

48.12 a

AB

46.23 a

AB

**

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

46.50 a
47.54 a
47.33 a
47.06 a

40.87 a
41.64 a
40.42 a
40.88 a

B
B
B
B

44.75 a
44.14 a
46.32 a
45.00 a

AB
B
B
B

52.34 a
54.93 a
55.23 a
56.25 a

A
A
A
A

48.84 a
49.56 a
48.25 a
46.88 a

AB
AB
AB
B

45.69 a
47.42 a
46.40 a
46.29 a

AB
AB
B
B

**
**
**
**

Total Pb Tukey:P≤ 0,01; P≤ 0,05
Applications

Average
of 5 periods
1

Soil sampling periods
1

2

3

4

5

2

10.48 a

B

14.28 ab

A

12.93 a

AB

13.59 a

AB

**

9.81 a
9.71 a
11.18 a
10.84 a

C
C
B
B

13.28 b
15.40 ab
15.93 ab
16.00 a
*

AB
A
A
A

12.34 a
12.75 a
12.68 a
12.59 a

ABC
ABC
AB
B

13.53 a
14.09 a
14.90 a
13.68 a

A
AB
A
AB

**
**
**
**

A

**

Control

12.40 a

10.75 a

B

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

11.82 a
12.55 a
13.05 a
12.77 a

10.15 a
10.81 a
10.56 a
10.75 a

BC
BC
B
B

Total Zn Tukey:P≤ 0,01
Applications
Control

Average
of 5 periods
56.95 ab1

Soil sampling periods
1
48.24 a

2
B2

47.55 a

3
B

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

60.24 bc

4
AB

63.09 a

5
AB

65.62 a

52.73 b
47.27 a
B
43.76 a
B
54.11 c
AB 54.25 a
AB
64.25 a
A
**
60.12 ab
53.15 a
BC
46.20 a
B
69.43 ab
AB 61.46 a
ABC
70.37 a
A
**
60.96 ab
53.98 a
AB
53.10 a
B
66.86 abc
AB 60.90 a
AB
69.93 a
A
**
61.56 a
55.65 a
A
55.55 a
A
68.21 a
A
58.44 a
A
68.53 a
A
**
**
Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letter in column for applications, 2capital
letter in row for periods.
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total Fe, Cu, Ni, Cd and Cr concentrations in their experimental soil. Lopez-Mosquera et al. [20] suggested that
short or medium term application of sludge did not lead to
harmful accumulation of heavy metals, but Selivanovskaya
et al. [21] stated that Cu, Cr, Pb, Cd, Ni and Zn concentrations in soil increased with sludge addition.
Influence of treated sewage sludge applications on
available (diethylenetriaminepentaacetate-DTPA-extractable) Cu, Cd, Cr, Ni, Pb and Zn (mg/kg) concentrations of
sandy loam soil were given on Table 4.

5 different periods in 2 years from the experimental soil
showed statistically significant changes with increasing
doses of treated sewage sludge applications when com
pared with control. This increase was due to the high
amount of Zn contained in the sludge (1335 mg.kg-1 Zn)
can be said. Despite these increases, total Zn concentrations
of experimental soil were found under the threshold values
in all sampling periods in this study. Bozkurt and Cimrin
[19] found out that the total Zn concentration for 0-30 cm
soil depth was increased from 44.4 mg.kg-1 to 71.6 mg.kg-1
with sewage sludge application in their experiment. But
sewage sludge applications did not significantly increase

TABLE 4 - Influence of treated sewage sludge applications on available (DTPA-extractable) Cu, Cd, Cr, Ni, Pb and Zn (mg/kg) concentrations
of sandy loam soil
Available Cu Tukey:P≤ 0,01; P≤ 0,05
Applications

Soil sampling periods

Average of
5 periods

1

2
2

3

4

5

Control

14.61 b

1

15.69ab

A

14.63bc

AB

14.17b

AB

14.98a

AB

13.57b

B

**

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

14.70 b
15.59 ab
16.21 a
16.54 a
**

15.13b
16.92ab
17.17ab
17.62a
**

A
A
A
A

14.39 c
15.84abc
16.55ab
17.16a
**

A
AB
AB
AB

14.16b
15.53ab
16.10ab
16.33 a
**

A
AB
AB
AB

14.99a
14.84a
15.87a
16.05a

A
AB
AB
AB

14.85ab
14.82ab
15.35a
15.56a
*

A
B
B
B

**
*
*

Available Cd Tukey:P≤ 0,01; P≤ 0,05
Applications

Soil sampling periods

Average of
5 periods

1

2

3

4

5

Control

0.047 a1

0.034 a

B2

0.052 a

AB

0.049 a

AB

0.063 a

A

0.037 a

B

**

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

0.043 a
0.045 a
0.049 a
0.050 a

0.034 a
0.037 a
0.035 a
0.037 a

B
B
B
B

0.052 a
0.049 a
0.051 a
0.049 a

AB
AB
AB
B

0.041 a
0.044 a
0.055 a
0.052 a

AB
AB
AB
B

0.058 a
0.059 a
0.068 a
0.075 a

A
A
A
A

0.029 a
0.039 a
0.038 a
0.038 a

B
B
B
B

**
*
**
**

B

*

Available Cr Tukey:P≤ 0,01; P≤ 0,05
Applications

Soil sampling periods

Average of
5 periods

Control

0.82 a1

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

0.85 a
0.88 a
0.94 a
0.92 a

1

2
AB2

0.86b

0.80 a

3
AB

0.94 a

4
A

0.80 a

5
AB

0.70 a

0.87b
A
0.85 a
A
0.93 a
A
0.85 a
A
0.74 a
A
0.96ab
A
0.90 a
A
0.85 a
A
0.87 a
A
0.80 a
A
1.12a
A
0.94 a
AB 0.93 a
AB 0.84 a
B
0.88 a
AB
**
1.10a
A
0.91 a
AB 0.84 a
B
0.84 a
B
0.89 a
AB
*
*
Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letter in column for applications, 2capital
letter in row for periods.
Available Ni Tukey:P≤ 0,01
Applications

Soil sampling periods

Average of
5 periods
1

Control

0.77 b

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

0.85 ab
0.85 ab
0.99 ab
1.05 a
**

1

2
2

0.58 b

B

0.60 b
0.66 ab
0.88 ab
1.04 a
**

AB
B
BC
B

3

4

5

1.24 c

A

0.74 a

B

0.78 a

B

0.53 a

B

**

1.49 bc
1.73 ab
1.77 ab
1.92 a
**

A
A
A
A

0.87 a
0.71 a
0.94 a
0.84 a

B
B
B
AB

0.83 a
0.69 a
0.85 a
0.90 a

AB
B
BC
AB

0.48 a
0.45 a
0.53 a
0.54 a

B
B
C
C

**
**
**
**
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Available Pb Tukey:P≤ 0,01; P≤ 0,05
Applications

Soil sampling periods

Average of
5 periods

1

2

3

4

5

Control

0.70 a1

0.50 ab

B2

1.20 a

A

0.99 a

A

0.62 a

B

0.19 a

C

**

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

0.66 a
0.65 a
0.64 a
0.72 a

0.46 b
0.47 ab
0.47 ab
0.66 a
*

BC
C
B
B

1.13 a
1.06 a
1.05 a
1.09 a

A
A
A
A

0.95 a
0.89 a
0.96 a
0.93 a

A
AB
A
A

0.54 a
0.65 a
0.59 a
0.61 a

B
BC
B
B

0.21 a
0.19 a
0.15 a
0.31 a

C
D
C
C

**
**
**
**

A

**

Available Zn Tukey:P≤ 0,01; P≤ 0,05
Applications
Control

Soil sampling periods

Average of
5 periods
1

2.33 bc

1
2.55 cd

2
B

2

3

2.49 cd

B

2.64 ab

4
B

2.42 ab

5
B

1.54 a

Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

2.08 c
2.29 d
A
2.20 d
AB 2.34 b
A
2.19 b
AB 1.36 a
B
**
2.68 b
3.40 bc A
3.26 bc
AB 2.52 ab B
2.55 ab B
1.67 a
C
**
3.21 a
4.24 b
A
3.88 ab
AB 3.25 a
BC
2.80 ab C
1.89 a
D
**
3.62 a
5.60 a
A
4.31 a
B
3.36 a
C
2.98 a
C
1.86 a
D
**
**
**
**
**
*
Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letter in column for applications, 2capital
letter in row for periods.

The average available Cd, Cr and Pb concentrations of
the soil samples taken at 5 different periods in 2 years from
the experimental soil did not show statistically significant
changes with increasing doses of treated sewage sludge applications when compared with the control. In other words,
available Cd, Cr and Pb concentrations of the experimental
soil were not increased by the application of treated sewage
sludge doses. On the other hand, the average available Cu,
Ni and Zn concentrations of the soil samples taken at 5
different periods in 2 years from the experimental soil
showed statistically significant changes with increasing
doses of treated sewage sludge applications. In other
words, available Cu, Ni and Zn concentrations of the experimental soil increased by the application of treated sewage sludge. Analogously to our study, Delibacak et al. [7]
found out an increase in the concentrations of soluble Cu
and Zn in soil caused by increasing doses of sewage sludge
introduced to soil. In contrast, Pascual et al. [9] showed depressed concentrations of available forms of Cu and Zn in
soil under the influence of a higher dose of sewage sludge
(140 Mg.ha-1). Such discrepancies, reported by different
authors, in the effect of sewage sludge on the content of Cu
and Zn in soil may be substantiated, for example, by different concentrations of this metal in sewage sludge. Sienkiewicz and Czarnecka [22] reported that as the dose of
sewage sludge added to soil increased, so did the content
of soluble zinc in soil. The highest dose of sewage sludge
(280 Mg.ha-1) caused an over 36% increase in the concentration of this element in soil compared to the control soil
in their research. Bozkurt and Cimrin [19] also found that
extractable Zn concentration of topsoil approximately increased fifty five-fold with sewage sludge effect, whereas
the total Zn concentration did not increase as far as the
available one. In another study, available soil Cu, Zn, Fe
and Mn were increased by application of sewage sludge,

which contained considerable quantities of these metals
[23]. Also Soriano-Disla et al. [24] found that the results
obtained in the soil incubation show a general pattern of
slight increase in the concentrations of extractable with
DTPA heavy metals after sludge application. On the other
hand, sorptive properties of soil, and especially the content
of organic matter, can affect the availability of heavy metals in soil. It is remarkable the importance of texture for
controlling heavy metal availability. It has been demonstrated by several works the lower sorption capacity for
heavy metals in sandy soils compared to loamy or clayey
soils [25-28].
4. CONCLUSIONS
Treated Sewage Sludge (TSS) is an ultimate product of municipal wastewater treatment processes, is composed of organic compounds, macro and micro nutrients
and heavy metals. Disposal trend of sewage sludge is going
towards agricultural use (recycling) and incineration. Incineration turns the TSS to ash, which can then be used for
landfilling, but in most cases, supplementary fuel is needed
to burn the TSS, which makes this method less economical.
For these reasons, recycling of TSS for agricultural purposes seems to be an appealing solution for the sustainable
management of TSS in the coming years. The beneficial
effects of using sludge on agriculture have been proven by
numerous researchers. On the other hand, the application
of TSS to soil must obey the limited regulations. After the
analysis of sewage sludge and soil, a governmental permission is needed to apply them to agricultural lands. In our
study, we found that all total heavy metal levels of soil
were under threshold values of offical limits at the end of
the study. Therefore, we concluded that TSS could be used
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to improve for soil properties and Cu and especially Zn deficiencies in soils of Turkey when the heavy metal concentrations there are taken into consideration. Consequently,
such TSS has a considerable potential in agriculture and
other applications such as reforestation, and can be used as
organic matter and macro and micro nutrients resource.
However, further studies must be carried out in the next
years to confirm the positive long-term effects of TSS in
order to maintain and improve soil properties.
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ABSTRACT
Dried fruit are foods with a long shelf life although
several factors, including storage pests, may limit their
marketability. Prior to the decision to phase it out under the
Montreal Protocol, Methyl Bromide (MB) was the most
extensively used fumigant to control storage pests, due to
its efficacy and relatively low cost. The objective of the
study was to test the effectiveness of two phosphine (PH3)
concentrations (1000 and 1500ppm) under conditions of
normal atmospheric pressure (760mmHg) and vacuum (50
and 100mmHg), in order to develop suitable alternatives to
MB. For inclusion in the dried fig industry, MB alternatives
should, of necessity, be able to prevent storage pest problems
via brief exposure periods, as well as preserve the fruit quality. In the experiment, the major quality parameters were analyzed after two months of storage under ambient conditions
and compared with the untreated (0% PH3/ 760mmHg) control. The results revealed that the phosphine treatments revealed no negative effects on the sugaring index, total soluble solids, titratable acidity, total phenolic content and antioxidant activity of the dried figs; however, they exerted a
limited effect on the water content, water activity and firmness of the treated fruit. Both the phosphine treatments, under vacuum at 50 mmHg, and 1500ppm PH3 at 100mmHg
resulted in lower L* and C* values causing darker fruit
color. Therefore, ECOFUME® treatment for 24 hours is
recommended due to its low investment, operational costs
and short exposure period.

KEYWORDS:
Dried fig, phosphine, quality, storage, color

1. INTRODUCTION

modities. Until the phase out of MB on January 1, 2005 in
the developed countries, it was the sole fumigant used to
control storage pests and thus facilitate the storage and
trade of dried fruit and nuts. The MB will be further phased
out on 1 January 2015 in the developing countries under
the directive of the Montreal Protocol on Substances that
Deplete the Ozone Layer [1]. The usage of three categories
of methyl bromide are exempted from the phase-out under
control measures for the purposes of quarantine, pre-shipment and critical uses [2].
A large number of potential chemical and non-chemical
methods have been proposed as suitable alternatives to
MB. However, each may still possess comparative disadvantages with respect to cost, penetration capacity or residue problems [1, 3-6].
Ferizli et al. [7] reports that the gas released lingers for
14 to 18 hours when the solid phosphine (magnesium phosphide) formulation is used. The ECO2FUME®, however,
which contains 2% phosphine, reaches its peak concentration shortly after the treatment, although the exposure period can be still longer for the Turkish dried fig industry,
where 70% of the crop is exported within four months [8].
Thus, the treatments which reduce the exposure period, as
in the case of vacuum, are investigated as additional factors
despite the higher investment cost involved for the infrastructure required [6].
The main focus of research work had been aimed at developing alternatives to MB and, in general, emphasized
the mortality of the storage pests, with only very little research being done on product quality. The objective of this
study was to assess the potential use of the atmospheric and
vacuum fumigation of ECO2FUME® as an effective disinfestation method for Carpophilus hemipterus and Ephestia
cautella, the major pests in the dried fruit industry, as well
as to determine the effect on the dried fruit quality.

Storage pests continue to remain one of the major factors that reduce the quality and quantity of dried food com* Corresponding author

2. MATERIALS AND METHODS
The MB alternative, ECO2FUME®, was tested on high
quality sun-dried fig (Ficus carica L. cv. Sarılop) fruits,
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well known in the world trade for its supreme quality,
namely large fruit size, light color and soft texture.
2.1 Treatment and storage conditions

ECO2FUME® (Cytec Industries B.V., Netherlands) is
a formulation composed of 2% PH3 gas and 98% CO2
(w/w) packed under high pressure in steel cylinders. The
trials were performed in vacuum chambers (28 L Labconco®) using a vacuum pump (Becker U4.20, oil type
model; 3 Phase F10 with a filter for external emission) and
the vacuum level was measured by Digi-Vac®. The treatments with 1000 and 1500ppm PH3 were tested at 50, 100
and 760mmHg for 24h exposure at 20ºC, under 75% RH
conditions. Treatments were compared with the control using 0ppm PH3 at atmospheric (760mmHg) pressure. The
PH3 concentrations were measured in the vacuum chambers by ATI® Porta Sens PAC II sensors.
Control (1), 1000ppm PH3+5% CO2 + 760mmHg (2),
1000ppm PH3+5% CO2 + 100 mmHg (3), 1000ppm
PH3+5% CO2 + 50mmHg (4), 1500ppm PH3+7.5% CO2 +
760mmHg (5), 1500ppm PH3+ 7.5% CO2 + 100mmHg (6),
1500ppm PH3+ 7.5% CO2 + 50mmHg (7).
Fumigated and untreated dried fig fruit were stored under ambient conditions for two months. The temperature
and relative humidity were monitored using data loggers
(HOBO®, Onset Computer Corporation, USA). The average temperature and relative humidity values in the ambient storage condition were calculated as 12.3±5.8ºC and
62.4+3.2%, respectively.
2.2 Test insects and exposure procedures

Tests were performed as three replicates on the eggs,
larvae, pupae and adults of the dried fruit beetle, Carpophilus hemipterus (L.) (Coleoptera: Nitidulidae) and the dried
fig moth, Ephestia cautella (Walker) (Lepidoptera: Pyralidae) (Table 1). The test insects were placed in special containers developed from Eppendorf tubes and then embedded in the fig fruits.
TABLE 1 - Mortality of Ephestia cautella and Carpophilus exposed to
the phosphine gas at 1000 and 1500ppm under 50, 100 and 760 mm
Hg.
Test species
Carpophilus
mipterus

Life stage
he-

Ephestia cautella

Eggs (0-24 and 24-48h)
Larvae
Pupae (0-72h)
Adults (1-7days)
Eggs (0-24, 24-48 and
48-72h)
Larvae
Pupae (0-72h)
Adults (1-7 days)

Number per replicate
100
50
50
50
100

55300) alone at 1000 and 1500ppm and then in combination under different pressures of 50, 100, and 760mmHg at
20oC and 75% RH for 24h. The insects of both species
which received no treatment served as the control groups.
The mortality ratios were assessed daily after the treatments on the specimens kept at 20oC and 75% RH as follows: until no hatching for two consecutive days (for the
eggs), until the larvae that could not pupate (for the larval
stage), those that did not enter the pupal stage or adults that
died before opening their wings (for the pupal stage) and
adults that were dead or moribund.
2.3 Dried fruit quality

Dried fruit quality was assessed for the qualities of
moisture, titratable acidity and total soluble solid contents,
besides water activity, color, firmness and sugaring. Moisture content was determined by oven drying the fruit at
65oC, (UM 400, Memmert GmbH, Schwabach, Germany)
to a constant weight [10] and then calculating the percentage based on the weight loss. A water activity meter (TH
500, Novasina, Pfäffikon, Switzerland) was used to measure the water activity at 25oC.
The dried fig fruit surface color was measured at the
center on both sides of the 20 dried fig fruits in each treatment, using a colorimeter (CR-300, Minolta Co, Osaka, Japan), and average scores were recorded in terms of CIE-L*
a* b* values [11]. Chroma (C*) and hue angle (hº) were
calculated from a* and b* values using the following equations: C*= (a*2+b*2)1/2 ho= arc tan (b*/a*).
Dried fruit firmness was measured using the Nippon
FHR-1 penetrometer involving a conical tip (12mm base
diameter and 10mm length) and the results were expressed
in Newton (N). The content of the Total Soluble Solids
(TSS) was measured by a refractometer (ATC-1, Atago,
Tokyo, Japan) and expressed as g/100g of Dry Weight
(DW). Titratable Acidity (TA) was calculated by titrimetric analysis by using 0.1 N NaOH and expressed as g citric
acid/100 g of Dry Weight (DW).
Sugaring was evaluated visually from the outer surface
of the fruit on a 1 to 5 scale. Each class (on the scale) described the rate of surface area covered by white sugar
crystals in which 1 indicated no sugaring, up to 5 indicating
completely sugar covered. The sugaring index of the sample was calculated using the following formula: (sugaring
class value (scale) x number of fruits within each class) /
total number of fruits.
2.4 Total phenolic content and antioxidant activity

50
50
50

C. hemipterus were reared on the artificial medium described by Donahaye and Navarro [9], while E. cautella
were reared on a mixture of ground wheat, glycerin and
yeast. The test stages were exposed to phosphine in vacuum chambers (Labconco® Vacuum Desiccators, Model

Fruit extracts were prepared using the method of Thaipong et al., [12], including a few modifications for the total
phenolic and antioxidant activity (in the methanol extract)
analyses. The total phenolic content was determined by the
Folin-Ciocalteu method based on the method of Swain and
Hillis [13] with a 120min incubation time for color development. The absorbance was measured at 725nm using a
spectrophotometer (Cary 100 Bio, Varian, Mulgrave, Australia) and the results were expressed as mg gallic acid
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equivalent (GAE)/100g Dry Weight (DW) using the gallic
acid (0-0.1 mg/ml) standard curve.
The Ferric Reducing Ability of Plasma (FRAP) assay
was performed as previously described by Benzie and
Strain [14], where the reductants (‘antioxidants’) in the
sample reduce the Fe (III)-tripyridyltriazine complex to the
blue ferrous form, with an increase in the absorbance at
593nm. The final results are expressed in mol Trolox
Equivalents (TE)/g Dry Weight (DW), using the Trolox
(25-500 mol) standard curve.
2.5 Statistical analysis

The results obtained were evaluated separately for insect mortality and quality changes. The insect mortality
data of the species and the stages tested were analyzed using factorial ANOVA with the JMP 6.0 Statistical Software, while the different groups were assessed by means of
the LSD using the MSTAT-C Statistical Software. Quality
assessment was conducted with a completely randomized
design, using three replicates. The data obtained after storage were subjected to Analyses of Variance (ANOVA).
Significant differences among groups were determined using Duncan’s multiple range tests at P<0.05. Standard Deviation of the means (SD) was also calculated from the replicates. All computation and statistical analyses were done
using IBM® SPSS® Statistics 19 Statistical Software
(IBM, New York, USA).
3. RESULTS AND DISCUSSION
3.1 Mortality of insects

Based on the results obtained from Carpophilus hemipterus, complete insect mortalities for all the life stages were
recorded from the phosphine exposures, either under atmospheric conditions or with the use of vacuum after 24h
exposure. In the case of Ephestia cautella, except for the
egg stage, complete insect mortalities for all the life stages
were obtained under the same experimental conditions (Table 2). In the untreated controls, the mortality rates varied
between 1.00% and 9.00% for the eggs; 0% and 0.67% for
the larvae; 0.67% and 2.00% for the pupae and 0% and

0.67% for the adults. One of the weaknesses of the MB alternatives tested seems to be the lower mortality rates for
the E. cautella eggs. In order to avoid any further risks, either a second ECO2FUME® treatment of the raw material
or processed (packed) figs must be included in the control
program or else the 24h exposure period must be extended.
3.2 Dried fig quality

Dried fruit quality plays a significant role in world
trade, and thus, is governed by the market standards [15].
The focus of the world trade may shift from one parameter
to the other based upon scientific findings or consumer
preferences. Major dried fruit quality parameters are reported as being color, appearance, shape, microbial load,
nutrient retention, porosity, bulk density, texture, rehydration properties, water activity and chemical stability, presence of preservatives and freedom from pests, insects and
other contaminants, and being free from off-odors [16].
The methyl bromide ban post 2005 has triggered much research work seeking suitable alternatives. In this respect,
dried fig falls among the dried food commodities that are
threatened the most by stored product pests. Thus, the dried
fig standards include tolerances for pest-damaged fruit or
those containing fragments [15, 17].
Table 3 displays the effect of the fumigation variables
tested on the major quality attributes. The fruit moisture
content and water activity levels were relatively lower in
the fumigated fruit than the untreated control. In fumigated
fruit, the moisture content and water activity levels ranged
between 21.21% – 21.98% and 0.640 – 0.657, respectively.
The moisture loss was rather limited (5.5%) in the fruit,
possibly due to the short exposure period. Increased exposure or concentration levels may enhance moisture loss.
Among the variables tested, fruit firmness was higher in
the vacuum applications. This result is parallel to the
changes in the fruit moisture content. Vacuum conditions
may have accelerated moisture loss from the fruit surface.
Moisture loss may reduce the acceptability of the dried
fruit due to its increased firmness [6]. The differences between the control and the treatments were significant at the
1% level; however, the difference between the vacuum
treatments and atmospheric fumigation was significant
only at 5%.

TABLE 2 - Mortality rates (%) of the different life stages of Carpophilus hemipterus and Ephestia cautella exposed to different phosphine
concentrations inside the dried fig fruit as the mean of the pressures tested (50, 100 and 760 mm Hg).
Life stage

Phosphine concentrations (ppm)
1500
1000

1000
C. hemipterus
Eggs (0-24 h)
Eggs (24-48 h)
Eggs (48-72 h)
Larvae
Pupae (0-72 h)
Adults

100
100
100
100
100

100
100
100
100
100
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1500
E. cautella

81.1
100
100
100
100
100

88.5
100
100
100
100
100
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TABLE 3 - The Effect of the phosphine treatment under atmospheric conditions and under vacuum on the moisture content, water activity
and firmness of the dried fig fruit.
Treatment
Control
1000 ppm PH3+760 mmHg
1000 ppm PH3+100 mmHg
1000 ppm PH3+50 mmHg
1500 ppm PH3+760 mmHg
1500 ppm PH3+100 mmHg
1500 ppm PH3+50 mmHg

Moisture content (%)
22.89 az**
21.98 b
21.21 b
21.69 b
21.94 b
21.43 b
21.46 b

Water activity
0.671 a*
0.657 b
0.640 b
0.647 b
0.657 b
0.651 b
0.654 b

Firmness (N)
6.41 c**
6.80 b
7.11 ab
7.32 a
6.59 bc
6.99 ab
6.97 ab

z

Means separation within the columns by Duncan’s multiple range test, P0.05.
*, **, Significant at P0.05 or P0.01, respectively.

TABLE 4 - Effect of the phosphine treatment under atmospheric conditions and under vacuum on the dried fig fruit color (L*, b*, C* and ho).
Treatment
Control
1000 ppm PH3+760 mmHg
1000 ppm PH3+100 mmHg
1000 ppm PH3+50 mmHg
1500 ppm PH3+760 mmHg
1500 ppm PH3+100 mmHg
1500 ppm PH3+50 mmHg

L*
66.8 az**
64.8 ab
61.5 cd
59.5 de
63.4 bc
58.0 e
58.6 e

b*
25.59 a**
25.42 a
22.51 bc
20.68 cd
24.30 ab
21.29 cd
19.78 d

C*
25.90 a**
25.76 a
22.84 bc
21.02 cd
24.61 ab
21.70 cd
20.08 d

ho
81.2 a*
80.7 ab
80.2 ab
79.7 ab
80.9 ab
78.8 b
80.2 ab

z

Means separation within the columns by Duncan’s multiple range test, P0.05.
*, **, significant at P0.05 or P0.01, respectively.

The color changes i(L*, b*, C* and ho) after a twomonth storage are displayed in Table 4. Color is one of the
major quality attributes in many dried foods [16]. However, it becomes more important for the Turkish dried fig
industry which is well recognized for its large fruit size and
light color [18]. The L* color value which signifies lightness-darkness was found to be reduced significantly
(P0.01) in the fumigated fruit. The reduction was even
more pronounced after the 1500ppm phosphine treatment,
especially under vacuum, and the L* values were 12.7%
lower when compared with those of the control. The
1000ppm phosphine application under vacuum yielded results similar to those from the 1500ppm applications,
whereas the atmospheric 1000ppm phosphine applications
yielded color values similar to those of the control. The
phosphine applications under vacuum reduced the color b*
values significantly (P0.01). The color b* values in the
treatment with the atmospheric phosphine fumigation at
1000 and 1500ppm levels (24.30 – 25.59) were similar to
those of the control and nearly 16.1% higher than the phosphine treatments performed under vacuum. The effect of
fumigation on color C* were similar to those recorded from
color b*. The dried fig fruit fumigated with phosphine under atmospheric conditions had color C* values similar to
those of the untreated control fruit and higher than those
fumigated under vacuum. The color ho value of the fruit
treated with 1500ppm phosphine at 100mmHg vacuum
was observed to be lower (P0.05) than that of the control
fruit; all the other treatments placed in between.

The previous studies revealed that the dried fig color
darkening could have occurred due to the phosphine treatments, based upon the exposure period and /or the degree
of concentration [6, 19, 20]. Sen et al., [6] reported an increased dried fig color darkening (L* 56.1, ho 77.5) in the
magnesium phosphide treatment at 2.0g/t for five days. Extended exposure to higher phosphine concentrations were
observed to damage the fruit tissue, as evident from the
SEM analyses [6]. The increased darkening at high phosphine concentrations (1500ppm) under vacuum may have
resulted from the damaged fruit surface. Damaged tissues
enhance fruit color changes as a result of several chemical
and biochemical reactions. Enzymatic browning is due to
the oxidization of the fruit phenolics, which further polymerize to form brown pigments. In dried fruit, non-enzymatic browning occurs due to the Maillard reaction between the sugars and amino acids [16, 21, 22].
TABLE 5 - Effect of the tested variables on the sugaring index. Results are the means of three replicate samples ±SD.
Treatment
Control
1000 ppm PH3+760 mmHg
1000 ppm PH3+100 mmHg
1000 ppm PH3+50 mmHg
1500 ppm PH3+760 mmHg
1500 ppm PH3+100 mmHg
1500 ppm PH3+50 mmHg
NS
, Nonsignificant.
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Sugaring index
1.80±0.31NS
2.00±0.20
2.07±0.12
2.13±0.23
1.87±0.12
2.27±0.12
1.80±0.20
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TABLE 6 - The effect of the tested variables on TSS, TA and total phenolic contents and the antioxidant activity of the dried fig fruit. The
results are the means of three replicate samples. ±SD.
Treatment

TA (g citric acid
100/g DW)
0.47±0.01NS
0.51±0.03
0.40±0.04
0.46±0.02
0.47±0.03
0.55±0.05
0.44±0.03

TSS
(g 100/g DW1)
71.8±0.69NS
71.5±2.04
72.5±0.75
71.8±0.37
74.4±1.12
74.8±1.55
73.9±1.00

Control
1000 ppm PH3+760 mmHg
1000 ppm PH3+100 mmHg
1000 ppm PH3+50 mmHg
1500 ppm PH3+760 mmHg
1500 ppm PH3+100 mmHg
1500 ppm PH3+50 mmHg
NS
, Nonsignificant.
1
Dry weight, 2Gallic acid equivalent, 3Trolox equivalents.

Sugaring may occur naturally in dried fruits such as
figs, prunes or raisins, either as crystallization of the sugars
on the surface or under the skin and in the flesh. The effects
of all the fumigation applications tested were not significant for sugaring and the index ranged between 1.80 and
2.27 (Table 5). The sugaring index value remained within
acceptable levels under ambient storage conditions over a
relatively short (two months) period. The incidence and severity of sugaring in the dried fig fruit increases with increased storage temperature and extended storage time
[19]. Sugaring includes equal amounts of glucose, fructose,
trace amounts of citric and malic acid and traces of lysine,
asparagine and aspartic acid deposited near the fruit surface
[23]. Even if it does not affect the palatability, it lowers the
sensory quality of the fruit and visible sugaring is considered a defect according to the US dried fig standard [15].
The effect of the fumigation alternatives tested on the
TSS and TA contents of the dried fig fruit was not statistically significant. The TSS contents varied between 71.5%
and 74.8% and the TA contents ranged between 0.40 and
0.55g citric acid/100 g DW (Table 6). Limited effects of
the phosphine applications on the chemical composition of
the dried fig fruit have been reported in earlier research
works, as well [5, 6, 20].
The effect of phosphine fumigation on the total phenolic content and antioxidant activity of the dried fig fruit
is presented in Table 5. No significant impact was determined on the total phenolic content and antioxidant activity
of the dried fig fruit. The total phenolic content varied between 99.4 - 109.8 mg GAE/100g DW and antioxidant activity between 10.86 and 13.09µmol TE/g DW.

Total phenolic content
(mg GAE2/100 g DW)
108.6±6.85NS
101.5±4.88
109.8±9.04
106.6±3.47
99.4±4.64
101.9±12.44
104.5±11.76

Antioxidant capacity
(µmol TE3/g DW)
11.77±0.79NS
11.75±0.43
11.82±1.06
10.86±1.81
12.88±0.25
13.09±0.67
11.62±0.80

itive effects in delaying sugaring. If ECO2FUME® treatment is performed under vacuum, the exposure period required can be reduced to 24 hours with a marketable fruit
quality. This creates an added value for the dried fig industry, especially during the first four months (September to
December, in the northern hemisphere) of the season, during which 70% of the crop is traded. Contrary to the advantage of the short exposure period, vacuum conditions
require suitable infrastructure e.g. vacuum chambers that
add on to both investment and operational costs. Therefore,
for the later months of the season, the ECO2FUME® treatment under atmospheric pressure allows for a still relatively rapid and low cost MB alternative as is highly recommended for the sector.
The experiment with ECO2FUME® was conducted in
small-size pilot chambers; therefore, in the case of implementing it in large-scale commercial treatments, all the
conditions should be very closely monitored. The
ECO2FUME® application under vacuum can easily be
adapted to operate from variable sized and mobile systems,
which then will broaden the area of application and reduce
the initial investment costs by sharing. The results can be
further applied and developed in related industries where
storage pests are of significant importance, such as those
involved with dried fruit, nuts, grains and medicinal and
aromatic herbs.
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4. CONCLUSION
ECO2FUME® application can be recommended as an
effective MB alternative to control storage pests in the
dried fig industry as it offers several advantages such as
shorter duration, effective control over all the stages of the
species tested (except the Ephestia cautella eggs), no adverse effects on the dried fruit quality with respect to the
moisture content, firmness or color, and with slightly pos-
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ABSTRACT
In this study, the mutagenic and recombinogenic effects of herbicides, fluazifop-p-butyl (FPB) and fenoxaprop-p-ethyl (FPE), widely used in the agricultural regions,
were investigated using the somatic mutation and recombination test (SMART) in Drosophila wings. The viability
and proliferation effects were tested on human immortalized embryonic kidney HEK293 cells, and were also examined with MTT and trypan-blue exclusion assays, at the
early stage of carcinogenesis. For the SMART assay, two
different crosses were used: a standard (ST) and a highbioactivation (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. There is not any positive result in both ST and HB
crosses of Drosophila. Furthermore, both herbicides affected the proliferation rate of the HEK293 cells but both
induced cell death at high concentrations.
KEYWORDS: Drosophila melanogaster, wing spot test, fluazifopp-butyl, fenoxaprop-p-ethyl, genotoxic effect, cancer proliferation.

1. INTRODUCTION
The yield and quality of crops can be severely reduced
by weeds, pests and/or diseases. Plant protection products
(pesticides) are one way to protect crops before and after
harvest. Herbicides are the mostly used pesticide group in
the world, and it has the second rank after insecticides in
Turkey [1].
Fluazifop-p-butyl (R)2-44,4,5-(trifloro-methyl)-2
piridinyloxi-phenoxy propanoat (FPB) and fenoxapropp-ethyl (+)-ethyl 2-4-(6-chloro-2-benzoxazolyl)oxiphenoxy propanoat (FPE) are the aryloxyphenoxy propionic
* Corresponding author

acid herbicides used for control of most annual and perennial
grass weeds in cotton, soybeans, stone fruits, asparagus, coffee, and other products. Fluazifop-p-butyl has been developed and commercialized by ICK, and since the 1980's it
has been widely used in various countries. Aryloxyphenoxypropionate herbicides are mobile in the phloem and work
by inhibiting acetyl coenzyme A carboxylase, which effectively inhibits lipid synthesis in target plants [2]. FPB may
often be used with an oil adjuvant or non-ionic surfactant
to increase efficiency. It has essentially no activity on
broadleaf species. It is compatible with a wide variety of
other herbicides, and may also be found in formulations
with other products, such as fenoxaprop ethyl esters [3].
FPB also shows molluscicidal activity on the snail, Biomphalaria alexandriana [4, 5]. These two herbicides are
categorized as weak toxic chemicals in the PAN [6].
The Drosophila wing SMART assay is fast, reliable,
easy to perform, and can detect a wide spectrum of
changes, including point mutations, deletions, mitotic recombinations, chromosomal loss, and non-disjunction; it
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 herbicides, FPB and FPE.
2. MATERIAL AND METHODS
2.1. Somatic mutation and recombination test (SMART)
2.1.1. Chemicals

FPB (CAS No: 79241-46-6, 99.9% purity) and FPE
(CAS No: 71238-80-2, 99.9% purity) were obtained from
Sigma-Aldrich chemicals company. Both herbicides are less
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soluble in water, and were dissolved in a mixture of 10%
ethyl alcohol + 3% Triton X-100. Four different concentrations of each one of the herbicides were prepared just before
use, and were administrated to 72±4 hours-old transheterozygous larvae. The concentrations used in the SMART assay
have been determined to be 0.05-2 mM for FPB, and 0.012 mM for FPE. 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, whereas 1 mM of ethyl methane sulphonate
(EMS), an alkylating agent, was used as a positive control.
2.1.2. Strains

The genotoxicity of FPB and FPE 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), 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 7-9.
NORR stocks were constructed by Pacella 10, similarly
as described by Frölich and Würgler 11. For detailed information on the genetic markers see 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 8 h, 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), and re-hydrated with 9 ml freshly prepared test compounds. The larvae were allowed to feed on this medium for 48 h. All the
experiments were performed at 25 ± 1 °C and 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, originating exclusively from mitotic recombination. Three categories of spots were recorded: small single spots (1-2 cells), large single spots (>2 cells), 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.
2.2. Effects of FPB and FPE 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 carcinogenesis 15, were grown

at 37 °C in 5% CO2 atmosphere, and were routinely maintained in Dulbecco’s Modified Eagle Medium (DMEM)
(ingredients: 1 g/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

6.53, 65.3 and 653 µM FPB and 1.8, 18 and 180 µM
FPE 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 FPB and FPE on cell proliferation 16.
We used 25,000 cells per well and200 µl medium per
well. HEK293 cells were seeded and treated with different
concentrations of the herbicides FPB and FPE for 8 days.
After the incubation period, 5 mg/ml MTT in 10 µl amounts
were added to the treated wells. Then, this multi-well plate
was incubated at 37 °C in a CO2 incubator for 5 h. 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 h, 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 to be 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 FPB and FPE 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 higher than
the mutation frequency in the appropriate control, and (2)
the induced mutation frequency in the treated group is not
less than m times as high as the observed spontaneous mutation frequency in the control group. Frei and Würgler
18 gave 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 the treatment groups were analyzed for variance, and concentrations were compared by Duncan`s
multiple range test. For MTT assay viability, range of
DMEM control group was regarded as 100%.
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3. RESULTS AND DISCUSSION
The data from the wing spot analysis of the two herbicides are shown in Tables 1 and 2. The trypan-blue exclu-

sion and MTT assay results are shown in Table 3. Tables 1
and 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

TABLE 1 - Results obtained with fluazifop-p-butyl, 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)
30 (0.38)
26 (0.33)
1.36
32 (0.40)+
284 (3.55)+
273 (3.41)+
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) 
30(0.41) 
29 (0.36) 
1 (0.01) i
1.12
0.05
80
22 (0.27) 
22 (0.27) 
22 (0.22) 
4 (0.05) 
1 (0.01) i
1.38
0.1
80
27 (0.34) 
27 (0.34) 
21 (0.31) 
1 (0.01) 
2 (0.02) i
1.22
0.5
80
25 (0.25) i
24 (0.31) 
25 (0.31) 
3 (0.04) 
1 (0.01) i
1.38
2
80
27 (0.34) 
27 (0.34) 
22 (0.27) 
4 (0.05) 
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) 
3.12
0.05
80
13 (0.16) i
61 (0.74) 
62 (0.74) 
48 (0.60) 
1 (0.01) 
2.61
0.1
80
14 (0.17) i
51 (0.64) 
53 (0.66) 
38 (0.47) 
0 (0.01) 
3.12
0.5
80
54 (0.67) i
1 (0.01) 
61 (0.74) 
62 (0.77) 
6 (0.07) 
2.71
2
80
0 (0.01) 
53 (0.66) 
53 (0.66) 
46 (0.57) 
7 (0.09) 
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 cells 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 2 - Results obtained with fenoxaprop-p-ethyl, 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
0.1
80
0.5
80
2
80

No. of spots (frequencies) / statistical diagnosisa
Small sinLarge single
Twin spots
gle spots
spots
(m=5)
(1-2 cells)
(>2 cells)
(m=2)
(m=5)

Total mwh
spots
(m=2)

Total spots
(m=2)

Frequency
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 (0.38)
284(3.55)+

1.36
13.98

23 (0.31) 
19 (0.31) 
17 (0.22) 
18 (0.52) 
16 (0.20) 

7 (0.09) 
3 (0.04) 
1 (0.01) 
3 (0.04) 
2 (0.02) 

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

29(0.40) 
22 (0.27) 
18 (0.22) 
21 (0.26) 
19 (0.24) 

30 (0.41) 
22 (0.27) 
18 (0.22) 
21 (0.26) 
19 (0.24) 

1.65
1.12
0.92
1.07
0.97

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) 
3.17
0.01
80
3 (0.04) 
62 (0.77) 
63 (0.79) 
49 (0.61) 
11 (0.04) 
2.66
0.1
80
0 (0.00) 
52 (0.65) 
52 (0.65) 
46 (0.57) 
6 (0.07) 
67 (0.84) i
69 (0.86) i
3.43
0.5
80
62 (0.77) i
1 (0.01) 
6 (0.07) 
2,92
2
80
55 (0.69) i
2 (0.02) 
57 (0.71) 
57 (0.71) 
0 (0.00) 
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 cells 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 3 - Effects of herbicides on the viability of HEK293 cells.
Herbicides
Fluazyfop-p-butyl

Fenoxaprop-p-ethyl

Concentration
(mM)
0,0065
0,0653
0,653
0,0018
0,018
0,180

Trypane Blue Assay
Viability (%)
83
77
72
75
72
62

scored: those with the inversion-free marker-heterozygous
genotype. Since any positive results were not observed in
both crosses, the results of the balancer heterozygous wing
spot test were not added to Tables 1 and 2 because all the
results of the marker heterozygous wing spot test were negative or inconclusive in both crosses. Eighty wings were analyzed for each of the four concentrations of FPB and FPE.
Herbicides, belonging to the aryloxyphenoxypropionic
acid group, show different toxicities. For example, clodinafop-propargyl induces DNA damage in silkworms [20], and
cyhalofop-butyl is another effective herbicide with low toxicity [21].
In our study, neither FPB nor FPE increased the spot
frequency in both ST and HB crosses. FPE is classified as
practically non-toxic to mammals (LD50 >2000 ppm), birds
(LD50 >2000 mg/kg, LC50 >5000 mg/kg), and terrestrial insects (LD50 >11μg/bee), on an acute exposure basis [22].
FPB showed moderate toxicity on the earthworm Eisenia
fetida [23]. Furthermore, FPE showed moderate toxicity on
the development of the pheasant embryos [24].
There are also several information on the high toxicity
of these herbicides. For example Environmental Protection
Agency (EPA) [22] documented the toxicity of the aryloxyphenoxypropionic acid herbicides FPE and FPB on aquatic
and terrestrial organisms. FPE is considered to be very highly
toxic (LC50 <0.1 mg/L) to estuarine/marine invertebrates,
highly toxic (LC50 0.1-1 mg/L) to freshwater fish, and moderately toxic (LC50 >1-10 mg/L) to freshwater invertebrates
and estuarine/marine fish [22]. Additionally more toxic and
photoresistant products were generated from photolysis of
this herbicide [25]. Furthermore, the monocot species, especially corn, is the most sensitive compared to the dicot species
according to the FPE seedling emergence test FPE [22].
The toxicity of the 309 environmental chemicals (from
EPA’s Phase I ToxCastTM library) on the zebrafish (Danio
rerio), which is the model organism for mammalian diseases, were screened and it was found that over 60% of these
chemicals were toxic on the developing zebrafish embryos;
the AC50 values of the aryloxyphenoxypropionic acid herbicides, FPB and FPE, were between 1-10 µM [26].
FAO reviewed the different effects for both FPB [27]
and FPE [28] by using different test systems and organisms. Both herbicides did not show any genotoxic potential
in cell culture, mammalian cells and bacterial test systems.
Previous data on genotoxicity for FPB and FPE are supporting our results.

MTT assay
Viability (%)
95,87
94,89
55,26
96,86
91,23
50,5

In conclusion, FPB and FPE as well as their metabolites were not mutagenic at the tested concentrations, on the
wing cells of Drosophila. Furthermore, neither of the herbicides affected the proliferation rate of the HEK293 cells
but both induced cell death at high concentrations, as determined in this study.
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organic substances) a variety of interlayer complexes, is suitable.

ABSTRACT
In this work, it was shown that natural montmorillonite
modified by Fe3+ ions with incorporated thiophene or pyrrole oligomers is able to decompose 4-chlorophenol in water surroundings under visible light irradiation. It was confirmed (by EPR) that this decomposition is initiated by singlet oxygen, which is formed by irradiation of suspension
water + modified montmorillonites. The mechanism of 4chlorophenol degradation was suggested. Some degraded
products (maleic acid anhydride, formic acid and acetone)
were identified by HPLC analysis.
KEYWORDS: montmorillonite, photocatalysis, pyrrole oligomers,
ROS, thiophene oligomers

1. INTRODUCTION
Chlorophenols are extensively applied, mainly as herbicides, insecticides, fungicides and dyes. Due to these activities, chorophenols can enter the environment, where
they can cause various undesirable effects. Chlorophenols
are capable of bioaccumulation in living organisms, and
their negative effects can be multiplied. Their unfavorable
effects on living organisms increase with chlorine number
in the molecules. All chorophenols exhibit phytotoxic and
bactericidal activities [1].
Formerly, various methods were published to decrease
chlorophenol concentrations in the environment [1-5]. The
most progressive methods of chlorophenol degradation
seem to be photochemical degradations by photocatalyzers,
on the basis of chemically modified TiO2 [6], as well as
synthetic [7] or natural zeolites [8].
For photocatalytic applications, clay mineral montmorillonite, through its layered structure, high cation exchange
capacity, wide surface area, and the ability to create (with
* Corresponding author

The goal of this work is to demonstrate the ability of
montmorillonite, modified by Fe3+ ions with incorporated
thiophene or pyrrole, to decompose 4-chlorophenol in water surroundings by visible light.

2. MATERIALS AND METHODS
2.1 Chemicals

4-chlorophenol (4-CP) was purchased from Sigma-Aldrich, and pyrrole and thiophene were from the Alfa Aesar
Company. Before the experiments, pyrrole and thiophene
were freshly distilled. 5,5-Dimethyl-1-pyrroline N-oxide
(DMPO) and 2,2,6,6-tetramethylpiperidine (TEMP) were
purchased from Sigma-Aldrich. Chloroform (p.a.) was purchased from Centralchem (Slovak Republic).
2.2. Preparation of montmorillonite

Montmorillonite was isolated by the decanting method
from a 4 % water suspension of bentonite from the deposit
of Stará Kremnička - Jelšový potok (Slovak Republic), according to Jesenák and Fajnor [9]. An approximate structural formula of montmorillonite is [Si7,95 Al0,05] [Al3,03
Fe0,22 Mg0,75]O20(OH)4(Ca0,42Mg0,04Na0,01K0,01) [9]. Fe3+
doped montmorillonite was prepared by an ion-exchange
reaction in a water solution of FeCl3 (c = 0.2 mol dm-3).
The doped montmorillonite was washed in distilled water,
dried in a vacuum, and then treated with pyrrole or thiophene (ca. 8 h). The excessive heterocyclic compound was
removed in a vacuum. The guest molecules are bound
among layers of phylosilicate during this treatment.
2.3 SEM images

The morphology of montmorillonite was analysed by
scanning electron microscopy (JXA-840A JEOL; Japan).
The scanning samples were gold-coated in vacuum.
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2.4 Study of 4-chlorophenol decomposition

The 4-CP degradation was carried out in glass flasks
which contained 100 mg modified montmorillonite and
100 ml of a 4-CP water solution (c = 10-4 mol/dm3). These
suspensions were magnetically stirred during the irradiation by a projector equipped with a 250-W halogen lamp
through a 7.5-cm water filter. The 4-CP decomposition was
monitored by UV-VIS spectrophotometry (Thermo Scientific Genesys 6; USA).

with pyrrole and thiophene was documented also by registration of their cation radical (polaron) signals in the EPR
spectra (Fig. 1). The polaron has one unpaired electron and
exhibits an EPR signal in the free radical region. The spectroscopic constants for polarons were g = 2.0012 and Bpp
= 0.5 - 1.5 mT. The samples contained 2.3 1016 spins for
thiophene, or 6.6 1018 spins/g for pyrrole-modified montmorillonites.

g = 200036

2.5 ROS detection

Production of reactive oxygen species (ROS) was detected by EPR spectroscopy. The EPR spectra were recorded by an ERS 230 instrument (ZWG AdW, Berlin, Germany) operating in the X-band. The used microwave power
was 5 mW, and the modulation amplitude was 0.1 mT. The
ROS were generated by light in water or chloroform suspensions. The suspension for detection of ROS contained 2 ml of
4-CP and DMPO water solution (concentrations of both components were c = 10-4 mol/dm3) and 20 mg modified montmorillonite. The suspension for singlet oxygen detection
contained 2 ml of 4-CP and DMPO chloroform solution
(concentrations of both components were c = 10-4 mol/dm3)
and 20 mg modified montmorillonite. Suspensions were
magnetically stirred during the irradiation by a projector
with a 250-W halogen lamp through a 7.5-cm of water filter.

signal intensity [a.u.]

A

2.6 Product analysis and analytical methods

HPLC analysis of water suspensions (4-CP solution
with modified montmorillonites) was performed on a HPLC
instrument with a PDA detector (Young Lin 9100). The mobile phase used for analysis was methanol:water, and the
ratio of these two phases was gradually changed during the
analysis from an initial value of 10:90 to a final value of
90:10 in the 16th min, at the end of the analysis. The chromatographic record was stored and after comparison of retention times of individual substances with internal standards, the peak areas were integrated and evaluated [10];
column: GraceSmart, RP-18, length 150 mm, 4.6 mm ID,
mobile phase flow-rate: 1 ml/min, PDA detector wavelength 210 nm. All above-mentioned experiments were
carried out at 25 °C.

B

332

334

336

338

340

magnetic induction [mT]
FIGURE 1 - EPR spectra of Fe3+-montmorillonites with incorporated
pyrrole (A) and thiophene (B). Spectrum B was recorded at 4-times
higher amplification as spectrum A.
3.2 SEM analysis

The incorporation of thiophene or pyrrole into montmorillonite was also confirmed by electron microscopy.
The presence fibers of used heterocyclic compounds is
demonstrated in Figs. 2B and C.

3. RESULTS AND DISCUSSION
3.1 General results

The donation of natural montmorillonite by Fe3+ ions
was accompanied by a colour change (from white to orange).
The incorporation of both heterocycles into Fe3+ montmorillonite resulted in a deep darkness of samples (brown for thiophene or black for pyrrole-modified Fe-montmorillonite). We
suppose that this darkness is caused by the formation of
oligomers of the studied heterocycles, similarly as observed in doped zeolites modified with iron and thiophene
or pyrrole [7, 8, 11]. The prepared samples contained 0.04 g
of thiophene and 0.12 g of pyrrole per 1 g Fe3+ montmorillonite. The presence of oligomers in the Fe-montmorillonite

3.3 UV-VIS spectroscopy

The degradation of 4-CP in an aqueous solution by visible light in the presence of prepared modified montmorillonites is illustrated in Fig. 3. A decrease of absorption
bands at 232 and 286 nm, which belong to 4-CP, is evident.
This decrease of the 4-CP concentration could be caused
by the adsorption of 4-CP molecules between the montmorillonite layers. For this purpose, experiments were carried
out showing whether the montmorillonites used are capable of adsorption of 4-CP. The results of these experiments
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FIGURE 3 - Absorption spectra of 4-CP solutions (10-4 mol dm-3) in
H2O after 75-h irradiation with visible light without montmorillonite
(1) and in the presence of Fe3+-montmorillonite with incorporated thiophene (2) or pyrrole (3).

g = 2.0032

A
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B
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FIGURE 4 - EPR spectra of TEMPO radicals which are generated by
visible light in chloroform suspensions in the presence of Fe3+-montmorillonite with incorporated thiophene (A) and pyrrole (B).
C
3+

FIGURE 2 - SEM pictures of Fe doped montmorillonites without
incorporation of heterocyclic compounds (A) and with incorporated
thiophene (B) or pyrrole (C).

showed that the modified montmorillonites adsorbed no 4CP. From Fig 3, it can be seen that the studied modified
montmorillonites are able to degrade 4-CP by visible light,
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* + O2

whereby Fe+3-montmorillonite doped with thiophene was
the most effective.
3.4 Singlet oxygen detection

On the basis of our former works [8, 12, 13], we assume that reactive oxygen species (ROS) for 4-CP decomposition are responsible, which are formed by incorporated
heterocyclic oligomers by irradiation with visible light. For
that purpose, an experiment for ROS detection was carried
out. No ROS were detected in aqueous suspensions of modified montmorillonites by spin trap EPR experiments with
DMPO. However, in both suspensions of chloroform TEMP
solution with modified montmorillonites, 2,2,6,6-tetramethylpiperidin-1-yl)oxy (TEMPO) radicals were registered, after irradiation of these suspensions with visible light (Fig. 4).
TEMPO radicals are the reaction products of TEMP with
singlet oxygen (1O2) which arises during photodynamic reaction of excited heterocyclic oligomers incorporated in
montmorillonite with molecular oxygen. On the basis of
this fact, it can be assumed that 1O2 is responsible for the
4-CP decomposition.

  + 1O2

O2 + 4-CP 

1

(2)

BQ + Cl

(3)

The second possible mechanism of photolytic chlorophenol degradation takes place by its reaction with a hydroxyl radical (HO). It is known that HO radicals can be
generated by the conversion of 1O2 and water to hydrogen
peroxide [18, 19]. According to this knowledge, it can be
assumed that, after the first two steps (Eqs. 1 and 2), the
next step is the reaction of 1O2 with water; by the catalytic
action of modified zeolite, H2O2 can be formed (Eq. 4).
Subsequently, H2O2 is decomposed into two HO by the
Fenton reaction (Eq. 5). This reaction is quite possible, because some Fe atoms can be in Fe2+ state. The next step is
the reaction of 4-CP with HO resulting in the formation of
1,2-hydroquinone (Eq. 6) [20]. The following step is opening of the phenyl ring by the reaction of hydroquinone with
HO and the formation of maleic acid (Eq. 7).
31O2 + 2H2O  2H2O2 + 2O2

(4)

Fe2+ + H2O2  2HO

(5)

3.5 Photo-decomposition mechanisms of 4-CP

4-CP + HO  HQ + Cl

(6)

Recently, the photodecomposition of chorophenols by
singlet oxygen, generated by various photosensitizers [7, 8,
14-17], was observed. On the basis of these works, we assume that 4-CP decomposition in water suspensions with
the studied montmorillonites can run by the scheme in Fig.
5. The first step of this reaction is excitation of oligomers
of thiophene or pyrrole () into an excited state * (Eq. 1).
The second step is the transfer of the excitation energy
from the oligomers to the triplet oxygen molecule, and the
formation of singlet oxygen (Eq. 2). In the third step, chlorophenol reacts with the singlet oxygen, changing chlorophenol into a benzoquinone compound (Eq. 3). In the next
step, benzoquinone reacts with another molecule of singlet
oxygen and an opening of the phenyl ring occurs; then, muconic, maleic, oxalic, and formic acids, as far as CO2 and
H2O, are progressively produced, as is depicted in Fig. 5.

HQ + HO

 + h  *

(1)

OH

OH
1O

2

COOH
COOH

Cl

(7)

3.6 HPLC analysis

These assumptions were confirmed by the HPLC experiments. In HPLC diagrams, after 75-h irradiation by visible light, peaks of maleic acid anhydride and formic acid
were identified (Fig. 6). In the HPLC chromatograms of
reaction mixtures, Fe3+-montmorillonite (with incorporated thiophene or pyrrole) + 10-4 mol/dm3 4-CP solution
in water after 75-h irradiation by visible light, peaks of
these analytes were identified: maleic acid anhydride (retention time tR = 1.1, Figs. 6 A and B), acetone (tR = 2.67,
Fig. 6 A), formic acid (tR = 1.93, Fig. 6 B) and residual 4CP with tR = 10.11 (Figs. 6A and B). These results confirmed the above-mentioned assumption that the studied
modified montmorillonites are able to decompose 4-CP according to the scheme diagram shown in Fig. 5.

O
1O

2

 maleic acid

OH
p-benzquinone

O
muconic
acid

COOH
OHOOC
COOH

COOH

oxalic acid

maleic
acid

FIGURE 5 - Scheme of 4-chlorophenol decomposition
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FIGURE 6 - HPLC chromatograms of the reaction mixtures: 4-CP (10-4 mol/dm3) solution in water with Fe3+-montmorillonite with incorporated
thiophene (a) or pyrrole (b) after 75-h irradiation, and those of maleic acid anhydride (c), formic acid (d), acetone (e) and 4-chlorophenol (f).

4. CONCLUSION
In this work, it was demonstrated that properly modified montmorillonites are able to degrade 4-chlorophenol
by visible light in water surroundings. The above experiments show the potentials of the use of powdered forms of
microcrystalline phyllosilicates in the photocatalytic degradation of industrial pollutants.
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ABSTRACT
This study aimed to determine the effects on protein of
frozen storage time (-20 °C), and on properties of raw, marinated and smoked rainbow trouts (Oncorhynchus mykiss).
Therefore, the fish were smoked and marinated. All filleted
fish samples including also the raw ones were vacuumpacked, subjected to 9 months of frozen storage and analyzed at 1-month intervals. Changes in muscle proteins of
raw, smoked and marinated trout samples (Oncorhynchus
mykiss) have been examined using sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE).
SDS-PAGE and densitometric analysis revealed that intensity and the number of protein bands were not changed until the 9th month of raw and marinating process while the
bands of some protein patterns denaturated when trout
muscle was subjected to 9 months of smoking process. Myosin heavy chain (MHC) band with molecular weights of
205 kDa and actin band with molecular weights of 45 kDa
appeared during 9 months of raw, smoking and marinating
process. Similarly, other main myofibrillar proteins, tropomyosin (37.7 kDa), troponin-T (32.9 kDa), myosin light
chain 1 (27.2 kDa), and myosin light chain 2 (20.4 kDa)
also did not show any differences during 9-months storage.
Subsequently, there were significant monthly changes in
the protein percentages caused by smoking and marinating
processes excluding the raw ones (P<0.01).

of myofibrillar proteins, sarcoplasmic proteins, storma proteins, connective tissue, nucleotides, polypeptides, and
non-protein nitrogen compounds. The major alteration in
fish tissue occurs largely in the myofibrillar proteins, the
main muscle proteins, comprising myosin and actin [2].
Freezing is one of the best methods for fish preservation.
Measurements of sensory, chemical and physical changes
have shown deterioration of fish quality continues, to some
extent, during frozen storage [3].
Changes in heat, pH, salt concentrations and reducing
agents denature proteins in fishery products like all other
food proteins destructing secondary and tertiary structures
[4]. It was reported that about 90% of fish proteins are generally denatured between 60-65 °C, while the remaining
10% (tropomyosin) can remain stable without being denatured for a long time until 100 °C [5, 6]. Denaturing temperature varies depending on fish species, protein type and
the ambient temperature [7].
It is known that most of protein bands disappear due to
hot smoking and denaturing in zander, trout and eel [8].
Smoking and marinating are the oldest traditional fish
preservation methods. There are many studies conducted
on changes in physical, chemical, sensorical and microbiological quality of smoked and marinated fish products [913]. However, there are only a limited number of studies
investigating protein changes through electrophoretic
methods.
In this study, the changes in protein profiles of rainbow
trouts preserved with raw, marinating and smoking methods are observed with SDS-PAGE during the frozen storage period, and protein quality losses were determined.

KEYWWORDS:
Trout, protein, actin, myosin, SDS-PAGE, smoking, marinating.

1. INTRODUCTION
Fishery products have an important place among processed foods both from health and taste aspects, and they
differ from other foods of animal origin. They are quite
sensitive to processing methods and storage and, therefore,
they easily lose their quality [1]. Fish muscle is composed
* Corresponding author

2. MATERIAL AND METHODS
2.1. Preparation of samples

Rainbow trout samples (Oncorhynchus mykiss) were
obtained freshly from a local rainbow trout farm in Adana
(Turkey), stored on ice and transferred to the laboratory.
The mean length and weight of fishes were measured as

2063

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

26.20±0.42 cm and 234.98±11.62 g, respectively. Subsequently, pretreatments (washing, evisceration, deheading
and filleting) were carried out, and 2 fillets were obtained
from each carcass. Fillet samples were randomly divided
into 3 groups: raw, smoking and marinating ones (9 fillets
for each group). Then, smoking and marinating processes
were performed.
2.2. Smoking process

Trout fillets were kept in 20% of 1:1 (w/v) brine solution at 4 °C for 1 h. Afterwards, samples were washed
again and dried. For pre-heating, fishes were kept at 90 °C
for about 1 h, smoked at 80 °C and cooled.
2.3. Marinating process

Trout fillets were submerged in marinating solution.
As marinating solution, 3% (v/v) acetic acid and 10% (w/v)
NaCl were used. Fillets were submerged in this solution at
1:1.5 (w/v) ratio and kept for 48 h, and at the end of this
period, they were taken out of the solution and filtered for
15 min.
2.4. Raw samples

For control, filleted fish samples were vacuum-packed
without any treatment. Similarly, vacuumed samples were
kept at -20 °C for 9 months.
2.5. Packing

Smoked, marinated and raw samples were vacuumpacked with a Reepack (Mod RV 50) trademark vacuum machine. These samples were stored at -20 °C for 9 months.
2.6.Protein extraction and analysis

Crude protein content was calculated by converting the
N content according to Kjeldahl’s method [14]. Raw, marinated and smoked samples for electrophoresis were prepared by homogenizing 1 g minced samples. From each
one of raw, marinated and smoked samples, 1 g of sample
was taken and homogenized within 100 ml cold (~ 5 °C)
distilled deionized water with an Ultratorax for 30 sec. Raw
and marinated samples were diluted at 1:1 (w/v) in buffer
prepared for raw samples (4% (w/v) SDS, 0.125 M tris, pH
6.8, 20% (v/v) glycerol, 10% (v/v) β-mercaptoethanol),
while the smoked samples were diluted at 1:3 (w/v) ratio
with the buffer used for cooked samples (0.1 mM phenylmethylsulfonyl fluoride (PMSF), 10 Mm EDTA, 0.01%
sodium azide) [15, 16]. Monthly prepared samples were
kept at -20 °C, and homogenized using a Polytron at room
temperature for 1 min after 9 months. The samples were
then centrifuged for 20 min at room temperature and the
supernatants were collected. Proteins of raw, marinated
and smoked samples were estimated as described by previously using bovine serum albumin as the standard [17].
2.7. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

All raw, marinated and smoked homogenates were
then boiled in a water-bath (100 °C) for 3 min and loaded

in each gel lane. Unstained SDS-PAGE molecular weight
standard, MW range 14.4-116.0 (Fermentas, SM0431) was
diluted 1:2 with the loading dye.
SDS-PAGE analysis was carried out according to the
method of Laemmli [18], done with a SE 250 Mighty Small
II slab gel electrophoresis unit (Hoefer Scientific Instruments,
San Francisco, CA, USA) using a 3% (w/v) acrylamide stacking gel and 10% (w/v) acrylamide resolving gel [19].
After electrophoresis, the gels were stained for 1 h with
Coomassie brillant blue R250 dye (0.2% w/v Coomassie
brillant blue, 50% (v/v) methanol, 10% (v/v) glacial acetic
acid). Afterwards, removal of the residual stain on the surface of gels was done with a destaining solution. Finally,
gels preserved in acetic acid (5% v/v methanol, 7% v/v glacial acetic acid) were photographed on a white illuminated
desk in a dark room. Densitometric analyses of protein
bands were performed using Image Program, Version 1.4.
3. RESULTS
In the present study, protein patterns of monthly frozen
and stored rainbow trout samples (Oncorhynchusmykiss)
were determined with SDS-PAGE analysis using known
standards (β-galactosidase 116.0, bovine serum albumin
66.2, ovalbumin 45.0, lactate dehydrogenase 35.0, REase
Bsp981 25.0, β-lactoglobulin 18.4, and lysozyme 14.4).
The SDS-PAGE pattern of total proteins from raw, marinated and smoked samples (Figs. 1, 3 and 5). The pattern
reveals multiple bands in the molecular weight range from
116.0 to 14.4 kDa. The bands appearing at over 116.0 kDa
are myosin heavy chain (205 kDa) and actin components
(45 kDa). The protein profiles by SDS-PAGE help us to understand the process of aggregation during frozen storage.
The protein profile assessed by SDS-PAGE showed no
difference in protein patterns during 9 months in raw rainbow trout proteins frozen-storage at -20 °C. Similarly,
there was no significant change in actin and myosin bands
(Figs. 1 and 2).
Muscle protein patterns did not show a different profile
during frozen-storage of marinated trout samples for 9
months (Figs. 3 and 4).
When the changes in proteins were investigated for the
monthly stored ones (-20 °C) and those of smoked rainbow
trouts for 9 months, it was determined that intensity of protein bands started to decrease within 9 months. In addition,
there was not an evident decrease in the intensity of actin
and myosin bands during 9 months (Figs. 5 and 6).
The protein quantities (%) of monthly frozen and
stored rainbow trout samples obtained in this study were
subject to variance analysis (one-way ANOVA) using
SPSS 9.0 Windows software, and the mean values of important variance sources were compared with Duncan's
multiple range test at p = 0.01 significance level (results
given in Table 1).
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FIGURE 1 - The comparison of total proteins of monthly frozen and stored (-20 °C) raw rainbow trout (Oncorhynchus mykiss) samples in SDSPAGE (M: marker, 0: control, 1-9: 1-9 months, respectively).

FIGURE 2 - The densitometric analysis of protein bands of monthly frozen and stored (-20 °C) raw rainbow trouts (Oncorhynchus mykiss) (M:
marker, 0: control, 1-9: 1-9 months, respectively).

FIGURE 3 - The comparison of total proteins of monthly frozen and stored (-20 °C) marinated rainbow trout (Oncorhynchus mykiss) samples
in SDS-PAGE (M: marker, 0: control, 1-9: 1-9 months, respectively).
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FIGURE 4 - The densitometric analysis of protein bands of monthly frozen and stored (-20 °C) marinated rainbow trouts (Oncorhynchus
mykiss) (M: marker, 0: control, 1-9: 1-9 months, respectively).

FIGURE 5 - The comparison of total proteins of monthly frozen and stored (-20 °C) smoked rainbow trout (Oncorhynchus mykiss) samples in
SDS-PAGE (M: marker, 0: control, 1-9: 1-9 months, respectively).

FIGURE 6 - The densitometric analysis of protein bands of monthly frozen and stored (-20 °C) smoked rainbow trouts (Oncorhynchus mykiss)
(M: marker, 0: control, 1-9: 1-9 months, respectively).
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TABLE 1 - Protein content (%) of frozen and stored (-20 °C) rainbow trouts (Oncorhynchus mykiss).
Months

Protein (%)
Raw

Marinated

Smoked

1

18.34±0.14a

17.63±0.05a

24.15±0.32cd

2

18.63±0.31a

17.65±0.09a

24.27±0.14bcd

3

18.47±0.28

a

bc

24.10±0.42cd

4

18.59±0.31a

16.85±0. 10cde

25.05±0.46ab

5

18.75±0.23

a

bcd

25.61±0.14a

6

18.52±0.32a

17.33±0.11abc

25.34±0.31a

7

18.49±0.31

a

cde

25.06±0.02ab

8

18.65±0.23

a

de

25.57±0.09a

9

18.04±0.15a

17.07±0.06bc

a

e

10

17.89±0.45

16.99±0.02
16.89±0.07

16.73±0.02

16.47±0.35

16.40±0.15

24.83±0.14abc
23.82±0.06d

The variation between values shown with different letters in the same column is significant (P<0.01).

4. DISCUSSION
The statistical analysis of the protein changes demonstrated a significant difference in the results of the protein
(%) analysis of the monthly frozen and stored trout samples
with marinating and smoking methods, excluding raw samples (Table 1). The crude protein content of rainbow trouts
ranged between 18.34 (raw sample) to 16.29% for marinated samples. This decrease could be attributed to proteolytic enzymes. Besides, salting treatment decreased the
protein rate of the marinated fish products as a result of
protein being dissolved in the brine as well as other nitrogenous substances including free amino acids [20].
No significant decrease was detected in raw and marinated rainbow trout protein bands stored at -20 °C until
9 months. Similarly, there was no significant change in actin and myosin bands. But, in the smoked trout samples,
the intensity of myosin and protein bands of over 116 kDa
molecular weight did not change. However, it was determined that the intensity of the same protein bands started
to decrease within 9 months. Similarly, Bauchart et al. [21]
reported the occurrence of low-molecular weight peptides
(<5 kDa) in post mortem rainbow trout muscles, during ice
storage, and evaluated their stability during cooking. They
showed that muscles of trouts were poor in peptides and
their concentration was almost unaffected by the 7 days of
ice storage as well as vacuum cooking for 5 min at 70 °C.
In smoked samples, protein band intensities were observed to not decrease from 1st to 8th month, but some protein bands completely disappeared within 9 months. In addition, there was an evident decrease in the intensity of actin and myosin bands in the later months. Hultmann et al.
[22] studied eﬀects of storage period on diﬀerent properties
related to proteins and enzymes in cold-smoked salmons.
They determined that the intensity of the myosin heavy
chain band was reduced with further storage of smoked
samples, as a result of SDS-PAGE analysis. Our results

were in accordance with the results of Hultmann et al. [22].
In another study, Verrez-Bagnis et al. [23] observed the
post mortem evolution of protein patterns in sea bass muscles by SDS-PAGE and two-dimensional electrophoresis
(2-DE) after 0, 2, 4, and 6 days of cold storage. They indicated very few changes in protein patterns and revealed the
gradual disappearance of a protein band (16 kDa), immediately after fish death. Mackie et al. [24] identified species
of smoked and gravad fish products by SDS-PAGE, urea
isoelectric focusing, and native isoelectric focusing. They
found that, with the exception of S. alpinus, the profiles of
the smoked and gravad samples changed to varying extents
from those of the corresponding raw reference profiles as a
result of the processing.
There was a significant difference in protein quantity
of samples by months (storing at -20 °C; P<0.01). The
crude protein content of rainbow trouts ranged between
18.34 (raw sample) to 26.10 % for smoked samples. This
increase could be attributed to the applied salting and heat
treatments. The protein content of the smoked fish products
increased with salting and heat treatment because of decreasing water amounts [25].
Keyvan et al. [26] investigated the effects of the duration of frozen storage on chemical analysis, lipid damage,
and extractability of myofibrillar proteins of Kutum (Rutilus frisi kutum). They showed that the major alternation in
fish tissue occurs largely in the myofibrillar proteins.
Unlusayin et al. [8] studied chemical changes in rainbow trout, pike perch and eel after hot smoking. They defined 18 protein bands in rainbow trouts, 12 bands in pike
perch, and 14 bands in eel, with the disappearance of the
most bands after smoking and storage on SDS-PAGE.
Michalczyk et al. [27] investigated the type and scope
of changes in rainbow trouts (Oncorhynchus mykiss)
gravad proteins during processing and vacuum storage at
+3 °C and -30 °C. They determined, in cold-stored gravads
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(8 weeks), intensity bands (274 and 160 kDa) and C-protein increased compared to the fresh gravads. They observed a lower relative intensity of bands representing actin
and myosin heavy chains. On the other hand, they stated
that the lowering of actin and MHC bands could be due to
their degradation caused by cathepsins.
The results of the polyacrylamide gel electrophoresis
(SDS-PAGE) and densitometric analysis demonstrated that
protein band intensities started to decrease in the 2nd month
in marinated and smoked samples excluding raw samples.
Some protein bands were relatively reduced in the later
weeks, and even some bands completely disappeared.
However, SDS-PAGE analyses revealed that intensity of
the myosin heavy chain, actin, tropomyosin, troponin-T,
myosin light chain 1, and myosin light chain 2 bounds was
not reduced until the 9th month.
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ABSTRACT
This paper deals with conditions for pre-concentration
and determination of platinum in airborne dust. Octadecylmodified silica gel was tested for solid phase extraction to
pre-concentrate platinum. The ion associates made from
platinum chloro complexes with the cationic surfactant
Septonex (carbethoxy pentadecyl trimethylammonium
bromide) were sorbed on modified silica gel (in the presence of 0.1 mol.L-1 HCl). The retained amount of platinum
was eluted with acetonitrile. Recovery values of platinum
from the model solution exceeded 90%. Platinum in the
eluate was determined by atomic absorption spectrometry
with electro thermal atomization (ET-AAS). Samples of
airborne dust particulates from filters were decomposed in
aqua regia by microwave extraction. This work published
yearly monitoring values of platinum content in airborne
particulate matter in Brno agglomeration, which was determined for each month. Platinum concentration ranged between 2.3–51.5 pg.m-3 in air, which corresponds to 61.92997.7 ng.g-1 in airborne dust.

KEYWORDS: Platinum, atomic absorption spectrometry, solid
phase extraction, airborne dust

1. INTRODUCTION
The use of platinum in automotive catalysts is one of
the main reasons why the environment is polluted by platinum group elements, especially by platinum, palladium and
rhodium. The concentration of platinum group elements
strongly increased both road dust and airborne particulates
1, but also that in soils 2 and plants 3 near the frequented roads in the last 20 years because of the introduction of catalytic converters in the Czech Republic, in 1993.
Result of environmental pollution by platinum is its bio* Corresponding author

accumulation in living organisms 4. Platinum is generally
known for its allergenic effects, for example asthma, indisposition, dermatitis and other health problems of people
4. From the toxicological aspect, there are biologically
the most available soluble species of PGE (platinum group
elements), which can influence organisms and plants directly. Other risks of health are from inhaled PGE, which
are parts of particles in polluted air dust. Particulates with
average 2.5 m are for human health the higher risk than
particulates of 10 m size. It is 30-57 % from total measured
platinum in catch on this fraction 5. The ultrafine particulates increase effects of this metals, and it affords a big reaction area per unit weight lung 6]. The amount of platinum
in urine depends on frequency of traffic in the city 7. Acute
toxicity of platinum depends on kind of compound, when
soluble compounds are the most toxic ones. For example,
PtO2 is relatively high-toxic (LD50rat 8000 mg.kg-1), and
Na4 [PtCl6] is mild toxic (LD50rat 25-50 mg.kg-1) 8. The
amount of platinum in the environment is so low, if more as
the acute toxicity can show chronic toxicity effects. Reaction of platinum with other compounds in the environment
(for example humic acids) can cause higher health risk due
to increased soluble, bioavailable and more toxic forms.
The highest risk represents fine air dust.
Platinum is emitted from catalysts, mainly in form of
oxides. Approx. about 10% from all emissions of platinum
from catalyst convectors are soluble in water 9. The amount
of soluble Pt in airborne dust is 30–43%, while it is only 2.5–
6.9% in tunnel dust. Solubility of platinum in water extensively affected acute toxicity. Soluble compounds of platinum are PtO, PtO2 and PtCl2. In rain water is platinum the
most soluble, but at pH 1 and pH 3-9, the solubility of platinum is lower. In a mixture of pluvial water with soil, solubility of platinum is lower than in pluvial water alone. The
next factor, which can affect solubility of platinum, is size
of emitted particulates. With decreasing size of particulates, the solubility is higher. For instance, the particulates
with averaged 3.4 nm are soluble (22%), while solubility
of those with an average of 25 nm is only 2%, because activated energy for oxidation small particulate is lower 10.
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Emission of platinum is affected by fast alternation oxide-reducing conditions, high operation temperature and,
subsequently, mechanical abrasion 11. Noble metals are
applied on reaction areas constituted of mild steel and a layer
of -Al2O3. The catalytic layer is mainly composed of 90%
-Al2O3, and different additives, such as oxides of metals Ce,
Zr, La, Ni, Fe, Ti, etc. Catalytic layer of platinum is applied
in form of H2[PtCl6 12. When the operating temperature of
convector is high, the porous layer of -Al2O3 is destroyed
and originated the -form, which is nonporous and simultaneously originated oxides of platinum 12.
This research is based on determination of platinum in
airborne particulate matter in time intervals of 1 year (from
1.11. 2012 to 30.10. 2013) near frequent roads in Brno agglomeration, in view of negative effects of platinum for living organisms in the environment and human health in urban areas.
2. MATERIALS AND METHODS
2.1 Instruments and equipment

Platinum in model solutions and samples was measured by atomic absorption spectrometry with an electrothermal atomization ET-AAS ZEEnit 60 unit (Analytik
Jena AG) with Zeeman correction background and with autosampler. The atomic absorption spectrometer was equipped
with graphite furnace and a platinum hollow cathode lamp by
Photron, Australia. The current used for the platinum lamp
was 8 mA. Optimized conditions of the temperature program for measuring the absorption signal were: first step of
drying at 90 °C for 20 sec, second step drying at 105 °C for
20 sec, and third step of drying at 110 °C for 10 sec, pyrolysis at 1600 °C for 10 sec, atomization at 2300 °C for 8 sec
and cleaning at 2400 °C for 4 sec. Other conditions of measurement were slit width 0.2 nm, wavelength 265.9 nm, and
injection volume 20 l.
Platinum was pre-concentrated by SPE (solid phase
extraction) procedure. The sorption equipment was composed as follows: the pump PCD 82.4 K with 4 cartridges
ISMATEC ISO 649, the silicon tubes, the columns Bond
Elut-C18 (500 mg, 3 ml) from Agilent, and the vacuum
system BAKER J. T. spe-12G vacuum processor.
Sorption process consisted of 4 steps - the conditioning
of the sorbent, sorption sample, washing of the sorbent, and
elution of the analyte. The silica gel C18 conditioned by solution consisted of 0.005 mol.L-1 Septonex® in 0.1 mol.L-1
HCl, and was used for sorption using successfully acetonitrile as eluent.
The samples were decomposed by a microwave extractor Mileston Digestion/Drying mls 1200 with carousel,
with 6 extraction thimbles from Teflon™. The program for
decomposition of samples consisted of 5 steps: 200 W for
2 min, 400 W for 2 min, 0 W for 5 min, and 600 W for 10 min,
and cooling for 20 min.

2.2 Chemicals

All used chemicals were of analytical-grade purity.
Certified reference material, and an aqueous calibration solution of platinum with concentration 1±0.002 g.L-1 in 5%
HCl (Czech metereological institute, ASTASOL®, Analytica s.r.o., Prague, Czech Republic) were used for the optimization method to determine platinum. In this research,
3 cationic surfactants were tested (Septonex® - carbaetoxypentadecyltrimethylammonium bromide C21H44O2NBr
(GBN a.s., Prague, Czech Republic), Zephyramin® - benzyldimethyltetradecylammonium chloride C23H42NCl (Sigma
Aldrich, Steinheim, Germany), and Ajatin® - benzyldimethyldodecylammonium bromide C21H38NBr (Sigma Aldrich, Steinheim, Germany). All used solutions were kept in
acidic medium to prevent sorption platinum on the volumetric glassware wall. A solution of 0.1 mol.L-1 HCl was prepared from concentrated HCl (Analytica s.r.o., Prague,
Czech Republic). The samples were decomposed in aqua
regia, made from HCl and nitric acid (Penta, Chrudim,
Czech Republic) in a ratio of 3:1. Absolute ethanol and acetonitrile (Penta, Chrudim, Czech Republic) were tested as
elutents. The other used chemicals were from Lachema
(Brno, Czech Republic), Merck (Darmstadt, Germany), and
Sigma Aldrich (Steinheim, Germany).
2.3 Characteristics of samples

The glass microfiber filters GF/C Whatman were used
for sampling air dust and, furthermore, for analysis. The filters were situated in the air sampler DHA-80 by firm Digitel
Elektronik belonging to the Czech Hydrometeorological Institute. The air sampler was located on the street Údolní in
Brno (49°11'53.132"N, 16°35'37.142"E). This main road
has 3 lanes, and cars ride stop-start here in the rush hour. It
has been proven that higher amounts of Pt particulates from
convector to air in this style of driving were released. Samples were procured continually every 24 h from 1.11.2012 to
31.10.2013. The filters were weighed to determine the exact
adherent dust and stored to to insulate the polymer cover.
3. RESULTS AND DISCUSSION
3.1 Optimization of measurement on ET-AAS

For preparation of this method, first of all, the temperature of pyrolysis was optimized (from 900 to 1800 °C,
with steps of 100 °C (see Fig. 1). Absorption signal was
greatest at 1600 °C. Equally, the temperatures for optimized atomization extent were 2000, 2100, 2200, 2300 and
2350 °C, and 2300 °C was used for the next measuring.
There was used a slit width of 0.2 nm for optimized
conditions. Expansion of this slot was accompanied by
more background noise and reduced peak area. The current
supplied to the lamp was 8 mA. The signal decreased when
this current was changed.
The calculated values from calibration curve for
LOD (limit of detection) was 1.137 g.L-1 and for LOQ
(limit of quantification), it was 3.791 g.L-1.
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Further, the effect of acidity on signal of platinum was
evaluated. HCl was used for this experiment, and its concentration was tested for values of 0.001, 0.01, 0.05, 0.1,
0.2, 0.5 and 0.9 mol.L-1. The concentration of 0.1 mol.L-1
and higher concentrations do not affect negatively the signal of platinum. The 0.1 mol.L-1 HCl level was used during
the measurement and for preparing all solutions.
The effect of the concentration of surfactant Septonex®
was also tested (Fig. 3). Surfactants are generally surfaceactive matters. The monomeric dissociated form is present

in solution if the concentration of the surfactant in solution
is small. This form can create ion associates with opposite
charged ions. Thirteen solutions of Septonex® were tested
in a concentration range from 1.10-5 to 1.10-2 mol.L-1. The
lowest point on Fig. 3 shows the critical micellar concentration of Septonex®. The surfactant creates micelles at this
concentration. This micellar phase stabilizes the formation
of ion associates. The concentration of 5.10-3 mol.L-1 had
the weakest effect on the absorption signal of platinum.
Therefore, this concentration was used in all our experiments.
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FIGURE 1 - Optimization of temperature of pyrolysis.
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FIGURE 2 - Effect of acidity on Pt absorption signal.
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FIGURE 3 - Effect of concentration of Septonex® on Pt absorption signal.

For detecting interferences, the effects of some ions
were tested (Mn2+, Al3+, Fe3+, NH4+, K+, Na+, Ca2+, Mg2+,
SO42-, PO43-, HCO3- and NO3-). For every ion, 3 solutions
were prepared separately, and abundance was compared to
platinum in the ratios 100:1, 1000:1 and 2500:1. None of
the tested ions disturbed platinum absorption signal.
3.2 Optimization of SPE preconcentration

The principle of sorption was the separation of platinum on the basis of formation of the ionic associates, when
the cationic surfactant Septonex® reacted with the chloro
complex of platinum. The chloro complex of platinum is
bound to the ammonium ions in the structure of Septonex®,
and interacted together with a solid sorbent 13].
For sorption, 2 kinds of column were tested: Strata
C18-E and Agilent Bond Elut C18. Common carbon chain
contains –OH groups, which are in the Strata columns replaced by shorter hydrocarbon chains (e.g. methyl, trimethyl). This was the reason why the sorption of platinum on
this column was not quantitatively. Maximum efficiency of
pre-concentration of platinum was only 43% on Strata column, and on Agilent column, it was 93%. Silica gel modified of octadecyl with -OH groups was preferable for preconcentration of platinum.
The ability of surfactants to form ionic associates and,
therefore, their ability to increase efficiency of pre-concentration of platinum is different, due to their different structures. Under this aspect, the best properties have surfactants with long alkyl and ramified chains. Pre-concentration is more efficient with increasing length and ramification chain. We tested 3 surfactants - Septonex®, Ajatin®
and Zephyramin® (concentration 0.005 mol.L-1 for all surfactants). Ajatin® and Zephyramin® have very similar
structures and so, their results were almost the same. The

averaged efficiency pre-concentration of platinum with
Ajatin® was 68% and with Zephyramin® 71%. Septonex®
has a more ramified structure, and so, the efficiency of preconcentration for platinum was 96 %, on average. The Septonex® was used as sorbent-conditioning agent, but if it was
added to the solution containing platinum, efficiency of
pre-concentration was higher. Therefore, it was used for all
tested surfactants.
As in ETA-AAS, the effect of acidity on pre-concentration of platinum was tested. HCl was used for tests (concentrations of 0.001, 0.01, 0.05, 0.1, 0.5 and 1 mol.L-1). The
efficiency of pre-concentration was not lower than 70 %,
and for the concentration of 0.1 mol.L-1, efficiency was
96%, on average.
Further experiments are necessary to test eluting agents
(ethanol, acetonitrile and mixtures of ethanol-acetonitrile,
ethanol-HCl, acetonitrile-HCl and ethanol-acetonitrile-HCl
were tested). Acetonitrile as eluent achieved the best results.
The efficiency of desorption was about 96 %.
3.3 Analysis of real samples of airborne dust

Altogether, we analysed 365 air filters. These filters were
sequentially placed in the aerosol sampler DHA-80 in which
dust from air was collected. Filters were leached by aqua
regia in the microwave extractor. Platinum was determined in
a mixed sample, which consisted of 30 air filters. Platinum
was determined for each separate month, and optimal SPE and
ET-AAS conditions were identified. All specified concentration values of platinum in real samples were above the limit
of detection (1.137 g.L-1). Only the value of November was
under the limit of quantification (3.791 g.L-1).
The observed concentrations of the platinum in the airborne particulate matter from Brno’s agglomeration (Fig. 4)
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m [g.month-1]

were in the interval of 61.9 – 2997.7 ng.g-1 in dust, and in
the interval of 2.3-51.5 pg.m-3 in air (Fig. 5). Concentration of the platinum in the airborne particulate matter depended on the season. It is interesting that the amount of
platinum is increasing with decreasing amount of air dust,
and conversely (Fig. 4). The higher amount of platinum in
summer months can be affected by worse dispersion conditions and higher atmospheric moisture. With real sam-

ples, blanks were measured, but no platinum was found on
these filters.
Limbeck et al. 14 also dealt with determination of PGE
in airborne particulate matter in in Klagenfurt and Salzburg
(Austria). They used absolutely the same appliance for sampling and they had similar results as in this Brno thesis. The
method used for analysis was ETA-AAS too.
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Vlašánková et al. 15 dealt with pre-concentration of
PGE on modified silica gel, and they determined, by inductively coupled plasma mass spectrometry in airborne particulates, values of platinum in samples in the interval 13–
42 pg.m-3. These results are similar to our amounts of platinum too.
4. CONCLUSION
Optimized conditions for SPE and ETA-AAS were applied for the analysis of platinum in airborne dust. Platinum
was separated and pre-concentrated on octadecyl-modified
silica gel sorbent in the form of ion associates with cationic
surfactant. The glass micro fibre filters were analysed from
samplings of airborne dust in Czech Hydrometeorological Institute. All samples of air dust were sampled in the city of Brno
from 1.11.2012 to 30.10.2013 on the intersections Údolní and
Úvoz (49°11'53.132"N, 16°35'37.142"E). The determined
amounts of platinum were in the interval of 61.9-2997.7 ng.g1
in dust, and in the interval of 2.3-51.5 pg.m-3 in air.
These values obtained for platinum content in fly-ash
dust confirm its increasing amount in the environment, particularly in air and dust of large urban areas with high traffic density. The increasing amount of platinum from automotive catalysts can cause serious health problems for sensitive persons, because of their allergenic properties. It is,
therefore, highly necessary to have an overview of the platinum concentrations in various environmental compartments, due to knowledge and the possible negative effects,
and also to determine their cycles in the environment.
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EXPLORING THE OCCURRENCE
TRENDS OF HIGH-FLUORINE WATER BASED ON
POLYMORPHISM ANALYSES AND SYNERGY THEORY
Li-bo Ning*, Heng-li Xu and Wei Zhao
School of Environmental Studies, China University of Geosciences, Wuhan 430074, China

ABSTRACT
Although an essential micronutrient for human beings,
excessive fluorine can result in dental and skeletal fluorosis. A research has been conducted to investigate factors
that affect fluorine concentration in water and the genesis
of high-fluorine waters. Knowledge on the occurrence
trends of high-fluorine groundwater will be of practical significance. In this study, configuration analyses and phrase
diagram analyses were introduced to explore the occurrence trends of high-fluorine groundwater in Nanyang City
and Zhoukou City of Henan Province in China, taking into
account that fluorine exists in multiple species in the natural environment, and its concentration is simultaneously influenced by various factors. The results showed that Na,·
Mg,·and Ca and are the metals most associated with high
occurrence probability of high-fluorine water. The phrase
diagram clearly displayed the distribution of high-fluorine
water, with regard to the combination of γ(Ca2+), γ(Na+),
salinity, pH, and also the corresponding dominant hydrochemical reactions governing fluorine speciation and concentration in water.
KEYWORDS: high-fluorine water, occurrence trends, polymorphism analysis, synergy theory

1. INTRODUCTION
Fluorine is a member of the halogen elemental group
and also the most electronegative and reactive one of all
chemical elements in the periodic table. Because of its high
reactivity, elemental fluorine cannot be found in nature. It
occurs either as inorganic fluoride (including F) or as organic fluoride (e.g. freons) with the former being much
abundant than the latter.
Although an essential micronutrient for human beings
in the apatite matrix of skeletal tissues and teeth [1], both
deficient and excessive amounts of fluoride may be harmful to human health. The optimum fluorine concentration
in drinking water for human health falls in a narrow range
* Corresponding author

of 0.7-1.2 mg/L which can prevent dental caries and benefit
bone growth. When higher than 1.5 mg/l, the World Health
Organization (WHO) drinking water guideline value [2] of
fluorine can cause dental (> 1.5 mg/L), skeletal fluorosis
(> 4 ml/L) and crippling fluorosis (> 10 mg/L) [3, 4]. About
200 million people, from 25 nations around the world, especially in water-stressed regions, are facing the threat of
fluorosis, India and China are the two countries that are
most affected by fluorosis [5, 6]. The extent of fluoride
contamination of water varies from 1 to 48 mg/L in India,
and 65% of India’s villages are exposed to fluoride risk [7].
High fluorine groundwater can be found extensively over
2,200,000 km2 in the arid and semi-arid areas in Northern
China [8], and in 2010, there were 41.76 million fluorosis
cases in 1325 counties [9].
Natural sources of inorganic fluorides include fluorine-bearing minerals (e.g., fluorapatite, fluorite, cryolite),
volcanic and fumarolic activities (releasing HF) and marine aerosols [10]. Anthropogenic sources of fluorides include manufacturers of bricks, iron-based fertilizers and
glass, coal-fired power stations; and aluminium smelters
[11, 12]. High fluorine groundwater is a result of the interactions between several factors, such as geological and hydro-geological factors (e.g., the availability of fluoridebearing minerals), geochemical conditions (e.g., the chemical composition of water), climate conditions (e.g., temperature) and human activities (e.g., application of superphosphate fertilizers) [13, 14]. Fluoride enrichment in
groundwater is mostly observed in areas with semi-arid climate, crystalline igneous rocks and alkaline soils [15].
Many studies have been carried out to investigate the
genesis of high fluorine groundwater or factors influencing
the occurrence of fluoride-rich groundwater [16, 17]. Commonly, correlations between F- and various geographical
and environmental factors were analyzed to elucidate the
genesis of high fluoride groundwater. However, in natural
environments, various factors work simultaneously, and
impacts of any one factor cannot be singled out. Also,
leaching experiments conducted in the lab may not present
us the same situation as in nature. In addition, geochemical
reactions performed in the lab can only stand for a homogeneous state. Yet, in the real world, occurrence of fluoride
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is very sporadic, and marked differences in concentrations
occur even at very short distances [17]. Therefore, the results and, consequently, the conclusions of previous studies
remain questionable.
In this study, instead of simple correlation analysis, configuration analysis and phase diagram analysis will be introduced to elucidate the occurrence trends of high-fluorine water in Nanyang City and Zhoukou City of Henan Province in
China, based on polymorphism analyses and synergy theory,
as fluorides in nature exist in multiple species with heterogeneous concentrations and are simultaneously affected by various factors. Also, the hydro-chemical environment and reaction processes are of polymorphic properties.
2. MATERIALS AND METHODS
2.1 Study area

Nanyang and Zhoukou, the two cities where the
groundwater samples were taken for this study, are located
in Henan Province of China (Fig. 1). Nanyang City
(32°19'-33°18'N and 111°33'-113°28'E, Fig. 1a) has an
area of 2.66104 km2 and a continental monsoon humid climate with an annual temperature of 14.4-15.7 °C, an annual precipitation of 678.1.6-967.8 mm, an annual evaporation of 844.5 mm, an annual sunshine of 1897.9-2120.9 h

and a frost-free period of 220-245 days, on average. It is surrounded by mountains, a thick paleoproterozoic-cenozoic erathem stratum lies deeply under the ground, and a quaternary
system widely distributes over an area of 9902.2 km2. The lithology (geologic units) is of argillaceous silty-fine sand,
grayish green clay and silty clay.
Zhoukou City (33°31′-34°47′N and 114°00′-114°52′E,
Fig. 1b) has an area of 1.19104 km2 and is 50-100 m a.s.l.
The climate there is a typical continental one with annual
temperature of 14.5-15.8 °C, annual precipitation of 686.3
mm, annual evaporation of 1904.8 mm, and a frost-free period of 219 days (on average). Affected by neotectonic
movement and rivers, a thick diluvium is distributed
widely. As the lithosphere in the area has been slowly dropping since the cenozoic period, and a very thick layer of
quaternary sediment accumulates and becomes a layer with
the most dynamic groundwater and also a major place for
the dispersion, migration and accumulation of chlorine.
The lithology is loose silt and silty-fine sand, with some
moderately fine sand.
2.2 Water sampling and analyses

In July 2010, a total of 613 water samples were collected from shallow and deep wells in Nanyang City and
Zhoukou City, Henan. Before collection, the stagnant residual water in the wells was first pumped out for 5 min.

(a)
FIGURE 1a - Study area and sampling sites in Nanyang City and b) Zhoukou City.

2077

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

FIGURE 1b - Study area and sampling sites in Zhoukou City.

The sample bottles were soaked in diluted HCl (10%) solution for 24 h and washed with deionized water in the lab,
and again with the sample water in the field before usage.
The values of pH and electrical conductivity (EC) were
measured on site using a portable pH/EC-meter. The sam-

ples were filtered through 0.45-µm membrane filters. Subsamples for cation analyses were acidified to pH<2 with
6 M HNO3, and metals (i.e., Ca2+, Na+, K+, Mg2+) were determined by ICP-OES analysis. Major anions (i.e., SO42-,
Cl-, NO3-, F-) were also determined using ion chromato-
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graphy (DX-120), and bicarbonate (HCO3-) was estimated
by titration with HCl.
2.3 Configuration analyses

Configuration refers to the combination of various ions
in groundwater. Different from the traditional Shoka Lev
classification and Brodsky classification which may ignore
some important trace elements or do not differentiate between primary and secondary relationship, configuration in
this study was improved, based on Brodsky classification.
All the ions at concentrations higher than 0 mmol/L were
sequenced, and cations were put before anions because of
their reactivities towards fluorine anions. Totally, 64 hydro-chemical configurations were obtained. The relationship between these 64 configurations and the occurrence
rate of high-fluorine water (i.e., for each configuration, ratio of the numbers of high-fluoride water samples to the
numbers of total water samples) were analyzed to find out
which configuration is highly related to occurrence of highfluorine water.
2.4 Phase diagram analyses

After finding out the configuration mostly related to
the occurrence of high-fluorine water, phase diagram analyses were employed to further investigate the relationship
between hydro-chemical facies and occurrence of high-fluorine water by taking into account the environmental factors of salinity and pH. An appropriate coordinate system
was set up. The y-axis was γ(Ca2+), the x-axis γ(Na+), and
the coordinate system was divided into 8 phases according
to salinity and pH. Then, the water samples were dotted
onto the coordinate system according to their respective
γ(Ca2+), γ(Na+), salinity, and pH values. Finally, the phase
mostly related to the occurrence of high-fluorine water was
obtained.
3. RESULTS AND DISCUSSION
As shown in Table 1, the 613 water samples were very
different in their properties, and pH values varied from 6.1
to 8.9. Nitrate ions (NO3-) varied most widely from 0.05 to
1432.5 mg/L, more than 28,000 times different between the
lowest and the highest value. Chlorine ion (Cl+) was the
second one, with a wide range of 1.77-930.56 mg/L in concentration.
The highest fluorine concentration was measured to be
3.8 mg/L which is not too high compared with some other

values reported by other authors. For example, 8.3 mg/L
was found in Datong Basin, Northern China by Su et al.
[18]. An average of 9.43 mg/L was found in the wells
deeper than 500 m in the southeastern part of the Korean
Peninsula [16]. Of the 613 water samples, 146 (or 23.8%)
were high-fluorine water samples (Fig. 2). And of the
64 samples, 37 (or 57.8%) were connected to high-fluorine
water, indicating that the hydro-chemical environments,
where high fluorine water occurs, are of polymorphism. In
addition, different configurations were related to very different occurrence rates of high fluorine water from 0 to
100%, often related to a few samples between 1-4. Occurrence rate of 100% for high fluorine water was related to
those configurations with Na+ > Ca2+, while occurrence rate
of 0% for high fluorine water was related to those configurations with Na+ < Ca2+. Even omitting the configurations
with sample numbers not more than 4, data still clearly
showed that the configurations with Na+ > Ca2+ were related
to higher occurrence rates (average 51%) of high fluorine
water while the configurations with Na+ < Ca2+ were related
to lower occurrence rates (average 12%). This finding agrees
with those by another author that high fluorine groundwater commonly has low Ca2+ [19]. For high-fluorine water,
the two representative hydro-chemical configurations are
Na·Mg·Ca-H·S·C and Na·Mg·Ca-H·C·S, with high occurrence rates of 86% and 76%, respectively. For the same hydro-chemical configuration, fluoride ion concentration differed. That is to say, a certain configuration is not a guarantee for the occurrence or non-occurrence of high-fluorine
water. The reason for this may be due to the ignoration of
the trace elements (e.g., Al3+, Fe3+, Mn2+) which can affect
fluorine species and related geochemical reactions.
Similar to that for the whole Henan Province, the pH
value of the 613 groundwater samples was 6.7-8.4. We can
see from Fig. 3 that within this pH range, almost all samples with high fluorine appeared inside the envelope (phase
III-VIII). Outside the envelope, the occurrence probability
of high fluorine water was zero (except for several abnormal
points). For the phases inside the envelope, different phases
had different occurrence probabilities of high fluorine water
(Table 2). Phases I and II, located outside the envelope
curve, are not related to high-fluorine water. The water
chemistry presented in phase II is a high-calcium low-sodium type. The abundant Ca2+ in water combined with Fforms the CaF2 precipitation, reducing the F- content in the
solution. Ionic fluorine is the main fluorine species in solution. In phase I, the water chemistry type can be high-calcium low-sodium, high-sodium low-calcium, or calcium and

TABLE 1 - Characteristics of the water samples
Parameter
F- (mg/L)
pH
SO42- (mg/L)
HCO3- (mg/L)
Cl- (mg/L)

Range (mean)
0.5-3.8 (2.15)
6.1-8.9 (7.5)
2.4-360.71 (55.49)
94.58-593.72 (317.86)
1.77-930.56 (56.14)

Parameter
NO3- (mg/L)
Ca2+ (mg/L)
Na+ (mg/L)
Mg2+ (mg/L)
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Range (mean)
0.05-1432.5 (69.15)
30.24-618.7 (102.41)
1.07-316.09 (43.47)
5.59-217.1 (24.28)
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FIGURE 2 - Relationship between configuration and occurrence probability of high-fluorine water for Nanyang City and Zhoukou City.

FIGURE 3 - The hydrochemical phase diagram for Nanyang City and Zhoukou City.

TABLE 2 - The occurrence probability of high fluorine water in each phase of the phase diagram.
Phase
Ⅰ
II
III
IV

Occurrence probability
0
0
16.42%
55.74%

Phase
V
VI
VII
VIII

2080

Occurrence probability
81.25%
38.09%
76%
100%
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sodium at equal concentrations with no dominant chemical
reaction. Both ionic and complexed fluorine are main species. For the six phases of III-VIII, VII and VIII are the areas
with high occurrence probability. The hydro-chemical type
is high-sodium low-calcium, and fluorine in water is
mainly of ionic species, with much less as complexed species. The dominant chemical reaction which leads to high
fluorine is NaF  Na   F  . In addition, from phase VII
to VIII, as the salinity increased (from <2 g/L to >2 g/L),
the occurrence probability of high fluorine water was also
gradually increased.
In phases III, IV and V, the occurrence of high-fluorine
water is in great uncertainty. The dominant chemical reactions that affect the existing form of fluorine are not obvious. Ionic fluorine and complexed fluorine are comparable
in concentration, but it can still be seen that with increasing
salinity, the occurrence probability of high fluorine increases.
Groundwater data of Xinyang City and Jiaozuo City,
another two cities of Henan Province, were also tested using this phase diagram method, and the results confirmed
the applicability of this method (data not shown).
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Configuration analyses showed that high-fluorine water is related to high-sodium low-calcium hydrochemical
type. The two configurations with high occurrence probability of high-fluorine water are Na·Mg·Ca-H·S·C and
Na·Mg·Ca-H·C·S. The phase diagram analyses demonstrated that the dominant chemical reactions are different in
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ABSTRACT
The aim of this paper is to show the real impact of vegetation types on runoff, expressed by a mathematical
model. Better understanding of this relationship may significantly contribute to the prevention of extreme natural
processes that are more and more frequent in the world in
recent years. Particular attention to this problem has been
paid after the historic flooding that occurred in Serbia in
May 2014, taking away many lives, property and starting
up numerous erosive processes. In this work multiple linear
regression was used to make an estimation of the mean annual, maximum and minimum river runoff in Serbia for the
period of 1998-2009. The sample analyzed consisted of 40
small river basins with natural runoff and the independent
variables used were mean annual precipitation, mean annual air temperature, basin altitude, the humidity index, basin area, average basin slope, and vegetation factors separated in 8 categories. It was shown that vegetation has an
important role in runoff regulation and that it is justified to
classify it particularly into three categories: forests, meadows and agriculture. A total of 33 models were formed with
R2 > 0.8 and runoff changes from 0.1% to 1% within 1%
changes to vegetation, depending on type.
KEYWORDS: natural conditions, vegetation types, runoff, multiple
regression, Serbia

1. INTRODUCTION
The role played by vegetation cover in the formation
of water balance in a given area has never been a matter of
debate in theory. It is evident that a significant amount of
water from precipitation returns to the atmosphere through
interception and transpiration without contributing to water
runoff. However, dilemmas arise when we need to practically demonstrate the conditions under which and to what
degree vegetation changes the balance in relation to similar
terrains without vegetation. Interception is an extremely
* Corresponding author

complicated hydrological problem and many factors are involved in its end result [1, 2]. Stand type, age and structure
are certainly the most important factors, but interaction
with other factors is also not insignificant [3, 4]. We must
also take into consideration the interception capacity of the
vegetation cover, meteorological factors, the type of precipitation that is prevalent, the duration of rain and the frequency and amount of precipitation [5]. All researchers insist that the water loss of different types of vegetation is not
the same and the morphology of the vegetation cover is an
important factor [6]. The complexity of the problem is also
shown by the fact that even the same forest stands can produce entirely different values if they are separated by distance. The slope of the land including lithologic, and pedologic composition [7] are also important because they influence the formation of forest floor interception which can
be similar in amount to water loss from canopies [8]. Keeping in mind also that plants spend 200 to 1000 kg of water
for 1 kg of dry matter that they produce [9], it is obvious
that vegetation growth can significantly affect the balance
of precipitation of which the effects are very important for
mankind. By treating this as an important element of controlling natural processes, the last two decades have seen
major efforts by hydrologists to analyze the use of land and
to assess changes in the utilization of land in order to improve the hydrological regime.
Land-use change is a major issue for this century.
Some suggest that the consequences may outweigh those
from climate change [10]. By inappropriate land use and
people negligence in protection of the river basins, 86% of
the territory in Serbia is under the erosive processes of different categories, and even a third of the territory is under
the strong and excessive ones [11, 12].We suggest that understanding the consequences of land-use change for hydrologic processes and integrating this understanding into
the emerging focus on land-change science [13] are major
needs for the future. These consequences include: 1)
changes in water demands from changing land-use practices, such as irrigation and urbanization, 2) changes in water supply from altered hydrological processes of infiltration, groundwater recharge and runoff and 3) changes in
water quality from agricultural runoff and suburban devel-
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opment. Understanding these consequences requires transcending traditional boundaries between disciplines such as hydrology, ecology, geography and even social sciences [14].
2. MATERIALS AND METHODS
After analyzing a number of investigations conducted
in experimental watersheds and evaluating runoff conclusions related to vegetation, the question arises whether the
diversity in surface areas can contribute to making an assessment of water in a watershed without any other hydrological gauges [15, 16]. Runoff in particular area is influenced by many factors. In order to examine relationship
between groups of independent variables to a single dependent variable, in this particular case runoff, we decided
to apply Multiple Regression Analysis. This method is

commonly used statistical technique for relating set of two
or more variables [17]. It is also very popular in hydrological studies, particularly regional ones. Once you have
identified how these multiple variables relate to your dependent variable, you can take information about all of the
independent variables and use it to make much more powerful and accurate predictions about why things are the way
they are [18].
Regression models were commonly used since the end
of the previous century because of their simplicity and the
fact that they offer several possibilities for experimenting
with factors and many levels of implementation. The most
frequently used regression factors in the modeling were
precipitation (annual, seasonal or monthly), altitude, catchment area, and the slope. Other factors are the soil type [19,
20], snowfall and the share of snowfall in precipitation [21],

FIGURE 1 - Location map
List of River Basins: 1. Belica, 2. Bistrica, 3. Bjelica, 4. Brankovačka, 5. Crnajka, 6. Dičina, 7. Dojkinačka, 8. Gradac, 9. Jablanica S., 10. Jablanica
S.B., 11. Jadar, 12. Jasenica, 13. Jerma, 14. Jošanička, 15. Jovanovačka, 16. Kamenica, 17. Kosanica, 18. Kozaračka, 19. Kutinska, 20. Ljubatska, 21.
Lopatnica, 22. Lučka, 23. Lugomir, 24. Lužnica, 25. Mileševka, 26. Nošnica, 27. Obnica, 28. Peštan, 29. Rasina, 30. Ravanica, 31. Ribnica P., 32.
Ribnica R., 33. Šaška, 34. Skrapež, 35. Studenica, 36. Tamnava, 37. Toponička, 38. Ub, 39. Vitovnica, 40. Zlotska
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urban surfaces [22], the shape of the basin [23, 24], pedologic composition [25], distance between the centre of the
basin and the sea [26, 27], etc. A certain amount of vegetation is also present in most investigations, shown through
its percentage in the basin of which and most frequently
these are forests. They are not categorized according to
age, type or morphology but the conclusion is the same
everywhere: the presence of vegetation in models significantly contributes to explaining runoff. Keeping this point
in mind, the aim was to enrich the group of independent
factors of the multiple regression models with data on vegetation or the type of land in order to raise the level of eventual solutions (Fig. 1). This study is sort of novelty in terms
of using eight independent variables formed on the base of

land use types, with the purpose to improve prediction
models. In case of thair significant influence, it is possible,
using vegetation types, to predict rate of runoff in the ungauged basins.
A total of 40 small basins in Serbia were selected for
analysis (surface areas ranging from 78 square kilometers
to 427 square kilometers). The selection was made according to available hydro-meteorological data. These are
mainly sparsely populated mountainous river basins with
natural runoff. It was desirable to have larger samples but
the lack of compatible data (in most cases continuous
measurement of streamflow) determined the size (Table 1).

TABLE 1 – River basin, hydrological indicators and factors used in multiple regression analysis (1998 – 2009).
No Qi
Qy
Qx
qi
qy
qx
Cr
F
Hsr
Xo
Tg
XT
iF
A
B
C D
E
F
G H
3.7
121 0.17 193
296
696
11.2 32.8
6.6
61 3 34 0
0
2 34 0
1 0.06 0.7 23.3 0.3
79
1031
1150
8.2
63.2 14.5 34 4 10 8 22 23 39 30
2 0.30 1.1 15.9 3.7 14.2 202 0.39
9.1
198 0.31 239
576
933
9.8
47.1 10.7 51 2 47 0
0
1 47 0
3 0.22 2.2 47.4 0.9
7.5
79
0.31 160 1238
762
8
42.3 16.2
1 16 52 1
4 26 57 5
4 0.17 1.2 12.6 1.0
7.4
267 0.27
78
521
863
9.1
45.2 10.8 20 14 65 0
0
2 65 0
5 0.02 0.6 20.8 0.3
6.8
212 0.27 208
502
786
10.8 37.8
8.6
56 6 33 1
2
1 36 3
6 0.19 1.4 44.1 0.9
1090
6.3
66.9 16.6
8 13 49 4
1 25 54 5
7 0.61 4.1 50.0 4.4 29.3 360 0.85 139 1284
673
943
10.4 46.2 13.7 33 2 44 3
8 10 54 11
8 0.49 2.7 29.2 3.1 16.7 184 0.56 159
8.3
187 0.24 140
637
1094 10.5 53.4 13.0 53 2 38 1
3
3 42 4
9 0.06 1.2 26.2 0.4
7.8
153 0.25
95
768
980
9.3
50.8 13.8
5 13 71 0
3
8 74 3
10 0.07 0.7 14.5 0.7
9.2
207 0.27 313
382
1078
11
51.3
9.6
60 2 33 0
0
4 34 0
11 0.21 2.9 64.8 0.7
6.7
238 0.25
84
494
830
10.7 40.1 11.2 37 8 54 0
1
0 55 1
12 0.07 0.6 20.0 0.8
7.1
1.4
8.5
74
0.34
95
1103
794
7.5
45.4 11.2
8 11 69 1
4
7 74 5
13 0.13 0.8
998
7
58.7 15.1 22 7 42 15 2 12 59 17
14 0.76 3.4 33.5 2.9 12.9 126 0.41 265 1153
4.3
74
0.17 235
401
787
9.9
39.5
8.9
44 1 50 1
2
3 53 3
15 0.02 1.0 17.3 0.1
652
892
10.2 44.2
9.8
30 20 26 5
3 15 34 8
16 0.21 2.0 56.0 1.0 10.2 279 0.36 201
4.6
160 0.19 370
740
774
8.7
41.4 12.6 16 5 69 0
0 10 70 0
17 0.11 1.7 59.1 0.3
98
931
807
9.3
41.8 14.3 13 0 83 1
2
2 85 3
18 0.27 1.3 20.8 2.8 13.5 212 0.53
5.4
84
0.20 205
676
851
9.6
43.4 12.2 34 4 51 0
0 11 51 0
19 0.11 1.1 17.2 0.5
6.3
86
0.26 199 1314
778
7.6
44.2 17.9
7 10 49 4
5 25 58 9
20 0.32 1.3 17.1 1.6
784
1136
8.9
60.1 16.5 15 8 45 1
5 26 51 6
21 0.54 1.8 36.1 4.7 15.2 311 0.42 116
94
878
1042
8.4
56.6 16.5 22 7 64 1
3
4 68 4
22 0.18 1.6 18.4 1.9 16.8 196 0.51
3.5
116 0.15 427
396
738
10.6 35.8
9.0
45 6 48 0
0
2 48 0
23 0.13 1.5 49.4 0.3
7.4
170 0.28 318
707
839
9.5
43.0 11.8 42 6 43 0
1
9 43 1
24 0.56 2.4 54.2 1.8
8.1
167 0.27 155 1134
963
7.6
54.7 14.5 30 3 11 11 18 27 40 29
25 0.17 1.3 25.9 1.1
993
1066
7.9
59.6 16.4 30 3 54 1 10 3 65 11
26 0.47 2.3 30.2 2.8 13.8 184 0.41 164
9.9
311 0.31 185
401
1005 11.2 47.4
8.0
75 5 21 0
0
0 21 0
27 0.11 1.8 57.5 0.6
5.0
216 0.18 125
272
867
11.5 40.3
6.0
66 2 27 0
0
5 28 0
28 0.06 0.6 26.9 0.5
898
1016
8.1
56.1 14.3 16 15 49 2
3 14 54 5
29 0.34 2.4 32.3 1.6 11.1 151 0.34 213
4.0
142 0.16 163
336
781
10.3 38.5
7.2
60 0 30 1
3
6 34 4
30 0.05 0.7 23.2 0.3
545
1090 10.8 52.4 12.4 30 9 51 2
3
4 57 5
31 0.14 1.3 30.7 1.3 11.7 284 0.34 108
629
882
9.6
45.0 16.1
5 15 23 2 26 29 51 28
32 0.26 1.4 33.6 2.5 13.8 329 0.49 102
6.3
117 0.24 235
446
845
9.5
43.3 12.6 20 6 68 0
0
6 68 0
33 0.07 1.5 27.5 0.3
9.0
119 0.31 166
745
922
10
46.1 11.8 48 5 41 0
2
5 43 2
34 0.24 1.5 19.7 1.5
1041
6.6
62.7 15.4 14 8 11 22 37 8 70 59
35 0.77 2.7 19.4 4.0 14.2 102 0.43 191 1294
4.2
212 0.15 208
257
865
11.5 40.2
5.5
66 5 29 0
0
0 29 0
36 0.01 0.9 44.0 0.1
9.9
0.8
4.9
49
0.21 202
606
743
8.9
39.3 10.6 26 16 42 0
0 16 42 0
37 0.15 1.0
5.3
162 0.20 214
239
848
11.5 39.4
5.3
70 2 27 0
0
0 28 0
38 0.07 1.1 34.6 0.3
4.6
126 0.19 243
303
750
10.6 36.4
6.9
59 2 33 0
1
5 34 1
39 0.04 1.1 30.6 0.2
675
884
7.7
49.9 10.3 28 10 39 1
1 23 40 2
40 0.17 2.9 26.6 0.8 13.9 127 0.50 210
No - The numbers correspond to ordinal numbers below Fig.1, Q – mean discharge (m3s-1), q – mean specific runoff (ls-1km-2), indices: i - min, y - mean,
x - max, Cr – runoff coefficient, F – watershed surface (km2), Hsr – mean elevation of the watershed (m), Xy – average annual precipitation (mm), Ty –
mean annual air temperature (ºC), XT – humidity index, iF – average slope of the watershed (º), A – agricultural land (%), B – meadows (%), C –
deciduous forests (%), D – coniferous forests (%), E – mixed forests (%), F – woody bushy vegetation (%), G - forests (C+D+E) (%), H - (D+E) (%).
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The size of the sample and the relatively short period
of observation (12 years) made it necessary to have an approach that would not attempt to make the widest possible
runoff estimates. In fact, the intention was to examine the
hydro-meteorological factors that are used in these situations. It would be a good first step towards a comprehensive analysis if the representation of these factors in models
improves its characteristics. As a dependent variable, the
specific runoff will always be examined first. An additional
variable of water discharge will also be included in the investigation in the event that the coefficient of determination with specific runoff is worse than 0.8. The minimum
and maximum values of specific runoff and discharge are
obtained as mean values of minimum and maximum runoff
every consecutive year (absolute value). Their involvement
is a contribution to the assessment of extreme water because it is precisely these variables that cause the greatest
damage since the majority of basins investigated have torrential character [28]. The annual precipitation levels are
presented in comparison with precipitation during the 1998
- 2009 period using an isohyet map for the 1961 -1990 period and altitude gradients of precipitation corresponding
to the region [25, 29]. The mean annual air temperature is
also determined in the same way (linear connections Тy and
Hsr in 15 regions in Serbia, [25]). The humidity index is in
fact De Martonne’s Index of Aridity (it seems that its original name suits it more considering the nature of relations
between elements which it includes). It is calculated from
the connection Xy/(Ty+10). The average slope of the basin
is expressed in degrees and is calculated on the basis of
DEM with a 100 x 100 m resolution.
For each of the 40 drainage basins a table is created with
the calculated proportion of vegetation types (in %) used in
the CORINE Land Cover Classification. Different types of
land use for agricultural purposes are merged into one type
called “agricultural land” which is a sum of the individual
areas (in %). In the regression analysis is defined independent variable marked with A. Variable B is a combination of
meadows, pastures and scarce vegetation. Other variables
were established according to CORINE classification (Table
1). Independent variable C is the proportion of deciduous
forests in the river basin, D is the share of coniferous forests,
E represents the area under mixed forests, F is wooden-shrub
vegetation, while G and H are their combinations. The principle was that each of the variables must have a range in the
sample of at least 20 %, so that it could demonstrate its significance through statistical analysis.
Considering climate conditions in Serbia, cereals
(wheat, corn, barley) are mainly grown. Industrial plants
(sunflower, sugar beet) or clover is rarely grown. Areas under these crops are included in variable A. It also includes
vineyards and fruits, vegetable crops (potatoes), but they
are very poorly represented within studied river basins.
Variable B includes valley meadows in wet habitats,
mountain hilly meadows on gentle slopes developed after

deforestation, and mountain pastures with sparse shrub
vegetation in the oak- pine belt (1000-1450 m). In deciduous forests (C) prevails oak and beech, as well as hornbeam, and maple. In coniferous ones (variable D), the most
common are pine, fir and spruce. Woody - shrubby vegetation (F) contains acacia on abandoned fields and bushes
such as hawthorn, hazel tree, and sloes.
The impact of vegetation on runoff is different due to
type, age, and vegetation structure. However, the forests
have the most important impact, and therefore two independent variables are included total forest (deciduous, coniferous and mixed, G) and compound only mixed forests
and coniferous forests (H). From a total area of whole 40
river basins of 7394 km2, each share of 8 variables is defined
as follows: A (36.4 %), B (6.4 %), C (42.7 %), D (2.1 %), E
(3.5 %), F (8.8 %), G (48.3 %), and H (5.6 %).
3. RESULTS
Implementing all independent variables in the multiple
regression on the entire sample of 40 river basins (Stepwise
variable selection) shows that the runoff estimate is not at
the expected level. Of all the models for estimating runoff
(qi, qy, qx, Qi, Qy, Qx) the best proved to be the mean annual
specific runoff (qy), which has a 0.7 variance explanation
and a 2.76 ls-1km-2 standard error. Although this is not a bad
result (besides precipitation and temperature, regressors
also include agricultural area and coniferous), deviations in
estimated runoff for each individual basin are such that
they cannot be accepted as tolerant. For most samples, deviation is between 10 % and 20 % and for some (Gradac
River, Kozaračka River, Dojkinačka River) the error is
over 5 ls-1km-2. It is a fact that very heterogeneous basins
and the absence of some important factors influence such a
result. Further development of the research went into the
direction of reducing samples but in such a way that the
homogeneity of the basins was increased. As a result, the
homogeneity of the basins proved to be an important factor
in determining runoff. In this context factors related to vegetation were taken into consideration as the most important
ones. The condition should: 1) provide a minimum sample
size (not less than 10 basins), and 2) large presence of vegetation within the sample. Unlike other factors, vegetation can
be used only with upper extremes, because only in this way
does it justify the condition for sample division, while for
instance precipitation, watershed elevation or basin slope
can be used on both sides of the sample range. (Table 2).
It is visible from the table, however, that all factors of
surface type cannot be divisible because their range is
small. This applies to factors B (meadows), D (coniferous
forests), E (mixed forests), and it was concluded that not
even factor H is necessary because it is contained within
factor G. In this way, 4 new samples were obtained through
vegetation: А > 40 (n=15), C > 50 (n=12), F > 10 (n=14),
G > 55 (n=14). The division factor is affirmed if it is shown
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TABLE 2 – Value range of factors within the entire sample
min
max
avg

F
78
427
185

Xy
696
1150
905

Hsr
239
1314
698

Ty
6.30
11.50
9.40

XT
32.8
66.9
47.1

iF
5.3
17.9
11.9

A
1
75
34

B
0
20
7

C
10
83
43

D
0
22
2

E
0
37
4

F
0
29
10

G
21
85
50

H
0
59
7

TABLE 3 - Runoff estimation models
Condition

Const
qi

A > 40%

C > 50%

F > 10%

G > 55%

Hsr > 700m

-0.03
qy -13.29
qx 30903

XT < 43

XT > 50

Hsr

Xo

Tg

B

C

D

E

1.46

-0.916

0.22

-0.001 0.005

-298.3 -288.8
0.139

16

5.48

404

118.4

qi

-7.78

0.01

-309.3 -304.9

-0.136

qx -3838

18.8

0.97 18.2

0.077

-0.042

0.97
-0.097

-1.286

0.2

0.07 0.91 0.25
-0.499

0.84 5.01

6.243

-0.168 0.88 1.97

75.66

-6.662 3.068
-0.071

6.636

0.89 25.5

-0.418
-3.74

0.93 0.18
0.97 0.27
0.92 1.49
-0.356 0.85 5.19
0.86 0.56
0.9

0.527
0.054 0.075

1.75

-0.349 0.86 5.83

-0.045

0.98 0.07

0.106

0.93 0.44
2.569 -45.38 0.97

-0.052

0.035

8.0

0.95 0.07
-0.088

0.94 0.62

-1.199

0.95 3.52

-0.146 -0.178

0.81 0.54

3.082

0.096

-6.209 410.7 121.8

1.807

that the regression models of these samples provide good results. Besides, the role of vegetation regressors in the models
themselves will confirm their importance. At this point, the
inquiry could have stopped but the wish to obtain the best
possible runoff estimate results prevailed. From other factors, new samples were formed from precipitation, mean watershed elevation, the humidity index and the average basin
slope. All of these have two samples each because their effect can be affirmative (in the case of upper extreme), but
also restrictive (in the case of lower extreme). Vegetation

0.07
0.66

0.94 0.65

-0.226
0.12

0.9
0.9

0.95 14.95

0.12

0.603

qy -6.09
0.013 0.012
Qx -16.83 0.148 0.066 0.047
qi -4.636
0.012
qy 44.7 -0.071 -0.026 -0.16

0.7

0.9

-11.79 12.26 0.94 1.56
14.59

25.95 23.96 14.14

0.005

0.91

0.86 0.53

12.25
-2.216

-0.466 -0.606

0.482

Se

0.93 1.05

0.215 -0.041

0.052

R2

0.152 0.93 0.24
0.192 2.305

0.42

0.275

0.045

H

-0.124 0.86 0.19

-0.109

0.154 1.073 0.143
0.058

G

0.048
0.123

-79.6

F

qy -17.53
0.169 1.045 0.142
qx 30.96 -0.237 0.254 0.235
13.85
qi 108.14 -0.003 0.008 0.251 -9.637 -5.331 -0.468
0.048
qy 308.6 -0.011 0.027 0.731 -27.55 -15.41 -1.632
0.174
qi -9.14
-0.007 -0.008
0.508
-0.07 -0.147
0.066
qy -119 -0.027 -0.024 -0.331 13.77 6.841
-0.143
Qx -415.6 0.147
-0.658 41.43 13.32
0.476

Xo < 800mm qy -11.73
qx -1974

iF > 14 º

A

-0.166

qi 20.03 -0.007 -0.013 0.017 -2.702
Xo > 950mm qy -156.2 -0.017
-0.272 14.73 5.86
Qx -491.3 0.141
-0.883 53.55 16.99
qi 1.259
0.002
-0.514

iF < 10 º

iF

0.19

qi -0.358 -0.004 0.002 0.002
Qy -1.397 0.004
Qx -9.707 0.153
0.084
qy -132.5 -0.023
-0.32 15.44
qx -2348
-3.687 227.3
-3.7

XT

0.005
0.012

qi 2.13 -0.005
-0.002
qy -26.62 -0.013
qi 1.276 -0.025 -0.004
qy -152.2 -0.032
-0.278
qx -4323 1.136
-5.765

qi
Hsr < 500m

F

0.87 2.07
5.506

0.89 30.2

will appear with its share in all models through these methods of evaluation. Models are of the following type:
М = Const + α1β1 + α2β2 + α3β3 + … + αnβn

R2, Se)

Where: M – dependent variable (qi, qy, qx, Qi, Qy, Qx),
α1, α2, α3,…,αn regression coefficients (shown in Table 3),
β1, β2, β3, ... ,βn - independent variable values (F, Hsr, Xy,
Ty, XT, iF, А, B, C, D, E, F, G, H), R2 – the corrected coefficient of determination, Se – standard error of multiple
regression. (Table 3)
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indicator of its strong connection with runoff. On average, a total change in the surface of 1 % corresponds
with specific change in runoff by 0.3 – 0.4 %.

4. DISCUSSION AND CONCLUSION
Even though all models are statistically correct (0.05
probability level), they are not all of the same quality. The
condition for showing them was a minimum corrected coefficient of determination (R2) of 0.8. They also differ significantly in this sense because the best models have an R2
of over 0.97. However, it should be emphasized once again
that the purpose of this research was not to form the best
possible runoff estimation models for unmeasured river basins. If it had been, certainly some other important factors
such as lithology, pedology, seasonal and monthly climatic
characteristics, morphometry of the basin and river etc,
would have been included. Instead an attempt has been
made here to examine the role of vegetation in that process
and to see if the division of land use (in the categories described above) has any role in regression models for runoff
estimation. Overall the role of vegetation is very important
because, on this level of research, vegetation factors found
their own place in all models and were not included by
force. It is a fact that these factors cannot be compared in
importance with precipitation, mean watershed elevation,
the humidity index, basin surface (as in estimation Q), but
that the unexplained part of variance in runoff estimation
can be explained to a great degree by including the effects
of vegetation in the models. In the 33 models shown, the
factor most frequently present in them is B (meadows) with
a prevalence of 13 times followed by F (woody-shrub vegetation) with a prevalence of 10 times and A (agricultural
land) with a prevalence of 9 times. This is still not a reliable
sign that they are the most important vegetation factors, or
that their numbers in the models are a measure of their arrangement in them. In the same way, coincidence or not,
80 % of the samples that contained mixed forests showed
that they contributed in estimation models for mean water.
Woody-shrub vegetation appeared 10 times in the models;
seven times for estimation models for maximum water, etc.
It seems that this is a good starting point for further analysis
of the effect that vegetation has on runoff. Regression coefficients, shown in Table 3, in good models can be very
useful for a quantitative determination of the effects of
each factor on the dependent variable. However, partial
elasticity coefficients should also be used in order to compare the relative level of importance of these factors. Partial
elasticity coefficients are a relative measure that is independent of the measuring units and level of observed phenomena. In this case, only a few instances will be mentioned that can fit within the framework of measuring elasticity coefficients for mean water (qy) since some extreme
values are far beyond the ordinary ones and it is hard to make
any kind of comparison. In principle, the regression coefficient value and its sign (±) will have a greater significance if
the number of regressors (independent variables) per model
is smaller. In this research it is from 3 to 7. Generally, for
non-vegetation factors the following can be stated:


The basin surface in all estimations of discharge has a
positive sign, while in models for specific runoff it is
negative. This is in line with its properties and is an



Mean watershed elevation is in direct (positive) correlation with runoff and is one of the most important factors used. According to partial elasticity coefficients in
the models shown, an average altitude increase of 1 %
corresponds with 1.5 % increases in runoff. This is a
change of 1.0 - 2.7 ls-1km-2 per 100 m, depending on
the model.



It is well known that precipitation has the greatest and
also most positive impact on runoff. Even though this
factor is most frequently present in models it is difficult to determine its real level of importance because it
is almost always present in combination with another
“strong” factor (XT) and therefore it’s individual influence cannot be distinguished clearly. For example,
it is difficult to distinguish the independent impact of
precipitation in our models because the sign before the
coefficient for one of the precipitation factors is positive in some samples and negative for others, which
does not happen when they are independently present
in a model. In the model iF < 10, where Xy is without
XT, the increase of precipitation by 100 mm corresponds with an increase in runoff by 1.2 ls-1km-2. In
other words, each percentage increase of precipitation
leads to an increase in runoff by 1.7 % (basins have a
small slope and are therefore flat). This result is homogeneous in the entire sample and is shown by the
model (which is not shown and has an R2 = 0.74) where
values of changes in precipitation completely overlap
the previous example. It can be said that runoff is inversely proportional with changes in temperature, but
given examples cannot provide exact determination of
values.



The humidity index as a combination of precipitation
and temperature justified its role, and it shows that a
change by a factor of 10 corresponds with changes in
runoff by 1.5 to 2.0 ls-1km-2. In other words, each percentage of XT initiates a 1.3 % change in runoff.



The sample from all basins shows that an increase in
the slope of the basin of 1º corresponds with an increase of 0.7 ls-1km-2 in runoff.

Factors obtained by division of vegetation into certain
types justified their “role on the other level”. However, the
evaluation of this role is complicated because the range of
these factors in the newly formed samples is frequently
small and the regression coefficients are large. This is why
only partial elasticity coefficients are presented as average
values for the estimation model qy. Agricultural land has
the clearest position (A), which is part of several such models and according to these, an increase of 1 % in these surfaces initiates precisely an equivalent proportion of an increase in runoff. Evaluation of other factors implies that an
emphasis should be put on mixed forests (E), which reduce
runoff by 0.1 % as a result of a 1 % increase in coverage,
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On the other hand, deciduous forests (C) show the same
degree of change in relation to the runoff with a 1 % increase in coverage corresponding with an equivalent 1 %
increase in runoff.
Similar behavior is displayed by coniferous forests
(D), but with much less impact (0.1 %). Coniferous and
mixed forests together (H), forests (overall, G) and meadows (B) are each represented in only one model. The first
and the second group reduce runoff by 0.16 % and 0.5 %,
and the third increases it by 0.14 %. Woody shrub vegetation (F) appears 10 times in the models, but is not factored
into the estimation of mean water so that there are no indications of the type or quantity of its impact on runoff. Perhaps the division of vegetation categories could be different, but even so, it shows that further analysis is called for.
All shown factors have been presented in their original
form with the exception of the humidity index that was obtained from the relation between precipitation and temperature. These values could be transformed (β2, √β, 1/β, logβ,
lnβ,...) and mutually put into relation (β1β2, β1/β2,...) with
the original factors to form a group of equal independent
variables However, simpler explanations for the variance
of dependent variables should always be made first with
untransformed factors and transformed factors should be
applied only as the need arises [18].
The procedure, with which the basic sample of basins
was divided into smaller groups for establishing a better
connection between runoff and physical geographical factors was necessary and was proven to be useful. Doubt
about its usefulness, for instance, that the model could have
been formed according to any criteria, even one which has
no relation with the given factors (particularly vegetation),
is not justified. As a matter of fact, an attempt was made to
sample from the middle of the sample range but without
any success because results were not better than the initial
ones from the entire sample. Apart from this, it was not
possible to form a good model even when divisions were
created according to extreme properties of some factors
(deciduous forests, Hsr). This result means that impact of
the remaining factors were not a result of conincidence and
rather that this type of procedure justifies and affirms their
role in determining runoff. Also, the exchange of q with Q
in 5 models confirms this conclusion. Leaving runoff estimation to only one model, no matter how good it is, carries
a certain risk. The method shown reduces risk, as a solution
for each basin is sought using a few difffernt ways (models), through different factors. All 40 basins are represented
through the shown models in this study. Most frequently,
Brankovačka River appears 7 times, Jošanička River,
Lučka River and Nošnica River 6 times etc. Only Gradac
River (F>10) and Bjelica River (A>40) are represented once
each with an estimation error for Gradac River of 0.82 ls-1
km-2 (4.9 %) and for Bjelica River of 0.28 ls-1km-2 (3.1 %).
Residuals of all other estimations (rivers) are on this or a
lower level. This confirms that the entire procedure of introducing different categories of vegetation in regression
analysis significantly improved prognostic models and that

further research must take this observation into account.
Errors could be minimized by the expansion of the basin
sample size, the addition of independent variables to standard factors and the possibility of transforming them in runoff estimation for river basins in Serbia (and perhaps neighboring areas).
Comparing our results to previous literature in Serbia,
there is an agreement related to forest variables, since that
was the only catagory in previous land types classification
[25]. In relation to the research obtained abroad analyzing
the impact of different types of vegetation on runoff there
are lot of similarities [30] but also some differences [31].
However, relationship between runoff and vegetation is
very sensitive to other factors in the basin and each model
no matter how good it is may not achieve the same good
result by long distance transposition [32, 33].
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Abstract
USLE/RUSLE technology is the most common mathematical erosion estimation model. Together with GIS and
geostatistics, the model can be used not only to determine
the soil loss over small-to-large basins, but also to evaluate
the spatial distribution. In this study, average annual soil
loss from Alidağı Mountain, the largest volcano cone of the
extinguished volcano of Erciyes, was estimated by using
USLE/RUSLE model integrated with GIS and geostatistics
and spatial distribution of risky areas within the was determined. R, K, and LS factors were found to be 290.60 MJ
ha-1 mm hour-1 year-1, 0.244 t ha hour ha-1 MJ-1 mm-1 and
22.26, respectively. The variable C and sub-factors of prior
land use (PLU), canopy cover (CC), surface cover (SC),
surface roughness (SR) and soil moisture (SM) were calculated and evaluated. The weighted mean C values were
found to be 0.016 and 0.057. The USLE/ RUSLE-A value
by using independent factors was found to be 9.42 ton ha-1
year-1. This results showed that soil losses in study area
were higher more than 1 ton ha-1 y-1 which was irreversible
soil loss for Central Anatolia of Turkey.

KEYWORDS:
Alidağı Mountain, Geostatistic, Soil erosion, USLE/RUSLE

1. INTRODUCTION
Soil erosion has been among the most common reasons
of soil degradation in semi-arid regions since the primitive
ages of agriculture. Soil erosion has significant impacts on
soil characteristics; decreases infiltration rates and water
holding capacity; increases surface runoff and causes leaching of nitrogen, phosphorus and other plant nutrients and
* Corresponding author

transports the upper soil layer [1]. Not only the agricultural
lands, but also the forest and pasture such as natural resources are also affected from soil erosion caused by topography and climate such as natural factors and human
impacts. Therefore, the areas with possible erosion risks
and the severity of erosion should be determined basinwide both to prevent erosion and provide proper agricultural
and natural resource management.
There are several mathematical models developed for
soil erosion estimation [2-5]. Universal Soil Loss Equation
(USLE) and the Revised Universal Soil Loss Equation
(RUSLE) are the two most commonly used erosion estimation
models. The equations provide basin-wide annual soil loss
by multiplying the factors of rainfall erosivity (R), soil erodibility (K), slope length and steepness (LS), land cover management (C), and support practice (P) [6]. USLE/ RUSLE is
the dominant model that used to soil loss prediction worldwide, due to its suitability in application [7-12]. The RUSLE
technology could be successfully used to determine management strategies because it interactively takes the principal
elements of the ecosystem (climate, soil, topography and
land use/land cover) into account to properly plan resource
conservation measures [6]. Together with Geographical Information Systems (GIS), remote sensing and geostatistical
techniques, spatial distribution of each component of the
equation within the basin can also be determined beside the
estimation of annual soil loss [7, 13-24]. The only disadvantage of the model is the deficiency in estimation of
gully erosion; the model is only capable of estimating rill
and inter-rill erosion [9, 25].
At the end of the 2000s, GIS-based both USLE and
RUSLE technologies started to be used in estimation of soil
loss and land management planning for agricultural lands
[19, 27], forest lands [28, 29] and other land uses [21, 3036] in Turkey. Özcan et al. [20] investigated the soil loses
under different land uses of semi-arid İndağı region of Turkey
by using USLE/GIS/Geostatiscs technologies. Non-point

2090

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

source pollution loads transported to Gediz River discharging into Aegean Sea were calculated by USLE model [37].
Researches were conducted not only for soil loss but
also for the other components of USLE/RUSLE technologies. Doğan [38] calculated the erosion index values and
erosive potential of precipitations for R factor of USLE
model for the entire country and Kaya [39] and Erpul et al.
[40] modified the values to adopt them into RUSLE model.
Özhan et al. [41] carried out a research on cover management factor coefficients for forest ecosystems of Marmara
Region of Turkey. Başaran et al. [42], Başkan et al. [43]
and Saygın Deviren et al. [44] investigated RUSLE/K values for different soil erodibility equations by using GIS
techniques together with traditional and geostatistical
methods.
Mounth Erciyes is an extinguished volcano and there
are several volcano cones with similar topographic and
land cover characteristics around the mountain. There aren’t
any researches carried out on soil loss over these volcano
cones with steep and continuous slopes and longer slope
lengths. Objective of this study is to determine the annual
soil loss from the Alidağı Mountain, which is the largest volcano cone of Erciyes Mountain. Results of this study will be
used to evaluate the soil loss from the other volcano cones
and will create references in management of these areas.

2. MATERIALS AND METHOD
2.1. Study area

This study was carried out over Alidağı Mountain, located at 9 km south of Kayseri (Figure 1.). Average annual
temperature of the area is 10.4 oC, average annual precipitation is 397 mm and the highest precipitation occurs in
April [45]. Alidağı Mountain is located over the Erciyes
fault line and is a monogenic volcano cone without eruption. Neogen volcanic facies are composed of tufa andesine, basalt and agglomerate. Plant cover has typical steppe
characteristics. The mountain has two different land uses
as forest and pasture with a total area of 626 ha. Forest
lands consist of oak (Quercus sp.), juniper (Juniperus sp.),
black pine (Pinus nigra) and cedar (Cedrus lübani). The
typical varieties observed of pasture lands are Compositea,
Gramineae, Labiatae, Leguminosae, Cruciferae, Umbelliferae, Caryophylaceae, Rosaseae, Boracinaceae, Scrophulariaceae. The lowest altitude of the is 1300 and the highest
is 1871 m. Alidağı Mountain has a steep and continuous
slope between 0-48o and spatial distribution of areas with
12-25o and 24-36o slope are 35.91% and 55.72%, respectively. They constitute almost 92% of entire.

FIGURE 1 - Study area
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2.2. Method

USLE/RUSLE erosion estimation models were used in
this study (Eq. 1). The following equation was used to estimate the annual soil loss from the mountain [2, 6].
A= R x K x L x S x C xP

(1)

Where; A = Annual soil loss (t ha-1 yıl-1); R = Rainfall
erosivity (MJ mm); K = Soil erodibility (t ha hour ha-1 MJ-1
mm-1); L = Length of slope; S = Steepness of slope; C =
Cover management; P = Support practice. P was taken as
equal to 1 since there were not any soil-water preservation
measures taken over the study area.
Digitized elevation model (DEM), soil samples, meteorology data, and 1/25000 scale forest maps were used as
data in this study. DEM has been produced as 10 x 10 m
grid by contour lines of 1/25000 scale topographic maps by
the help of ArcGIS 9.3 Spatial Analyst Tool.

on concentrated flow in drainage system over the land surface. Therefore, LS factor was calculated by using the relationship between topography and flow accumulation [48,
49]. DEM model of the study area was also used in calculations for LS layer.
  
LS  

 22.13 



E  0.29 1  0.72e ( 0.05I )



E  0.293

(2)
(3)

Digital Elevation Model (DEM) of the study area was
used to create the spatial R surface [46]. Corrections of R
factor were made over the precipitations based on elevations by using Eq. (4) [47]:

Ry  Rr * [

Py 1.75
]
Px

(4)

Where; Ry is the new value for R at the desired new
location, Rr is the R value at base location, Py is the average
annual precipitation at new location, and Px is the annual
precipitation at the base location. The has a meteorological
station at the altitude 1093 m (Kayseri Meteorology Station), and altitudes of study area are between 1300-1871 m.
R values of unknown elevations were computed by using
DEM in ArcGIS 9.3 and Eq (4) by assuming a 50 mm increase of precipitation with each 300 m increment in altitude [19-21].
2.2.2 Slope length (L) and steepness (S) factor (LS Factor)

The slope length was assumed to be fixed as 15 m for
each pixel [48-49]. Slope length factor (L factor) and slope
steepness factor (S factor) are defined together as topographic factor in USLE model (Eq. 5). USLE-LS factor depends not only on length and steepness of the slope but also

1 .3

 sin  


 0.0896 

(5)

Where, χ is the flow accumulation and was derived
from the DEM using a GIS accumulation algorithm, which
employs the watershed delineation tool of ArcGIS 9.3 [50],
η is the cell size, and  is the slope steepness in degrees.
2.2.3 Soil erodibility factor (K Factor)

Soil erodibility (K) was determined by using the Eq (6)
and (7) developed by Torri et al. [51, 52].
2


OM
 OM 
2
K  0.0293 0.65  DG  0.24DG2  exp 0.0021
 0.00037
  4.02C  1.72C 
C

 C 




2.2.1 Rainfall–runoff erosivity factor (R factor)

Rainfall erosivity is defined as the potential ability of
rain to cause erosion and given as the product (EI30) of the
total energy of rainstorm (E) and the maximum 30-min intensity (I30) [2, 46]. Nation-wide R factors were calculated
by Kaya [39] and Erpul et al. [40]. The researcher performed a nation-wide study and calculated the E values
(MJ mm ha-1 h-1 y-1) either by using Eq. (2) or Eq. (3) based
on the intensity conditions where I ≤ 76 mm h−1 and I ≥ 76
mm h−1, respectively, for 252 climate stations in the period
of 1993-2007.

0.4



(6)
-1

Where; K is the erodibility of soil (t ha hour ha MJ-1
mm ), OM is the organic material (%), C is the clay content and DG is the logarithm of geometric mean of grain
size.
-1

DG in Eq. (6) is defined by Eq. (7):

DG   f i log10



d i d i 1



(7)

Where; fi is the primary particle size fraction in percent
with sizes within di and di-1 defined by Shirazi and Boersma
[53].
Texture and organic material analysis of 82 surface
soil samples were performed in accordance with Bouyoucous [54] and Jackson [55]. Point – K variables were statistically evaluated by SPSS 2000 statistical software and
normality of distribution was tested with KolmogorovSmirnov test. Then, experimental semivariograms were
created by using these data with GS+7 geostatistical analysis software and spatial distribution of K over Alidağı volcano cone was represented by a proper theoretical model.
Experimental semivariogram was calculated by using
Eq. (8) in accordance with Journel and Huijbregts [56] and
Trangmar et al. [57];
2

 * ( h) 

1 N (h)
 z ( x i )  z ( x i  h ) 
2 N (h) i 1

(8)

Where; z(xi) is the sample value, N(h) is the distance
between the samples. K values together with equation variables and locational indicators of sampling points were
transferred into ArcView 9.3 and kriging map for K values
were created.
2.2.4 Cover management factor (C Factor)

Cover management factor of the RUSLE was computed with Eq. (9) in the study area, as a product of five
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subfactors representing prior land use subfactor (PLU),
Canopy cover subfactor (CC), Surface cover subfactor
(SC), Surface roughness subfactor (SR) and Soil moisture
subfactor (SM).

USLE/RUSLE- C  PLU  CC  SC  SR  SM (9)
Since there aren’t any agricultural activity over Alidağı Mountain and is totally composed of forest and pasture lands, plant residues of the previous year are not mixed
into the surface soil. Therefore, Bus = 0 and PLU was calculated by using Eq. (10):

PLU  C f  C b  exp- c ur  Bur 

(10)
Where; Cf is the soil surface compaction factor; Cb is
relative efficiency of sub-surface plant residues in soil
compaction; Bur is the weight of live and dead roots within
upper few cm depth of the soil and calculated from undisturbed soil samples (kg da-1 cm-1); cur is the constant indicating the impact of sub-surface residues. Since there isn’t
a soil tillage over the study area, Cf was taken as 0,45. The
coefficients Cb and Cur define the relative efficiency of subsurface biomass in erosion prevention. These values were
taken as Cb = 0.107 ve cur = 0.00022 kg da-1 in accordance
with Van Liew and Saxton [58] and Wischmeier and
Smith, [2].
In USLE/RUSLE-C method, PLU values should be determined for upper 20 cm soil depth. Since the samples represent the initial 10 cm, the weight of live and dead roots
within the soil depths below the initial 10 cm was taken as
the 80% of the initial 10 cm (Eq. (11)) (6).

B ur (1020)  0,80  B ur (1020)

(11)
Where; Bur(10 – 20) is the Bur value for 10-20 cm soil
depth and Bur(0–10) is the Bur value for 0-10 cm soil depth.
Canopy cover subfactor (CC) was calculated with Eq.
(12) by measuring the cover ratio of oak lands to land surface (Fc, %) and tree heights directly on site.

S p  1  exp   Bs   100

Where; Sp = percent residue cover;  = ratio of area
covered by a residue to the weight of that residue; Bs = dry
weight of surface residues (kg da-1). Bs values for Alidağı
volcano cone were measured to quadrat methods (40x40
cm). Sampled residues were dry under laboratory conditions and Bs values were obtained.
Since the study area is totally composed of forest and
pasture lands and there isn’t a soil tillage for agricultural
purposes, random roughness (Ru) was assumed to be 6 mm
(6).
The soil moisture subfactor (SM) was determined by
using field capacity of the soil samples (SM = 1.0). Texture
(percent sand, silt and clay), organic matter content (OM,
%) and bulk dencity (BD, Mg m-3) were used to calculated
field capacity moisture content of each soil sample (p,
number/100) with Equation (15) [61].
θ p  a  b(%sand)  c(%silt)  d(%clay)  e(%OM)  f(BD)

(15)
Linear multiple regression parameters of Equation [6]
were given by Rawls [62]. In equation, ‘coefficient a’ is the
numerical value of the point where lenear multiple regression intersects y-axis and ‘coefficients b,c,d,e anf f’ are the
model slope terms showing the change in field capacity by
unit changes in sand, silt, clat, OM and BD, respectively.
2.2.5 Support practice factor (P factor)

Due to the fact that there were no erosion control practices, Support practice factor was assumed as 1 in the study
area.
Finally, soil loss of each mapping unit of Alidağı volcano cone was calculated together with all sub-factors (ton
ha-1 yıl-1).

CC  1  Fc  exp 0.1  H 

(12)
Where; CC is the canopy cover factor; Fc is the cover
ratio of the canopy to land surface (%); H is the falling height
of the rain drops after striking to canopy cover (m) (2).
Effect of surface cover (SC) on soil erosion was calculated by using Eq. (13):
0.08

 0,24  
 
SC  exp - b  Sp  

 R u  

(14)

3. RESULTS AND DISCUSSION
Annual soil losses over study area according the USLE
model were estimated by using GIS. All parameters converted into 10x10 m girds and multiplied. Then, spatial distribution of soil loses from Alidağı volcano cone was obtained.
3.1 Rainfall–runoff erosivity factor (R factor)

(13)
Where; SC = surface cover subfactor; b = an empirical
coefficient; Sp = ratio of area with surface cover; Ru = surface roughness (cm). “b” value represents the efficiency of
surface cover in erosion prevention. Simanton et al. [59],
recommended “b” value as 0,039 for pastures. The relationship between ratio of covered area (Sp) and dry weight
of surface residues (kg da-1) was presented by Gregory [60]
as given in Eq. (14):

Rainfall Erosivity factor (R) shown in Figure 2-a calculated with Eq. (2) and (3) was mapped by Eq. (4) using
the DEM of the Alidağı volcano cone. R factor of study
area varied between 250-360 MJ ha-1 mm hour-1 year-1.
Compared to European R-factor values of 0-900 MJ ha-1
mm hour-1 year-1 [63], it was observed that the study area
had lower erosion potential. The difference between the R
value of the lowest and the highest section of the volcano
cone was 105 MJ ha-1 mm hour-1 year-1. R value exhibited
a homogeneous variation due to conical counter of the

2093

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

study area. Erdogan et al. [19], Ozcan et al. [20] and
Hacısalihoglu [29] observed R values between 24-50 MJ
ha-1 mm hour-1 year-1 for semi-arid regions of Turkey. Irvem et.al. [31] have applied the USLE method on Seyhan
Basin as the only major basin study in Turkey and acquired
the R factor values 358-4714 MJ mm ha-1 h-1 y-1 and with
a mean value 2091 MJ mm ha-1 h-1 y-1 by using meteorological datas that between the years of 1980-1999. Bayramin et al. [64] and Saygin Deviren et al. [21] showed that
R factor is very remarkable for the semi-arid region. Researchers obtained highly lower R values than the ones in
current study since they calculated R values in accordance
with Doğan [38] and Doğan and Güçer [65].
3.2 Slope length (L) and steepness (S) factor (LS Factor)

Slope-length factor (LS) map of Alidağı volcano cone
was presented in Figure 2-b LS factor values of study area
were between 0-100 with an average of 22.11. Dominant

LS classes were 10-20 and 20-50 with areal ratios of 32%
and 59%, respectively.
The most significant factor affecting the LS of the
study area was the slope and continuity of slope of the
cone. Almost 96% of the study area was grouped into steep
(12-24o), very steep (24-36o) and excessively steep (>36o)
classes. Bahadur [66] obtained LS values between 0 and 28
for same slopes. Especially longer length of slopes caused to
have higher LS values in such small area. Therefore, study
area is topographically highly sensitive to erosion.
3.3 Soil erodibility factor (K Factor)

Statistical characteristics of point K values of the study
area soils were presented in Table 1. The lowest and the
highest K values of the study area were 0,001 ve 0,039 t ha
saat ha-1 MJ-1 mm-1, respectively. Coefficient variation was
41%. Existence of various land use types, different slope
steepness, lengths and orientations caused an average level

FIGURE 3 - Spatial distribution of a-the rainfall erosivity factor (R), b-the slope-length factor (LS), c-the erodility factor (K) and d-the cover
management factor (C)

2094

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

TABLE 1 - Statistical characteristics of point K values (t ha hour ha-1 MJ-1 mm-1) of the study area soils
Mean
0,0026

Standard
Deviation
0,009

Coefficient
of Variation
41

Min

Max

Skewness

Kurtosis

K-S Coefficient

0.001

0.039

-0.87

2.87

0.085

FIGURE 3 - Variogram curve and model for point K values

coefficient of variation. Different land utilizations may
have affected the organic material contents of soils and different slope steepness classes may have affected the transportation and sedimentation processes over the lands.
Therefore, these variations caused significant differences in soil organic matter and texture. Skewness and kurtosis of K values were determined as -0.87 and 2.87, respectively. Normality of distribution of K values was tested
by Kolmogorov-Smirnov test and normal distribution was
observed (p<0.01). Therefore, raw data were used in geostatistical analysis.
Semivariogram curve for variable K was presented in
Figure 3 and model parameters were given in Table 2.
Spherical model was found to be the best model for empirical semivariogram by cross validation.
Some nugget effect (0,00065) was observed due to
sudden change in K values of study area soils or errors
made in sampling and analysis. The ‘sill’ value, presenting
the highest level to which variance reached based on distance, was observed as 0,00010 and the highest relevant

distance was found to be 1200 m. In other words, a logical
relationship occurs among K values within 1200 m distance. According to Chien et al. [67], the level of dependency among sampling points can be tested with the sill to
nugget ratio. Based on this classification, if the ratio of
C0/(C0+C) is <25 dependency is referred as high, 25-75 is
referred as medium and >75 is referred as low. In this
study, a medium level dependency among K samplings
was observed (65%).
Spatial pattern of K factor was presented in Figure 2c.
It was varied between 0.0148 ile 0,0348 t ha h ha-1 MJ-1
mm-1. Baskan et al. [43] observed an average K value of
0.016 t ha hour ha-1 MJ-1 mm-1 for a basin with different
land utilizations by using the equation of Wischmeier and
Smith [2]. Bayramin et al. [68] calculated average K factor
by using again the equation of Wischmeier and Smith [2]
in a research carried over northern sections of Turkey with
neighboring forest, pasture, agricultural, plantation and
recreation lands and observed a value of 0.14 t ha hour ha-1
MJ-1 mm-1 . Lower sections of especially the western and

TABLE 2 - Variogram model parameters for USLE/RUSLE-K factor
Variable
USLE/
RUSLE-K

Model
Spherical

Nugget Effect (CO)
0.000065

Sill (CO+C)
0.00010
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CO/(CO+C) (%)
65

Distance (m)
1200

r2
0.157
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eastern parts of the study area have highly sensitive to erosion. The reason for distribution of high K values in study
area was the composition of site soils with erosion sensitivity of soil particles and lower organic material contents.
Evrendilek et al. [69] and Celik [70] reported similar results for changes in OM along adjacent Mediterranean forest, grassland, and cropland ecosystems in Turkey. Dominant K classes of the study area were between 0.02680.0308 and 0.0308-0.0348 t ha hour ha-1 MJ-1 mm-1 and areal ratios were 26.61% and 27.71%, respectively.
3.4 Cover management factor (C Factor)

For cover management factor, initially prior land use
(PLU), canopy cover (CC), surface cover (SC), surface
roughness (SR) and soil moisture (SM) subfactors were
calculated by using equations (10, 12, 13, 15), then all of
the subfactors were multiplied together (Figure 2-d).
CC values of the study area were calculated as 0.50 for
pastures and 0.55 for forests. SC values were calculated as
0.10 for pasture and 0.30 for forest. The highest and the
lowest SM values of the study area were 0.54 and 1.00, respectively. Arithmetical average of three samples from
pastures and two samples from forest were taken and SM

values for land utilizations were obtained as 0.90 for pasture and 0.68 for forest. Finally, multiplying these sub-factors, C value was taken as 0.016 for forest and 0.057 for
pastures. Hacısalihoğlu [29] carried out a research in semiarid regions of Turkey used C value of 0.01 for forests and
0.07 for pastures, Özhan et al. [41] used C values of 0.001
– 0.021 for forest and 0.13 for forest open sections in a study
over humid regions. C values of current study are in compliance with the literatures. Mati [13] used surface cover and
canopy cover to calculate varialbe C and found a value of
0.007 for forests of Kenya. Our findings shows similarity
with findings of Hacısalihoglu [29] for both of forest and
grassland, while C values of grassland was found lower than
Özhan et al. [41]. These lower C could be related to topography, vegetation density, and climate differences.
TABLE 3 - Plant cover and crop management (C) and subfactor values
PLU
CC
SC
SR
SM
C

FIGURE 4 - Soil loss map of Alidağı volcano cone
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Forest
0.418
0.550
0.100
1.000
0.680
0.016

Grassland
0.427
0.500
0.300
1.000
0.900
0.057
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TABLE 4. Annual soil loss predicted for land uses of Alidağı mountain (t ha-1 y-1)
Soil loss
(t ha-1 y-1)

Erosion depth
(mm yr− 1)

0-2 (very low)
2-5 (very low)
5-10 (low)
10-20 (moderate)
20-44 (high)

<0.18
0.18-0.44
0.44-0.88
0.88-1.76
1.76-3.86

Forest
Area
(%)
1.02
14.00
5.86
0.20
21.08

Annual soil loss
(t ha-1y-1)
6.38
306.97
275.81
18.50
0.64
608.30

3.5 Potential Soil Loss

“Potential Soil Loss” map of Alidağı volcano cone obtained by multiplying R, K, LS and C factors was presented
in Figure 4. Given the actual soil loss classes for erosion
risk mapping, very low (0-5 t ha-1 year-1), low (5–10 t ha-1
year-1), moderate (10–20 t ha-1 year-1) and high (20–50 t ha-1
year-1), Table 4 shows that very few areas of the forest, particularly 71 % of the deciduous forest, totally constituting
17.16 % of the catchment area, had moderate erosion risk.
As a base of discussing the potential soil erosion, the
amount of 1 t ha-1 year-1 was taken as an upper bound of
soil erosion rate in determining the soil loss classes. This
limit is the one still tolerable to sustain the soils of the watershed since the rate of soil formation was expected to be
so slow in semiarid environments like Central Anatolia of
Turkey. Therefore, any soil loss of more than 1 t ha-1 year-1
over 50–100 years is considered as irreversible [6, 20, 71].
Potential soil loses calculated between 5-10 and 1020 t ha-1 year-1 covers significantly large areas with areal
distributions of 38.88% and 35%, respectively. Calculations indicate that average real soil loss in the basin was
9.42 t ha-1 year-1. Total soil losses in study area 5905.05 t
ha-1 year-1. In other words, annual inflow of sediments is
5179.87 m3.
While the soil loses in forest lands varied between 020 t ha-1 year-1 with an average of 4,60 t ha-1 year-1, it was
between 0-44 t ha-1 year-1 with an average 10,71 t ha-1 year-1
in pasture lands (Table 4). On the other hand, the grassland
with relatively higher RUSLE-C values (Fig. 3d) showed
low and moderate risks (32.46 and 34.94 %, respectively).
These together amounted approximately to 85.40% of the
grassland, which is 73.47 % of the total area of the catchment.
Özcan et al. [20] found soil loses as 0.89 t ha-1 y-1 for
forest lands and 1.29 t ha-1 y-1 for pasture lands of semiarid regions of Turkey; Erdoğan et al. [19] calculated soil
loss as lower than 1 t ha-1 y-1 for forest and 3 t ha-1 y-1 for
pastures. Hacısalihoğlu [29] carried out a research over a
land with 40o slope and found soil loses as 3.68 t ha-1 y-1
for pasture and 0.33 t ha-1 y-1 for forest. High soil loses in
current study were due to high slope steepness and length.
Another factor affecting the soil loss was higher R factor
of this study than the others. This research showed that the
forest had less irreversible soil losses than the grassland.

Grassland
Area
(%)
2.26
7.75
32.46
34.94
1.51
78.92

Annual soil loss
(t ha-1y-1)
14.16
169.89
1525.77
3284.10
302.83
5296.75

Total
Area
(%)
3.28
21.74
38.33
35.14
1.51
100.00

Annual soil loss
(t ha-1y-1)
20.54
476.86
1801.58
3302.60
303.47
5905.05

Finally, the application of the USLE/GIS/Geostatistics
methodology to the ecosystem of Alidağı Volcano Cone
determined the erosion-sensitive areas using the data on
climate, soil, topography, land use. Specially, land use and
land cover type has more greater effects on soil losses.

4. CONCLUSION
There are several volcano cones of extinguished volcano Erciyes. Beside the similar topographical characteristics, they all have some similar plant covers. The objective
of this study was to estimate annual soil losses in the Volcano Cone of Alidaği Mountain, Kayseri, Turkey that occurred in oligocene time. For aim, potential soil loss from
Alidağı volcano cone was estimated as ton ha-1 year-1 by using USLE/RUSLE together with GIS and geostatistical
methods. Basin spatial R surface was prepared by using
DEM, current RUSLE-R map of Turkey and RUSLE-R
value of Kayseri climate station. Soil erosivity (K) was determined by using geostatistical approaches in accordance
with soil erosivity equation (t ha year ha-1 MJ-1 mm-1) developed by Torri et al. [51, 52]. LS values were calculated by
using DEM and Arcview 9.3 “Hydraulic Flow Accumulation “calculation capability and spatial map was prepared. R,
K and LS factor values were 290.60 MJ ha-1 mm hour-1 year1
, 0.244 t ha hour ha-1 MJ-1 mm-1 and 22.26, respectively. C
value of study area was calculated by using prior land use
(PLU), canopy cover (CC), surface cover (SC), surface
roughness (SR) and soil moisture (SM) subfactors. Average
C values were 0.016 and 0.057. The USLE/RUSLE-A value
calculated by using the USLE/RUSLE independent factors
was 9.42 ton ha-1 year-1. The results indicated that soil losses
is more higher on the slopes of volcanic cone. Actually, the
slopes of young cones are more sensitive than the slopes of
old cones, so degradation occurs rapidly in young cones. As
a result, grassland has much higher potential for soil loss
than forest. So, conservation practices are suggested to preserve morphologic of the volcanic cone in semi arid region.
Especially, natural vegetation should be protected with controlled grazing systems in the grassland. Beside this, the
gully erosion should be reduced by mechanic measures (terraces, wall, bank, check dams) and vegetation protection.
Above all, policy makers and land managers should take
protect-use decision for management practices in the specific areas such as volcanic cones.
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ABSTRACT

1. INTRODUCTION

To identify the tracer emission from the diesel engines
and to evaluate the environmental pollution caused by traffic emission inside the tunnel, fine particulate matter (PM)
samples collected in the tunnel of Krraba (Tirana-Elbasan
highway) were analyzed for heavy metals content (Cu, Fe,
Hg, Pb, Mn, Ni, and Zn) in relation to different distances
from the entrance portal to the exit portal of the tunnel. The
horizontal ventilation systems of the tunnel, located next to
the tunnel portals, were not permanently function during
the both monitoring periods. Dust samples collected in
front of the entrance portal show low metal content that is
gradually increased as the distance from the entrance to the
exit portal increased. High contents of metals in dust samples were found that indicates the dust samples are efficient
to be used for the monitoring of heavy metal pollution
caused by tunnel’s traffic exhausts over the time, even with
low sensitivity analytical methods. The data onto two different monitoring periods shows different views of metal
distributions. The first monitoring period (November
2013) is characterized by high Fe content in dust samples,
by indicating the high effect of soil dust caused by construction activity during this monitoring period. The second monitoring period (March 2014) is characterized by
higher content of Cu, Hg, Zn and Mn that are typical elements of the anthropogenic sources related mainly to traffic emissions. The multivariate analysis of dimensionality
reduction technique, factor analysis (FA), was used to identify the most potential factors of these tracers. The FA and
Cluster analysis of trace metal concentrations data show
that the Hg and Pb onto PM samples, are probably linked
with the diesel engine emissions.
KEYWORDS: Traffic emission, Particulate matter, Heavy metals,
Factor analysis, Cluster analysis.

* Corresponding author

Air pollution from gases or particles in the atmosphere
has a strong impact in the environment and the human
health. The atmospheric particulate matter is a complex
mixture of organic and inorganic substances, in solid or liquid form, which undergo constant modification or transformation within the atmosphere [1-8]. The most important
sources of PM particularly in urban areas, is the road
transport. Traffic emission from diesel vehicles is one of
the most important factors influencing onto the air quality
[9-11]. Fuel combustion and non-exhaust processes of road
transport, like abrasion, corrosion, and turbulence, which
can result in particles being suspended in the atmosphere,
are the primary mechanism by which particles are formed
and forming the exhaust emissions [1]. The traffic emissions depend on vehicle age, engine design and operating
conditions, lubricant oil and fuel type [15]. It is reported
that the road dust particles originate primarily from the vehicles, road surface, atmospheric deposition and the surrounding land [12]. The profiles of the relative composition
of road dust were similar for PM10 and PM2.5 [13]. While
the exhaust emissions from road traffic were currently reduced, the non-exhaust emissions from road vehicles are
unabated. The traffic sector is pointed among major contributors of emission of heavy metals in the environment
[14]. These include particles from brake wear, tire wear,
road surface abrasion and re-suspension in the wake of
passing traffic [16]. The attention of the scientists in the
recent past was focused on the assessments of the environmental pollution from heavy metals caused from traffic
emission; by pointing the traffic as one of the major contributors of air pollution [17]. More realistic estimations of
vehicle emissions are possible by using air-quality measurements of highway tunnels under the actual driving conditions [18]. Air-quality measurements of tunnels represent
the cumulative contribution from all sources of vehiclegenerated pollutants that include the direct emissions and
re-suspensions [18]. The tunnel experiments have been
used to measure vehicle emission rates in different countries and locations [13, 18-22]. High variations are found
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on traffic emissions and the concentrations of air pollutants
within the tunnels [22].
They depend on different factors of vehicle emissions
like traffic volume and speed, fuel quality, fleet composition, road gradient, tunnel length, and the rate of dilution
that depend on the tunnel’s ventilation system [13, 22].
The goal of this paper was to measure in-use motor vehicle emissions of the highway tunnel of Krraba, Albania.
The spatial distribution of the trace elements was investigated during two different periods, November 2013 and
March 2014. The results of the analysis of heavy metals content on dust samples are combined with traffic data to investigate the impact of vehicle emissions. Heavy vehicles used
during the construction period of the tunnel were reflected to
higher Pb emission from their engine (November 2013),
compared to the emission from light vehicles during the normal function of the tunnel (March 2014).

the entrance and at the exit portals of the tunnel. Four sampling points (No.2 to 5) are distributed among the length of
the tunnel. The distance between sampling points was 450
to 600 m, as is shown in Table 1. All the samples were directly influenced by local traffic.
The dust samples were collected over the telephones
inside the tunnel’s wall at an average height of 170 cm
from the ground level. The precipitation conditions during
November (2013) (humidity 67-76%) and March (2014)
(humidity 67-86%) were comparable. The road dust samples were collected by sweeping the plots using a clean
plastic dustpan and brush as outlined by Charlesworth et
al. [24]. The samples were transported to the laboratory using self-sealing plastic bags to avoid contamination and
then were air-dried at room temperature and kept to further
analysis.
2.1. Heavy metals analysis
2.1.1. Sample preparation and digestion

2. MATERIALS AND METHODS
The study was performed at Krraba tunnel that is positioned in Tirana-Elbasan highway. The tunnel is a twin tunnel, 2600 m long (N 41º 11’ 43’’, E 19 º 59’ 12.3’’), and the
soil layers in the area are mainly composed by Sandstone
and Mudstone formations. The highway is characterized by
a dense traffic and the area is pointed as the most polluted
one in Albania regarding the traffic and industrial emissions
[23] and the tunnel is far from urban areas. Krraba tunnel
is the most frequented tunnel in Albania. The tunnel has
two lanes per direction. Road dust was used in the road tunnel experiment to analyze emissions of heavy metals from
the road traffic. The horizontal ventilation systems of the
tunnel, that is located next to the tunnel portals, were not in
function during the monitoring periods. The dust samples
were collected at six sampling points in the tunnel on November 2013 and March 2014. The sampling points No. 1
and No. 6 are positioned respectively at

The dust samples were weighted (about 0.5 g samples)
and transferred to the half pressure teflon tubes. 5 ml of
nitric acid (s.p. 65%) and 15 ml of chloridric acid (s.p.
37.2%) were added. After an overnight reaction time at room
temperature, the samples were digested at 80-90 °C for an
hour and then the temperature was increased to 200 °C for 40
min, then the tubes were opened and evaporated till wet salts.
After cooling, the mass were transferred to 50 ml volumetric
flasks. The digestion vessels were rinsed three times with
3% nitric acid and the volumetric flasks were filled till the
mark with Osmosis treated deionized water. The analysis of
the content of humidity was done separately at 105 °C till
the constant weight.
2.1.2. Chemical analysis

The concentrations of Cu, Fe, Mn, Ni, Pb and Zn were
measured by flame atomic absorption spectrometry (AAS)
by using the Varian 10 atomic absorber spectrome-ter. Depending on the Fe concentration, the measurements

TABLE 1 - Location of sampling sites (N 41º 11’ 43’’, E 19 º 59’ 12.3’’) and site labeling1.
S1/12; S1/23
0

Site Number
Distance (m)

S2/12; S2/23
450

S3/12; S3/23
1000

S4/12; S4/23
1500

S5/12; S5/23
2000

S6/12; S6/23
2600

Traffic density of light duty vehicles (< 3 t)  5000 light vehicles/ 24 hours); natural ventilation system during monitoring period.
November 2013; 3 Sampled on March 2014

1

a.

b.

FIGURE 1 - The views from the tunnel: a- during the construction period; b- during normal operation period
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TABLE 2 - Validity check of the method for the determination of heavy metals in reference materials IAEA 356 and IAEA 433; concentrations
of elements (mean ± standard deviation) are given in mg/kg, DW; n=3.
Reference Sample

Cu

Mn

Zn

Fe

Ni

Pb

Hg

IAEA 3561

383±18.8

313±10.2

956±20.6

23905±1123

31.6±1.3

350±16.1

7.69±0.94

IAEA 3562

365

312

977

24100

No data

347

7.62

IAEA 4331

30.6±1.3

326±9.78

94.34.48

25790

39±1.93

26.35±0.96

0.162±0.02

316

101

No data

39.4

26

0.168

2

1

IAEA 433
30.8
Experimental value; 2Certified values

were performed with sample dilution. The measurements
of Hg were performed with cold vapor atomic absorption
spectrometry by using a home-made CVAAS system [25,
26]. Each digestion batch included at least two control samples, the sediment reference material IAEA 356 and IAEA
433, and one blank test sample for examination of digestion
quality and repeatability standard deviation (mean, standard deviation and recovery rates for IAEA 356 and IAEA
433; see Table 2). Daily instrument performance tests were
carried out before calibration.

analysis (CA) and factor analysis (FA) with Varimax rotation by using the MINTAB 17 software package. Cluster
analysis is used to detect the group of samples with similar
patterns of element concentrations. The numbers of the
groups and the most important factors related to the classification are discussed. Factor analysis (FA) plot of loadings
was used to show correlations between the original variables and the first two factors.
3. RESULTS AND DISCUSSIONS

2.1.3. Statistics

The descriptive statistics were applied to the elemental
concentration data set to interpret results and to explain
variations in the data. The Pearson product-moment correlation coefficient is used to determine the significance of
the relationship or association of two variables that may
indicate that the variables do indeed affect each other. Finally, the data was processed by cluster

3.1. Spatial patterns of elements

The 2013/2014 data on the concentrations of 7 elements in 12 dust samples of Krraba tunnel, Albania is summarized in a data matrix. The analytical results were statistically treated with descriptive statistics. Statistical data
onto the concentrations of the trace metals in dust samples
are shown in Table 3.

TABLE 3 - Descriptive statistics of the concentrations data of Cu, Fe, Ni, Pb, Hg and Zn (mg/kg, DW) in dust samples (n=6)
a-) November 2013
Statistical parameters
Mean
Median
Standard Deviation
Sample Variance
CV%
Kurtosis
Skewness
Minimum
Maximum
Count
Confidence Level(95.0%)

Cu
196
181
117
13657
60
0.77
0.81
57
391
6
123

Mn
458
449
52
2750
11
-1.07
0.51
398
536
6
55

Zn
152
154
48
2265
31
-2.42
-0.07
98
203
6
50

Fe
11037
10031
1976
3904845
18
3.57
1.93
9793
14834
6
2074

Ni
106
105
8.44
71
8
-2.36
0.14
96
116
6
9

Pb
99
93
24
563
24
1.22
1.19
75
140
6
25

Hg
0.138
0.132
0.048
0.002
35
-0.66
0.13
0.072
0.204
6
0.050

b-) March 2014
Statistical parameters
Mean
Standard Error
Median
Standard Deviation
CV%
Kurtosis
Skewness
Minimum
Maximum
Count
Confidence Level(95.0%)

Cu
261
71
194
175
67
3.38
1.83
126
594
6
183

Mn
476
22
461
54
11
-0.71
0.74
417
559
6
56

Zn
199
24
172
59
30
0.45
1.24
147
299
6
62

Fe
7317
1338
5818
3277
45
-1.37
0.93
4531
12190
6
3439

Ni
218
26
188
63
29
-1.95
0.79
164
299
6
67

Pb
82
11
82
27
33
-0.94
0.32
50
121
6
28

Hg
0.270
0.069
0.250
0.168
62
2.64
1.49
0.12
0.58
6
0.176
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Mean

0.25

Median

Minimum

Maximum

600

14000

mg/kg, DW

0.2

500

0.15

400

0.1

300

12000
10000
8000
6000

200

4000

0.05
100

0
Hg

0
Ni
Mean

0.7

Pb

Zn

Median

Cu

Minimum

Maximum
14000
12000

600

0.5

10000

500

0.4

8000

400

0.3

6000

300

0.2

4000

200

0.1

2000

100

0
Hg

Fe

Mn

700

0.6

mg/kg, DW

2000

0

a.

b.

16000

0

0
Pb

Ni

Zn

Mn

Cu

Fe

FIGURE 2 - The Box plot of heavy metals concentrations in dust samples from Krraba tunnel during: a) November 2013; b) March 2014; The
elements are ranked in the increasing order (expressed as mg /kg, DW).

The range of the concentration of selected heavy metals in dust samples of Krraba tunnel is on the same level
with the global studies. The ranges of individual heavy
metal concentrationsare given by Charlesworth et al. [24]
and Zechmeister et al. [27].
The order of the distribution of the elements based on
their median values is as follows: Fe>Mn>Cu>Zn>Pb>
Ni>Hg for the dust samples of the first period of investigation (November 2013) and Fe>Cu>Mn>Zn>Ni>Pb>Hg for
the dust samples of the second period of investigation
(March 2014) (Figure 2). The elements under investigation
present moderate (CV<65%) or small disparity (CV<25%)
in their concentrations in the dust samples (Table 3 a). Generally, the highest values of these elements (except Pb and
Hg) were measured near the exit portal of the tunnel. The
highest values of Pb and Hg were measured in the middle
part of the tunnel (Stations 4 and 5) for both monitoring
periods (see Figure 3). From the dataset of the first monitoring period (November 2013), it was found that the iron
is characterized from higher mean concentration values
compared to the dataset of March 2014 and high values of
skewness and kurtosis (Table 3 a) by indicating that the
distribution of Fe for the first monitoring period is influenced by complicated factors. Generally, the highest values

of Fe were measured near the exit portal of the tunnel. Different situation was investigated by descriptive analysis of
the dataset of the second monitoring period (March, 2014).
Cu and Hg are characterized by high values of skewness
and kurtosis (see Table 3 b) by indicating that their distribution during the second monitoring period were influenced by complicated factors [28]. Higher Fe content of the
samples of the first monitoring period (just after the construction of the tunnel) compared with the dust samples of
the second period (Marcs 2014), is probably indicating a
high influence of soil dust particles. On the other hand,
high Cu and Hg content in dust samples of the second monitoring period (during the normal function of the tunnel) is
probably indicating the impact of traffic emission.
For a better interpretation of the data, the univariate
linear regression is displayed between the concentration
data (HM) of the elements in dust samples of two different
monitoring periods (Table 4).
The linear regression between the concentration data
(HM) of the elements in dust samples of two different monitoring periods for Cu, Mn and Ni indicates that their respective
values of the slopes≠0, R2 > 0.75 and F> Fcrit =5.03 (P<0.05)
meaning that the linear relationships are significant, by in-
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FIGURE 3 - The distribution maps of the elements among the tunnel: a– the first monitoring period; b- the second monitoring period

TABLE 4 - Univariate linear regression equations between the concentration data (HM) of the elements in dust samples of two different
monitoring periods (N=6)
Regression Analysis

The regression equation

R-Sq

R-Sq(adj)

F

P

Cu versus Cu_1

Cu = - 2.13 + 1.343 Cu_1

80.6%

75.8%

16.63

0.015

Mn versus Mn_1

Mn = 68.4 + 0.8887 Mn_1

75.5%

69.4%

12.31

0.025

Zn versus Zn_1

Zn = 62.22 + 0.8989 Zn_1

52.6%

40.7%

4.44

0.103

Fe versus Fe_1

Fe = - 5198 + 1.134 Fe_1

46.8%

33.4%

3.51

0.134

Ni versus Ni_1

Ni = - 514.1 + 6.920 Ni_1

84.8%

81.0%

22.33

0.009

Pb versus Pb_1

Pb = 2.57 + 0.7998 Pb_1

50.4%

38.0%

4.07

0.114

Hg versus Hg_1

Hg = 0.3279 - 0.419 Hg_1

1.4%

0.0%

0.06

0.822

The “Me” represent the concentration data of the second monitoring period and the “Me_1” represent the respective concentration data of the first
monitoring period
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TABLE 5 - The results of the Pearson correlation analysis between the elements under investigation
a – November 2013
Cu
Mn
Zn
Fe
Ni
Pb
Hg
b – March 2014

Cu
1
0.798
0.801
0.8512
0.8542
0.226
0.771

Mn

Zn

1
0.785
0.434
0.9771
0.082
0.401

1
0.709
0.8802
0.632
0.764

Fe
Ni

1
0.548
0.480
0.8472

Cu
Mn
Zn
Cu
1
Mn
0.9311
1
Zn
0.9721
0.9841
1
Fe
0.9063
0.9491
0.9661
Ni
0.8533
0.9461
0.9422
Pb
0.357
0.599
0.463
Hg
0.316
0.523
0.504
Cell Contents: Pearson correlation; P-Value: 1 <0.005, 2 <0.01; 3 <0.05

dicating their similar origin in dust samples of two different
periods. Otherwise, the linear regression for Zn, Fe, Pb and
Hg indicate that their respective values of the slopes0 and
F< Fcrit =1.8 (P>0.05), meaning that the linear relationship
between the concentration data (HM) of the elements in
dust samples of two different monitoring periods does not
exist by indicating their different sources of origin.
3.2. Multivariate analysis
3.2.1. Correlation of the elements

To distinguish the lithogenic and anthropogenic origins of the elements in dust samples, correlation analysis
was carried out. The results of correlation analysis are
shown in Table 5.
Significant correlations (P<0.05) was found among the
certain pairs of trace metals of the dust samples of the first
sampling period, particularly for Cu/Fe (r2=0.852), Cu/Ni
(r2=0.85), Mn/Ni (r2=0.98), Zn/Ni (r2=0.94), and Fe/Hg
(r2=0.78) (Table 5. a). The environmental situation in both
sampling periods is different. The first sampling period belongs from the construction of the tunnel till its normal
function. The tunnel was opened on June 2013, so the influence of the construction activity during the construction
of the tunnel and the effect of the traffic are the main factors affecting the correlation of the elements.

Fe
Ni

1
0.9881
0.450
0.624

Ni

Pb

Hg

1
0.266
0.535

1
0.517

1

Ni

Pb

Hg

1
0.524
0.683

1
0.191

1

Stronger and significant correlations (P<0.005) were
found among the certain pairs of trace metals of the dust
samples of the second sampling period, particularly for
Cu/Mn (r2=0.93), Cu/Zn (r2=0.97), Mn/Zn (r2=0.98),
Mn/Fe (r2=0.95), Mn/Ni (r2=0.95), Zn/Fe (r2=0.97), Zn/Ni
(r2=0.94 and Fe/Ni (r2=0.99) (Table 5. b). During the normal functional conditions of the tunnel, Robertson and Taylor [30] have found no significant temporal variability in
grain-size characteristics and the metal variations were the
result of the variation in the sources and the accumulation
processes. The differences on the concentration and the
distribution of the elements in dust samples of two different
periods are mainly caused from the different environmental
conditions of the tunnel; the first one is just after the construction time (November 2013) and the second one is during its normal function (March 2014).
The correlation coefficients between the elements of
the second monitoring period are stronger and more significant than the correlation coefficients of the elements of the
first monitoring period, so, only the data of the second
monitoring period have been treated by univariate linear
regression analysis. The slopes≠0 and F>Fcrit=5.03
(P<0.05) of the linear regression of the most significantly
correlated elements (r2>0.8, P<0.05) are indicating that the
linear relationships between two elements (x and y) are significant.

TABLE 6 - Univariate linear regressions equations between the concentration data (HM) of the most correlated elements in dust samples of
the second monitoring period (N=6)
Regression Analyses
Cu versus Mn
Cu versus Zn
Cu versus Fe
Cu versus Ni
Mn versus Zn
Mn versus Fe
Mn versus Ni
Fe versus Zn
Fe versus Ni

The regression equation
Cu = - 1182 + 3.033 Mn
Cu = - 311.1 + 2.880 Zn
Cu = - 92.64 + 0.04833 Fe
Cu = - 250.0 + 2.349 Ni
Mn = 298.1 + 0.8949 Zn
Mn = 362.2 + 0.01553 Fe
Mn = 301.8 + 0.8004 Ni
Fe = - 3347 + 53.67 Zn
Fe = - 3792 + 51.08 Ni

R-Sq
86.7%
94.5%
82.2%
72.7%
96.9%
90.0%
89.5%
93.4%
97.7%
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R-Sq(adj)
83.4%
93.2%
77.7%
65.9%
96.1%
87.5%
86.9%
91.7%
97.1%

F
26.04
69.17
18.43
10.65
124.78
36.00
34.23
56.44
169.69

P
0.007
0.001
0.013
0.031
0.000
0.004
0.004
0.002
0.000
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FIGURE 4 - The linear regression between the concentration data (HM) of the elements in dust samples of the second monitoring periods for
the pairs of the elements Cu/Mn, Cu/Zn, Cu/Fe, Cu/Ni, Mn/Zn, Mn/Fe, Mn/Ni, Fe/Zn and Fe/N
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FIGURE 5 - The dendrogram of cluster analysis based on Pearson correlation coefficients of the dataset of the first sampling period (November
2013). Final Partition: Cluster 1: Cu, Fe, Hg; Cluster 2: Mn, Zn, Ni; Cluster 3: Pb

FIGURE 6 - The dendrogram of cluster analysis based on Pearson correlation coefficients of the dataset of the second sampling period (March
2014). Final Partition: Cluster 1: Cu, Mn, Zn, Fe, Ni; Cluster 2: Hg; Cluster 3: Pb

The linear regression between the concentration data
(HM) of the elements in dust samples of the second monitoring periods for the pairs of the elements Cu/Mn, Cu/Zn,
Cu/Fe, Cu/Ni, Mn/Zn, Mn/Fe, Mn/Ni, Fe/Zn and Fe/Ni indicate that their respective values of the slopes ≠0, R2 >
0.75 and F> Fcrit =5.03 (P<0.05), meaning that the linear
relationship is significant, by indicating their similar origin
in dust samples of two different periods.
3.2.2. Cluster Analysis

To investigate the similarity in the distribution of the
variables among the dust samples, a cluster analysis was
applied separately to the both sampling period dataset.
The dendrogram of cluster analysis based on Pearson
correlation coefficients (see Figure 5) of the dataset of the
first sampling period (November 2013) shows that the deposited elements can be divided into three clusters (com-

plete linkage; correlation coefficients distance; similarity
level 70 %, see Figure 5).
Cluster 1 is associated with Cu, Fe and Hg with similarity level >90 %. This association may be attributed to
soil dust, brake lining and motor emission.
Cluster 2 is associated with Mn, Ni and Zn with similarity level 88-89%. This association may be attributed to
brake lining, tire wear particles and car’s brake dust.
Cluster 3 is associated with Pb. Road transport may
have a considerable effect on the high content of Pb in dust
samples, while Pb acts as the marker element for motor vehicle emissions [28].
The second group of the dataset belongs to the second
sampling period (March 2014). From cluster analysis it
was found that the deposited elements can be divided into
three clusters (complete linkage; correlation coefficients
distance; similarity level 70 %, see Figure 6).
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TABLE 7 - The results of factor analysis of the dataset:the first monitoring period (November 2013)
Parameters
PC1
PC2

Cu
0.424
0.154

Mn
0.363
0.509

Zn
0.433
-0.047

Fe
0.380
-0.276

Ni
0.404
0.356

Pb
0.228
-0.635

Hg
0.376
-0.330

TABLE 8 - The results of factor analysis of the dataset of the second monitoring period (March 2014)
Parameters
PC1
PC2

Cu
0.392
-0.114

Mn
0.425
-0.122

Zn
0.422
-0.030

Cluster 1 is associated with Cu, Mn, Zn, Fe and Ni
with similarity level >92 %. This association may be attributed to brake lining, tire wear particles and car’s brake
dust. The presence of metals Mn, Fe,Ni, Cu and Zn in tire
wear may contribute to airborne metal loadings [1, 16].
Pb stands alone in cluster 2. As we mentioned above,
road transport may have a considerable effect on the high
content of Pb in dust samples, while Pb acts as the marker
element for motor vehicle emissions [28].
Cluster 3 is associated with Hg. The gasoline and diesel motor vehicles contribute to the environmental mercury
[29]. The mercury emissions vary depending on driving
conditions and the quality of the fuel. The data suggests
that some of the factors influencing mercury emissions
from mobile sources include oil consumption, driving conditions (including brake wear), and fuel consumption [29].
3.2.3. Factor Analysis

For a better interpretation of factors influencing the association and distribution of the studied elements in dust
samples, factor analysis with Varimax rotation was used.
The results of factor analysis, factors with high variances,
and high factor loadings were interpreted as source categories contributing to element distribution and their concentration level at the sampling sites. The main criteria in selecting the optimal models of source identification of major
sources of physically reasonable factors are those eigenvalues or variances larger than 1 after Varimax rotation. Two
main factors were extracted from factor analysis of the dataset of the first monitoring period (November 2013).
These factors explain 86.7 % of the total variance using 7
variables of the data set (Table 7).
Factor 1 (F1) is the strongest factor that explains
69.7 % of the total variance. It is dominated by the positive loads of all elements under investigation (Cu, Fe, Hg,
Mn, Ni, Pb and Zn). This factor is probably distinguished
from the typical anthropogenic source related mainly to
traffic emissions.
Factor 2 (F2) is a weak factor that explains only 17.9 %
of the total variance. It is dominated by high positive loads
of Mn and high negative loads of Pb. Mn is generally distinguished from geochemical origins of wind soil dust, and

Fe
0.424
0.104

Ni
0.424
0.102

Pb
0.240
-0.678

Hg
0.264
0.700

the main emission sources of Pb are related to the vehicle
emission, that includes the gasoline and diesel vehicles.
Two main factors were extracted from factor analysis
of the dataset of the second monitoring period (March
2014). These factors explain 86.7 % of the total variance
using 7 variables of the dataset (Table 8).
Factor 1(F1) is the strongest factor that explains 77.0 %
of the total variance. It is dominated by the positive loads of
all elements under investigation (Cu, Fe, Hg, Mn, Ni, Pb
and Zn). This factor is probably distinguished by the typical anthropogenic sources related mainly to traffic emissions.
Factor 2 (F2) is dominated by high positive loads of
Hg and high negative loads of Pb. The gasoline and diesel
motor vehicles contribute to environmental mercury, while
Pb is a typical element which is consequence of traffic
emission, this kind of association need to be clarified. It
may be related to the fact that F2 is a weak factor that explains only 12.0 % of the total variance and is characterized
by an eigenvalue smaller than 1.

4. CONCLUSIONS
The ranges and medians of the concentrations in
mg/kg, DW of 7 metals in the dust samples of Krraba tunnel, Albania, reflects the air pollution caused by different
factors by indicating the construction activity and the traffic emission for the first monitoring period (November
2013) and only the traffic emission for the second monitoring period (March 2014). The first monitoring period is
characterized by high Fe content of dust samples, by indicating the high effect of soil dust caused by construction
activity during the first monitoring period.
The second monitoring period is characterized by a
high content of Cu, Hg, Zn and Mn, as typical elements of
the anthropogenic source related mainly to traffic emissions. Differences were found regarding Pb concentrations
of dust samples of the different monitoring periods.
The highest contents of trace elements were found
mainly close to the exit of the tunnel. It is probably caused
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from the temporarily function of the aspiration system of
the tunnel. The analysis of the content of different pollutants of the dust samples of the tunnel is a good monitoring
method of assessing the traffic emission. It was proven
again that the air-quality measurements of tunnels represent a cumulative contribution from all sources of vehiclegenerated pollutants under real traffic conditions, including
direct emissions and re-suspension.
The authors have declared no conflict of interest.

[1]

Warner, L.R., Sokhi, R.S., Luhana, L., Boulter, P.G. (2001)
Non-exhaust particle emissions from road transport: a literature review, Project Report PR/SE/213/00.

[2]

Harrison, R.M., Shi, J.P., Jones, M.R. (1999) Continuous
measurements of aerosol physical properties in the urban atmosphere. Atmospheric Environment 33, 1037-1047.

[3]

Harrison, R.M., Yin, J., Tilling, R.M., Cai, X., Seakins, P.W.,
Hopkins, J.R., Lansley, D.L., Lewis, A.C., Hunter, M.C., Heard,
D.E., Carpenter, L.J., Creasey, D.J., Lee, J.D., Pilling, M.J.,
Carslaw, N., Emmerson, K.M., Redington, A., Derwent, R.G.,
Ryall, D., Mills, G., Penkett. S.A. (2006) Measurement and
modeling of air pollution and atmospheric chemistry in the U.K.
West Midlands conurbation: Overview of the PUMA Consortium project. Science of the Total Environment 360, 5 – 25.

[5]

[6]

[7]

[8]

[12] Sudip K.P., Steve G., Arthur W., Arthur S. (2011) Assessment
of heavy metals emission from traffic on road surfaces. Central
Europian Journal Chemistry 9(2), 314-319 DOI:
10.2478/s11532-011-0005-y.
[13] Schauer, J.J., Lough, G.C., Shafer, M.M., Christensen, W.F.,
Arndt, M.F., De Minter, J.T., Park, J.S. (2006) Characterization of Metals Emitted from Motor Vehicles. Synopsis of Research Report 133, Health Effects Institute, 1-98.
[14] EEA (2004) Joint EMEP/CORINAIR atmospheric emission
inventory guidebook (3rd edition). Technical Report no. 30,
Copenhagen, Denmark: European Environment Agency.
http://reports.eea.eu

REFERENCES

[4]

[11] Jones, A.M., Harrison, R.M. (2005) Interpretation of particulate elemental and organic carbon concentrations at rural urban
and kerbside sites. Atmospheric Environment 39, 7114–7126.

Dall‘Osto, M., Harrison, R.M. (2006) Chemical characterization of single airborne particles in Athens (Greece) by
ATOFMS. Atmospheric Environment 40, 7614–7631.
Oliveira, C., Pio, C., Alves, C., Evtyugina, M., Santos, P.,
Goncalves, V., Nunes, T., Silvestre, A., Palmgren, F., Wahlin,
P., Harrad, S. (2007) Seasonal distribution of polar organic
compounds in the urban atmosphere of two large cities from
the North and South of Europe. Atmospheric Environment 41,
5555–5570.
Hu, M., Wu, Zh., Slanina, J., Lin, P., Liu, Sh., Zeng, L. (2008)
Acidic gases, ammonia and water-soluble ions in PM 2.5 at a
coastal site in the Pearl River Delta, China. Atmospheric Environment 42, 6310–6320.
Beekmann, M., Kerschbaumer, A., Reimer, E., Stern, R.,
Moller, D. (2007) PM measurement campaign HOVERT in
the Greater Berlin area: model evaluation with chemically
specified particulate matter observations for a one year period.
Atmospheric Chemistry and Physics 7, 55–68.
Van Dingenen, R., Raes, F., Putaud, J.P., Baltensperger, U.,
Charron, A., Facchini, M.C., Decesari, S., Fuzzi, S., Gehrig,
R.., Hansson, H.C., Harrison, R.M., Huglin, C., Jones, A.M.,
Laj, P., Lorbeer, G., Maenhaut, W., Palmgren, F., Querol, X.,
Rodriguez, S., Schneider, J., Ten Brink, H., Tunved, P.,
Torseth, K. Wehner, B., Weingartner, E., Wiedensohlern, A.,
Wahlin, P. (2004) A European aerosol phenomenology—1:
physical characteristics of particulate matter at kerbside, urban, rural and background sites in Europe. Atmospheric Environment 38, 2561–2577.

[15] Lim, J.M., Lee, J.H., Moon, J.H., Chung, J.S., Kim, K.H.
(2010) Source apportionment of PM10 at a small industrial
area using Positive Matrix Factorization. Atmospheric Research 95, 88–100.
[16] Thorpe, A., Harrison R.M. (2008) Sources and properties of
non-exhaust particulate matter from road traffic. Science of the
Total Environment 400, 270 – 282.
[17] Hjortenkrans, D., Bergback, B., Haggerud, A. (2006) New
metal emission patterns in road traffic environments. Environmental Monitoring and Assessment 117, 85–98.
[18] Chellam, S., Kulkarni, P., Fraser, M.P. (2005) Emissions of
Organic Compounds and Trace Metals in Fine Particulate
Matter from Motor Vehicles: A Tunnel Study in Houston,
Texas. Journal of the Air & Waste Management Association
55 (1):60–72.
[19] Gertler, A.W., Gillies, J.A., Pierson, W.R., Rogers, C.F., Sagebiel, J.C., Abu-Allaban, M., Coulombe W., Tarnay L., Cahill
T. (2002) Real-world particulate matter and gaseous emissions
from motor vehicles in a highway tunnel. Research Report
Health Effects Institute 107, 5-56; discussion 79-92.
[20] Lough, G.C., Schauer, J.J., Park, J.S., Shafer, M.M., Deminter,
J.T., Weinstein, J.P. (2005) Emissions of metals associated
with motor vehicle roadways. Environmental Science & Technology, 39, 826–836.
[21] Grieshop, A.P., Lipsky, E.M., Pekney, N.J., Takahama, S.,
Robinson, A.L. (2006) Fine particle emission factors from vehicles in a highway tunnel: Effects of fleet composition and
season. Atmospheric Environment 40, S287–S298.
[22] Longley, I., Kelly, F. (2007) Air Quality in and around Traffic
Tunnels. The National Health and Medical Research Council,
ISBN online: 1864964510
[23] Qarri, F., Lazo, P., Stafilov, T., Frontasyeva, M., Harmens, H.,
Bekteshi, L., Baceva, K., Goryainova, Z. (2013) Multi-elements atmospheric deposition study in Albania. Environmental Science Pollution Research 21, 2506–2518. doi:
10.1007/s11356-013-2091-1 (2014).
[24] Charlesworth, S., Everett, M., McCarthy, R., Ordonez, A., De
Miguel, E. (2003) A comparative study of heavy metal concentration and distribution in deposited street dusts in a large
and a small urban area: Birmingham and Coventry, West Midlands, UK. Environment International 29, 563.

Tiitta, P.T. (2009) The physical and chemical properties of
traffic related and biogenic aerosols. Report Series in Aerosol
Science, No. 105.

[25] Lazo, P., Cullaj, A. (2002) The determination of different status of mercury in seawater samples. Analytical and Bioanalytical Chemistry 374, 1034 – 1038.

[10] Oahn, N.T.K., Thiansathit, W., Bond, T.C., Subramanian, R.,
Winijkul, E., Paw-Armart, I. (2010) Compositional characterization of PM2.5 emitted from in use diesel vehicles. Atmospheric Environment 44, 15-22.

[26] Lazo, P., Kucuku, M. (2012) Analysis of Mercurial Preservatives in Different Vaccines by Cold Vapor Atomic Absorption
Spectrophotometry. Journal of Analytical Science & Technology, 3 (1), 121-127.

[9]

2111

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

[27] Zechmeister, H.G., Dullinger, S., Hohenwallner, D., Riss, A.,
Hanus-Illnar, A., Scharf, S. (2006) Pilot Study on Road Traffic
Emissions (PAHs, Heavy Metals) Measured by Using Mosses
in a Tunnel Experiment in Vienna, Austria. Environmental
Science and Pollution Research 13(6), 398 – 405.
[28] Huang, X., Olmez, I., Aras, N.K., Gordan, G.E. (1994) Emissions of trace elements from motor vehicles: potential marker
elements and source composition profile. Atmospheric Environment 28(8),1385–1391.
[29] Hoyer, M., Baldauf, R.W., Scarbro, C., Barres, J., Keeler G.J.
(2004) Mercury Emissions from Motor Vehicles. International Emissions Inventory Conference Air Toxics, Session
Clearwater, Florida, June 7-10, 2004
http://www.epa.gov/ttnchie1/conference/ei13/toxics/hoyer.pdf Accessed date: 23.10.2014
[30] Robertson, D., Taylor, K.G. (2007) Temporal Variability of
Metal Contamination in Urban Road-deposited Sediment
in Manchester. UK: Implications for Urban Pollution
Monitoring. Water, Air and Soil Pollution 186, 209-220.

Received: November 10, 2014
Accepted: January 27, 2015

CORRESPONDING AUTHOR
Pranvera Lazo
Department of Chemistry
Faculty of Natural Sciences
University of Tirana
Tirana
ALBANIA
E-mail: pranveralazo@gmail.com
FEB/ Vol 24/ No 6/ 2015 – pages 2101 - 2112

2112

© by PSP Volume 24 – No 6. 2015

Fresenius Environmental Bulletin

INFLUENCE OF ALKALI-SALINE ON SOIL
MICROBIAL DIVERSITY IN SONGNEN GRASSLAND
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ABSTRACT
The hotspot is to evaluate and improve Songnen grassland with alkali-saline becoming more severe, but little is
known about soil microbial diversity in alkali-saline grassland. To reveal the influence of alkali-saline on soil microbial diversity in Songnen grassland, we measured and analyzed soil pH and conductivity, soil microbial counts, biomass carbon, and genetic diversity in different degree of
alkali-saline grassland. The results showed that soil microbial counts and biomass carbon reduced along with the alkali-saline of grassland. They had a significant negative
correlation with soil pH and conductivity. Soil microbial
community composition reduced 15.79% in response to the
alkali-saline of grassland. Only Staphylococcus aureus appeared. For further investigated by phylogentic tree, they
belong to Bacilli. Nevertheless, Soil microbial genetic diversity had insignificant change. To sum up, Soil microbial
quantity were sensitive to alkali-saline of grassland, which
could be used as an index to define the alkali-saline of
grassland. But Soil microbial genetic diversity and community composition had no significant changes.

KEYWORDS: Alkali-saline; Soil microbial diversity; Correlation;
Songnen grassland

1. INTRODUCTION
Influenced by natural factors and human activities, alkali-saline of grassland becomes severe in Songnen grassland, it is one of the most important problems in terms of
sustainable agriculture and animal husbandry [1]. It is the
hotspot to evaluate and improve alkali-saline grassland.
There are extensively researches on soil properties and
vegetation in alkali-saline grassland, but little is known
about soil microbial diversity.
Soil microorganisms are sensitive to environmental
changes, and regarded as both an important component of
grassland ecological system and parameter to evaluate the
* Corresponding author

soil environment and quality [2-4]. In particular, soil microbial diversity is used to monitor soil ecological system
and evaluate the maintenance of ecological balance on alkali-saline grassland. It is among the research hotspots in
microbial ecology and global change [5].
Soil properties could affect soil microbial diversity [6].
Several studies have suggested that soil microbial diversity
is closely related to soil pH and salinity. It is a key indicator
to evaluate the soil environment [7]. Soil pH is an important factor influencing microbial diversity in soil [8].
But the effect of soil pH is different on soil microbial diversity in different research. Such as, the study led by Staddon et al. [9] confirmed that soil microbial functional diversity had positive correlation with soil pH in boreal forest
of western Canada. The study by Eichorst et al. [10] determined that, there was an increased abundance of bacterial
community in agroecosystems with soil pH decreased. Soil
salinity also affects soil microbial communities. Zhang et al.
[11] and Sun et al. [12] found that a higher salinity can significantly inhibit the soil microbial activity and quantity.
However, there are researches suggesting that soil microbial communities would not change along with soil alkali-saline. Felske et al. [13] postulated that although soil
microbial activity has changed with alkali-saline grassland
succession in the Dutch Drentse, soil microbial community
compositions remained stable. Owing to their immense
physical, chemical, and biological heterogeneity, soil is
considered the most microbially diverse environment on
earth [14]. As a result, it is necessary to study the influence
of alkali-saline on soil microbial diversity at a given ecosystems.
Our study discovered the general ecological relationships of soil microbial diversity with alkali-saline on
Songnen grassland. This would provide a reference for evaluation and improvement of alkali-saline grassland.
2. MATERIALS AND METHODS
2.1 Sites description

Experiments were conducted in the Grassland Ecological Research Station of Northeast Normal University,
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Changling Country, Jilin Province, PR China (44°40′ to
44°44′ N, 123°44′ to 123°47′ E). The study area has a semiarid continental climate. The mean annual temperature is
4.9 , and the mean annual precipitation is 470.6 mm, and
the majority always comes between June and August. Annual evapotranspiration is 1 668 mm or 3.5 times that
amount of precipitation. The dominant soil series at this
site is chernozem, which takes 3%-4% oraganic matter
content at surface layer. The soil was salinized with a pH
value of 7.5~10.0.
2.2 Sampling

We investigated plant species, soil pH and conductivity. Table 1 showed that there were three alkali-saline levels: light (L), middle (M), and high (H). Three 10m×10m
sites were randomly selected at each alkali-saline level. We
selected 1m×1m plot by five point sampling at each site
and then proceeded to take the soil samples. The soil samples were taken using 13mm diameter core at a 10 cm
depth. All samples were split into two halves. One half was
kept at 4 for the study of colony forming units (CFU) and
microbial biomass carbon (MBC). The other half was
mixed based on plant diversity level and kept at -20 for
molecular analysis by PCR-DGGE.
2.3 Experiment of CFU and MBC

CFU were counted after serial dilution (10-fold) of 1g
dry soil suspension and plated on agar plates for the total
counts of bacteria, actinomycete, fungi, and functional
group of nitrogen (denitrifying bacterium, nitrifying bacteria, Nitrogen-fixing bacteria, and amonifying bacteria),
Carbon(aerobic cellulose-degrading bacteria), and phosphorus (phosphorus solubilizing bacterial)[15]. Data from
triplicate readings were shown as CFU g–1 dry soil.
Soil MBC was determined by the chloroform fumigation-incubation method [16].
2.4 DNA extraction, PCR amplification, and DGGE analysis

Total DNA was extracted from 0.25g fresh soil using
Power Soil DNA Isolation Kit (Mo Bio Laboratories, Inc.) according to the instructions of the manufacturer. For denaturing
gradient gel electrophoresis (DGGE) analysis, PCR amplification of bacterial communities 16S rDNA fragments was
carried out using a touchdown program with the primers

338F(5`-ACTCCTACGGGAGGCAGCAG-3`) and 534R
( 5`- CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG（ATTACCGCG GCT GCTGG）-3`). The
reaction mixture (50μL) consisted of 2.5 ng template DNA,
5μL of 10×PCR Buffer (100 mol Tris-HCl, 500 mol KCl,
15 mol MgCl2), 4μL of deoxyribonucleotide triphosphate
mixture (2.5 mM of each dNTP), 1μL of each primer
(20μM), and 0.25μL of TaKaRa Taq (5U/μL). After 10 min
of denaturation at 94 , 30 thermal cycles of 1 min at
94 , 1 min at 55 (each cycle decreases by 0.1 ) and
1.5 min at 72 were performed, followed by an extension
step at 72 for 10 min. Subsequently, DGGE analysis was
performed using the Bio-Rad DCode TM Universal Mutation Detection System. PCR product was loaded in 8%
acrylamide gel containing 40-60% denaturing gradient at
constant voltage of 65 V for 16 h for the analysis of bacterial community. After staining with silver nitrate, the
DGGE gels were recorded as digital images with a Bio-Rad
Gel Doc 2000 system. Rolling disk method with Quantity
One V4.52 was used for identification of each band. They
were converted to binary data based on the presence or absence of each band. Differential display bands of DGGE
profiles were excised. DNA was extracted for reamplifications. Cloning, sequencing and sequence analysis of PCR
product was carried out by BEIJING BIOGENRO BIOTECHNOLOGY CO.，LTD.
2.5 Statistical analysis

The data of CFU and MBC were analyzed by SPSS
(Version 13.0, Chicago, IL). One way ANOVA analysis
was carried out to determine significant differences in CFU
and MBC among different plots. Correlation analysis was
carried out to determine significant correlation between the
soil microorganism and soil pH and conductivity.
The generated DGGE profiles were analyzed using
Quantity One V4.52 software of the Bio-Rad Gel Doc image analyzer system. The relative intensity values of
DGGE bands were utilized to calculate the diversity employing the Shannon-Weaver index of diversity (H). Sequences of the closest relative were retrieved from the GenBank database. Phylogentic tree (Neighbor-joining tree)
was constructed using Mega5.1 software by the sequences
of the excised DGGE bands and their nearest neighbours in
GenBank.

TABLE 1 - The description of different sampling sites
Species composition

pH

Conductivity
（ms/cm）

Alkali-saline
level

L

Leymus chinensis; Artemisia scoparia

8.28

0.09

Light

M

Phragmites australis; Chloris virgata; Kochia sieversiana;
Artemisia anethifolia; Puccinellia tenuiflora; Leymus chinensis

8.88

0.21

Middle

H

Puccinellia tenuiflora; Chloris virgata; Artemisia anethifolia

9.69

0.78

High

Sampling
sites

Notes. L, M, and H indicate light, middle, and high alkali-saline level in grassland, respectively.
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TABLE 2 - Soil microbial counts and biomass carbon in different sampling sites
Soil microbial counts
Microbial
Nitrogen functional Carbon functional
Serial
biomass carbon
Actinomycetes
Fungi
Bacteria
Phosphorus
groups
groups
number
(10-4g g-1
(106 CFU g-1
(105 CFU g-1
(108 CFU g-1
(105 CFU g-1
(105 CFU g-1
(105 CFU g-1
dry soil)
dry soil)
dry soil)
dry soil)
dry soil)
dry soil)
dry soil)
L
6.33±0.87a
11.20±0.73a
7.17±0.15a
15.00±2.62a
16.33±1.90a
5.87±0.71a
4.88±0.23a
M
0.70±0.16b
11.50±0.24a
4.33±0.15b
9.03±1.82b
8.07±2.01b
4.47±0.90b
2.81±0.18b
H
0.25±0.12c
0.50±0.15b
3.30±0.19c
0.95±0.28c
1.70±0.49c
1.03±0.29c
1.02±0.16c
Notes. L, M, and H indicate light, middle, and high alkali-saline level in grassland, respectively. a, b, and c indicate significant differences for same
colunm at 0.05 level by one-way ANOVA analysis

3. RESULTS
3.1 The influence of alkali-saline on soil microbial counts

As indicated in Table 2, lower counts were observed in
high alkali-saline level. Bacteria counts have been reduced
by 88.95% from light to middle alkali-saline level, and
96.05% from light to high alkali-saline level. Actinomycetes counts have has no significant change from light to
middle alkali-saline level, and 95.53% from light to high
alkali-saline level. Fungi counts have been reduced by
39.57% from light to middle alkali-saline level, and
53.94% from light to high alkali-saline level. One-way
ANOVA analysis of CFU datas clearly indicated that the
differences of bacteria and fungi counts were significantly
relevant (P<0.05) among light, middle, and high alkali-saline level. The differences of actinomycetes counts were
significantly relevant (P<0.05) among light and high alkali-saline level. In order to elucidate the associations between microbial counts and soil pH and conductivity, the
data were proceeded to correlation analysis. The result
showed that counts of bacteria, actinomycetes, and fungi
had a significant negative correlation (P<0.05) with soil pH
and conductivity with correlation coefficients -0.79, -0.67,
-0.88, -0.79, -0.92, and -0.97, respectively.
As indicated in Table 2, changes in functional group
counts were consistent with bacteria counts, lower counts
were observed in high alkali-saline level. One-way
ANOVA analysis of CFU data clearly indicated that the
differences of nitrogen, carbon functional groups and phosphorus counts were significantly relevant (P<0.05) among
light, middle, and high alkali-saline level. The results of
correlation analysis showed that functional groups counts
of carbon, nitrogen, and phosphorus had a significant negative correlation (P<0.01) with soil pH and conductivity
with correlation coefficients -0.96, -0.89, -0.94, -0.87, 0.99, and -0.98, respectively.
3.2 The influence of alkali-saline on soil MBC

As indicated in Table 2, changes in soil MBC were
consistent with microbial counts: lower MBC were observed in high alkali-saline level. Soil MBC have been reduced by 42.4% from light to middle alkali-saline level,
and 63.64% from middle to high alkali-saline level. Oneway ANOVA analysis clearly indicated that the differences

of MBC were significantly relevant (P<0.05) among light,
middle, and high alkali-saline level. The results of correlation analysis showed that MBC had a significant negative
correlation (P<0.05) with soil pH and conductivity with a
correlation coefficiency -0.95 and -0.90, respectively.

FIGURE 1 - DGGE fingerprint of different samples. Note: L, M, and
H indicate light, middle, and high alkali-saline level in grassland, respectively.
3.3 The influence of alkali-saline on soil microbial community
composition

For revealing the influence of alkali-saline on microbial community compositions, DNA was extracted from
three samples (L, M, and H), and selected for PCR-DGGE
of the 16S rDNA gene. DGGE profiles were converted into
binary data based on the presence or absence of each band.
Genetic diversity was calculated based on DGGE profiles.
They were 2.18, 2.36, and 2.24 respectively from light to
high alkali-saline level. As indicated in Figure 1, the band
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100 1-1

Bacterium KW-45AB529716

84

3-2
100 Delta proteobacterium SCGC AAA240-N23HQ6

3-1
100 Uncultured delta proteobacterium clone 5
98

13-1
Staphylococcus aureusJQ726637
14-1

97
100

Uncultured Lactobacillus sp. clone BR15A

0.02

FIGURE 2 - Phylogentic tree constructed by the sequences of the excised DGGE bands and their nearest neighbours in GenBank.

patterns of DGGE profiles showed that there were a great
number of bands present in three soil samples. These populations seemed to be ubiquitous and existed in all samples.
There is one differential band which disappeared from light
to middle alkali-saline level, and three differential bands
which appeared. However, there are two differential bands
which disappeared from middle to high alkali-saline level.
This indicated that the microbial quantity and species had
no significant changes from light to high alkali-saline level.
For revealing the influence of alkali-saline on microbial taxonomic differentiation in detail, 4 differential bands
were selected for cloning, sequencing, sequence analysis,
and construction of the 16S rRNA gene Phylogentic tree
by GenBank (Figure 2). Four operational taxonomic units
(≥97% similarity) were acquired from five nonchimeric
partial 16S rRNA gene sequences. They belong to Deltaproteobacteria, Bacilli, and Actinobacteria, and account for
40%, 40%, and 20%, respectively. Detailed analysis revealed high percentages of unidentified microorganisms in
the variation of soil microbial community composition,
solely accounting for 40%.
4. DISCUSSION AND CONCLUSION
Our study found that counts of bacteria, actinomycetes, fungi and MBC significantly changed (p<0.05) from
light to high alkali-saline level samples., and a significant
negative correlation (P<0.05) with soil pH and conductivity by correlation analysis was found. The results suggest
that soil microbial quantity is different in different alkalisaline level soil, high alkali-saline level could reduce soil microbial quantity [12, 17]. The results of the study in Hexi
Corridor by Niu et al. [18] also supported this point, and suggested that soil alkali-saline is not beneficial for the growth
of microorganism and could reduce soil microbial quantity.

So, soil microbial quantity could be used as an index to define
the alkali-salinity of grassland. However, actinomycetes’
counts have not significantly changed from light to middle
alkali-saline level grassland. The reason might be that actinomycetes have a strong tolerance to alkali-saline [18, 19], and
remain stable within a certain alkali-saline range.
It is not like most research results that soil microbial
diversity had a correlation with soil pH [8-10]. Our study
found that soil microbial genetic diversity which bases on
DGGE profiles has no palpable changes from light to high
alkali-saline level. Soil microbial community composition
has minuscule changes. Bacterium KW-45 disappears from
light to high alkali-saline level. However, Staphylococcus
aureus appeared. Whether they could be used as an index
to define the alkali-salinity of grassland should have a future investigation. The study in the Dutch Drentse by
Felske et al. [13] also found that although soil microbial
quantity and activity have changed with alkali-saline grassland succession, soil microbial community compositions
remained stable. Our results suggest that the influence of
alkali-saline on soil microbial genetic diversity and community composition is insignificant in Songnen grassland.
Fan et al. [20] considered that the diversity index depended
on the population quantity and evenness in the biological
community, microbial quantity was higher in soil, but microbial diversity index was not necessarily high.
Our study suggested that soil microbial quantity was
closely related to alkali-salinity in Songnen grassland,
which could be used as an index to define the alkali-saline
of grassland. Higher alkali-saline level could reduce soil
microbial quantity, but not materially alter soil microbial
community composition. Therefore, it is valuable to promote soil microbial quantity by taking some measures for
maintaining the stability of alkali-saline grassland ecosystem and improving soil fertility and quality.
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